
E D I T O R I A L  B O A R D

I. B ER NÁD  
V. CSÁNYI  
B. FLERKÓ
I. K ISS

(Editorial Assistant)
J. KOVÁCS
St. KROMPECHER  
G. SZABÓ 
G. SZÉKELY  
A. TIGYI  
I. TÖRŐ 

(Chairman)

VOLUME 28 
NUMBER I

M a r t in i, L . :  M e ta b o l i s m  o f  p r o g e s te r o n e  in  t h e  b r a in  a n d  in  t h e  a n t e r i o r  p i t u i t a r y  1

S a w y e r , Ch . H.: B rain catecholam ines and p itu ita ry—ovarian function  ................  11

V e r s h e g h y , K .: Lichen production o f G rassland communities of sandy soil. I I .  . . .  25

F is c h e r , E . ---H o r v á t h , I.: In  vivo cum ulation and  discharge of azine, th iaz ine  and
x an thene dyes and the ir effects on chloragogcn c e l l s ...........................................  33

F is c h e r , J . :  O ptical polarization of polysaccharides in  yeast cell walls .....................  49

F o is s n e r , W .: A rg y ro p h ilic  s tru c tu re s  o f  Colpidium ca m p y lu m  ......................................... 59

H u s s e in , M.D.H.: U tiliz a tio n  o f  k e ro se n e  b y  Fusarium  oxysporum  ............................... 73

D a t t a , P . C. D a s g u p t a , A.: Com parison of vegetative anatom y of P iperales. I. 81 

D a tt a , P. C .-  D a s g u p t a , A.: Comparison of vegetative anatom y of P iperales. I I .  97 

K o t h a r i, L. K. J a in , K .: Effect of v itam in  C on blood cholesterol level in m an  . . I l l  

K á u l , M.L.H.: R adiation-genetic studies in garden pea.....................................................  115

Zs .-N a g y ,  I . G a l l i , C.: U nsa tu ra ted  fa t ty  acids in the  anaerobiosis of Anodonta
cygnea  L ..................................................................................................................................... 123

L e n g v Xr i , I .: E ffect of perinatal m onosodium glu tam ate trea tm en t on endocrine func
tions o f ra ts  in m a tu r i t y .....................................................................................................  133

Csa b a , G. B ó k a y , J . :  T he  effec t o f  m e la to n in  a n d  c o rp u s p in ea le  e x t r a c t  o n  se ru m
electro ly tes in the  r a t ...........................................................................................................  143

Recensâmes .......................................................................................................................................... 145

AKA DÉMIAI KIADÓ  
B U D A PE ST  1977

АВАН AU 28(1) 1 -1 5 2  (1977)



ACTA BIOLOGICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  

B I O L Ó G I A I  K Ö Z L E M É N Y E I

SZE R K E SZ T Ő SÉ G : 1082 B U D A P E S T , ÜLLŐI ÚT 78. K IA D Ó H IV A T A L : 1363 B U D A PEST, ALKOTMÁNY U . 21.

Az A cta  B iologica  e red e ti é rtek ezések e t közö l a  k ísérle tes b io lógia  köréből.
Az A cta  B iologica  v á lto zó  te rjed e lm ű  fü z e tek b e n  jelen ik  m eg. N ég y  fü ze t a lk o t egy 

k ö te te t .  E v en k é n t 1 k ö te t  je len ik  meg.
A közlésre s z á n t k é z ira to k  a k ö v e tk e ző  c ím re  k ü ldendők :

A cta  B iologica Szerkesztősége, 8237 T ih a n y , Fürdőtelep 56.

U g y an erre  a  c ím re  k ü ld en d ő  m in d en  szerkesz tőség i és k iad ó h iv a ta li levelezés. 
M egrendelhető  b e lfö ld re  az A ka d ém ia i K ia d ó n á l  (1363 B u d a p es t P f. 24. B an k szám la  

215-11488), kü lfö ld re  p e d ig  a  „ K u ltú ra ” K ü lk e resk ed e lm i V á lla la tn á l (1389 B u d a p es t 62, 
P f. 149. B an k szám la  218-10990) vag y  a n n a k  k ü lfö ld i képv isele ténél és b izo m án y o sain á l.

T he Acta  B io log ica , a  q u a rte rly  o f th e  H u n g a ria n  A cadem y of Sciences, pub lishes 
p a p e rs  on  ex p e rim e n ta l b io logy . T he four issu es m ak e  up  a volum e of som e 450 pages pe r 
year.

F o r  de ta ils  c o n ce rn in g  th e  subm ission  o f  m an u sc r ip ts  see, D irec tio n s to  C o n trib u to rs  
S u b scrip tio n : K u ltú r a  T rad in g  Co. fo r 1389 B u d ap es t 62 P .O .B . 149 or w ith  r e p 

re se n ta tiv e s  lis ted  on th e  v erso  of th e  cover. T h e  r a te  o f  subscrip tio n  is $ 32.00 a volum e.



Л CTA BIOLOGICA
VOLUME 28 NUM BERS 1 - 4

IN D E X

Ma r t in i, L.: M etabolism  of progesterone in  the brain and in the anterior pituitary . . . .  1
Sa w y e r , Ch . H.: Brain catecholam ines and p itu itary-ovarian function ..........................  11
V er sh eg h y , K.: Lichen production of grassland com m unities o f sandy soil. I I .................  25
F ish e r , Е, —H orváth , I.: In  vivo cum ulation and discharge of azine, thiazine and

xanthene dyes and their effects on chloragogen cells .................................................... 33
F isc h er , J.: Optical polarization of polysaccharides in yeast cell walls ............................  49
F o issn er , W.: Argyrophilic structures o f C olpidium  c a m p y lu m ................................................ 59
H u s s e in , M. D. H.: U tilization  of kerosene by F usarium  oxysporum  .................................  73
D a tta , P. C. —D a sg upta , A.: Comparison of vegetative  anatom y of Piperales. 1............... 81
D a tta , P. C. D a sg upta , A.: Comparison of vegeta tive  anatom y of Piperales. I I .............. 97
K othari, L. K. — J a in , K .: Effect of v itam in  C on blood cholesterol level in m a n .......... I l l
K á u l , M. L. H.: R adiation-genetic studies in garden pea .........................................................  115
Zs .-N agy , I. — Ga lli, C.: Unsaturated fa tty  acids in the anaerobiosis o f Anodonta cygnea

L .......................................................................................................................................................................  123
L en g v ár i, I.: E ffect o f perintal m onosodium  glutam ate treatm ent on endocrine functions

of rats in m aturity  ............................................................................................................................... 133
Csa b a , G. — B ókay , J.: The effect o f m elaton in and corpus pineale extract on serum

electrolytes in the rat ........................................................................................................................ 143
Reccnsiones ............................................................................................................................................................ 145

Csa b a , G .—T örök, О.: The effect o f cyclic  AM P on the m aturation and degranulation
of m ast cells ........................................................................................................................................... 153

F o issner , W.: Com parative light and electron m icroscopical studies on the argyrophilic
structures o f  Euglena v i r i d i s ............................................................................................................  157

H ir ip i , L. —N emcsók, J . —E lekes , К . —Sa lAn k i , J .: M onoamine level and periodic
activ ity  in 6-O H D A  treated m ussels Anodonta cygnea L .................................................... 175

K allak , H. — J a rv ek ü lg , L.: Changes in chrom osom e com plem ent in long term pea
callus cultures ......................................................................................................................................... 183

K a n ta , J. —SichovA, E . —P ejskovA, I. —B artos, F.: Inhibitory effect o f adrenaline
and hydrocortisone on the growth o f  A lliu m  сера r o o t s ..................................................  191

S zöör, Â. —B oross, A .— H ollósi, G .^ S zilágyi, T. —K eszty űs , L.: E xperim ental in
vestigations on hypokinesis o f skeletal m uscle w ith  different functions, 1...............195

H ollósi, G .—TakAcs, Ö. —Gu ba , F. — Szöőr, Á. —Szilág yi, T.: Experim ental investiga
tions on hypokinesis of skeletal m uscles w ith  different functions, I I .........................  205

Takács, ö .  —SohAr , I. —P elle , T. —Gu b a , F. —S zilAg y i, T.: E xperim ental investiga
tions on hypokinesis o f skeletal m uscles w ith  different functions, I I I .......................213

Takács, ö .  —Sohár , I. — Szilágyi, T. —Gu b a , F.: E xperim ental investigations on hypo
kinesis o f skeleta l muscles w ith  different functions, IV ....................................................... 221

K ovács, J. —K ovács, A.: Membrane alterations on the sem inal vesicle cells o f the mouse
during cooling in  vitro  ........................................................................................................................  231

H agino , N . —K o saras , В. —F lerkó, В .: Septal projection to  the arcuate nucleus of
the hypothalam us .................................................................................................................................  235

R ecensiones ............................................................................................................................................................ 239



L a p i s , К . — F erencz , G .— Sz e n d e , В . — K o valszky , L —J e n k i , A.: I n  vitro  carc inogenesis
s tu d ie s  on m ouse f ib ro b la s t  c e l l s ...................................................................................................  247

E l e k e s , K . —H i r i p i , L. — N e m c s ó k , J . :  U ltra s tru c tu ra l  effects o f 6-h y d ro x y d o p am in e  
a n d  5 ,6 -d ih y d ro x y try p ta m in e  o n  th e  c en tra l nervous sy s tem  of fresh -w ate r m ussel,
A nodonla  cygnea L ..................................................................................................................................  259

S c h a b l i k , M. — Szabolcs, M. — K i s s , Á. —A r a d i , J .  —Zs i n d e l y , A. —Szabó , G.: C ondi
t io n s  o f tran sfo rm a tio n  b y  D N A  of Neurospora c r a s s a .....................................................  273

Z s i n d e l y , A. —Szabolcs, M. —A r a d i , J .  — Sc h a b l ik , M. —K i s s , Â. —Szabó , G.: In v e s 
t ig a tio n s  on m y o -in o s ito l-p h o sp h a te  sy n th a se  from  th e  w ild ty p e  a n d  th e  inosito l-
d e p en d e n t m u ta n t  o f N eurospora  c r a s s a ....................................................................................  281

E l -A a s e h , A. —H in d a w y , D . S. — H am m ouda , F . — Mo h ied d in , 0 .:  A  direct lead tech 
nique for histochem ical dem onstration  of leucocyte alkaline phosphate a ctiv ity  in
b lood  smears .......................................................................................................................................... 291

R a s h a n , L . J .  —Gorgees , N . A .: H is to ch em ica l obse rv a tio n s on  th e  g ian t n eu ro sec re to ry  
cells o f th e  tho rac ic  g a n g lio n  o f th e  a d u lt  an d  juven ile  c rabs, Potam on m agnum
m a g n u m  (P re tzm an ) ...........................................................................................................................  299

K e r e s z t e s , Á. —W r is c h e r , M .: E ffe c t  o f m u ta t io n  on th e  p e rip h e ra l re ticu lu m  in  Tra-
descantia  albiflora c h lo ro p la s ts  .......................................................................................................  311

Va k a n k a , I . :  T he effect o f som e p e stic id e s  on  th e  rh y tm ic  a c tiv ity  o f a d d u c to r  m uscle
o f  fresh-water m ussel larvae ............................................................................................................  317

S é t á l ó , G. —H orváth , J .  —S c h a l l y , А. У. —A r im u r a , A. —F l e r k ó , В.: E ffec t o f  th e  
iso la te d  rem oval o f th e  m e d ia n  em inence (M E) an d  p i tu i ta ry  s ta lk  (P S ) on  th e  
im m unoh isto logy  a n d  h o rm o n e  re lease  o f th e  an te rio r  p i tu i ta ry  g land  g ra fte d  in to
th e  h y p o physio trop ic  a re a  (H T A ) a n d /o r  o f  th e  in  s itu  p i tu i ta ry  g l a n d .................  333

H e r i c h , R . - H u dá k , J .:  D iffe re n tia tio n  of a ty p ic a l m ito ch o n d ria  in d u ced  b y  bo ro n
a p p lic a tio n  ................................................................................................................................................  351

K i s s , I .  — B e n e d e c z k y , I .:  P h y s io lo g ica l u n d  u l tra s tru c tu ra l  in v es tig a tio n s  o f an  id en 
t if ie d  neurosecretory  cell o f  L y m n e a  stagnalis ........................................................................  351

R e ce n s io n es  ............................................................................................................................................................  361

L a c h , H . — D z iu b e k , K. —K r a w c z y k , S. —Szarom a , W .: In flu en ce  of chron ic  doses of 
m e rc u ric  ace ta te  an d  lea d  a c e ta te  on  th e  n u m b er an d  a c tiv ity  o f G om ori-positive
g lia l cells in th e  m ouse b ra in  .........................................................................................................  367

F e r r is , C. D . — Gr if f in , J .  L .: O rie n ta tio n  o f E uglena  gracilis b y  e lec tro m ag n e tic  fie lds:
th e o r y  and  ex p erim en t ......................................................................................................................  375

Sz a b ó , J .  — N osztray , K . —Szö ő r , Á .: S tu d ies  on  adenosine tr ip h o sp h a ta se  a c t iv ity  o f
r a t  c ard iac  m yosin in  iso p ro te re n o l in d u ced  card iac  h y p e rtro p h y  .............................  389

H o l l ő s i, G.: E ffec t o f n e u rec to m y  o n  n u c lease  a c t iv ity  in  sk e le ta l m uscles o f r a ts  . . . .  397 
L a c h , H . — D z iu b e k , K. —K r a w c z y k , S.: C hanges in  th e  a c tiv ity  o f th e  e p en d y m a  in  th e

in fu n d ib u la r  recess o f th e  b r a in  o f R a n a  esculenta  L. in  th e  a n n u a l cycle ............  405
K o v á c s , A . — K ovács, J . :  C ellu lar a u to p h a g o cy to s is  in  m ouse sem inal vesicle cells in

v itro  ..............................................................................................................................................................  415
K o v á c s , A. —K ovács, J . :  Q u a n t i ta t iv e  c h a ra c te riz a tio n  of th e  au to p h ag ic  p rocess in

m o u se  sem inal vesicle cells in  vitro  ..............................................................................................  425
W a r t o n , S. S. — B o ro v ja g in , V . L .: U l tra s tru c tu ra l  o rg an iza tio n  o f n eu rones o f th e

m o llu sc  Lym naea stagnalis u n d e r  d iffe ren t en v iro m en ta l te m p e ra tu re s  ....................  429
K y e g o m b e , D. B. — N jo r o g e , D . K . — D o s s a ji, S. F .—T el a n g , В. V .: Id e n tif ic a tio n  

a n d  e s tim a tio n  of a n  a ce ty lch o lin e -lik e  su b s tan ce  in  th e  v enom  of D endroaspis
ja m e so n i  ..................................................................................................................................................... 443

P o g o r e l a y a , N . K. — E l e k e s , К . — Kiss, I .:  E le c tro n  m icroscopic in v es tig a tio n  of a  g ian t
n e u ro n  iden tified  in  th e  r ig h t  p a r ie ta l  g ang lion  of L ym naea  stagnalis ( L . ) ............  451

Ma t e s z , C. — Szé k e l y , G.: T h e  d o rso m ed ia l n u c lear g roup  of c ran ia l nerves in  th e  frog  461 
R e ce n s io n es  ............................................................................................................................................................ 475



INDEX AUTORUM

A

A r a d i, J. 273, 281 
A rim ura , A. 333

B

B artos, F. 191 
B enedeczky , I. 351 
B oross, A. 195 
B orovjagin, V. L. 429 
BÓKAY, J. 143

C

Csaba , G. 143, 153

D

D asgupta , A. 81, 97 
D atta , P. C. 81, 97 
D ossaji, S. 443 
D ziubek , K. 367, 405

E

El-Aaser , A. 291 
E lekes , K. 175, 259, 451

F

F erencz, G. 247 
F erris, C. D. 375 
F ischer , J. 49 
F ish er , Е. 33 
F lerkó, B. 235, 333 
F oissner , W. 59, 157

G

Galli, C. 123 
Gorgees, N. A. 299 
Griffin , J. L. 375 
Gu ba , F. 205, 213, 221

H
H agino , N. 235 
H ammouda , F. 291 
H erich , R. 351 
H in d a w y , D. S. 291 
IIir ip i, L. 175, 259 
H ollósi, G. 195, 205, 397 
H orváth , I. 33 
H orváth , J . 333 
H u d â k , J . 351 
H u ss e in , M. D. H. 73

J
J a in , K. 111 
J arvekülg , L. 183 
J e n e i , A. 274

K
Kallak , H. 183 
K a n ta , J. 191 
K a u l , M. L. H. 115 
K eresztes , Á. 311 
K eszty ű s , L. 195 
Kiss, Á. 273, 281 
Kiss, I. 351, 451 
K ovalszky, I. 247 
K osaras, В. 235 
KOTHARI, L. К. I l l  
KovAcs, A. 231, 415, 425 
KovAcs, J . 231, 415, 425 
K rawczyk , S. 367, 405 
K yegom be , D. B. 443

L
Lach , H. 367, 405 
La pis , K . 247 
L engvAri, H. 133

M
Ma r t in i, L. 1 
Matesz , C. 461 
Mo h ie d d in , O. 291



N SZ
N em csók , J. 175, 259 
N jo r o g e , D. K. 443 
N o sztr ay , K. 389

P
P e jsk o v á , I. 191 
P e l l e , T. 213 
POGORELAYA, N. K. 451

R
R a sh a n , L. J. 299

Szabó, J . 389
S zaroma, W. 367
Sz e n d e , B. 247
Szék ely , G. 461
Szilágyi, T. 195, 205, 213, 221
Szöőr, Á. 205, 195, 389

T
Takács, Ö. 205, 213, 221 
T elang , В. V. 443 
T örök, O. 153

S

Sa l á n k i, J. 175 
Sa w y e r , Ch. H. 11 
Sc h a blik , M. 273, 281 
Sc h a lly , A. 333 
Sétáló , G. 333 
Sich ovà , E. 191 
S oh ár , I. 213, 221 
Szabolcs, M. 273, 281 
Szabó, G. 273, 281

V
Va ra n k a , I. 317 
V er sh eg h y , K. 25

W
W arton , S. S. 429 
W rischer , M. 311

zs
Zs.-N agy , I. 123 
Zsin d e l y , A. 273, 281







ACTA
BIOLOGICA

AC A D  E M I  A E  S C I E N T 1  A R U M  
H U N G A R T C A E

E D I T O R I A L  B O A R D

I .  B E R N Á D ,  V . C S Á N Y I ,  B .  F L E R K Ó ,  I .  K I S S ,  J .  K O V Á C S ,
S T .  K R O M P E C H E R ,  G. S Z A B Ó ,  G . S Z É K E L Y ,  A . T I G Y I ,  I .  T Ö R Ő

E D I T O R

J .  S A É Á N K I

V O L U M E  2 8

A K A D É M IA I K IA D Ó , B U D A P E S T  

1 9 7 7

ACTA BIO E. ACAD. SCI. HUNG.





A cta  biol. Acad. Sei. hung., 28(1), 1 9 (1977)

METABOLISM OF PROGESTERONE IN THE BRAIN 
AND IN THE ANTERIOR PITUITARY: 

SIGNIFICANCE FOR THE CONTROL OF 
GONADOTROPIN SECRETION*

L. Ma r t in i

D EPARTM ENT OF EN D O CRIN O LO G Y :,U N IV ERSITY  OF MILANO, ITA LY

(R eceived  1976-10-25)

In tro d u c tio n

I t  has recen tly  been re p o rte d  th a t  in  several of its  ta rg e t  s tru c tu re s  
(u te ru s , an te rio r  p itu ita ry , h y p o th a la m u s , etc.) p rogesterone (P ) is m e tab o l
ized in to  th e  follow ing 5a-reduced  m e tab o lite s : 5a-p regnan-3 ,20-d ione (d ih y d ro 
p rogesterone , D H P ) and 5a-pregnan-3oc-ol-20-one (3a-ol) [1, 8, 9, 12, 15, 17]. 
T he hypo thesis  has been p u t  fo rw ard  th a t  th e  fo rm ation  of th e se  com pounds 
rep resen ts  an  essen tia l s tep  for p rogeste rone  to  exert its  b io logical effects. 
Such  a hypo thesis  is s im ilar to  th e  one proposed  for exp la in ing  th e  m ode of 
ac tio n  of te s to s te ro n e  [13].

The ex perim en ts here to  he described  have been p lan n ed  in  o rd e r to 
v e rify  w h e th e r th e  fo rm atio n  o f D H P  and  o f 3a-ol in th e  a n te r io r  p itu ita ry  
an d  in  th e  cen tra l nervous system  p lay s a role in  th e  expression o f th e  cen tra l 
effects o f P . The following tw o app ro ach es have been ad o p ted : A) s tu d y  o f the 
m etabo lism  o f progesterone in  th e  a n te r io r  p itu ita ry  and  in  th e  c e n tra l  nervous 
sy stem  in d ifferen t cond itions; an d  B) s tu d y  of the  effects o f  p rogesterone  
m etab o lites  on gonado tro p in  secretion .

R esults an d  discussion

M etabolism o f  progesterone in  the anterior p itu ita ry  and in  the central nervous
system

The ab ility  o f th e  an te rio r  p i tu i ta ry , o f th e  h y p o th a lam u s, o f th e  am y g 
d a la  and  of th e  cerebral co rtex  to  c o n v e rt P  in to  its 5a-red u ced  m etabo lites 
has been s tud ied  b y  in c u b a tin g  “ in v i t ro ”  fragm en ts of th e  d iffe re n t tissues in 
th e  presence of labelled  P  and b y  id en tify in g , a t  th e  end  o f th e  in cu b a tio n  
period , th e  d ifferen t m e tabo lites fo rm ed . Sam ples of th e  v a rio u s  s tru c tu res

* L ec tu re  delivered  a t  th e  in a u g u ra tio n  o f th e  a u th o r as H o n o ra ry  M em ber o f  the 
H u n g a ria n  Society  of E ndocrino logy  an d  M etabo lism , Ju ly  14, 1976.

1 A da  Biologica Academiae Scientiarum Hungaricae 28, 1977



2 L. MARTINI

w ere  collected from  a d u lt fem ale  ra ts  in d iffe ren t physio logical conditions or 
fo llow ing  d ifferent ty p e s  o f  experim en ta l m an ip u la tio n s . The u te ru s  w as 
u sed  as th e  contro l tissu e . I n  o rd e r to  have, for each  tissu e  exam ined, a q u a n 
t i t a t iv e  and separa te  e s t im a te  of the  ac tiv ity  o f th e  enzym e involved in  th e  
tra n s fo rm a tio n  of P  in to  D H P  an d  3a-ol th e  fo llow ing tw o param eters have  
b een  selected : (1) th e  to ta l  a m o u n ts  of 5a-reduced  m etab o lite s  form ed by each 
tis su e  (i.e., th e  sum  o f th e  am o u n ts  of D H P  plus th o se  of 3a-ol); th is figu re  
p ro v id e s  a clear in d ica tio n  o f  th e  ac tiv ity  o f th e  5 a -red u c tase  p resen t in  th e  
d iffe re n t tissues; and  (2) th e  p e r cen t q u an titie s  o f  3a-ol co n trib u tin g  to  th e  
to ta l  am oun ts of 5 a -red u ced  m etabo lites; th is  in d e x  provides a sa tis fac to ry  
e s tim a te  of the  effic iency  o f  th e  enzym e 3 x -h y droxyste ro id -dehydrogenase  
w h ich  converts D H P  in to  3a-ol.

F igu re  1 shows th a t  th e  u te ru s  of norm al fem ale  an im als is able to  convert 
P  in to  th e  corresponding 5 a-red u ced  m etabo lites w ith  ra th e r  e levated  yields. 
T h e  u te r in e  5«-reductase e x h ib its  conspicuous chan g es in  ac tiv ity  during  th e  
d iffe re n t phases o f th e  e s tru s  cycle. The h ig h est am o u n ts  of 5a-reduced 
m e ta b o lite s  are form ed by  th e  u te ru s  of anim als k illed in th e  m orning of e s tru s. 
A f te r  th a t  tim e, a p rog ressive  decline of th e  5 a -re d u c tase  ac tiv ity  occurs, th e  
lo w est values being d e te c te d  in  an im als sacrificed  in th e  m orning of p roestru s. 
T h e  m a jo r 5a-reduced m e ta b o lite  form ed in  th e  u te ru s  is 3a-ol (abou t 80%  
o f  th e  to ta l)  (not show n in th e  F igure). F igure 1 also in d ica tes  th a t  the  an te rio r  
p i tu i ta r y  of norm al fem ale r a ts  is able to  convert P  in to  th e  5a-reduced m e ta b 
o lite s . T he 5a-reductase a c t iv i ty  of th is g land is m u ch  low er th a n  th a t  of th e  
u te ru s .  D uring th e  d iffe re n t phases of th e  e s tru s  cycle, changes sim ilar 
(a lth o u g h  q u a n tita tiv e ly  sm a lle r) to  those found  a t  u te rin e  level have been

F ig . 1. C onversion of p ro g e ste ro n e  to  5a-reduced m eta b o lite s  (5a-pregnan-3 ,20-d ione, D H P ; 
5a-pregnan-3a-o l-20-one, 3a-ol) b y  th e  u te ru s , the  an te rio r  p i tu i ta r y ,  th e  basal h y p o th a lam u s , 
th e  a m y g d a la  an d  th e  cereb ra l c o r te x  of norm al a d u lt fem ale  r a t s  in  th e  d ifferen t phases o f

th e  e stru s cycle
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reco rd ed . In  all phases o f th e  estru s cycle, 45 50%  of th e  5a-reduced  m e ta b 
o lites m ade b y  the  g land  are in  th e  form  of 3a-ol (n o t show n in th e  F igure).

T he h y p o tha lam us o f n o rm ally  cycling fem ale ra ts  is able to  c o n v e rt P  
in to  D H P  and 3a-ol. T he 5a-reduc tase  a c tiv ity  o f th is  s tru c tu re  is sm aller 
th a n  th a t  of the  an te rio r p i tu i ta ry , and  does n o t show  a clear cy c lic ity  d u rin g  
th e  e s tru s  cycle (Fig. 1). T h e  h y p o th a lam u s has a v e ry  lim ited  3 a-h y d ro x y - 
s te ro id -dehydrogenase  a c tiv ity , 3a-ol only rep resen tin g  2 0 —30%  o f th e  reduced  
m etab o lite s  found a t th e  en d  of th e  incu b a tio n  period  (no t show n in  th e  F ig 
u re). T he cerebral co rtex  an d  th e  am ygdala  o f a d u lt fem ale ra ts  possess som e 
5 a -red u c tase  ac tiv ity  (Fig. 1). Such an  a c tiv ity  is q u a n tita tiv e ly  s im ila r in  th e  
tw о s tru c tu re s , is low er th a n  th a t  found  in any  o f th e  tissues p rev io u sly  consid 
e red , and  does no t show  a n y  estru s-linked  ty p e  o f cyclic ity . In  th ese  tw o  s tru c 
tu re s  th e  fo rm ation  o f 3a-ol varies betw een  30 and  4 0%  (no t show n in  th e  
F ig u re).

A t u te rin e  level, c a s tra tio n  induces a s ign ifican t decrease o f th e  5a- 
re d u c ta se  ac tiv ity  (T able 1). A m inim um  is reached  tw o days a f te r  th e  opera-

Table 1

C onversion o f  progesterone to its 5ot-reduced metabolites (5<x-pregnan-3,20-dione, D H P  and  
5a-pregnan-3a-ol-20-one, 3ot-ol) by the uterus o f  normal, castrated and estrogen (estradiol benzoate, 

E B , 50 fig /ra t/day) pretreated castrated fem a le  rats'

G ro u p s2
S a-reduced  

m eta b o lite s  pg /n ig 8 % o f  3a-ol

E stru s (4) 4 378.5 ±  117.5 83.62 ±  1.73

Diestrus., (3) 3 200.7 ±  134.9 78.80 ±  2.87

C astrated

2 days (3) 1 559.7 ±  160.5V 78.46 ±  3.84

7 days (3) 2 215.8 ±  326.56’7 79.53 ± 1 .1 3

14 days (6) 2 130.6 ±  295.94>7 72.22 ±  4.19

21 days (6) 2 597.8 ±  494.6" 76.20 ±  2.60

C astrated  -j- E B

7 days (4) 3 669.1 ±  326.08 76.55 ±  2.27

14 days (6 ) 4 363.0 ±  750.39 66.66 ±  6.04

21 days (4) 3 212.8 ±  414.0 63.00 ±  7.46

1 V alues are m eans ±  S .E .
2 N u m b er of ex p erim e n ts  perfo rm ed  in p a ren th eses
3 P icogram s of 5 a -red u ced  m etab o lites  form ed p e r  m g of w et tissue  follow ing a 3-hour 

in cu b a tio n  w ith  150 n an o g ram s of (4-C14) p rogesterone  (specific a c tiv ity :  60.0 m C i/m  mol)
4 p <  0.0005 vs E s tru s
6 p <  0.0025 vs D ie s tru s .
0 p <  0.0025 vs E s tru s
7 p <  0.025 vs D ie s tru s2
8 p <  0.025 vs C a s tra te d  7 days
9 p <  0.01 vs C a s tra te d  14 days
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tio n . A t la te r in te rv a ls , th e  a c tiv ity  of th e  enzym e ten d s to  rise again  hu t 
w ith o u t approach ing  th e  levels found a t d iestru s  (i.e., th e  low est va lues reco rd 
ed  befo re  castra tio n ). T hese  d a ta  agree w ith  and  e x ten d  th e  observations m ade 
b y  A rmstrong  an d  K i n g  [1]. In  ag reem ent w ith  th e  find ings of th ese  au th o rs , 
th e  r a te  of conversion o f D H P  in to  3a-ol is n o t s ig n ifican tly  a lte red  b y  c a s tra 
tio n . L ike in n o rm al an im als , 3a-ol rep resen ts  a b o u t 80%  of th e  to ta l  5a- 
re d u c e d  m etabo lites fo rm ed . C on tra ry  to  w h a t h ap p en s in the  u te ru s , c a s tra 
t io n  induces a p rogressive  increase in th e  a b ility  of th e  an te rio r  p itu ita ry  
g la n d  to  tran sfo rm  P  in to  D H P  and  3a-ol (T able 2). The levels found  7 days 
a f te r  th e  opera tion  are  tw ice  as high as tho se  fo u n d  a t e s tru s. T h ey  double 
a g a in  a t  14 days a f te r  c a s tra tio n  and  su b se q u e n tly  seem  to  stab ilize  a t  levels 
w h ich  are four tim es th o se  o f  n o n -castra ted  an im als . An increase of th e  fo rm a
tio n  o f 3a-ol is observed  2 d ays a fte r c a s tra tio n . O n th e  c o n tra ry , a decrease

Table 2

Conversion o f  progesterone to its 5<x-reduced metabolites ( 5ot-pregnan-3,20-dione, D H P  and 
5ot-pregnan-3ot~ol-20-one, 3a.-ol) by the anterior p itu ita ry  o f  norm al, castrated, and estrogen 

(estradiol benzoate, E B ,  50 pg/rat/day) pretreated castrated fem ale  ra ts1

Groups2
5a-reduced 

metabolites pg/m g:! % of 3a-ol

E strus (5) 2 057.0 ±  99.5 46.98 ±  4.32

D iestrus2 (4) 1 856.5 132.2 44.01 rfc 2.30

C astrated

2 days (3) 2 144.7 ±  69.9 51.50 ±  0.324

7 days (6) 4 625.2 ±  444.25’6 45.50 i  2.51

14 days (6)

COrtОCO 27.38 ±  3.567

21 days (5) 8 043.3 ±  1 234.45>6 33.18 ±  4.458-9

C astrated  +  E B

7 days (4) 2 513.7 - 321.9 '" 46.00 ±  5.58

14 days (6) 2 459.4 ±  127.7" 54.50 ±  1.98"

21 days (6) 1 722.1 ±  122.6'-' 55.55 ±  4.25

1 V alues are m eans ±  S .E .
2 N u m b er of ex p erim e n ts  p e rfo rm ed  in p a ren th eses
3 P icogram s of 5 a -red u ced  m e ta b o lite s  form ed p e r m g of w et tissu e  follow ing a 3-hour 

in c u b a tio n  w ith  150 n an o g ram s o f (4-C 14) p rogesterone  (specific  a c tiv ity :  60.0 m C i/m  mol)
4 p  <  0.025 vs D ie s tru s2
5 p  <  0.005 vs E s tru s
6 p  <  0.0025 vs D ie s tru s2
7 p  <  0.005 vs D iestrus»
8 p  <  0.05 vs E s tru s
9 p  <  0.05 vs D iestrus»

10 p  <  0.05 vs C a s tra ted  7 d a y s
11 p  <  0.0005 vs C a s tra ted  14 days
12 p  <  0.0025 vs C a s tra te d  21 days
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in  th e  p roportions o f  th is  s te ro id  is observed  a t  la te r  in te rva ls  follow ing 
o v ariec tom y . C astra tio n  does n o t ex e rt a n y  re le v a n t effect on the  5 a -red u c tase  
an d  За-h y d ro x y ste ro id -dehydrogenase  ac tiv itie s  o f  th e  h y p o th a lam u s, o f  th e  
am y g d ala  and  of th e  cereb ral co rtex  (d a ta  n o t show n).

As rep o rted  by  A rm strong  and  K in g  [1], th e  “ in v ivo”  a d m in is tra tio n  
of estrad io l to  ovariec tom ized  fem ale ra ts  induces an  increase in  th e  5a- 
red u c ta se  a c tiv ity  of th e  u te ru s  (Table 1). This reaches levels sim ilar to  those  
found  in the  m orning o f estrus.

Tn co n tra s t w ith  these  o b se rv a tio n s, “ in v iv o ” tre a tm e n t w ith  estro g en  
sig n ifican tly  decreases th e  5 a-reduc tase  a c tiv ity  o f the an te rio r p i tu i ta ry  of 
o variec tom ized  an im als (Table 2); a f te r  t re a tm e n t ,  th e  am ounts o f 5a-red u ced  
m etab o lites  form ed by  th e  g land rev e rt to  th e  levels found in n o rm ally  cy 
cling anim als. E stro g en  p re tre a tm en t brings hack  to  norm al (or even  increases 
above physiological levels) th e  per cen t fo rm a tio n  o f 3a-ol in  long-term  ov ariec
to m ized  ra ts . The ad m in is tra tio n  of estrogen  to  ovariectom ized fem ales does 
n o t e x e rt an y  s ign ifican t effect on th e  5 a -red u c tase  a c tiv ity  of th e  h y p o th a la 
m u s, of th e  am y g d ala  and  of th e  cereb ral co rtex  (d a ta  no t show n).

T he observation  th a t  th e  a n te rio r  p i tu i ta ry  and  th e  h y p o th a lam u s are 
able to  convert P  in to  D H P  and 3a-ol is c o n firm a to ry  of previous fin d in g s of 
th is  [15] and  o th e r lab o ra to ries  [8, 9, 12, 17], an d  m ay b ring  to  p o s tu la te  a 
physiological role o f these  tw o m etab o lite s  in  th e  expression of th e  feedback  
ac tiv ities  P  exerts  on th e  h y p o th a lam ic—p itu ita ry  com plex. This hypo th esis  
is re inforced  by  th e  observa tion  th a t  th e  5 a -red u c tase  ac tiv ity  o f th e  a n te rio r  
p itu ita ry  is in fluenced  by  estru s cyclic ity , and  can  be m odified in  opposite  
d irec tions b y  c a s tra tio n  an d  by  th e  a d m in is tra tio n  of exogenous estrogens, 
tw o  m an ipu la tions w hich have  a deep  im p a c t on gonado trop in  secre tion . 
T he fact th a t  ca s tra tio n  and  estrogen  t r e a tm e n t do not influence th e  en zy 
m atic  a c tiv ity  of th e  h y p o th a lam u s seem s to  in d ica te  th a t  th e  feedback  effects 
o f P are m ain ly  ex e rted  a t an te rio r  p i tu i ta ry  level [15].

The resu lts  o b ta in ed  a t p itu ita ry  level follow ing ovariec tom y are  sim ilar 
to  previous d a ta  of th is  and  o th e r lab o ra to rie s  [3, 4, 10, 11, 14] w h ich  have 
show n th a t ,  in  m ale ra ts , o rch idec tom y  is follow ed by  an  e leva tion  o f  th e  5a- 
red u c ta se  a c tiv ity  of th e  an te rio r p itu i ta ry . Also th e  observation  th a t  o v ariec 
to m y  does no t ex ert s ign ifican t effects on th e  5a-reduc tase  levels o f th e  h y p o 
th a lam u s, of th e  am ygdala  and of th e  cereb ra l co rtex  agrees w ith  p rev ious 
find ings in m ales [3, 10, 14].

I t  is n o t clear w hy ca s tra tio n  an d  estro g en  ad m in is tra tio n  shou ld  ex e rt 
opposite  effects a t an te rio r  p itu ita ry  and  a t  u te rin e  level. I t  is possib le  th a t  
th e  p o st-ca s tra tio n  increase of th e  5 a -red u c tase  a c tiv ity  of th e  a n te r io r  p i
tu i ta r y  reflec ts th e  changes in  th e  com position  of p itu ita ry  cell p o p u la tio n s 
w hich  follow th e  opera tio n . I t  is know n th a t  gonado trophs increase  in  size 
an d  p ro lifera te  a fte r  gonadectom y  [5]. Should  th is  hypothesis be co rrec t,
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th e  d a ta  m ig h t be ta k e n  as p rov id ing  ev idence fo r a specific localization  o f th e  
5 a -re d u c tase  in th e  g o n ad o tro p h s. This h y p o th es is  is supported  b y  th e  obser
v a tio n  th a t  th e  5 a -red u c tase  a c tiv ity  o f th e  p i tu i ta ry  o f ovariectom ized  an im als 
re v e r ts  to  no rm al a fte r  th e  ad m in is tra tio n  o f  estrogens w hich resto re  no rm al 
p i tu i ta r y  h isto logy . T he hypo th esis  th a t  th e  5 a -red u c tase  m ight be specifically  
a sso c ia ted  w ith  th e  g o n ad o tro p h s has been  re c e n tly  co rrobora ted  b y  L l o y d  
a n d  K a r a v o l a s  [12], w ho have found  th e  enzym e to  be p resen t in  h igh  con
c e n tra tio n s  in  g o n ad o tro p h s-en rich ed  p i tu i ta ry  cell p rep ara tio n s . W ith  
re g a rd  to  th e  u te ru s , it  is possible th a t  th e  decrease of the  5a-reductase  a c tiv ity  
o b se rv ed  im m ed ia te ly  a f te r  ca s tra tio n  is lin k ed  to  th e  d isappearance  o f e s tro 
gens fro m  th e  c ircu la tion , an d  th a t  th e  su b se q u e n t ten d en cy  to  re tu rn  to w ard s 
n o rm a l levels as p o s t-c a s tra tio n  tim e  progresses m igh t be co rre la ted  w ith  
a co m p en sa to ry  rise o f estrogens of n o n -o v a rian  origin (e.g., ad ren a l g lan d ?  
p e r ip h e ra l conversion from  androstened ione  ?). Exogenous estrogens have  
been  show n in th is  an d  in  o th e r  stud ies [1, 6, 18] to  increase th e  5a-red u c tase  
a c t iv i ty  o f th is s tru c tu re .

Effects o f  progesterone metabolites on gonadotropin secretion

P  is know n to  in fluence  th e  secretion  o f a n te r io r  p itu ita ry  g o n ad o tro p in s . 
D ep en d in g  on th e  c ircu m stan ces , P  m ay  e x e rt e ith e r  inh ib ito ry  (nega tive  feed
b ack  effect) or s tim u la to ry  (positive feedback  effect) actions [16]. In  o rd e r to  
c la rify  w h e th e r these  ac tiv itie s  of P  m ig h t he m im icked  b y  D H P  an d /o r 3a-ol, 
th e  effec ts  exerted  b y  th e se  tw o stero ids on g o n ad o tro p in  secretion  have been 
e v a lu a te d  in  a d u lt fem ale ra ts , using tw o d iffe ren t experim en ta l m odels, d e 
signed  to  te s t  re sp ec tiv e ly  th e ir  fa c ilita to ry  an d  th e ir  in h ib ito ry  ac tiv ities . 
In  o rd e r to  analyze w h e th e r  D H P  and  3a-ol a re  ab le to  stim u la te  g o n ad o tro p in  
re lease , th e se  stero ids h av e  been  ad m in is te red  to  c a s tra te d  e s tro g en -p re trea ted  
fem ale  ra ts . I t  is a well d o cum en ted  p h en o m en o n  th a t  P  and  sev era l p h y s 
io log ical o r sy n th e tic  progestogens e x e rt a p o sitiv e  feedback effect on L H  
a n d /o r  F S H  secretion  in  an im als so p rep a red  [7, 19, 20]. In  o rder to  te s t  th e ir  
in h ib ito ry  a c tiv ity  on g o n ad o tro p in  secre tion , D H P  and  3a-ol were ad m in is
te re d  in  r a th e r  large am o u n ts  to  c a s tra te d  fem ale  ra ts  w ith o u t a n y  estro g en  
p re tre a tm e n t  [see 21 fo r d e ta ils].

T ab le  3 sum m arizes th e  d a ta  o b ta in ed  in  th e  experim ents a im ed  a t 
e v a lu a tin g  th e  possib ility  th a t  D H P  an d  3a-ol m igh t fac ilita te  th e  release 
o f p i tu i ta ry  gonado tro p in s . I t  appears th a t  c a s tra te d  o il-trea ted  fem ale ra ts  
h av e  r a th e r  e leva ted  levels o f serum  L H . In  ag reem en t w ith  prev ious d a ta  
o f th is  a n d  o f o th e r  lab o ra to rie s  th ese  are  sig n ifican tly  depressed  by  th e  
in jec tio n  of e th iny l es trad io l (E E ) [19, 22]. T he in jec tion  of P  on th e  f if th  
d a y  o f estrogen  p rim ing  is followed b y  a s ig n ifican t increase o f se ru m  levels 
o f  L H . D H P  and  3a-ol are  b o th  able to  s ig n ifican tly  e levate  se ru m  levels
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Table 3

Effect o f  100 pg/rat o f  progesterone (P )  5oL-pregnan-3,20-dione ( D H P )  and 5ot-pregnan-3ot-ol- 
20-one (3ot-ol) on serum levels o f  L H  and F S H  o f  castrated fem ale  rats pretreated fo r  5 days 

with 0.4 fig eth inyl estradiol ( E E )  and sacrificed 8 hours after progestogen adm in istra tion1

T reatm en t2
ng LH m l 

(NIH-LH-S17)
ng FSH/ml

(N I AMD- R AT- FS H-RP1)

1 Oil (24) 27.36 ±  1.73 1 027.24 ±  40.00

2 E E  (0.4 /(g) (18) 3.43 ±  0.393 283.87 ±  7.953

3 E E P (1 0 0 /(g) (2 0 ) 8.49 ±  0.824 1 209.46 ±  31.754

4 E E D14P (100 /(g) (18) 5.87 ±  1.065'6 566.74 ±  35.014

5 E E  - 3a-ol (100 /(g) (16) 8.45 ±  1.16* 603.11 ±  19.844

1 V alues a re  m eans ±  S.E .
2 N u m b er o f an im a ls  in p a ren theses
3 P  <  0.0005 vs 1
4 P  <  0.0005 vs 2
5 P  <  0.0125 vs 2
6 P  <  0.025 vs 3

Table 4

Effect o f  2 mg/rat o f  progesterone ( P ) ,  5oc-pregnan-3,20-dione ( D H P )  and 5ot-pregnan-3oc-oh 
20-one (  3ot-ol )  on serum levels o f  L H  and F S H  o ffem a le  rats castrated since 3 weeks and sacrificed  

24 hours after progestogen a d m in is tra tio n 1

T reatm en t2
ng LH/ml 

(NIH-LH-S17)
ng FSH/ml

(NIAMD-RAT-FSH-RP1)

1 Oil (23) 21.95 ±  0.83 916.89 ±  27.15

2 P  (2 mg) (26) 21.06 ±  0.97 939.99 ±  26.82

3 D H P  (2 mg) (21) 15.21 ±  0.79:l 647.03 ±  17.783

4 3a-ol (2 m g) (25) 11.48 ±  0.973>4 545.28 ±  12.753

1 V alues are  m eans ±  S .E .
2 N um ber o f a n im a ls  in  p a ren theses
3 P  <  0.0005 rs  1
4 P  <  0.0005 vs 3

of L H  over those  observed  in anim als given E E  alone. In  th is te s t, 3a-ol 
appears to  be a t  least as effective as P . D H P , on th e  c o n tra ry , is less effec
tiv e  th a n  P. T ab le  3 sum m arizes also th e  d a ta  o b ta in ed  in  th e  sam e groups 
o f anim als by  m easu rin g  p lasm a F S H . I t  is a p p a re n t th a t  th e  e levated  levels 
o f F S H  found a f te r  o variec tom y  can be depressed  by  th e  ad m in is tra tio n  of 
E E . This is co n firm a to ry  of previous d a ta  o f th is  an d  o th e r labo ra to ries 
[19, 22]. I t  is also clear th a t  u n d er th e  ex p e rim en ta l conditions selected  P  
is able to  ex e rt a v e ry  s tro n g  positive feedback  effect on th e  release of F S H . 
D H P  and  3a-ol also e x e rt a s tim u la to ry  effect on F S H  release; how ever, such  
an  effect is less p ronounced  th a n  th a t  of P , an d  is q u a n tita tiv e ly  sim ilar for 
th e  tw o  stero ids.
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T h e  d a ta  of th e  ex p erim en ts  in  w hich th e  negative  feedback  effects of P , 
D H P  a n d  3a-ol have been  e v a lu a te d  are rep o rted  in T ab le  4. I t  is ev id en t 
t h a t ,  in  th e  absence of e s tro g en  p re tre a tm e n t and  u n d e r th e  ex p erim en ta l 
c o n d itio n s  selected, P  does n o t in h ib it e ith e r  L H  or F S H  release. On th e  con
t r a r y ,  D H P  and  3a-ol ex e rt a r a th e r  s tro n g  blocking effect on b o th  g o n a d o tro 
p in s .

T h e  observation  th a t  D H P  an d  3a-ol d isp lay  a positive feedback  effect 
on  L H  a n d  FSH  secretion  q u a lita tiv e ly  sim ilar to  th a t  o f P  in c a s tra te d  e s tro 
g e n -p rim e d  fem ale ra ts  is co m p a tib le  w ith  th e  hypo thesis th a t  P  ex e rts  its  
f a c i l i ta to ry  effects on g o n a d o tro p in  secre tion  a fte r th e  local ( in tra p itu i ta ry  ?) 
c o n v e rs io n  in to  D H P  and  3a-ol [8, 9, 12, 15, 17]. The fac t th a t  th e  a c tiv ity  of 
3a-o l is q u a n tita tiv e ly  s im ila r to  t h a t  o f P  in  releasing L H  suggests th a t  th is 
m e ta b o li te  m ight be th e  in tra c e llu la r  m ed ia to r for th e  positive  feedback  P  
e x e r ts  on  L H  release. The f in d in g  th a t  D H P  and 3a-ol are able to  in h ib it 
g o n a d o tro p in  release in  c a s tra te d  fem ale ra ts  even if  P  is ineffec tive  is p u z 
zling . T h e re  are several possib le in te rp re ta tio n s  of these re su lts . One possib ility  
is t h a t  P  operates on th e  n e g a tiv e  feedback  system  only a fte r  conversion  in to  
D H P  a n d  3a-ol. I f  one accep ts  su ch  an  in te rp re ta tio n , th e  in a c tiv ity  o f P  here 
r e p o r te d  m ight he exp la ined  b y  th e  fact th a t  th e  sh o rt in te rv a l used in  the  
e x p e r im e n ts  did no t allow a su ffic ien t conversion of th e  stero id  in to  its  5a- 
r e d u c e d  m etabo lites. H ow ever, such  a possib ility  appears to  be a ra th e r  rem ote  
o n e  o n  th e  basis of th e  o b se rv a tio n s  prev iously  repo rted  th a t  a f te r  ca s tra tio n  
th e  5 a -red u c tase  a c tiv ity  o f  th e  a n te rio r  p itu ita ry  increases severalfo ld . 
C o n se q u e n tly  in the  p re sen t e x p e rim e n ta l conditions a r a th e r  large conversion  
o f  P  in to  D H P  and 3a-ol cou ld  be expec ted . A n o th er possib ility  is th a t  the  
n e g a t iv e  feedback  effect o f  P  (in th e  exp erim en ta l conditions in  w hich it  
a p p e a rs )  [2] is a p ro p erty  o f th e  s te ro id  as such. F o r th e  reasons ju s t  m en tio n ed , 
th e  a u th o rs  would favour such  a v iew , an d  w ould consider th e  in h ib ito ry  a c tiv 
i ty  e x e r te d  on LH  and  F S H  secre tion  by  the  5a-reduced  m etab o lite s  as an 
in h e r e n t  p ro p e rty  of these  s te ro id s . I f  such  an in te rp re ta tio n  will be p roven  
v a lid  b y  subsequen t e x p e rim en ts , the  d a ta  here p resen ted  m igh t prov ide 
a p re lim in a ry  answ er to  th e  q u es tio n  o f th e  opposite  effects P m ay  ex ert 
on g o n a d o tro p in  secretion. A p p a re n tly , th e  positive effect seem s to  be due  to  the  
c o n v e rs io n  in to  the  5a-reduced  m e tab o lite s , while th e  neg a tiv e  feedback  effect 
a p p e a rs  to  he a p ro p erty  o f P as such.
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BRAIN CATECHOLAMINES AND PITUITARY-OVARIAN
FUNCTION12

Ch . H. S a w y e r
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U N IV ERSITY  OF CALIFORNIA M ED ICAL SCHOOL,

LOS ANGELES. CA LIFO RN IA

(R eceived  1976-10-25)

Results und discussion

O ur in te re s t in catecholam ines an d  p itu ita ry -o v a ria n  function  da tes 
b ack  30 years to  th e  tim e  w hen, w ith  Ma r k e e  and  H o ll in sh ea d  a t  D uke 
U n iv e rs ity , we w ere able to  induce o v u la tio n  in th e  r a b b it  by  infusing a little  
ad ren a lin  in to  th e  p i tu i ta ry  gland app roached  p a rap h ary n g ea lly  [24]. O v u la
tio n  was a good in d ex  of s tim u la tio n  of re lease o f gonado trop in  in th is  species 
because th e  r a b b i t  does no t o rd inarily  o v u la te  spon taneously  b u t on ly  a fte r 
co itu s, and  ru p tu re d  ovarian  follicles are  easily  seen w ith  th e  n aked  eye a t 
lap a ro to m y  48 hours a fte r  tre a tm e n t. O u r orig inal in tra p itu ita ry  infusions 
w ere m ade w ith  P a rk e — D avis A drenalin , an  e x tra c t o f the  ad rena l m edulla 
co n ta in in g  b o th  ep inephrine  and  n o rep in ep h rin e . At th a t  tim e, in th e  la te  
1940’s, pu re  ep in ep h rin e  and no rep inephrine  becam e availab le , and  we found 
[33] th a t  th e y  w ere ab o u t equally  effective in  inducing  ovu la tion  w hen  in 
fused  b y  s te re o ta x ic  cannu la  in to  th e  th ird  ven tric le  o f th e  b ra in  (F ig . 1). 
T hese w ere re la tiv e ly  acu te  experim en ts p erfo rm ed  u n d er e th e r  an esth esia , 
as w ere th e  in tr a p i tu i ta ry  infusions. T hese find ings raised th e  question  as to  
th e  s ite  o f th e  ca tech o lam in e’s s tim u la to ry  ac tion , i.e ., b ra in  or p itu ita ry  
g land  ?

In  resu lts  h ith e r to  published only in p a r t  [33] we discovered th a t  th e  
o v u la tio n -in d u c in g  in tra v e n tr ic u la r  ac tion  o f  ep inephrine  could be blocked 
b y  agen ts w hich  cam e la te r  to  he know n as “ a-b lockers”  (phen to lam ine  and 
th e  /5-chlorethylam ine  p ro d u c t, SK F-501) b u t  n o t b y  p e n to b a rb ita l or large 
doses o f a tro p in e  su lfa te  (Table 1). On th e  o th e r hand , n o rep in ep h rin e ’s 
effectiveness w as b locked by  w eak p e n to b a rb ita l  an d  by  a large dose of 
a tro p in e  su lfa te  as well as by  SK F-501. B lockade by  p e n to b a rb ita l w ould

1 R esearch  in  th e  a u th o r’s lab o ra to ry  has b een  su p p o rted  by  g ran ts  from  th e  U .S. 
N a tio n a l In s t i tu te s  o f H e a lth  (NSO 1162) a n d  th e  F o rd  F o u n d a tio n .

2 L ec tu re  d e liv e red  a t  th e  in au g u ra tio n  o f th e  a u th o r  as H o n orary  M em ber o f th e  
H u n g a rian  Society  o f E ndocrino logy  and  M etabolism . Ju ly  14, 1976.

A u th o r’s ad d ress : D ep artm en t of A n a to m y  U C LA  School o f M edicine Los A ngeles, 
C alifornia 90024 U .S .A .
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s u g g e s t th a t  no rep in ep h rin e’s o v u la to ry  s tim u lu s was exerted  c e n tra lly  ra th e r  
th a n  a t  th e  p itu ita ry  level. P h en to lam in e  w as less p o ten t th a n  S K F -501  in  
b lo c k in g  th e  ovu la to ry  ac tio n  of no rep inephrine .

4

Pars  distalis

F ig . 1. O v u la to ry  effects of in fusing  catech o lam in es in to  th e  th ird  v en tric le  of th e  b ra in  of th e  
estrus ra b b it  (cf. T ab le  1). D a ta  from  Sa w y e r  [33]

W e also te s ted  these  n ew ly  developed  adrenerg ic  b locking agen ts a g a in s t 
th e  n a tu r a l  coital s tim u lus fo r o v u la tio n . R a p id  postco ita l in trav en o u s  in jec 
tio n s  o f  D ibenam ine (a /J-ch lo re thy lam ine  а -blocking d e riv a tiv e  like S K F-501 
a n d  ph en o x y b en zam in e) b locked  o v u la tio n  (F ig . 2), b u t in jec tions delayed  
o v e r  a m in u te  did no t [36] ev en  th o u g h  th e  p itu ita ry  requ ires a t le a s t h a lf  
an  h o u r  to  release enough g o n ad o tro p in  to  induce ovu la tion  [9]. P h e n to l-

Table 1

E ffec ts  o f  various blocking agents on the induction  o f  ovulation in  the rabbit by in traventricular  
injections o f  ep inephrine  and norepinephrine  

f  stereotaxic surgery under local procaine anesthesia)

A gent
Dosage 
fig base Blocking agent

Dosage and 
route

O vulation
Anim als

ovulated/tested

1-e p in ep h rin e 100 — — 6/10

100 Phen to lam ine 15 m g/kg iv 1/10

100 SKF-501 10 m g/kg iv 0/5

500 P e n to b arb ita l 15 m g/kg iv 3/4

500 A tro p in e -S 0 4 300 m g/kg sc 4/5
1-n o rep in ep h rin e 100 7/10

100 Phen to lam ine 15 m g/kg iv 3/10

100 SKF-501 10 m g/kg iv 1/10

500 - — 8/8

500 P e n to b arb ita l 15 m g/kg iv 1/10

500 A tro p in e -S 0 4 300 m g/kg sc 0/4
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am ine w as ineffective in  b lu n tin g  th e  co ita l s tim u lus b u t ra p id  post-co ita l 
in jec tio n s  of a trop ine  su lfa te  did b lock  o v u la tio n , suggesting  a cholinergic 
sy n ap se  in  the  system  [35, 37]. T hese find ings po in ted  to  a ra p id ly  com pleted  
n o rad ren erg ic  cen tra l nervous process as a com ponen t of th e  c o ita l s tim u lus 
fo r  o v u la tio n  in th e  ra b b it. As a sequel to  th ese  experim en ts we d iscovered  
w ith  E v e r e t t  th a t  “ sp o n tan eo u s”  cyclic o v u la tio n  in th e  ra t  could  be  b locked 
b y  adm in is te rin g  D ibenam ine or a tro p in e  su lfa te  p rio r to  2 P.M . on  th e  d ay  
o f  p ro es tru s , a find ing  w hich led to  th e  concep t o f a p roestrus “ c ritic a l p e rio d ” 
in  th e  neurogenous ac tiv a tio n  of L H  release in  th is cyclic o v u la to r  [8].

P ig . 2. A  rapid post-coital intravenous injection of the a-adrenergic-blocking agent Diben- 
am ine prevents the coital stim ulus (arrow) from  activating pituitary LH release and ovulation.

D ata from Saw yer  et al. [36]

In  th e  early  1950’s D o n o v a n  and  H a r r is  rep ea ted  our in itia l r a b b it  ex 
p e rim e n ts , w ith  very  slow infusions of ep inephrine  in to  th e  p i tu i ta ry  gland 
ap p ro ach ed  b y  a s te reo tax ic  can n u la  th ro u g h  th e  b ra in . U nder th e se  cond itions 
th e y  failed to  induce o v u la tio n  an d  th e y  reached  the  correct conclusion  th a t 
th e  n eu rohum ora l m ed ia to r from  b ra in  to  p itu ita ry  was n o t ep in ep h rin e  [7,
12]. H ow ever, th ey  ignored  th e ir  positive  cases w hich m ight h a v e  suggested  
a ce n tra l m echanism . M eanw hile V o g t  [47] h ad  d em onstra ted  h igh  co n cen tra 
tions of norep inephrine  (N E ) in  th e  dog h y p o th a lam u s, and a few  years  la te r  
Ca r l s s o n  [2] described large am o u n ts  of dopam ine in th e  b ra in , especially  in 
th e  cau d a te  nucleus. In  th e  early  1960’s an  exquisite  fluorescence techn ique  
fo r v isualiz ing  am ines in  h isto log ical sections o f th e  bra in  was developed  by 
th e  Sw edish investig a to rs  H il l a r p  an d  F a l c k  and applied ex ten s iv e ly  by 
F u x e , H ö k f e l t , B j ö r k l u n d  an d  o th ers  [see 13 for references]. V ery  high 
co n cen tra tio n s  of ca techo lam ines w ere found  in  th e  m edian  em inence , and  
m uch  o f the  fluorescence in  th e  e x te rn a l zone was traced  to  dopam inerg ic  
neu rons in th e  a rcu a te  nucleus an d  p a ra v e n tr icu la r  region —  a tu b ero in fu n - 
d ih u la r  t r a c t .  E lab o ra te  m aps w ere p lo tte d  o f th e  d is trib u tio n  o f n o rad ren erg ic  
an d  dopam inerg ic  fibers [46], and  i t  ap p eared  th a t  no rad renerg ic  fib ers  ending 
in  th e  in n er zone of th e  m ed ian  em inence w ere ascending from  th e  b ra in  stem .
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U sing  th e  d ea ffe ren ta tio n  tech n iq u e  in tro d u c e d  b y  H alász  and  P u p p  [11]  
in  H u n g a ry , W e i n e r  an d  associates [50] in  o u r la b o ra to ry  show ed th a t  th e  
h y p o th a la m ic  islan d  lo s t all o f  its N E  w ith in  th re e  weeks of d ea ffe ren ta tio n , 
w h ereas  dopam ine w as n o t  s ign ifican tly  ch an g ed  (F ig . 3). The resu lts  w ere 
c o n s is te n t w ith  a b ra in  s te m  origin of N E w hereas m a n y  dopam inergic neurons 
lay  com plete ly  w ith in  th e  island .

СЛ 2.0

£ 1.0

nh
cp 1.0

0 5

m

Control 3
w eeks

D eafferented

Control 3
weeks

is land

v eek s w e ek s

Residual basa l  hypothalamic fragment

F ig. 3. E ffec ts  of com plete  d e a ffe ren ta tio n  of the  h y p o th a la m u s  on th e  n o rep inephrine  an d  
d o p am in e  co n cen tra tio n s in  th e  d ea ffe ren ted  island itse lf, le f t, a n d  in  the  residual b asa l h y p o 

th a lam ic  f ra g m e n t, righ t. F rom  W e i n e r  e t al. [50]

A n o th e r tech n iq u e  in tro d u c e d  by  a H u n g a ria n  an a to m ist has been 
used  to  s tu d y  th e  c a tech o lam in e  d is trib u tio n  in  th e  h y p o th a lam u s —  th e  
“ p u n c h  o u t”  m ethod  o f P a l k o v i t s  [27]. T in y  cy lin d e rs  o f tissue were cu t ou t 
o f frozen  sections of th e  b ra in  an d  assayed for ca tech o lam in es by  an  e n z y m a tic -  
iso top ic  m icro m ethod . D o p am in e  was found  to  be  m ost highly co n cen tra ted  
in th e  m ed ian  em inence an d  a rc u a te  nucleus, w ith  som ew hat lesser am o u n ts  
in th e  re tro ch ia sm a tic  a re a , p a ra v e n tr ic id a r  an d  dorsom edia l nuclei, an d  N E 
w as co n c e n tra ted  in  th e  p a ra v e n tr ic u la r  an d  su p ra c h ia sm a tic  nuclei, peri- 
fo rn ica l an d  re tro c h ia sm a tic  areas and  th e  v e n tra l  p a r t  o f th e  dorsom edial 
n u c leus; in  th e  m ed ian  em inence  it was ab o u t h a lf  as co n cen tra ted  as DA 
an d  su rp ris in g ly  sm all a m o u n ts  w ere found in  th e  m ed ia l fo rebrain  bund le  [28].

S e l m a n o f f  et al. [39] h a v e  recen tly  em ployed  th e  P a l k o v it s  m icrod is
sec tio n  tech n iq u e  to  s tu d y  changes in DA an d  N E  in  selected h y p o th a lam ic  
nuclei b e tw een  1000 an d  1700 h r  on diestrus-1 (D l)  a n d  p roestrus. T hey  found  
no changes in  e ith er ca tech o lam in e  on D l b u t on p ro es tru s  N E in th e  su p ra 
ch ia sm a tic  nucleus (SCN) rose 3 X betw een  1000 an d  1700. There was no 
change in  o th e r nuclei a n d  no change in  DA, even  in  th e  SCN, w hich sug
gests t h a t  N E  te rm ina ls in  SCN  m ay  be invo lved  in  th e  proestrus o v u la to ry
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su rg e  o f  g o n a d o t ro p in ,  a n d  s u p p o r ts  t h e  p r io r  su g g e s t io n  of  St e f a n o  a n d  
D o n o so  [41] r e a c h e d  w i th  less se n s i t iv e  te c h n iq u e s .

One of th e  problem s of th e  en zy m atic—iso top ic  m ethod  used b y  P a l - 
KOV1TS, S e l m a n o f f  and  th e ir  colleagues [28, 39] is th a t  it does no t d is tin g u ish  
b e tw een  ep inephrine  (E ) and  n o rep in ep h rin e  (N E ), an  item  of p o te n tia l 
im p o rtan ce  in asm u ch  as th e  enzym e p h en y le th an o lam in e-N -m eth y l t r a n s 
ferase (PN M T) w hich  converts  N E  to  E  has been  found to  he w idely  d is tr ib 
u te d  in th e  b ra in  [31]. W ith  an  im m un o h isto ch em ica l techn ique  for PN M T , 
H ö k f e l t  e t al. [14] found  th e  enzym e in  a d is tr ib u tio n  roughly  p a ra lle l
ling  w h a t had  been  earlie r considered n o rad ren erg ic  pa th w ay s. This raises th e  
p o ssib ility  th a t  m echanism s here to fo re  a t t r ib u te d  to  N E m ay he e x e rte d  in 
p a r t  by b ra in  ep in ep h rin e .

T he im m unoh istochem ical d e m o n s tra tio n  o f th e  enzym es sy n th es iz in g  
catecho lam ines has largely  replaced th e  nonspecific  fluorescence m eth o d  of 
m ap p in g  adrenerg ic  p a th w ay s in th e  b ra in  [15, 42]. Im m unofluo rescence  
p rep a ra tio n s  o f ty ro s in e  hyd roxy lase  and  dopa-decarboxy lase  have  been 
used  to  localize dopam inerg ic  cells an d  fibers an d  dopam ine-/?-hydroxylase 
(D B H ) as a m ark e r for noradrenerg ic  n eu rons. T h e  p ro x im ity  of dopam in erg ic  
fibers to  p ro jec tions o f lu tein izing  ho rm one releasing  horm one ( L H —R H ) 
in  the  m edian em inence is show n in  Fig. 4. S w a n s o n  and  H a r t m a n  [42] 
h av e  rem apped  th e  r a t  b ra in  for n o rad ren erg ic  p a th w ay s  w ith  D B H  im m u n o 
fluorescence an d  have  described a p rin c ip a l ad renerg ic  p a th w ay  from  th e  locus 
coeruleus, subcoeru leus and  dorsal vagal nucleus p ro jec ting  ro s tra lw a rd  
v e n tro la te ra l to  th e  cen tra l grey in  th e  m id b ra in , th ro u g h  th e  zona in c e r ta  
in  th e  th a lam u s an d  th ro u g h  the  bed  nucleus o f  th e  s tria  te rm in á lis . T h ey  
could no t confirm  th e  localization  o f U n g e r s t e d t ’s [46] v en tra l n o rad ren erg ic  
p a th w a y  in  th e  m edial fo rebrain  b u n d le  an d  th e y  suggested  th a t  th e  la t te r  
m ig h t be a dopam inerg ic  p ro jection .

W ith  som e d isag reem en t on th e  an a to m ica l d is trib u tio n  of ca techo lam ines 
in  th e  h y p o th a lam u s, th e re  has been even m ore con troversy  ab o u t th e  fu n c tio n 
al roles of d opam ine (DA) and N E  in con tro llin g  gonado trop ic  secre tion . 
F ro m  th e ir  fluorescence stud ies d u rin g  th e  r a t  estru s cycles F u x e  an d  H ö k 
f e l t  [10] concluded  th a t  DA is in h ib ito ry  to  LH-—R H  release and  th e ir  claim s 
have  been confirm ed  ind irec tly  by  U e m u r a  and  K o b a y a s h i  [45] an d  C r a v e n  
and M cD o n a l d  [ 6 ] . H ow ever, Sc h n e i d e r  an d  M cCa n n  [38] an d  K a m b e r i  
e t al. [18] h av e  rep o rted  th a t  DA is m ore effective th a n  N E  in trig g e rin g  L H  
release. On th e  o th e r  h an d , in M c Ca n n ’s la b o ra to ry  th e  K alr as  have b lock 
ed L H  release b y  in h ib itin g  D B H  sy n th esis  of N E  and  resto red  g o n ad o 
tro p ic  fu n c tio n  b y  resyn thesiz ing  N E  from  d ihydro x y p h en y lserin e  (D O PS) 
w hich bypasses D B H  inh ib ition  116, 17].

These p rocedures d id  no t b lock  D A  syn th esis  and  th e y  rea ffirm ed  the  
im p o rtan ce  o f N E  in contro lling  L H  release. In  th e  estrus r a b b it  we [34]
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fo u n d  th a t  in tra v e n tr ic u la r  N E  trig g ered  L H  release in  am oun ts a n d  tim in g  
c o m p arab le  to  th e  response to  co ita l s tim u la tio n  b u t  th a t  in tra v e n tr ic u la r  DA 
n o t o n ly  failed to  s tim u la te  LH  release h u t  ac tu a lly  in h ib ited  th e  release 
w h ich  w ould  have follow ed th e  in jec tio n  o f N E  (Fig. 5). P r z e k o p  e t al. [29] 
also rep o rted  the in d u c tio n  of L H  release an d  ovu la tion  in ra b b its  as well 
as in  sheep  by  in tra v e n tr ic u la r  N E  b u t n o t b y  DA.

F ig . 4. Im m unofluo rescence  p re p a ra tio n s  o f a d ja c e n t sec tions th ro u g h  th e  m edian  em inence 
a n d  a rc u a te  nucleus of th e  r a t  h y p o th a la m u s  show ing overlap p in g  d is trib u tio n s o f ty ro s in e  
h y d ro x y la se  (T H ) and lu te in iz ing  h o rm o n e-re leasin g  ho rm o n e  (L H — R H ) in th e  la te ra l e x te rn a l 

zone of th e  m ed ian  em inence. F igure  from  H ö k f el t  et al. [15]

I n  th e  fem ale r a t  severa l in v estig a to rs  h av e  recen tly  s tud ied  th e  effects 
o f  in tra v e n tr ic u la r  infusions o f  ca techo lam ines on LH  release an d /o r o v u la 
tio n . R u b i n s t e i n  and  S a w y e r  [30] found  th a t  in tra v e n tr ic u la r  ep in ep h rin e  
or n o rep in ep h rin e  b u t  n o t dop am in e  w ould ind u ce  ovu la tion  w hen ad m in is
te re d  to  th e  p roestru s p e n to b a rb ita l-b lo ck ed  ra t .  T im a  and  F l e r k ó  [44] h av e  
re p o r te d  th a t  in tra v e n tr ic u la r  infusions o f 100 pg N E  h u t no t D A  in d u ced  
o v u la tio n  in  ra ts  w hich h ad  been  rendered  c o n s ta n t estrus and  a n o v u la to ry  
b y  su b je c tin g  th em  to  con tinuous illu m in a tio n . K im u r a  e t al. [21] h av e  
o b se rv ed  elevated  blood L H  levels in  ra ts  fo llow ing in tra v e n tr ic u la r  a d m in 
is t r a t io n  o f  N E  b u t n o t DA. Q uite  recen tly  K r i e g  and  Sa w y e r  [22] s tu d ie d  
th e  e ffec ts  of vary ing  doses o f  N E  an d  DA ad m in is te red  in tra v e n tr ic u la rly  to
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F ig . 5. S tim u la to ry  e ffec t o f 50 fig of in tra v e n tr ic u la r  n o rep in ep h rin e  on  L H  o u tp u t  in e s tro g en — 
p rim ed  ra b b its  and  its  b lockade  by tre a tm e n t 2h earlie r w ith  in tra v e n tr ic u la r  do p am in e .

From  Sa w y e r  e t  al. [34]

u n an esth e tized  free ly  m oving ovariec tom ized  estrogen -p rogeste rone  p rim ed  
ra ts  w ith  chronically  im p lan ted  infusion  and  in tra a tr ia l  cannu lae . Doses of DA 
a t  4 pg and 15 pg base  in  2 pi saline a t  pH  5.5 in fused  in tra v e n tr ic u la rly  over 
2 m inu tes failed to  a lte r  th e  p lasm a L H  level over th e  n e x t 100 m inutes. H ow ever, 
N E  a t increasing dosages up to  20 pg (F ig. 6) in d u ced  increasing ly  h igher p la s
m a LH  values, w ith  peaks a t 20 m in an d  a re tu rn  to  prein fusion  levels b y  60

F ig . 6. E ffects of in tra v e n tr ic u la r  n o rep inephrine  on L H  release  in th e  ovariectom ized  estro g en  - 
p rogesterone prim ed  r a t .  R esponses to sa line  and  th ree  d iffe ren t doses of N E  are  show n.

F rom  K r ieg  a n d  Sa w y e r  [22]
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m in u te s . The am p litu d e  an d  tim in g  o f th e  p lasm a L H  response to  20 pg N E  
in fu se d  in tra v e n tr ic u la rly  w as alm ost id en tica l to  th e  effect of 1.25 pg L H — R H  
g iv en  in trav en o u sly . In  s tu d ies  in  w hich  m u lti-u n it sp ik ing e lec trica l a c tiv ity  
w as reco rded  from  th e  a rc u a te  nucleus th e  in fusion  of 20 p g N E  depressed  th e  
sp ik in g  ac tiv ity  fo r periods up  to  an h o u r  [22].

These resu lts  reca lled  earlie r ex p erim en ts  of W e i n e r  e t  a l. [48] in  
w h ic h  an  in tra v e n tr ic u la r  in fusion  o f ep inephrine  or N E , b u t  n o t D A , h a d  
cau se d  a biphasic e lev a tio n  an d  su b seq u en t depression of in te g ra te d  m u ltip le  
u n i t  a c tiv ity  (MUA) in th e  m ed ian  em inence (F ig. 7). Those ex p e rim en ts  also 
re g is te re d  a depression o f  M UA w hen th e  electrode tip  w as in  th e  a rc u a te  
n u c leu s  as in d ica ted  in th e  F 'g u re . O n th e  o th e r h an d , in te g ra te d  MUA of

EEG (Cortex)

Median
em in ence  __

_____ * 

i
I

5/jg no repinephrine

A2min 6min

F ig . 7. C hanges in m u ltip le  u n it  a c t iv ity  (M UA) in  th e  r a t  m edian  em inence in d u ced  b y  in fu s
in g  n o rep in ep h rin e  an d  dop am in e  in to  th e  th ird  v en tric le . E p in ep h rin e  a n d  n o rep in ep h rin e  
in d u c e d  h iphasi effects on M UA in  th e  m ed ian  em inence an d  depressed  a c t iv ity  in  th e  a rcu a te  
n u c le u s  (A R H ), sum m arized  in  d raw in g  a t  r ig h t. D o pam ine  exerted  v e ry  l i t t le , if  an y , effect.

F ro m  W e i n e r  e t al. [48]

th e  a rc u a te  nucleus h ad  been  co n sis ten tly  e leva ted  by  in trav en o u s  in jec tions 
o f L H  [43]. I t  was decided  to  com pare  th e  effects o f in tra v e n tr ic u la r  infusions 
o f  L H — R H  w ith  those  o f N E  on am p litu d e  d isc rim ina ted  sp ike a c tiv ity  o f 
th e  sam e p o pu la tion  o f neu rons in  th e  a rc u a te  nucleus of th e  p ro es tru s  ra t. 
A  ty p ic a l  sequence o f responses in  th is  s tu d y  b y  K r ie g  e t al. [23] is seen 
in  F ig . 8. In tra v e n tr ic u la r  saline d id  n o t affect th e  spike co u n t or in te 
g ra te d  MUA level. H ow ever, 0.5 pg  L H — R H  stim u la ted  a d ra m a tic  e leva
t io n  in  firing  ra te  and  in te g ra te d  M UA, an d  th e  effect lasted  for an  hour or 
m o re . A b ou t an ho u r an d  a h a lf  a f te r  recovery  20 pg N E was ad m in is te red  
an d  i t  consisten tly  d ep ressed  m u lti-u n it sp ik ing  and  in te g ra te d  M U A ; again  
th e  effect lasted  for an  ho u r or m ore.

R esu lts  o f single u n it-io n to p h o resis  s tud ies w hich ap p ear to  have  a b ea r
in g  to  th e  in te rp re ta tio n  of these  m u lti-u n it resu lts  have  recen tly  been  rep o rted  
b y  M o ss e t al. [25] an d  K a w a k a m i  an d  Sa k u m a  [19, 20, 32]. M oss e t al. 
d e sc rib ed  neurons in  th e  a rc u a te  nucleus id en tified  an tid ro m ica lly  as p ro jec
tin g  to  th e  m edian em inence w hose firin g  ra te  was s tim u la ted  b y  ion topho- 
re t ic a l ly  applied  DA an d  dep ressed  b y  N E  an d  vice versa. N one o f these

*
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im its w as s tim u la ted  or depressed  by  b o th  ca tech o lam in es. S im ilar find ings 
M e re  rep o rted  b y  K a w a k a m i  and  S a k u m a  [20, 32]. T hese investig a to rs  also 
found  th a t  a large n u m b e r o f an tid rom ica lly  id e n tif ie d  neurons in  th e  a rc u a te  
nucleus were s tim u la te d  b y  ion to p h o re tica lly  a d m in is te red  L H — R H  [19].

Oscilloscope
tracing

mmm■ pm | m m  warn 20pV
1

Spikes ггшшмг*«нт1 mm mm win —  ширситишш m i i t M  iiim'i« « ню
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20yjg/ 2ajI

F ig. 8. E ffec ts of L H — R H  a n d  N E  on a m p litu d e -d isc rim in a ted  m u ltip le  u n it  sp ike a c tiv ity  
in th e  a rcu a te  nucleus o f th e  p ro estro u s ra t.  M ulti-u n it sp ike  co u n ts  a t 5 m in  in te rv a ls  are 
g rap h ed  b en ea th  re p re se n ta tiv e  100 m illisecond sam ples o f  th e  oscilloscopic raw  m u ltiu n it  
a c tiv ity . C orresponding 30 sec sam ples of m u lti-u n it sp ike  a c tiv ity , in te g ra te d  m u ltiu n it  
a c tiv ity  (M UA) an d  co rtica l E E G  are  show n in th e  low er ch an n e ls  w ith  th e  tim es o f saline, 

L H — R H  a n d  N E  infusion m arked . F ro m  K r i e g  e t al. [23]

The a rcu a te  nucleus has a large n um ber o f  dopam inerg ic  neurons p ro je c t
ing to  th e  m edian  em inence as show n by  b o th  fluo rescence  [10] and  im m u n o 
fluorescence [15] s tu d ies  (F ig . 4). I f  the  firing  o f  such  neurons is s tim u la te d  by  
dopam ine it  shou ld  be depressed  b y  N E  acco rd ing  to  th e  stud ies c ited  above 
[20, 25, 32]. In tra v e n tr ic u la r  N E  w ould th en  in h ib it th e  firing  o f a p o p u la tio n  
of th ese  cells an d  th is  could depress th e  m u lti-u n it sp ike a c tiv ity  (F igs 8 and
9). D epressing  a n eu ro n  w hich is in h ib ito ry  to  th e  release of L H — R H  shou ld  
fac ilita te  th a t  release. B y  a c tiv a tin g  the  sam e n eu ro n s L H —R H  could  be func
tio n in g  as an u ltra s h o r t  loop feedback agen t to  in h ib it its own secretion . The 
m ed ian  em inence p ro jec tio n s whose firing  was stim ula ted  by  N E  [48] p ro b ab ly  
rep resen t pep tid erg ic  neurons whose p e rik a ry a  lie ro stra lly  in , for exam ple , 
th e  region of th e  su p rach ia sm a tic  nucleus. S é t á l ó  an d  colleagues [40] have 
p resen ted  evidence th a t  little  o f th e  m edian  em inence’s L H — R H  com es from  
neurons in th e  a rc u a te  nucleus; an te rio r d e a ffe ren ta tio n  of th e  h y p o th a lam u s 
severely  depletes th e  L H  R H  co n ten t o f th e  m ed ian  em inence [1, 49].
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Ca r r e r  an d  T a l e i s n i k  [4] rep o rted  th a t  electrochem ical s tim u la tio n  
o f  th e  dorsal m id b ra in  te g m e n tu m  precisely  in  th e  region described  la te r  by 
S w a n s o n  and  H a r t m a n  [42] as th e  p rin c ip a l adrenergic p a th w a y , resu lted  
in  o v u la tio n  in  c o n s ta n t e s tru s  ra ts . Ca r r e r  and  Sa w y e r  [3] h a v e  recen tly  
o b se rv e d  th a t  such s tim u la tio n  in h ib its  th e  M UA firing  of p reo p tic  neurons in 
m u c h  th e  sam e m an n e r as N E  depresses M UA in  th e  a rc u a te  nucleus, i.e., 
d ep re ss io n  of in h ib ito ry  in te rn eu ro n s  (F ig. 10). A ctivation  o f th e  firing  of

F ig . 9. D iag ram m atic  re p re se n ta tio n  of th e  tip  o f a  m u ltip le  u n it  reco rd ing  e lec tro d e  near 
a p o p u la t io n  of p red o m in an tly  d o p am in e rg ic  n eu rons in  th e  a rcu a te  nucleus. I t  is proposed  
t h a t  th e  firin g  of these cells m ay  b e  s tim u la te d  by  in tra v e n tr ic u la r  L H — R H  a n d  in h ib ited  

by  no rep in ep h rin e . F ig u re  a d a p te d  fro m  Ok sc h e  et al. [26]

th e s e  sam e  neurons was in d u ced  by  e lectrochem ical s tim u la tio n  o f m id b ra in  
r a p h e  nucle i [3], w hich in h ib ite d  ovu la tio n  in  th e  cycling r a t  [5]. U ltim a te ly , 
L H — R H  neurons m u st be a c tiv a te d  b y  an  L H -re leasing  o v u la to ry  stim u lu s, 
e i th e r  d irec tly  or via  d ep ression  of an  in h ib ito ry  m echanism .

F ig u re  11 is a sim ple d iag ram  of re la tio n sh ip s  of h y p o p h y sio tro p ic  
a re a  dopam inerg ic  neurons (in  b lack), p ep tid erg ic  neurons p ro d u c in g  LH  — 
R H  (in w hite) and  th e  p rin c ip a l adrenerg ic  p a th w a y  bring ing  n o rad ren erg ic  
in p u t  from  the  region o f th e  locus coeruleus (stipp led ). In tra v e n tr ic u la r  N E  
a p p e a rs  to  inh ib it DA n eu ro n s w hile s tim u la tin g  L H —R H  neurons passing  
th ro u g h  th e  m edian em inence. S tim u la tin g  th e  p rinc ipa l ad renerg ic  p a th w a y  
to  in d u c e  L H  release an d  o v u la tio n  p ro b ab ly  affects DA an d  pep tid erg ic  
n e u ro n s  in  the  sam e m a n n e r as in tra v e n tr ic u la r  N E . W hereas D A  neurons 
m a y  in h ib it  L H — R H  an d  L H  release, th e ir  p rin c ip a l function  is p ro b ab ly  
re la te d  to  p ro lac tin  secre tio n , a c tin g  as P IF , th e  p ro lac tin  in h ib itin g  fac to r, 
or s t im u la tin g  its p ro d u c tio n  o r release.
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Fig. 10. E ffect of e lectrochem ica l s tim u la tio n  of th e  dorsal m idbrain  teg m e n tu m  (shaded  
area ) on m u lti-u n it sp ike  a c tiv ity  in the m ed ia l p reo p tic  a rea  (MPO). R esu lts  a re  p resen ted  
g rap h ica lly  as p e rcen tag e  o f the  activ ity  (sp ik es /m in ) recorded  during  the  co n tro l period . 
R ecord ing  sites for th is  g ro u p  of anim als a re  p ro jec te d  o n to  th e  sag itta l b ra in . F ro m  Ca rrer

and S a w y e r  [3]

Fig. 11. Suggested re la tio n sh ip s  of n o rad ren e rg ic , pep tid e rg ic  and  dop am in erg ic  neurons. 
T he p e rik a ry o n  o f th e  pep tid e rg ic  L H — R H  n e u ro n  is p ic tu red  as lying ro s tra l to  th e  hypo- 

ph y sio tro h ic  area. F u r th e r  ex p lan a tio n  in te x t
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Abstract

Lichen p rod u c tio n  was in v es t ig a ted  on twro types of sandy  G rass lands  over more 
t h a n  two years. Two m ax im a  o f  p rod u c tio n  were observed, a m in o r  one in spring and 
a m a jo r  one in a u tu m n .  The  degree of these  depended  on c limatic facto rs .  P a t h  analysis 
was applied for d e te rm in ing  (1) the  o rder  of  im portance  of the  c l im atic  fac to rs  and  (2) 
the  role of these  fac to rs  in the  changes o f  the  to ta l  lichen p rod u c tio n  of assoc ia t ions and 
their  influence on the  p ro d u c t iv i ty  o f  the  two d e te rm in a n t  species, viz.,  C ladonia rna- 
gyarica  and  Cl. fu rca ta . L ichen p ro d u c tio n  should be inves tiga ted  for a per iod  longer 
th a n  the  vegeta t ion  period.

Introduction

T he resu lts  [7] o f o u r in v estig a tio n s perform ed solely in  th e  period  of 
v eg e ta tio n  in 1968 and  1969 p ro m p ted  us to  in itia te  stud ies la s tin g  th ro u g h o u t 
a year. D ue to  th e  slow grow th  ra te  and  th e  variab le  life rh y th m  o f lichens, 
th e ir  p ro d u c tio n  m u st be in v es tig a ted  for a tim e longer th a n  th e  v eg e ta tio n  
period . My investig a tio n s were s ta r te d  in N ovem ber 1970 a n d  w ere con tinued  
till D ecem ber 1972. Sam ples w ere collected  m o n th ly  up to  M ay 1972 an d  here
upon  in Ju n e , S ep tem ber, O cto b er and  D ecem ber 1972.

Material and method

Sam ples were collected in the  reserva t ion  area  of Csévharaszt from  two grassland 
com m unit ie s  of  sandy soil: from the  one year  old B rom etum  tectorum secaletosum  a n d  from the 
perennial open calciphil Festucetum  vaginatae dan и biale. Ten monoli ths  of  2 0 x 2 0  cm each 
were tak en  m on th ly  from each c o m m u n i ty .  The  lichens were cleaned from  sa n d  a n d  d ry  grass, 
classified by species and  weighed in an  a ir -d ry  condition. The tota l  lichen p ro d u c t io n  and  the 
ra t io  of the  con tr ibu t ion  by ind iv idual  species were bo th  expressed in grams.  T h e  to ta l  lichen 
p roduc tion  and,  w ith in  this ,  the  d is t r ib u t io n  of the  m o n th ly  p roduc tion  by species the  relations 
of the  m o n th ly  p roduc tions ,  fu r theron ,  the  re la tion  be tw een  the p ro d u c t iv i ty  a n d  the  climatic 
factors were evalua ted  by s ta t is t ica l  m ethods .  Correla tions were calcu la ted  b e tw een  p roduc tiv 
ity  on  the  one hand  and  the  m ean  rad ia t io n  m in im u m , the average h u m id i ty  a t  7 o’clock a.m., 
the m on th ly  precip ita tion  a n d  global ra d ia t io n  on the other. P ro d u c t iv i ty  was calculated 
according to the  К ve t-  O nd ó k  form ula ,  viz.,

P ro d u c t iv i ty  =  ív 2 — ?c,/i2— h

where — dry  weight at sam pling  t im e f,, w 2 =  d ry  weight a t  sam pling  t im e  i 2, i 2— tx — 
n u m b er  o f  days between the  two samplings.
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P a t h  analysis was app lied  fo r  de te rm in ing  the  o rder  o f  im p o r ta n ce  of th e  single c lim atic  
fa c to r s  a n d  the  effect of th e i r  sea so n a l  changes on, the  p ro d u c t iv i ty  o f  the  two d o m in an t  species 
(C ladonia  magyarica, Cl. fu rc a ta ).  P a t h  analysis is su i tab le  fo r  exam in ing  systems in which 
t h e  r e la t io n  be tw een  the  v a r ia b le s  is unidirectional,  i.e., one o f  t h e  variables de term ines  in  
a d d i t iv e  w ay ,  the  va lue  o f  th e  o th e r ,  b u t  no t  vice versa [5, 6].

F o rm u la  of P a t h  ana lys is :

Productivity

Rad min im um 

Humidity

Precipitation 

Global- radia tion

Results and discussion

Seasonal changes o f  the total lichen production in 
the studied associations

T h e seasonal changes o f  lichen  production  w ere s im ila r in  th e  tw o associa
tio n s . In  1970, a h igh a u tu m n a l  (N ovem ber) m a x im u m  was followed by  a w in 
t e r  d ecrease, and a m in o r sp rin g  m in im um . In  th e  d ry  an d  ho t sum m er (Ju n e  -}- 
J u ly  A ugust 1971), w h en  th e  global rad ia tio n  w as: 48.226 g /cal/cm -2  and  
s im u ltan eo u sly  th e  to ta l  p re c ip ita tio n  was on ly  103 m m , th e  p hy tom ass in  
F estucetum  vaginatae w as fo u n d  to  be sim ilar to  o u r  fin d in g s in  th e  sam e season 
o f  th e  y e a r  1968, w hile in  B rom etum  it was m uch  low er. In  1971, no a u tu m n a l 
m a x im u m  appeared , due  to  th e  un favourab le  w e a th e r . In s te a d  a slow rise was 
o b se rv e d  w hich reached  a m in o r  peak  in M arch, 1972. This m ax im um  h igher 
th a n  th e  peak  in  M arch 1971 w as iden tica l in B rom etum  an d  Festucetum  associa
tio n s  In  sum m er, 1972, a m in im u m  occurred , fo llow ed in  O ctober by  a high 
m a x im u m  (Table 1, F igs 1— 2).

Table 1

T ota l lichen production
(g/m2)

In  Festucetum  vaginatae assecation. M onths

Year I II I I I IV V VI V II V III IX X X I X II

1970 363 249
1971 232 172 147 159 88 69 116 77 118 76 102 N t
1972 144 168 127 102 N .t . 75 N.t. N . t . 56 299 N.t . 154

In  Brom etum  tectorum association

1970 447 334
1971 290 143 187 156 84 66 65 91 91 77 93 N.t.
1972 134 156 181 147 N .t . 125 N.t. N . t . 173 258 N.t. 268

N . t .  =  no t  tes ted
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Fig. 2. T o ta l p ro d u c tio n  o f lichens in  Brometum tectorum a sso c ia tio n , g /m 2

Seasonal changes o f  the production o f  single lichen 
species

In  d iffe ren t associations th e  seasonal changes in th e  p ro d u c tio n  o f the 
sam e lichen species w ere d iffe ren t. T he m ass o f Cladonia m agyarica  was dom i
n a n t  n ea rly  th ro u g h o u t th e  y e a r in  F . vaginatae, while in  B rom etum  i t  was 
su b o rd in a n t. The course of p ro d u c tiv ity  w as sim ilar in b o th  associa tions.

G enerally , tw o m ax im a  occurred , one in  th e  spring an d  th e  o th e r  in  the 
a u tu m n . This was so even  in  S ep tem b er 1971, when th e  o th e r  lichen  species

Acta Biologica Academiae Scientiarum H ungaricae 28, 1977
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o f th e  com m unity  w ere  a t  a m inim um , due to  th e  u n u su a lly  d ry  and  h o t sum 
m e r (Figs 3-4).

Cladonia fu rca ta  is th e  d o m in an t lichen species o f Brom etum . The seasonal 
ch an g es in its p ro d u c tio n  a re  m ore balanced  co m p ared  to  th e  o th e r species 
a n d  th e  periods o f p ro d u c tio n  m axim a are  sim ila r. T he g reat m ax im um  in 
N o v em b er, 1970, w as fo llow ed by a low m in im u m  in  th e  w in ter and hereupon  
th e  n e x t  m ax im um  a p p e a re d  as la te  as in  F e b ru a ry , 1972. This was followed 
b y  a sum m er m in im u m , a n d  an o th e r m ax im um  in  D ecem ber, 1972. A sim ilar 
seasonal change o f p ro d u c tio n  was observed in  Festucetum  vaginatae (Figs 
3 an d  4).

F ig . 3. T he  seasonal changes  o f  th e  phy tom ass  of d i f feren t  l ichen species in Festucetum  vagi-
natae association

F ig. 4. T h e  seasonal changes o f  th e  p h y to m a ss  of different l ichen  species in Brometum tectorum
association
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T he p ro d u c tiv ity  o f  species Cl. convoluta has its m ax im um  in th e  w in te r 
m o n th s. In Brom etum  its  p h y to m ass was v e ry  poor (Figs 3 an d  4).

A considerab le  a m o u n t of Parm elia pokorny i only occurs in  F . vaginatae  
association  w ith  tw o  m ax im a  in F e b ru a ry  an d  in  sum m er (Figs 3, 4).

D iploschistes scruposus  v a r . arenaria  lives in F . vaginatae  association  
b u t  no t in Brom etum  one. I ts  ph y to m ass was so little  th a t  it was o n ly  m easured  
from  M ay 1971 to  Ju n e  1972. In  th is  period ow ing to  th e  h igher specific  w eight 
of its th a llu s , the p h y to m ass  exceeded those  o f any  of th e  o th e r species (F ig . 3).

Fffect o f  clim atic factors on the productivity  o f  lichens

B esc h e l  [1, 2] w as th e  f irs t to  a t ta c h  im p o rtan ce  to  c lim a tic  facto rs. 
T he g row th  of lichens is p ro p o rtio n a l to  th e  d a ily  tim e of a c tiv ity . T h e  active 
life functions are reg u la ted  b y  h u m id ity  an d  te m p e ra tu re . A ir h u m id ity  is 
m ore im p o r ta n t th a n  p rec ip ita tio n . A fte r ra in fa ll th e  lichen q u ick ly  dries in 
th e  sunsh ine , and  only a h igh h u m id ity  slackens dow n th e  ra te  o f w ith erin g , 
w hich is qu icker w hen  th e  te m p e ra tu re  rises. In  w ithered  s ta te  th e  life func
tions are  la te n t. W e searched  the  co rre la tions betw een (1) ra d ia tio n  m in im um .
(2) h u m id ity , (3) p re c ip ita tio n , (4) global rad ia tio n  and  th e  lichen p ro d u c tiv ity . 
P a th  analysis was app lied  for d e te rm in in g  th e  o rder o f im p o rtan ce  o f these 
fac to rs  in  th e  p ro d u c tiv ity  of (a) th e  to ta l  lichen and (b) th e  tw o  d o m in an t 
species (Cl. magy arica an d  Cl. fu rca te , T ab le  2).

In  b o th  associa tions th e  w in te r and  sum m er periods can  be sharp ly  
se p a ra te d . In  w in te r, in a u tu m n , and  in th e  early  spring  season , th e  p ro d u c
tiv i ty  was positive. In  th e  F. vaginatae association  a t th is  tim e  th e  p rim ary  
fac to rs in fluencing  p ro d u c tiv ity  are g lobal rad ia tio n , a ir h u m id ity  and  in 
fu r th e r  o rd er o f im p o rtan ce  p rec ip ita tio n  an d  ra d ia tio n  m in im um . In  sum m er 
how ever, th e  clim atic  fac to rs are of m ino r im p o rtan ce , “ o th e r”  fac to rs  not 
in v es tig a ted  by  us seem  to  be m ore im p o r ta n t. These m ay  be re la te d  to  the 
g row th  and  deve lopm en t o f flow ering p la n ts . L ichens are  in flu en ced  in  a pos
itiv e  w ay  by p rec ip ita tio n , w hereas, h u m id ity  has a n eg a tiv e  effec t. O f th ree  
sum m ers viz., 12 su m m er m on ths, 8 d isp layed  negative in fluences on  p roduc
tiv ity , i.e., in these  m o n th s d e s tru c tio n  exceeded p roduc tion .

In  th e  one-year old open  Brometum  association  in  w in te r th e  effect o f “ o th 
e r”  fac to rs is decisive, w hile in sum m er th ese  are the  fo u rth  in o rd e r o f  im p o r
tan ce . In  w in te r th e  lichens m ay do m in a te  grass u n lim ited ly , th e ir  p ro d u c tiv ity  
is p rim arily  d e te rm in ed  b y  som e unknow n fac to rs no t in v es tig a ted  b y  us. The 
ra d ia tio n  m in im um  s ta n d s  in th e  firs t place in  w in ter and in  th e  second in 
su m m er, global ra d ia tio n  in th e  th ird  in w in te r  and  th e  second in  sum m er. 
A n in te re s tin g  phenom enon  is th a t  h u m id ity  assum ed to  be o f  g re a t im por
tan ce  for lichens in  grass com m unities s tan d s  in  the  4 th  or 5 th  p lace o f  im p o r
ta n c e  th ro u g h o u t th e  year.
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T he o rd er of im p o rtan ce  of th e  fac to rs  affecting  th e  tw o d o m in a n t lichen 
species (Cl. fu rca ta , Cl. magyarica) o f th e  tw o  com m unities is as fo llow s: for 
Cl. fu rca ta  th e  o rder of im p o rtan ce  in  w in te r  is: rad ia tio n  m in im u m , h u m id ity  
and “ o th e r”  factors in b o th  associations. In  sum m er in th e  B ro m e tu m  the  
ra d ia tio n  m in im um , and  in  th e  Festucetum  association th e  en e rg y  o f  global 
ra d ia tio n  prom otes th e  p ro d u c tiv ity  of Cl. furcata .

Cl. magyarica  was only  analysed  in th e  F . vaginatae assoc ia tion . In  w in te r 
th e  “ o th e r”  fac to rs w ere p rim ary , while in  su m m er global ra d ia tio n . H u m id ity  
is th e  second fac to r th ro u g h o u t th e  y ea r, an d  p rec ip ita tio n  is th e  la s t in the  
o rd e r of im portance .

Conclusions

(1) T he very  slow an d  period ical g ro w th  of lichens, d iffering  from  th e  
flow ering  p lan ts  in  life rh y th m  p ro m p ted  us to  exam ine th e ir  p h y to m asses  
th ro u g h o u t th e  y ear an d  even for a longer period.

(2) In  b o th  san d y  soil g rassland  associations ( Festucetum  vaginatae, 
Brom etum  tectorum) a m ino r spring  and  a m a jo r au tu m n  m a x im u m  occurred , 
w hich w ere influenced  by  c lim atic  fac to rs , un favourab le  w e a th e r  p rev en ted  
these  m ax im a from  appearing .

(3) T he p ro d u c tiv ity  and  th e  seasonal changes of th e  sing le  species 
w ere v a riab le . The p ro d u c tiv ity  course o f Cl. magyarica and  Cl. fu rc a ta  was 
s im ila r in b o th  associations. T he p ro d u c tiv ity  m axim um  fo r Cl. convoluta 
o ccu rred  in w in ter, P arm elia pokorny i d isp layed  a m ax im um  in w in te r  and 
a n o th e r  in  sum m er.

(4) O f th e  en v iro n m en ta l fac to rs, th e  o rder of im p o rtan ce  o f  several 
c lim a tic  fac to rs (rad ia tio n  m in im um , h u m id ity , p rec ip ita tio n  a n d  g lobal rad i
a tio n ) an d  th e  role of th e ir  seasonal changes in  affecting lichen  p ro d u c tiv ity  
w ere de te rm in ed  by  a m e th o d  w hich h ad  n o t been used in  licheno logy  before, 
i.e ., p a th  analysis.

(5) The role of c lim atic  fac to rs differs w h e th e r it  is re la ted  to  to ta l  lichen 
p ro d u c tiv ity  or to  th e  p ro d u c tiv ity  of th e  individuals.

(6) P ro d u c tiv ity  an d  th e  effect o f c lim atic  factors are s h a rp ly  sep a ra ted  
reg a rd in g  th e  one-year-o ld  B rom etum  an d  th e  perennial o p en  Festucetum  
vaginatae  association .

(7) T he o rder of im p o rtan ce  o f th e  exam ined  factors is d iffe re n t in  w in ter 
and  sum m er.

(8) S tudy ing  th e  tre n d  of in fluence  o f th e  single fac to rs  w e h av e  con
cluded th a t  in  all associations to ta l  lichen  p ro d u c tiv ity  an d  th e  single species 
are  in fluenced  positive ly  b y  th e  “ o th e r”  fac to rs , no t s tud ied  b y  us th ro u g h o u t 
th e  y ea r, and  by  th e  ra d ia tio n  m in im um  in  sum m er. The tre n d  o f  in fluence  of 
th e  rem ain ing  fac to rs is variab le . F o r exp la in in g  th is , fu rth e r  s tu d ie s  a re  neces
sary .
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(9) Seasonal changes in  th e  phytom ass o f lichens are not en tire ly  ex 
p la in ed  b y  clim atic ch an g es. T he anatom ical chan g es o f th e  ind iv idual and th e  
d ev e lo p m en t of som e pheno log ic  phases are re la te d  to  p ro d u c tiv ity .
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Abstract

The in  vivo  cum ula t ion  of neu tra l  red ,  m ethy lene  blue and acrif lavine  in th e  
bo d y  wall,  m id g u t  epithelium  and  chloragosom es of Lum bricus terrestris L. a n d  Octolasi- 
um transpadanum  Rosa ,  and the  discharge o f  these  dyes by  chloragosomes was in v es t i 
g a te d  by spec tro p h o to m etry .  The  chloragosom es cum u la ted  the  largest a m o u n t  o f  the  
inges ted  dyes. E lec tro n  microscopy d isp layed  th e  a c t iv a t io n  of the  ch loragogen  cells 
a n d  a n  increased chloragosome fo rm at io n  on the  firs t  days of dye in tak e .  In  dye-  
free e n v iro n m en t ,  the  dye con ten t  of the  chloragosom es decreased rap id ly .  T h e  above  
propert ies  o f  th e  chloragogen cells ind ica te  t h e  role of these cells in the  defence  m ec h 
an ism  agains t  the  toxic  effect of certa in  ca t io n ic  xenobiotics ingested via  t h e  in te s t in a l  
t rac t .

A c t a  b i o l .  A c a d .  S e i .  h u n g . ,  28( 1) ,  33—47 ( 1977)

Introduction

S everal a u th o rs  have s tu d ied  th e  e lec tron  m icroscopic s tru c tu re  of 
ch loragogen  cells [5, 8, 10], how ever, on ly  W i n k l e r  [10] has s tu d ied  th e  re la 
tio n  betw een  ex p e rim en ta l feeding and  ch loragosom e fo rm ation . V a l e m b o i s  
an d  Ca z a u x  [9], using  an  au to rad io g rap h ic  tech n iq u e , has proved  th a t  am ino  
acids and  c a rb o h y d ra tes  in troduced  in to  ex p e rim en ta l anim als are c u m u la te d  
f irs t  in th e  ch loragogen  cells, th u s  p ro v id in g  evidence of th e  food s to rin g  
a c tiv ity  of th e se  cells. R oots  and  J o h n s t o n  [6] dem o n stra ted  in  th e  ch lo rag o 
som es s to red  hydro x y co u m arin s  and  chrom ones (flavons and  flavono ls) 
to x ic  su b stan ces ingested  from  veg e tab le  food. H ow ever, ex p erim en ta l d a ta  
on th e  im p o rtan ce  and  kinetics of x e n o b io tic  sto rage  are y e t lack ing .

A ccord ing  to  o u r own experim en ts  in  vitro, th e  chloragosom es o f  Lurnbri- 
cidae have  ca tio n  exchanger [1], e lec tron  accep to r [3] and  com plex fo rm in g  [2] 
p ro p ertie s . T hese physicochem ical p ro p e rtie s  of chloragogen cells m ay  ex p la in  
th e  ab ility  o f th ese  cells to  sto re  b o th  tro p ic  [4, 5, 9] and  tox ic  [6, 8] com 
pounds.

In  th e  p re se n t w ork, we in v es tig a ted  th e  u p tak e , storage an d  d ischarge  
ac tiv ities  o f chloragogen  cells in  vivo. W e selected  com pounds w hich

(1) are s tab le  and  do n o t occur in  th e  organism  u n d er n a tu ra l c ircu m 
stan ces;
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(2) are  rap id ly  absorbed  and  cu m u la ted  in  large q u an titie s , an d  can  be 
d e te rm in ed  even w hen p re sen t in  sm all concen tra tions in  tissu e  
e x tra c ts ;

(3) are of low to x ic ity , not a ffec ting  th e  m etabolism  and  th e  s tru c tu re  
o f th e  organism  excep t w hen p re se n t in  ex trem ely  large doses.

T he pu rpose  o f our w ork was (1) to  d e te rm in e  th e  effectiveness o f  c a tio n  
ex ch an g in g  and  com plex form ing  ac tv itie s  o f th e  chloragosom es in  vivo, 
an d  (2) to  d e te rm in e  1юмг th e y  are invo lved  in  th e  circu lation  of x en o h io tic s . 
in  th e  o rgan ism . F in a lly , (3) we s tu d ied  th e  response  of chloragogen cells to  th e  
c u m u la tio n  o f xenoh io tics.

M ateria l and  m eth o d

A p p ro x im a te ly  200 Lum bricus terrestris L. and  200 Octolasium transpadanum  R o sa  
spec im ens  were  used for our experiments .

Feeding o f  anim als. The anim als  were p laced  on  a m ois t  fi lter paper,  which, in th e  a b 
sence of a n y  o th e r  food, was ea ten  by the  worms. T he  dyes  w ere  in troduced  by placing th e  w orm s 
on  f i l te r  p a p e r  m ois ted  w ith  a 0 .01% solution of dye .  T h e  dyes did n o t  affect the  in te n s i ty  
o f  inges tion .  Anim als  began  to die only a f te r  6— 8-week t rea tm e n t .  The following dyes were 
used :  acr if lav ine  (H oechs t  AG) (a xan thene) ,  n e u t r a l  red  (USSR) (an azine) an d  m e th y len e  
b lue  (M erck) (a thiazine).

C om parison o f  the dye uptake by d ifferent tissues. F r o m  the worms, k e p t  on s ta ined  f i l te r  
p a p e r  fo r  2 weeks, 4 x 5  specimens were exam ined .  P re p a ra t io n s  of body wall,  e n d o th e l iu m  
an d  ch loragosom es were m ade ,  each weighing 100 mg. T h e  chloragogen tissue was r e m o v e d  
f rom  a 1 cm  piece, excised from th e  cen tre  of the  m id g u t .  Rinsed m idgut  pieces were b lo t t e d  
on f i l te r  p a p e r  an d  100 mg port ion  was weighed. T he  rem a in in g  m idgut  pieces were hom ogenized  
an d  f rom  th e m  chloragosomes were isolated by f i l t r a t io n ,  cen tr ifuga tion  and repea ted  w ash ings  
[2]. 100 m g por t ions  were weighed from th e  chloragosom e frac t ion  and from the  section b eh in d  
the  c l i te l lum  of th e  b o d y  wall. Depending  on the  q u a n t i t y  of ingested dye, the  tissue sam ples  
w eigh ing  100 m g were e x tra c te d  with 5 or 10 m l  acid alcohol (90 ml 96%  ethanol  -f- 10 ml 
0.1 N-HC1). F o r  com parison ,  t issue e x trac ts  were s im ila r ly  p repared  from  animals fed w i th  
dye-free  f i l te r  paper .  T he  dye co n ten ts  of the  e x tra c ts  were  determ ined  in a S p ek trom om  T y p e  
361 sp ec tro p h o to m e te r .

Investiga tion  o f  the neutral red cum ulation  and discharge by chloragosomes. T he  dye  
inges tion  by  an im als  k e p t  on n eu tra l  red soaked f i l te r  p a p e r  was inves tiga ted  in chloragosom es 
iso la ted  as described above  from  anim als  killed on  d ays  1, 2, 3, 4, 6, 10 and  14. F i f ty  w o rm s 
were p laced  on g a rden  soil on th e  3rd day  af te r  th e  on se t  o f  feeding with neu tra l  red a n d  the  
dye c o n te n t  of  th e  chloragosomes was followed u n t i l  th e  14 th  day. The exam inat ions  were ru n  
d up l ica te .

Electron microscopic exam ination  o f  chloragogen tissue. Control animals k ep t  on  m o is t  
f i l te r  p a p e r ,  an im als  fed w ith  m ethy lene  blue for 2— 42 days,  furtheron, animals fed w i th  
acr if lav ine  or n eu tra l  red  for 3— 28 days were exam in ed .  T h e  g u t  pieces from  the  p a r t  b e h in d  
the  c l i te l lum  were f ixed  in g lu ta ra ldehyde  (3%  w i th  cacody la te  buffer of p H  7.4). T h is  w as 
followed b y  p o s tf ix a t io n  in isotonic osm ium  te t ro x id e  (1%  in veronal ace ta te  buffer of  p H  7.4). 
The  m a te r i a ls  were em bedded  in D u rc u p an  ACM. S e m i- th in  and  u l tra - th in  sections were cu t ,  
th e  l a t t e r  were  co un te rs ta ined  w ith  u ran y l  a ce ta te  a n d  lead  citrate .  Samples were ex am in ed  
in T E S L A  613 ty p e  e lectron  microscope; accelera t ing  vo ltage :  80 KV.
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Results

Comparative study o f  dye cum ulation in  different 
tissues

A few days a fte r th e  onset o f dye feeding th e  chloragosom es c o n ta in e d  
considerab le  am ounts of dye. T he ex tin c tio n  of th e  acid alcohol e x tr a c t  o f th e  
con tro l chloragosom es rap id ly  decreased  w hen th e  w ave len g th  w as grow n 
over 400 nm . A fter 4 days of dye u p ta k e , even th e  slowly abso rbed  ac rif lav in e  
(ab so rp tio n  m axim um , 455 nm ) was a lread y  well de tec tab le  in  th e  ch lo rago - 
som e e x tra c t. The am oun ts o f n e u tra l red  (ab so rp tio n  m ax im um , 540 nm ) 
an d  of m ethy lene  blue (ab so rp tio n  m ax im u m , 665 nm) were well o v e r th e  
th re sh o ld  of d e tec tab ility  (Fig. 1) in b o th  species. The dye c u m u la tio n  was

F ig. 1. T h e  absorp t ion  curves of acid alcohol e x tra c ts  o f  chloragosomes of con tro ls  a n d  w orm s 
fed for 4 d ays  w ith  dyes. 100 mg chloragosom e frac t ion  was ex trac ted  w ith  5 m l ac id  alcohol.
C o n t r o l : ---------- ; fed with acriflavine: — .— .— ; fed w i th  neu tra l  red: —  —  —  — ; fed w ith

m eth y len e  b l u e : ................

sig n ifican tly  lower in  th e  bo d y  w all, hence, com parison  of th e  dye  am o u n ts  
in  th e  d iffe ren t tissues was perfo rm ed  on th e  14 th  day  of e x p e rim e n ta l feed
ing. T he chloragosom es cu m u la ted  all th ree  dyes in  th e  h ighest co n c e n tra tio n s  
b o th  in L . terrestris and  0 . transpadanum . T he ep ithe lium  of th e  m id g u t c u m u 
la te d  s ign ifican tly  less and  th e  body  wall cu m u la ted  the  least (F ig . 2). T e n 
fold n e u tra l red was cu m u la ted  b y  th e  chloragosom es com pared  w ith  th e  u p ta k e  
o f th e  m id g u t ep ithe lium  an d  40-fold com pared  w ith the  b o d y  w all. The 
d ifferences w ere m uch sm aller in  m ethy lene  b lu e -trea ted  w orm s. A criflav ine  
reached  th e  low est co n cen tra tio n  in each tissue  sam ple.
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F ig . 2. Comparison o f  d y e  u p t a k e  of chloragosomes, m id g u t -ep i th e l iu m  and bod y  wall.  The 
w o rm s were k ep t  for 2 weeks on  fi lter paper m ois ted  w i th  0 .01%  dye solution. 100 m g tissue 
sam ples  were e x tra c te d  w i th  10 m l  acid alcohol. T h e  e x tin c t io n s  of the ex trac ts  are projec ted  
o n  to  the  s ta n d a rd  e x t in c t io n  cu rves  of the dye. A cri f lav ine  (m easured  a t  455 nm ):  — .— .; 

neu tra l  red (a t  540 nm ):  —  — — — -— ; m e th y le n e  b lue  (a t  665 n m ) : .............

The k ine tics o f the uptake and  discharge o f  
neutra l red by the chloragosomes

T he cu m u la tio n  o f n e u tra l  red was slow  on  th e  f irs t tw o days o f d y e 
feed ing , b u t  in ten se ly  in c reased  un til th e  s ix th —se v e n th  day; from  th e  10th 
d a y  on, th e re  was h a rd ly  a n y  fu rth e r increase (F ig . 3). The dye co n cen tra tio n  
in  th e  chloragosom es o f  w orm s th a t  had  b een  fed  w ith  dye for 3 days and  
su b se q u e n tly  p laced  in  a dye-free  soil in itia lly  d ecreased  rap id ly , la te r  decreased  
a t  a g rad u a lly  slow ing r a te  (F ig. 4). A fter tw o w eeks, th e  n eu tra l red  co n ten t 
o f  chloragosom es w as s till m easurab le an d  re m a in e d  detec tab le  in  trace s  for 
a long tim e.

F ig . 3. I n  vivo kinetics o f  n e u t r a l  r e d  u p take  by chloragosom es.  T he  concentra t ion  va lues  refer 
to  100 m g  chloragosomes/10 m l  e x t r a c t in g  solution
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Fig. 4. In  vivo k inet ics  of  neu tra l  red discharge by  chloragosom es.  The concen tra t ion  v a lu e s  
refer to  100 mg chloragosome/5 m l e x t r a c t in g  solution

The effect o f  dyes on the chloragogen cells

All th ree  in  vivo ingested  dyes induces s ig n ifican t, in m any  re sp e c t 
sim ilar changes in  th e  chloragogen cells. C om parison  of th e  ch loragogen  cells 
in  L . terrestris fed w ith  m ethy lene  blue for tw o  day s w ith  those in th e  c o n tro l 
(Figs 5 and  6) d isp layed  a strik ing  change in  th e  cy top lasm  and a d e f in ite  
s tru c tu ra l d ev e lo p m en t of th e  chloragosom es. T h e  tis su la r  bond of th e  c h lo ra 
gogen cells was loosened, th e  in te rce llu la r space en la rged . O ften processes w ere 
ejected  by  th ese  cells in to  th e  in te rce llu la r sp ace , o r n arrow  p lasm a m arg in s  
su rro u n d in g  e m p ty  vacuoles appeared  th ro u g h  w hich  chloragosom es co u ld  
pass on to  th e  in te rce llu la r space or to  th e  coelom a. M ethylene blue in d u c e d  
an  en la rg em en t of, and  a num erical increase in  m ito ch o n d ria  and an  in c rease  
o f endop lasm ic re ticu lu m , p a rticu la rly  near th e  cell surface. In  th e  m a jo r ity , 
th e  chloragosom es o f th e  contro l anim als a p p e a re d  hom ogeneously o sm ioph il, 
excep t an  occasional in d is tin c tly  lig h te r cen tra l a rea . A fter 2 days of m e th y le n e  
b lue feeding th e  d en sity  of th e  chloragosom es decreased  and  a d e fin ite ly  d e 
m arca ted  in te rn a l nucleus o f low d en sity  an d  a d a rk e r  cortical zone w ere  o b 
servab le . In  m an y  chloragosom es, a cu m u la tio n  o f  t in y  vesicles was o b se rv 
able above th e  co rtica l zone, ind ica ting  a m ore  in ten siv e  grow th ra te  o f  th e  
chloragosom es. In  th e  cy top lasm  sm all, dense c lum ps consisting of tu b u le s  
or vesicles w ere o ften  visible. These w ere no t d e m a rc a ted  from  the  c y to p la sm ic  
m a trix . H e rea fte r , a n arrow  space w as g rad u a lly  fo rm ed  around  la rg e r c o rp u s 
cles of sim ilar s tru c tu tu re , w hich a t  th is  tim e  resem bled  th e  ch loragosom es. 
As all t ra n s ie n t form s betw een  the  cy top lasm ic  vesicle clum ps and th e  c h lo ra 
gosomes w ere v isib le , fo rm er were considered as prechloragosom es. A fte r  th e  
ingestion  o f m eth y len e  b lue, the  tu b u la r—v esicu la r  s tru c tu re  c h a ra c te r is tic  
o f prechloragosom es was well observable in  ch loragosom es, too.

On th e  1 4 th  d ay  of m ethy lene blue feed ing  (F ig. 7A), the  n u m b e r  o f 
m itoch o n d ria  in  th e  chloragogen cells was low er again , the endoplasm ic re ti-
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F ig . 5. A  section of the  chloragogen cells of contro l  L . terrestris. A =  X 12 000; В -  X 24 000; 
C =  chloragosom e; СА =  prech lo ragosom e;  Y =  vacuole
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F ig. 6. A section of chloragogen cells of L . terrestris a f te r  two days of m eth y len e  blue inges
tion. A =  X 12 000; В : X 24 000. C =  chloragosome, C| prechloragosome, M m ito 

chondrion, E r  endoplasm ic  re ticulum , V vacuole,  1 inte rce l lu la r  space
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F ig. 7. A section of chloragogen  cells of L . terrestris A  =  a f te r  2 weeks of m ethy lene  blue in
gestion, X 12 000; В a f te r  6 weeks of m ethylene  blue inges tion , X 24 000. C — chlorago- 

some, G =  chloragogenic  granules, У =  vacuole ,  I =  intercellular space
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cu lum  was less developed . T he chloragosom es w ere m ore dense th a n  a f te r  tw o 
d ay s , and  num erous vacuoles c o n ta in in g  fine ly  g ran u la ted  su b stan ce  w ere 
seen. The m ost s tr ik in g  a t th is period  w ere th e  ap p ro x im a te ly  0.1 pm -sized  
d a rk  com pact g ranules appearing  a ro u n d  th e  chloragosom es or in  th e  vacuo les. 
In  som e cases these  w ere fused w ith  th e  chloragosom es, hence, th e se  m ay  
he reg a rd ed  as chloragogenic g ranu les. On th e  42nd d ay  of m e th y len e  blue 
feed ing , th e  cy top lasm  o f th e  chloragogen  cells w as degraded  and  th e  s tru c tu re  
o f th e  chloragosom es w as often s tr ik in g ly  changed  (F ig . 7B). C hloragogenic 
g ran u les  occurred in  high num bers a ro u n d  th e  chloragosom es and in c o rp o ra te d  
in  th e  chloragosom e m a trix .

T he effect o f 3 -day  n eu tra l red  u p ta k e  on th e  chloragogen cells o f 0 .  
transpadanum  w as well observable co m p ared  to  th e  con tro l (Figs 8 a n d  9). 
T he changes in th e  cy to p lasm  were s im ila r to  those  observed  a fte r  2 d ay s of 
m e th y len e  blue u p ta k e  in  L . terrestris. T he  nucleus visible in  Fig. 9 is e x tre m e ly  
la rg e , how ever, we h av e  been unab le  to  prove an y  re la tio n  betw een  dye  u p ta k e  
an d  th e  en largem en t of th e  nucleus, so far. N eu tra l red  in itia lly  in d u ced  a rise 
in  th e  num ber o f p rechloragosom es, th e  concen tric  a r ra y  of th e  ch loragosom es 
w as n o t ch a rac te ris tic , how ever, th e  tu b u la r—v esicu la r s tru c tu re  p e rs is ted  for 
a long  tim e in th e  chloragosom es. O n th e  2 8 th  d ay  o f n eu tra l red  in g estio n  
th e  n u m b er of m ito ch o n d ria  was red u ced  and  signs of cy toplasm ic d e g ra d a tio n  
a p p ea red . O nly few chloragogenic g ran u les  w ere p re sen t, th e  ch loragosom es of 
tu b u la r—vesicu lar s tru c tu re  were rep laced  by  chloragosom es of co m p ac t or 
o f  concen tric  s tru c tu re .

A criflavine induced  an  increase o f th e  endoplasm ic re ticu lum , w hich  was 
s till v isible on th e  28 th  d ay  (Fig. 10) in  th e  chloragogen  cells of 0 . trnnspada- 
n u m . A t th is tim e  th e  m a jo rity  o f th e  chloragosom es were co n cen tric  in 
s tru c tu re , and  a re la tiv e ly  high n u m b e r of chloragogenic grannies ap p ea red .

Discussion

In  an  earlie r p a p e r [2], we rep o rted  ou r find ings re la ted  to  th e  d y e 
b in d in g  cap ab ility  of chloragosom es in  vitro. C ationic dyes are b o u n d  m ost 
in ten se ly  and in  h ighest am oun ts. In our p resen t w ork, ca tion ic  dyes were 
in tro d u c e d  in to  th e  w orm s th ro u g h  th e  in te s tin a l t ra c t.  This w ork has p ro v ed  
th e  cation ic  dye b in d in g  cap ab ility  o f  chloragosom es in  vivo. T he co m position  
o f chloragosom es is s ign ifican tly  in flu en ced  by en v iro n m en ta l fa c to rs , th e  
a m o u n t of ingested  cation ic  dyes m a y  reach  0 .1 —0.2%  of th e  to ta l  w eigh t 
o f th e  chloragosom es.

The in  vivo n e u tra l red  accu m u la tio n  in  chloragosom es was slow  on the  
f ir s t  tw o days o f th e  experim en t. T he en tire  filling  o f th e  in te s tin a l t r a c t  took  
at least one day , th is  p a r tly  explains th e  slow ra te  of dye cum u la tio n . O n th e  
o th e r  hand , chloragosom es form ed new ly  d u ring  the  experim en t m ay  c u m u la te
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Fig. 8. A section of ch loragogen  cells of control 0 . tra n sp a d a n u m : X 12 000. N  =  nucleus, 
V =  vacuole ,  C =  chloragosom e, Ct =  prechloragosoine,  M =  m itochondrion ,  I  =  in te r 

cellular space
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F ig. 9. A  section of chloragogen  cells o f  0 . transpadanum  a f te r  3 d a y s  of neu tra l  red t r e a tm e n t .  
A =  X 12 000: B =  X 24 000. N =  nucleus, C =  ch lo ragosom e,  =  prechloragosome, 
M =  m itochondrion .  E r  =  e n d o p la sm ic  reticulum. I =  in te rce l lu la r  space, С =  X 24 000. 
The deve lo p m en t  of chloragosom es from  prechloragosomes a f te r  3 days  of feeding w ith  n eu tra l

red

a h ig h e r q u a n tity  o f  dye  co m p ared  to  those p re se n t th e re  before. W e have  
show n (1) th a t  th e  ch loragosom es b ind ca tion ic  dyes p a rtly  by  a ca tio n  
exch an g e  m echanism  a n d  p a r t ly  by  com plex fo rm a tio n  (2). The ra tio  o f dye 
h o u n d  b y  th e  tw o m echan ism s was ap p ro x im ate ly  1:1. P resum ab ly , th e  ch lo r
agogen cells are only  cap ab le  o f  discharging dyes b o u n d  b y  com plex fo rm ation , 
to g e th e r  w ith  th e  ch lo ragosom es. H ence, the  k in e tic s  o f  chloragosom e fo rm a
tio n  an d  d ischarge m ay  be conclude from  th e  k in e tic s  o f dye discharge. O ur 
d a ta  an d  e lectron-m icroscopic  observations in d ic a te  th a t  th e  in te n s ity  of 
ch lo ragosom e fo rm atio n  an d  release increased d u rin g  th e  experim ents u n til  
th e  half-life  of chloragosom es w as shortened  to  6 —8 d ay s . In  spite  of th e  rap id
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F ig . 10. A section of chloragogen cells of 0 . tra n sp a d a n u m  af ter  4 weeks of acrif lavine  t r e a t 
m e n t .  A =  X  12 000; В =  X  24 000. N =  nucleus ,  M — m itochondrion,  E r  =  endoplasm ic 

re t icu lum , G =  chloragogenic  granules
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ex ch an g e  o f th e  ch loragosom es, th e  dye-d ischarge  curve  is p ro tra c te d . P re s u m 
ab ly  th e  dye m olecules re leased  con tinously  from  th e  various organs a re  r e 
h o u n d  to  new ly fo rm ed  chloragosom es.

O n th e  firs t days o f dye u p ta k e  th e  changes in  th e  s tru c tu re  of th e  ch lo ra- 
gogen cells d isp lay  an  increasing  ac tiv ity . The endop lasm ic  re ticu lum  is en la rg ed , 
th e  m ito ch o n d ria  increase in  n u m b er an d  chloragosom e fo rm atio n  acce le r
a te s . L ite ra ry  d a ta  on th e  m echan ism  of ch loragosom e fo rm ation  are  sc a n ty . 
W i n k l e r  [10] was able to  s tim u la te  ch loragosom e fo rm atio n  by  glucose an d  
lip id  feed ing , while s ta rv a tio n  induced  th e  opposite  changes. In  his o p in 
ion , chloragosom es develop from  cy top lasm ic  vacuoles and  tin y  vesicles 
t r a n s p o r t  th e  com ponen ts invo lved  in chloragosom e fo rm ation . L i n d n e r  [5]  
d iffe re n tia te s  tw o ty p es o f chloragosom es, such  as sm all and large, and  assum es 
a d ev e lo p m en ta l re la tio n  betw een  these.

In  th e  p resen t s tu d ies , we observed  in th e  cy top lasm  of ch lo ragogen  
cells c h a ra c te ris tic  tu b u la r—v esicu la r clum ps w hich  w ere not d is tin c tly  d e m a r
ca ted  from  th e  cy top lasm ic  m a trix . A n arro w  space appeared  around  la rg e r 
bod ies o f  sim ilar s tru c tu re , w hich g rad u a lly  d em arca ted  th e  dense tu b u la r -  
v e s ic u la r  s tru c tu re  from  th e  su rro u n d in g  cy to p lasm ic  m atrix . In  th is s ta te ,  
th e se  bodies m ay  be reg a rd ed  as to  be sm all chloragosom es. The cy to p lasm ic  
c lu m p s o f  tu b u la r-v e s ic u la r  s tru c tu re  are considered  th e  in itia l phase o f c h lo ra 
gosom e fo rm atio n  and te rm ed  prechloragosom es. T he m ode of ch loragosom e 
fo rm a tio n  as described by W i n k l e r  [10], v iz ., t h a t  th e  vacuoles are  fo rm ed  
in itia lly  an d  th e  chloragosom es are form ed in  th ese , can n o t he re fu ted .

In it ia lly  dye ingestion  increased  th e  n u m b er o f prechloragosom es, in d ic a t
ing  an  acce lera ted  ch loragosom e fo rm ation . T h e  in co rp o ra ted  dyes reduce th e  
d e n s ity  o f  th e  chloragosom es an d  th u s  m ake th e ir  s tru c tu re  easier to  recognise. 
S im ila r changes w ere n o t fo u n d  in con tro l an im als , k e p t on f ilte r  p ap er.

W h en  dye ingestion  was prolonged for 2 —4 weeks, th e  cy top lasm ic  
o rgane lles w ere reduced  again  and , p resu m ab ly , th e  chloragosom e fo rm a tio n  
was also d is tu rb e d . T he la t te r  is ind ica ted  by  th e  cu m u la tio n  of chloragogenic 
g ran u les  a ro u n d  th e  chloragosom es and  in th e  vacuo les, viz., lesser am o u n t o f 
ch lo ragogen ic  m a te ria l is b u ilt  in  th e  chloragosom es.

T h e  m a jo rity  of au th o rs  invo lved  w ith  th e  func tions of chloragogen cells 
assum e [5] th a t  th e  chloragogen  cells m ay d ischarge  th e  chloragosom es in to  
th e  in te rc e llu la r  space or th e  coelom a. W e also o bserved  an expansion  of th e  
in te rc e llu la r  space and  th e  d en d ritic  tra n s fo rm a tio n  of th e  cell su rfaces, 
w hich  m a y  be re la ted  to  th e  accelerated  ch loragosom e discharge.

D eg en era tiv e  changes in th e  chloragogen cells w ere only observed  a f te r
4 — 5 w eeks of dye ingestion . I t  m ay  be concluded  th a t  in  cases of low  doses 
or a sh o rt period  of in to x ica tio n , th e  chloragogen cells m ay  p lay  a fu n d am en ta l 
role in  th e  defence m echanism  ag a in st th e  to x ic  effect o f cation ic  xenoh io tics 
ab so rb ed  th ro u g h  th e  in te s tin a l tra c t.
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OPTICAL POLARIZATION REVEALS DIFFERENT 
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OF POLYSACCHARIDES IN THE YEAST CELL WALLS
J .  F i s c h e r

D EPA RTM EN T OF PATHOLOGY, M EDICAL U N IV ER SITY , PÉCS 

(Received 1976-04-18)

A bstrac t

The topo-op tical  a ldehyde  b isu lf i te - to lu id ine  blue (ABT) reac tion  of vicinal 
O i l  and  am ino-O H  groups offers new ways to s tu d y  the  u l t ra s t ru c tu re  of po lysaccha
rides in different biological substra tes .  T h ro u g h  o r ien ted  dye b inding on th e  reac ting  
groups,  the  A B T  reac tion  induces s trong  birefringence on  the  linearly o rdered  po ly 
saccharides,  which  is negative  with  respect to th e i r  chain length. Using th is  m eth o d ,  
two types  of molecular  order of the  po lysaccharides could be dist inguished in th e  cell 
walls and  capsules  of yeas ts .  (1) The optically  negative spherulitic  c h a ra c te r  of  the  
yeas ts  a f te r  the  A B T  reac tion  indica ted  th a t  th e  tolu id ine blue molecules were b ound  
tangen t ia l ly  (in a surface-paralle l  p a t t e rn )  while the  polysaccharide  chains of the  cell 
walls and  capsules were o r ien ted  m ainly  rad ia l ly .  This s t ru c tu ra l  p a t t e rn  m ay  be ex 
plained as resu lting  from a helicoid conform ation  of the  polysaccharide co m p o n en t .  (2) 
Acid or alkali hydro lys is  removed the  radia lly  o r ien ted  polysaccharide  co m p o n e n t  of 
the  cell wall. The  remaining,  resistant po lysaccharides  showed up in the  fo rm  of o p t i 
cally positive spherulites indicating  radia lly  o r ien ted  dye molecules on a circularly  
ordered , micellar  polysaccharide  tex ture .

In tro d u c tio n

T he po lysaccharide s tru c tu re  of th e  y e a s t cell wall have been ex ten siv e ly  
s tu d ied  by  m eans o f  biochem ical m ethods [12, 13, 14]. A bout 31 %  m an n an  
29%  glue an  ami sm aller am oun ts o f p ro te in  (13% ) and lipid (8 .5% ), were 
found  in  th e  cell wall of yeasts , w hereas th e  d o m in a n t cell wall po lysaccharide  
of m olds p roved  to  be ch itin .

A cid and alkali t re a tm e n t a t h igh te m p e ra tu re s  [11, 14] rem oved  th e  
m an n an s  and  p a r tly , th e  glucans from  th e  y e a s t cell wall, w hich show ed a 
starch -lik e  s tru c tu re  in chem ical and X  ra y  d iffrac tion  investig a tio n s [7, 9].

E lec tro n  m icroscopic stud ies a fte r  acid  tre a tm e n t revealed  fib rilla ry  
s tru c tu re  of th e  cell walls [5, 8] and a double  m em brane  w hich was id en tified  
b y  M u n d k u r  111] as ch itin . X -ray  d iffrac tio n  s tud ies also suggested  th e  p res
ence o f ch itin  [8]. R ecen tly  it  has been d e m o n s tra te d  th a t  N -acety lg lucosam ine 
is an  a c tiv a to r  for fo rm ing  th e  h y p h ae  of C andida albicans [18].

So fa r  on ly  lim ited  in fo rm ation  has been availab le  a b o u t th e  u l tra s tru c 
tu r e  o f th e  p o lysaccharide  com ponen ts in  th e  com plex cell walls o f yeasts .

4 Ada Biologien Academiae Scientiarum Hungaricae 28, 1977



5 0 J. FISC H ER

The PAS reac tio n  o r i ts  m odifica tions for e lec tron  m icroscopy h a v e  been 
u sed  fo r m orphological s tu d ie s  o f th e  p o lysaccharide  com ponents o f th e  y eas t 
cell w all [8]. H ow ever, th o se  m ethods p ro v id ed  evidence only for th e  presence 
o f  po lysaccharides , b u t  no in fo rm atio n  a b o u t th e ir  u ltra s tru c tu ra l o rie n ta tio n . 
X - ra y  d iffrac tion  s tud ies w ere useful only  a fte r  acid  tre a tm e n t of th e  cell w all 
15, 8 ], or on th e  e x tra c te d  solubilized  cell w all po lysaccharides [9].

In  th e  p resen t s tu d y  we used the  selective top o -o p tica l reac tio n  o f  lin ea r
ly  o rdered  vicinal O H  an d  am ino-O H  groups (th e  aldehyde b isu lp h ite — 
to lu id in e  blue (ABT) reac tio n ), w hich is ch a rac te rized  by  s trong  b irefringence 
cau sed  b y  o rien ted  b in d in g  o f to lu id ine blue m olecules on m icellar p o ly sacch a
rid e  te x tu re s  [16]. This o p tica l effect is v e ry  sensitive , and  the  b irefringence 
in d u c e d  by  th e  A B T re a c tio n  o f po lysaccharide  chains is negative  w ith  resp ec t 
to  th e ir  chain  len g th  [16] (F ig . la ) .  We h av e  re p o rte d  on th e  m olecular a rra n g e 
m en t of po lysaccharide chains of m icrobial cell w alls, using th e  to p o -o p tica l 
A B T  reaction  [1]. W e d is tin g u ish ed  tw o ty p es  o f m olecular o r ie n ta tio n  of 
th e  v ic ina l OH groups o f p o lysaccharide  chains:

(1) tan g en tia l (c ircu lar) a rran g em en t of cellulose in th e  cell w alls of 
p la n ts  as well as of ch itin  in  th e  cell wall of fung i; accord ingly , th ese  cell walls 
a p p e a re d  as op tica lly  positive  spherulites in  th e  p o la riza tio n  m icroscope a fte r  
th e  A B T  reaction  (F ig . lb ) ;

(2) yeasts, som e b a c te r ia  and  s ta rch  g ranu les ap p eared  as o p tica lly  
negative spherulites a f te r  A B T , in d ica tin g  a su rface-para lle l a rra n g e m en t o f the  
d y e  m olecules and in  tu rn ,  rad ia lly  o rien ted  v ic inal O H  groups o f th e  p o ly 
sacch arid es  (Fig. lc ).

T he p resen t p a p e r is a re p o rt on our u ltra s  tru c tu ra l o b serv a tio n s on  th e  
y e a s t cell wall and  capsu le  m ade b y  p o la riza tio n  op tica l analysis b y  m eans 
o f th e  A BT reaction .

M ateria l and  m ethod

Y eas ts ,  such as Saccharomyces cerevisiae, S . ellipsoideus, C andida albicans, a n d  Crypto
coccus neoform ans were in v es t ig a ted .  Sm ears  from cu ltu res  were f ixed in 5%  g lu ta ra ld e h y d e  in 
p h o s p h a te  buffer a t  pH  7.2, or in fo rm aldehyde  v ap o u r .  F o r  s tudies  in sem i- th in  sections,  
y e a s t s  were  em bedded in D u rc u p a n .  D u rcu p an  was rem o v ed  b y  keeping th e  sec tions for 
30— 60 m in  in sa tu ra ted  alcoholic  so lu t ion  of N a O H .  Since Cryptococcus forms large capsules 
on ly  in  vivo  [19, th ey  were s tu d ied  in p a raf f in  section (4— 5 p m )  of infected  tissues f rom  h u m a n  
cases o f  generalized cryptococcosis.

Selective topo-optical A B T  reaction o f  vicinal O H  groups  [16]. The  molecular m ech an ism s  
of t h e  A B T  reaction  is show n in Fig. I. The  vicinal O H  an d  amino OH groups of po lysac 
c h ar id es  are oxidized to d ia ld eh y d es  w ith  periodic acid (1 % ) t r e a tm e n t  for 30 m in. T h en ,  by  
t r e a t m e n t  w i th  a sa tu ra te d  N a -b isu lp h ite  solution for 30 m in ,  the  d ialdehydes b in d  su lph i te  
re s id u es  a n d  are rendered  n e gat ive ly  charged and  s trong ly  basophilic  af te r  sta in ing w i th  to lu 
id ine  b lue  a t  p H  1.0. S ta in ing w i th  0 .05%  toluidine blue a t  p H  1.0 ( toluidine blue in 0.1 ГЧ-НС1) 
fo r  2— 3 m in  was followed by  p o s t -s ta in in g  s tab il iza tion  w i th  2%  potass ium  lerr icyan ide  [15]. 
T h e  sm ears  were covered w i th  20%  g um  arabic  con ta in ing  0 .1%  potass ium  fe rr icyan ide  a n d ,  
a f te r  d ry in g ,  w ith  C anada  ba lsam .
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Fig. 1. Schem atic  d e m o n s tra t io n  of the  m olecular  — s t ru c tu ra l  mechanism of the  b irefringence 
effect of  polysaccharide  chains as induced by ABT. a = The  d ialdehydes fo rm ed  b y  periodic 
acid ox idat ion  of v icinal O i l  groups are rendered  negatively  charged by a d d i t io n  o f  bisulphite  
an d  able to b ind  to luidine blue a t  p H  1.0 in an  o r ien ted  p a t te rn .  Oriented  dye  b in d in g  is m an i
fested by s trong  birefringence, negative  w ith  respec t  to the length of th e  po lysaccharide  
chains [16]. b R ad ia l ly  positive b irefringence (optically  positive spheru l i te s)  of  the  cell 
walls is indicative  o f  radia lly  oriented  dye  molecules and  in tu rn  of surface-para l le l  o r ien ta t ion  
of the  reac ting  polysaccharide  chains,  c =  R ad ia l ly  negative  birefringence (op t ica l ly  negative 
spherulites)  induced by ABT is ind ica tive  of surface-paralle l  dye molecule o r i e n ta t io n  and of 
m ain ly  radia lly  o riented , l inear OH groups which  are p robab ly  fixed to a c ircu la r  s t ruc tu re  

possibly resulting  from radia l  or helical polysaccharide  chains

E xtraction  and digestion experim ents. M an n a n  com ponen ts  were rem o v ed  f ro m  the  yeast 
cell walls [5, 11] by  t rea t in g  sections in 3%  N a O H  a t  56 °C for 2 h a n d  in 2 n  HC1 a t  56 °C 
for 3— 4 h. Afte r  ex trac t ion ,  the  slides were washed in dist il led w a ter  a n d  the  A B T  reaction 
was performed.

In  o rder  to rem ove p ro te in  c om ponen ts ,  we t rea ted  sections in o th e r  experim ents  
w ith  t ry p s in  (Serva 4 mg/ml) in p h o sp h a te  buffer  a t  pH  8.2, and  w ith  p a p a in  (S e rv a  8 mg/ml) 
in p H  5.4 ace ta te  buffer  a t  37 °C for 1 — 2 h. D ias tase  (Serva) t r e a tm e n t  (2 m g/m l)  in distilled 
w a te r  a t  37 °C for 2 h l ibe ra ted  n o n -s t ru c tu ra l  polysaccharide  com ponen ts .  Polarizat ion- 
optical  inves tiga tions were m ade  w ith  a Leitz  O r th o lu x  microscope eq u ipped  w i th  com pen
sa tors  [1, 15, 16].
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Results

In  an u n sta in ed  s ta te  Saccharomyces cerevisiae, S . ellipsoideus and  C andida  
albicans show n e ith e r  fo rm , n o r in trinsic  (F igs 2 a —b) birefringence. T h ey  
re m a in  unsta ined  also w ith  to lu id ine blue w ith in  th e  pH range of 1.0 to  3.0, 
in d ica tin g  th e  absence o f  s trong ly  acidic (su lp h a te )  groups in  th e  cell wall 
s tru c tu re . The cell w alls o f  Saccharomyces show  basoph ilic  s ta in ing  w ith  to lu i
d ine  blue a t pH  4.0 an d  ev en  th e n  th ey  rev ea l no to lu id ine  b lue-induced  b i
refringence, in d ica tin g  iso tro p ic  stain ing w ith  th e  dye  m olecules, associa ted  a t 
ra n d o m  (Figs 3a— b).

H ow ever, a f te r  A B T  reac tio n  (to lu id ine b lu e  a t  pH  1.0) a v e ry  s tro n g  
b asoph ilic  sta in in g  effect w as seen (Figs 4 a —b) w ith  in tensive  b irefringence 
a n d  a re ta rd a tio n  o f a b o u t 5 0 —70 nm .T his o p tic a l effect is th e  resu lt o f o rien ted  
b in d in g  of to lu id ine  blue on  linearly  orien ted  p o ly sacch arid e  chains. T he sign 
o f  b irefringence is n e g a tiv e  w ith  respect to  th e  rad iu s  (negative splierulites) 
in d ica tin g  tan g en tia l o r ie n ta tio n  of the  slow ax is o f re ta rd a tio n , i.e. th e  p lane 
o f  th e  dye m olecules a n d , in  tu rn ,  rad ial a rra n g e m e n t o f th e  po lysaccharide  
ch a in s  w ithin th e  cell w all (see Fig. lc).

Acid or alkali h y d ro ly s is  is know n to  e x tra c t  m a n n a n  and p a r tly  g lucan , 
ch a in s  from  the  cell w all o f  y eas ts  [5, 11]. As a re su lt  of th e  e x tra c tio n  th e re  
w as an  intensive decrease in  s ta in in g  in te n s ity  o f  th e  cell walls, fu rth e rm o re , 
a doub le-layered  cell Avail s tru c tu re  becam e v isib le  (Figs 5 a —b) p ro b a b ly  
correspond ing  to  th a t  seen  b y  M u n d k u r  [11] in  th e  e lec tron  m icroscope a f te r  
ac id  hvdrolvsis. A t th e  sam e  tim e  the A B T -induced  b irefringence of th e  cell 
w alls was also decreased  (10 — 15 nm ) and th e  o p tic a l c h a ra c te r  (negative sp h eru - 
lite s) was changed in to  p o s itiv e  (radially positive  sp lieru lites), in d ica tin g  ra d i
a lly  orien ted  dye m olecu les bound  to  a su rface -p ara lle l po lysaccharide  
s t ru c tu re  (see Fig. lb ) .

F o r in v estig a tio n  o f th e  capsules and cell w alls o f Cryptococcus neoform ans, 
w e used  various tissues fro m  tw o hum an cases o f  generalized  cryptococcosis. 
T h e  capsules in th e  v a rio u s  tissu es  differed g re a tly  in  fo rm  an d  size. This i s i n

F ig . 2. Saccharomyces cerevisiae  u n s ta in e d  in gum arab ic  a =  in the  light microscope, b =  
between crossed po lars ,  lack ing  any intrinsic b i refr ingence  of th e  cell wall 

F ig . 3. Saccharomyces cerevisiae s t a in e d  w ith  toluidine b lue  a t  p H  4.0. The  cell walls  are b a so 
ph ilic  in (a )  and isotropic b e tw e e n  crossed polars (b ) .  i n d ic a t in g  r an d o m  association of the

dye molecules
F ig . 4. Saccharomyces cerevisiae A B T  reaction. The cell walls a re  s trong ly  basophilic (a )  an d  
show an  intensive b irefringence (5 0 — 70 nm) ( b)  in the  fo rm  o f  optica lly  negative  spherulites ,  

in d ica t in g  ra d ia l ly  oriented p o lysacchar ide  chains 
F ig . 5. Saccharomyces cerevisiae t r e a t e d  w ith  2n HC1 a t  56 °C for  3 h, followed by ABT reac 
t io n .  T h e  light microscope révé las  double- layered  cell walls (a )  w hich  showr m odera te  b irefr ing
ence  in the  form of op tica lly  p o s i t iv e  spherulites (10— 14 n m )  in d ica t in g  surface-parallel  p o ly 
sacch a r id e  chains (opposite  to t h e  nonhydrolysed cell walls).  T he  inserts show the  sam e a t  

h ig h er  magnification. T h e  b i lay e red  cell walls and  the ir  b irefr ingence  are clearly seen
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good agreem ent w ith  th e  fin d in g  of T a k e o  e t a l. [19], w ho poin ted  ou t th a t  th e  
la rg es t capsules w ere seen  in  th e  lungs an d  spleen. W e found  th a t  in an  u n s ta in e d  
s ta te  th e  cells tv alls a n d  capsules of Cryptococcus d id  n o t show b irefringence 
e ith e r  in w a te r (form  b irefringence), or in  gum  a rab ic  or C anada b alsam  (in 
tr in s ic  b irefringence), t h a t  is, th e  yeasts in  th e  tissu es  w ere invisible. T he f in d 
in g  th a t  th e y  rem ain ed  u n s ta in e d  w ith  to lu id in e  b lue  a t  pH  1.0 po in ts to  th e  
absence of n eg a tiv e ly  ch a rg ed  (su lphated) p o lysaccharides . T oluidine blue 
s ta in in g  of th e  capsu les o f  Cryptococci began  ab o v e  p H  3.0 w ith  a m o d e ra te  
b irefringence, as re p o r te d  earlie r [6, 10], how ever, th is  gave no d a ta  on its  
in te n s ity , op tical c h a ra c te r  and  pH  dependence. O n s ta in in g  w ith  to lu id in e  
b lu e  a t pH  3.5 we fo u n d  b irefringence in th e  form  o f o p tica lly  negative sp h eru - 
lite s  w ith  a re ta rd a tio n  of 10— 19 nm . These s ta in in g  ch a rac teris tic s  were sugges
tiv e  of th e  presence o f o n ly  w eakly  n eg a tiv e ly  c h a rg ed  (carboxy la ted) p o ly 
saccharides in an o rie n te d  p a tte rn .

A fter th e  A B T  re a c tio n  has developed th e  cell walls and capsules re 
vea led  very  s trong  m e ta c h ro m a tic , basophilic s ta in in g  and  an in tensive  b ire 
fringence w ith  re ta rd a tio n s  o f abo u t 70—90 n m  fo r th e  capsules and  100 — 
110 nm  for th e  cell w alls (F igs 6a— c). The o p tica l c h a ra c te r  of th is  b ire f r in 
gence was rad ia lly  n e g a tiv e , sim ilar to  those  cases in  w hich  th e  sam ples w ere 
s ta in e d  only w ith  to lu id in e  blue a t pH  3.5. In  th e  tissu e  sections we fo u n d  
capsu les v a ry in g  in  th ic k n e ss . Some sam ples h ad  capsu les w ith  uniform  o p tic a l 
c h a ra c te r  in  th e  fo rm  o f o p tic a lly  negative sp h eru lite s  an d  appeared  as “ h a iry ” , 
ra d ia lly  ordered , f ila m e n to u s  s tru c tu res , suggestive  o f an  in itia l stage o f c a p 
su le  d iffe ren tia tion . I n  v e ry  large capsules one o r tw o  m ore basophilic r in g lik e  
zones were seen, th e  o u te r  lay e r of w hich was o p p o site  in optical c h a ra c te r  
(positive  spheru lite ) to  th e  th ic k  inner layer (n eg a tiv e  spheru lite ). A t th e  t r a n 
s itio n  betw een  th e  tw o  la y e rs , an  iso trop ic  lay e r is c learly  seen (Figs 7 a —-c).

F ig . 6. Cryptococcus ncoform ans  f ro m  the  spleen in h u m a n  sy s te m a t ic  cryptococcosis —  ABT 
reac t io n .  The  capsules a re  s t ro n g ly  basophilic  a n d  h ave  a  h a iry ,  rad ia lly -ordered  f i lam en tous  
s t r u c tu r e  (a)  and are s t ro n g ly  b iré f r in g en t  be tw een  crossed po lars  (b) .  Note the  radia lly-nega- 
t iv e  optica l  charac te r  a t  a d d i t iv e  com pensa tion  w ith  a  r e t a r d a t i o n  of a bou t  80— 90 nm , 

ind ica ting  ra d ia l ly -o r ien te d  polysaccharide  cha ins  in  th e  capsule 
F ig . 7. Cryptococcus ncoform ans  f rom  the  spleen, w i th  v e ry  large capsule — ABT reac tion .  
I n  t h e  capsule two s t ronger  basoph i l ic  rings are seen in the  l igh t  microscope (a ) ,  which revea l  
d i f fe ren t  characters  of  b ire fr ingence  be tw een  crossed polars  ( b ) .  T h ere  is an  isotropic, r inglike  
zone  a t  the  t rans it ion  b e tw ee n  th e  ou te r  and  inner layers. T h e ir  opposi te  optical ch ara c te rs  
a re  clearly  seen a t  co m p e n sa t io n  (c );  the  horizon tal  segm en ts  of  th e  ou ter  layer are c o m p e n 
sa te d  d a rk  and  those o f  th e  in n e r  layer  are light.  A sim ila r  c h a ra c te r  is observable o n  th e  
l a t e ra l  segments, however,  w i th  opposi te  signs. This op tica l  b e h a v io u r  indicates t h a t  th e  o p t i 
cal  c h arac te r  of the  o u te r  lay e r  is pos i t ive  and t h a t  of  th e  in n e r  l a y e r  is negative  w ith  respec t  
t o  t h e  radius,  ind ica t ing  d if fe re n t  molecular o r ien ta t io n  of th e  polysaccharide  chains in the

d if fe ren t  layers of th e  capsules
F ig . 8. Cryptococcus neoform ans f ro m  the  spleen, t r e a te d  w i th  2n -H C 1 a t  56 °C for 4 h,  followed 
b y  A B T  reaction. The  capsu les  a re  complete ly  rem oved  (a rrow s)  a n d  do no t  show any  sta in ing  
o r  b irefringence effect. H o w ev e r ,  t h e  cell walls re ta in  basophilic  m etachrom a t ic. .staining (a )  
a n d  show m odera te  b irefr ingence  ( b)  in the  form  of rad ia l ly  p o s i t iv e  spherulites a t  c o m p en sa 

t io n  ( c ) ,  w i th  a re ta rd a t io n  o f  a b o u t  15— 20 n m
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A cid and  alkali tre a tm e n ts  rem oved  th e  capsules com pletely  (F ig . 8a—■ 
c), an d  no s ta in in g  or birefringence effect could  be de tec ted  a fte r  A B T. I t  is 
rem ark ab le  th a t  a t  th e  sam e tim e, th e  cell walls re ta in ed  a decreased  basophilic  
s ta in in g  an d  b irefringence in  th e  form  o f op tica lly  positive sp h eru lites  w ith  
a b o u t 15— 20 n m  re ta rd a tio n  as co m p ared  w ith  th e  100—110 nm  re ta rd a tio n  
o f th e  ra d ia lly  n eg a tiv e  birefringence seen before th e  e x tra c tio n  ex p erim en ts .
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Discussion

W e have carried  o u t p o la riza tio n -o p tica l investiga tions in to  th e  u l t r a 
s t ru c tu re  of th e  po lysaccharides o f th e  cell walls an d  capsules of y eas ts , using  
a specific  o p tica l reac tio n  d e m o n s tra tin g  a linear o rder of th e  v icinal OH 
g ro u p s o f po lysaccharide chains [16].

So fa r  it  has been possible to  use po lariza tio n -o p tica l in v es tig a tio n s  
o n ly  fo r p la n t cell walls w hich  co n ta in  h ighly  o rdered  m icellar cellulose or 
c h itin  chains [2, 3, 17] an d  possess in ten siv e  in trin s ic  b irefringence. A tte m p ts  
to  ap p ly  th is  m eth o d  to  th e  y e a s t cell wall h av e  failed because th e  p o ly sacch a
rid e s  o f  th is  s tru c tu re  show  n e ith e r  form  no r in trin sic  b irefringence.

As to  th e  m olecular m echan ism  of th e  A B T reac tion , s trong  b irefringence 
is in d u c e d  by  th e  dye m olecules b o u n d  p e rp en d icu la rly  on the  reac tin g  p o ly 
sac c h a rid e  chains i f  the  v ic ina l O H  groups are  ordered  in a linear p a tte rn . 
T h e re fo re , th e  A B T -induced b irefringence  is n eg a tiv e  w ith  respect to  th e  chain  
le n g th s  o f po lysaccharides [16]. W e have found  th is  m ethod  v e ry  useful in th e  
s tu d y  o f th e  m olecular o rd e r of po lysaccharides in d ifferent biological s tru c 
tu re s  [16]. i t  p roved  to  be an  excellen t an d  v e ry  sensitive m ethod  for u ltra -  
s t ru c tu ra l  s tu d y  of th e  m o lecu lar o rd er of po lysaccharide  chains in th e  com plex  
cell w alls an d  capsules of y eas ts , algae an d  b a c te ria  [1]. As show n in  ou r 
F ig u re s , th e  A BT reaction  in d u ced  v e ry  s tro n g  birefringence in  th e  cell w alls 
a n d  capsu les o f yeasts .

Ultrastructure o f  the yeast cell wall

Figs 2— 5 show  the  s ta in in g  an d  o p tica l c h a ra c te r  of th e  cell w alls of 
Saccharom yces cerevisiae a f te r  d iffe ren t t re a tm e n ts . In  Fig. 3, the  basoph ilic  
cell w alls s ta in ed  w ith  to lu id in e  b lue  a t p H  4.0 ap p ea r iso tropic. A fter A B T 
re a c tio n , th e re  is a v e ry  s tro n g  basoph ilic  s ta in in g , and  th e  y east cell walls 
a p p e a r  as in ten siv e ly  b iré frin g en t sp h eru lite s  (negative  w ith  respect to  th e  
ra d iu s ) . T his in d ica tes  ta n g e n tia l o rie n ta tio n  of th e  slow axis of tran sm issio n  
i.e. th e  p lan e  of th e  dye m olecules, suggesting  rad ia lly -o rien ted  po lysaccharide  
ch a in s  (F ig . lc ) . A sim ilar a n iso tro p y  effect w as found  earlie r on s ta rc h  g ra n 
u les [16]. A fte r acid or a lkali h y d ro lysis , doub le-layered  cell walls ap p ea red  
(Fig- 5) w ith  s tro n g ly  decreased b irefringence, an d  th e  op tica l ch a rac te r charged  
to  p o s itiv e  w ith  respect to  th e  rad iu s , su ggesting  rad ia l o rien ta tio n  o f th e  
dye  m olecules associated  on p o lysaccharide  chains o rien ted  paralle l to  th e  su r
face (F ig . lb ) .  This m ay  be ex p la in ed  b y  assum ing  th a t  a re s is tan t, c ircu la rly  
o r ie n te d  po lysaccharide  s tru c tu re  p e rs is ted  a f te r  hydro lysis. H ow ever, th e  
d ifference  in  in te n s ity  of th e  b irefringence  effect o f th e  rad ia lly  (50 —70 nm ) 
a n d  c ircu la rly  (10— 19 nm ) o rien ted  com ponen ts suggests q u a n tita tiv e  p re v 
a lence o f  th e  fo rm er. This o p tica l fin d in g  of th e  presence of a su rface-para lle l
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po lysaccharide s tru c tu re  a fte r acid t r e a tm e n t  seem s to  agree w ith  e lec tron  
m icroscopic o b se rv a tio n s d em o n stra tin g  in  th e  cell wall o f yeasts c ircu la rly  
o rdered  f ib rilla r s tru c tu re s  [5, 11], w hich  w ere iden tified  by X -ray  d iffrac tio n  
s tud ies as ch itin  [5, 8] o r p robab ly  h y d ro g lu can  [8, 12]. S im ilar op tica l find ings 
w ere o b ta in ed  on th e  cell walls o f S. ellipsoideus, Candida albicans an d  even 
on those o f ca p su la te d  cryptococci. E sp ec ia lly  rem arkab le  was th e  v e ry  s tro n g , 
A B T -induced  b irefringence  of th e  cell Avails o f cryptococci (100 — 110 nm ), 
w hich w as often  m ore  p ronounced  th a n  th a t  o f th e  birefringence o f th e  th ick  
capsules (see F ig . 6). The optical c h a ra c te r  o f th e  cell walls was o rig inally  
neg a tiv e  w ith  re sp ec t to  th e  radius b u t  the  s ta in in g  in ten sity  was decreased  
and  th e  op tica l c h a ra c te r  was in v e rted  in to  op tica lly  positive sp h e ru lite s  b y  
acid or alkali h y d ro ly sis . These find ings m ay  be explained  by th e  a ssu m p tio n  
th a t  th e  yeast cell wall is bu ilt up  o f tw o  d iffe ren tly  orien ted  m icellar p o ly 
saccharide  te x tu re s :

(1) p o ly sacch arid e  chains w ith  ra d ia lly -o rien ted  vicinal O H  groups 
(rad ia lly  or helically  ordered  po lysaccharides) w hich are sensitive to  alkali 
and acid hyd ro lysis  and

(2) su rface-para lle l, c ircu la rly -o rdered  polysaccharide layers re s is ta n t 
to  a lkali and  acid hydro lysis.

T he opposite  o rien ta tio n  of th e  p o lysaccharide  chains in  th e  cell w alls of 
y easts  seem s to  ex p la in  the  lack of b ire frin g en ce  of the  cell wall in  th e  u n s 
ta in e d  s ta te .

Ultrastructure o f  the capsules o f  cryptococci

A fte r A В Т re a c tio n  has developed  th e  capsules of cryptococci ap p ea red  
as s tro n g ly  baso p h ilic  and  b iréfringen t s tru c tu re s  in th e  form  o f op tica lly - 
n eg a tiv e  sp h e ru lite s , ind ica ting  tan g en tia lly -o rd e red  dye m olecules (surface- 
para lle l o rie n ta tio n  o f th e  shlow axis of r e ta rd a tio n  i.e. the  p lane o f th e  to lu i- 
dine b lue m olecules) on a rad ia lly -o rien ted  po lysaccharide  te x tu re . T h is op tica l 
o b se rv a tio n  is in  ag reem en t w ith  recen t e lec tro n  m icroscopic [4] a n d  freeze
e tch ing  [19] fin d in g s w hich d em o n stra ted  rad ia lly -o rdered  f ib rilla r s tru c tu re s  
also in  th e  capsu le  o f cryptococci. F u r th e rm o re , it is o f in te res t t h a t  th e  large 
capsules o f cryp tococc i showed heterogeneous sta in in g  and  an opposite  o p tica l 
b ehav iou r. The o u te r  lay er of the  capsu les ap p ea red  m ore basophilic  a n d  op p o 
site  to  th e  th ic k e r  in n e r layer in o p tica l ch a rac te r.

A t th e  tra n s it io n  zone betw een  th e  tw o  op tically  opposite  lay e rs , an  
iso trop ic  lay er w as c learly  seen. These fin d in g s ind icate  th a t  s im ila rly  to  the  
cell w alls, b o th  ra d ia lly  and  su rface-para lle l o rien ted  po lysaccharide chains are 
invo lved  in th e  bu ild ing  up of th e  capsu les.

T he p a r tia l resistance  of th e  cell w alls to  hydrolysis suggests th a t  th e  
(no t re s is tan t) c ircu la r polysaccharide p a r t  o f th e  capsule differed  in  its  chcm -
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ical s t ru c tu re  from  th a t  o f th e  cell wall. T his is in  agreem ent w ith  th e  find - 
m ing  th a t  th e  capsules of cryp tococci do n o t co n ta in  any  ch itionous co m p o 
n e n t [12].

O u r find ings in d ica te  th a t  op tical analysis  b y  m eans of the  A B T reac tio n  
is a v e ry  sen sitive  and useful m ethod  in th e  s tu d y  o f th e  m olecular o rd e r o f th e  
p o ly sacch arid e  chains o f y eas t cell w alls and  capsules. Therefore, th is  m e th o d  
seem s to  be able to  give fu r th e r  in fo rm atio n  a b o u t th e  com plex u ltra s tru c tu re  
of th e  cell w alls and capsu les o f m icroo rgan ism s, a possib ility  w hich, in  view  
o f th e  m o lecu la r m echan ism  of th e  A BT re a c tio n , is no t shared  b y  o th e r  
u l t r a s t ru c tu ra l  m ethods.

R E F E R E N C E S

1. F i s c h e r , J . ,  E mődy , L. (1976) M olecular o rd e r o f c a rb o h y d ra te  com ponents in cell walls
o f b a c te r ia , fungi an d  algae as show n by  a to p o -o p tic a l reac tio n  of vicinal O H  groups. 
A cta  microbiol. Acad. Sei. hung., 23, 97 —108.

2. F r e y - W y s s l i n g , A. (1954) T he fine s tru c tu re  o f cellulose m icrofibrils. Science, 119, 80 — 82.
3. F r e y -W y s s l i n g , A., Mü h l e t h a l e r , К. (1950) D er subm ikroskopische F e in b a u  von

C h itin zellw an d en . N aturforsch. Ges. (Z ü r ic h ) ,  95, 45 — 50.
4. Gu t i e r r e z , F ., F u , Sh . Y ., L u r i e , I. H . (1975) C ryptococcosis resem bling h istop lasm osis.

A rch . P ath.. 99, 3 4 7 -3 5 2 .
5. H o u  w i n k , A. L ., K r e g e r , D. H . (1953) O b serv a tio n s on  th e  cell wall of yeasts . A n  e lec tro n

m icroscope  a n d  X -ray  d iffrac tio n  s tu d y . A n to n ie  v . L eeuw enhoek J . M icrobiol. Serol. 
( A m ste rd a m ) ,  19, 1—24.

6. K la tz o , I . ,  G e i s l e r . H. (1958) D em o n stra tio n  of Cryptococcus neoformans in  p o larized
lig h t. S ta in  Techn., 33, 55 — 57.

7. K o o im a n , P . (1963) The chem ical s tru c tu re  o f th e  e x tra ce llu la r  s ta rch  produced  b y  C rypto
coccus albidus an d  Cryptococcus laurentii v a r . flavescens. A ntonie v. L eeuw enhoek  J . 
M icrobiol. Serol.. 29, 1 6 9 -1 7 6 .

8. K r e g e r , D. R . (1954) O b serv a tio n s on cell w all o f y e a s ts  and  some o th er fungi b y  X -ra y
d iffra c tio n  a n d  so lub ility  te s ts . Biochem . B io p h ys. A c ta , 13, 1 — 9.

9. M e e u s e , D . J . ,  H all , M. D. (1973) S tud ies on  th e  cell w all s ta rch  of H ericium . A n n . N . Y .
A ca d . S e i.. 210, 3 9 - 4 6 .

10. M o l n á r , J .  (1955) M eningo-encephalitis cau sed  b y  Cryptococcus neoformans. A cta  morph.
A cad . Sei. hung., 6, 233 — 239.

11. M u n d k u r , B. (1960) E lec tro n  m icroscopical s tu d ies  o f frozen  dried  yeasts. I. L o ca liza tio n
o f p o ly sacch arid es. E xp . Cell. Res., 20, 28 — 36.

12. N i c k e r s o n , J .  W . (1974) C hem ical com position  of cell walls and  m em branes o f y eas ts .
A n n . N . Y .  Acad. Sei., 235, 1 0 5 -1 0 8 .

13. N o r t h c o t e , H . D. (1963) The biology an d  ch em istry  o f th e  cell walls of h igher p la n ts ,
a lgae  a n d  fungi. In t. Rev. Cytol., 14, 223 — 265.

14. N o r t h c o t e , H. D ., H o rn , R. W . (1952) C hem ical com position  and  s tru c tu re  o f y e a s t
cell w all. Biochem . J ..  51, 232 — 236.

15. R o m h á n y i , Gy . (1963) U ber die su b m ikroskop ische  s tru k tu re lle  G rundlage de r m e ta 
c h ro m a tisch e n  R eak tio n . A cta  H istochem . ( J e n a ) ,  15, 2 0 1 —233.

16. R o m h á n y i , Gy ., D e á k , Gy ., F is c h e r , J .  (1975) A ld eh y d e  b isu lfite -to lu id in e  b lue  (A B T )
s ta in in g  as a topo -o p tica l re ac tio n  for d e m o n s tra tio n  o f lin ea r o rder of v icinal O H  g ro u p s 
in  b io log ical s tru c tu re s . H istochem istry, 43, 333 — 348.

17. S c h m i d t , J .  W . (1954) Ü ber die In te g u m e n tc u tic u la  des Isopods Idotea linearis (P e n n a n t)
in sb eso n d e re  ü ber ih r po larisa tio n so p tisch es V e rh a lten . Z. Zellforsch., 39, 537 — 549.

18. St r i p p o l i , V ., Ca ss o n e , A. (1974) Y e as t m ycelia l conversion  induced  by  N -acety l-D -glucos-
am in e  in  C andida albicans. N ature, 250, 344 — 346.

19. T a k e o , K ., U e s a k a , J . ,  U e h i r a , K ., N i s h i u r a , M. (1973) F ine s tru c tu re  of Cryptococcus
neoform ans  grow n in vivo as observed  by  freeze-e tch ing . J .  B a d .,  113, 1449 — 1454.

J á n o s  F i s c h e r , H-7643 Pécs, Szigeti ú t  12.

Acta Biologica Academiae Scientiarum Hungaricae 28, 1977



A c t a  b i o l .  A c a d .  S e i .  h u n g . ,  2 8 ( 1 ) ,  59 —72 ( 1977)

ELECTRONMICROSCOPICAL STUDIES ON THE 
ARGYROPHILIC STRUCTURES OF COLPIDIUM

CAMPYLUM
(CIUIATA, TETRAHYMENIDAE)

W. F o is s n e r

IN ST ITU TE OF ZOOLOGY, U N IV E R S IT Y  OF SALZBURG, SALZBURG 

(R eceived  1976-05-10)

Abstract

C o m para tive  ligh t- an d  e lec tro n  m icroscopical analysis o f th e  a rg y ro p h ilic  s tru c 
tu re s  in w et silvered  C olpidium  ca m p ylu m  has  led to  the  follow ing re su lts . (1) T he silver- 
line m erid ians o rder 1 an d  2 are lo ca ted  in th e  epip lasm , b e n ea th  th e  a d ja c e n t  alveolar 
m em branes of the  pellicle. T hey are  closely connected  w ith  th e  b asa l b o d ies , th e  p ro tri-  
chocysts and  the  excre tion  pore. T h u s , th e  argyrophilic  sub stan ce  is co n tin u o u s  in the 
co rtex  of C. cam pylum . (2) T he b asa l bod ies a re  argyrophilic  m ain ly  on  th e ir  prox im al 
th ird s  and  are  su rro u n d ed  by  m erid ian s  o rd er 1 in  a ring-like fash io n . H ow ever, the 
argy roph ilic  sub stan ce  of th e  m erid ian s o rd er 1 b reaks in to  th e  b asa l bod ies an d  the 
d is ta l p a r ts  o f th e  cilia and  su rro u n d s  th e  paraso m al sacs. (3) T he p ro tr ic h o c y s ts , except 
th e ir  apices, are su rro u n d ed  by silver aggregates. These are localized  on  th e  o u te r  side 
o f the cy top lasm ic  m em b ran e  lim itin g  th e  p ro trich o cy sts , and  th is  m em b ran e  is con
nected  w ith  th e  endoplasm ic re ticu lu m . T he d isappearance of th e  silver ag g reg a tes soon 
a f te r  th e  p ro trich o cy s ts  hav e  been d isch arg ed  suggests th a t  th e  a rg y ro p h ilic  substance 
is resorbed  in  th e  cy top lasm . T he e lec tro n  m icroscopical find ings en ab le  a b e tte r  u n d e r
stan d in g  of th e  lig h t m icroscopical o b se rv a tio n s  concerning the  lo ca tio n  o f th e  argyrophilic  
su b s tan ce  in b o th  restin g  an d  fu n c tio n in g  p ro trichocysts . (4) T he ex c re tio n  pore in its 
w hole ex ten sio n  is su rro u n d ed  by  silver aggregates w hich are  lo ca ted  t ig h tly  ben ea th  
th e  pellicle. (5) A ttem p ts  w ere m ad e  to  co rre la te  the  e lectron  m icroscop ica l findings 
w ith  th e  lig h t m icroscopical ones, a n d  a f ib rilla r  n a tu re  of th e  s ilverline  sy s tem  of te tra -  
h y m en id  c iliates is suggested.

Introduction*

R ecen tly , hav in g  d e m o n s tra te d  b y  electron  m icroscopy th e  subpellicu lar 
location  o f th e  SL* sy stem  (a fo rm a tio n  discovered b y  K l e i n  [12, 15]) in 
C olpidium  colpoda , we [6] have  re fu te d  th e  hypothesis p roposed  b y  P itelka  
[19] and  o th e r elec tron  m icroscopists [for de tailed  lite ra tu re , see 6] for th e  posi
tio n  and  s tru c tu re  o f th is  sy s tem . W e have  m ainly  s tu d ied  th e  position  and 
s tru c tu re  o f SL m erid ians o rd e r 2. T he a rrangem en t an d  th e  lo ca tio n  of the 
s ilv e r deposition  a t  th e  basa l bod ies, p ro trichocysts , and  SL m erid ian s o rder 1 
req u ire  fu r th e r  stud ies.

J had  p erfo rm ed  such  in v es tig a tio n s  now in C olp id ium  cam pylum , a 
species closely re la ted  to  C olp id ium  colpoda. In  the  p resen t w o rk , th e  findings

* In  th is  p a p e r th e  follow ing a b b re v ia tio n s  are used: SL  =  silv erlin e , AS =  a rg y ro 
philic  su b stance.
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in C. colpoda have been rep ro d u ced  in  C. ca m p y lu m , and  th e  site  of silver d epo
s itio n  a t  th e  p ro trich o cy sts , basal bodies, p a ra so m a l sacs, SL m erid ians o rd e r 
] as well as those a t th e  ex c re tio n  pore have been  in v es tig a ted  in detail.

F ig. 1. T h e  u p p e r h a lf  is a sch em a tic  d raw ing  of th e  silver d ep o sitio n  a t  resting  and  fu n c tio n - 
ing  (2— 4) p ro tr ich o cy s ts  o f C. ca m p ylu m  in  lo n g itud inal sec tion . In  th e  lower h a lf th e  co rre 
sp o n d in g  s tages, recognizable even  lig h t m icroscopically , a re  show n in  cross section. T he SL 
m erid ian s  o rd e r 2 (M.,) are localized  in th e  epiplasm  (E p ), b e n e a th  th e  ad jacen t a lveo lar m em 

b ra n es  o f  th e  pellicle (A) an d  enclose th e  p ro trich o cy sts . F u r th e r  exp lan atio n  in  te x t

M a te r ia l  and  m e th o d

C olp id ium  cam pylum , a cil iate  of  ab o u t  70 p m  in size, v e ry  com m on in a-mesosaprobe 
an d  p o ly sap ro b e  puddles, was c u l t iv a te d  in p lan t  infusions. T he  species was determined accord 
ing to  the  criter ia  recom m ended  b y  K ahl  [11]. F o issn er  [5] and  Mac Coy [17].

F o r l ig h t and e lectron  m icroscopy , th e  anim als were su ck ed  off from  th e  surface of th e  
in fu sio n  w ith  a p ip e tte , carefu lly  cen trifu g a ted  and, w ith o u t a n y  w ash ing , poured  over w ith  
th e  f ix a tiv e .

D ry  [8, 12, 15] an d  w et [3] s ilv e r p rep ara tio n s  were c o m p a ra tiv e ly  exam ined un d er the  
lig h t m icroscope. The p rocedure  of w e t silver im p reg n atio n  w as th e  sam e as described by 
Co rliss  [3].

P reparation  fo r  electron m icroscopy. F ixa tion  according to  P a la d e  [18] a t pH  7.5 for 
15 m in . T h e  osm ium  te tro x id e  w as w ashed  off w ith  th e  stock  p u ffe r  so lu tion , the  p rep ara tio n  
w as d e h y d ra te d  in  an alcohol series, k e p t in  p ropylene oxide fo r 30 m in  and em bedded  in 
E p o n  812.

D ehydration  of w et silvered  specim ens was in te rru p te d  a t  50%  alcohol co n cen tra tio n , 
th en  th e y  w ere  sep ara ted  from  th e  slide  to g e th e r w ith  th e  g e la tin e  lay e r w ith  a razor b lade. 
The d e h y d ra tio n  in  th e  alcohol series w as con tinued  su b seq u en tly  (sep ara tio n  of com plete ly  
d e h y d ra te d  p re p a ra tio n s  fails!). T he a n im a ls , em bedded in th e  g e la tin e  lay er, were th en  p laced 
in p ro p y len e  oxide for 30 m in  an d  em b ed d ed  in E pon  812.

T h in  sections were m ade  by  m ean s of a d iam ond knife w ith  a R e ich ert OMU-2 u ltra -  
m ic ro to m e an d  spread  on a ca rb o n  s tre n g th e n ed , p ioloform  film ed  slide. C ounter sta in ing : 
15 m in  in  an  alcoholic (50% ) u ra n y l acid  so lu tion  and 15 m in  in a lead  c itra te  so lu tion  a fte r  
R e y n o l d s  [20]. F o r electron  m icrocopical investiga tions, th e  EM  9S of th e  firm  Zeiss has 
been a v a ilab le  fo r use.
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Results

Light microscopical s tu d ies

T he SL sy stem  in  C. cam pylum  as seen in d ry  silvered specim ens (8)

C onsidering th a t  num erous stud ies on th e  SL system  o f C olpidium  
cam pylum  have heen pub lished  [5, 10, 13, 14], we described  th is sy s tem  very  
b rie fly , com pleted  by  severa l m icrographs (Figs 2 - 5 ) .  Based on th e ir  connec-

Fig. 2. R igh t la te ra l a sp ec t of the  SL system  o f C. cam pylum . The SL m erid ian s o rder 2 (M 2) 
o rig in a te  n ea r the  ap ical pole from  th e  SL m erid ian s o rd er 1 (M ,) and  re tu rn  in to  th e  sam e 

below th e  ex cre tio n  pore (E x). D ry  p re p a ra tio n , X 1 200 
T igs 3 , 4. H igh pow er m ag n ifica tio n  of th e  SL sy stem  of C. cam pylum . T he b asa l bodies (Bk) 
located  in the  SL m erid ian s o rd er 1 ap p ear u n ev en ly  im p reg n a ted . T he a p p ea ran c e  of the  re la 
tion  bodies of th e  p ro tr ic h o cy s ts  (P ) depends on th e  s tage  of function  of the  o rganelles. W et

p rep ara tio n , X 3 000, X 3 200
Fig. 5. Л  highly a rg y ro p h ilic  excre tion  pore (a rrow ) con n ec ted  w ith th e  a d ja c e n t SL m erid ians 

o rd er 1 an d  2. W et p re p a ra tio n  X 3 200
Fig. 6. A slightly  ob lique cross section  th rough  C. cam pylum . N ote the fibril sy s tem  ty p ica l of 
te trah y in en id  ciliates (k in e to d esm al fib re  kf. p o stc ilia ry  tu b u li p t ,  tran sv e rse  tu b u li =» 

t t ) ,  a pe llicu lar alveole (A), and an  ep ip lasm  (E ). M ethod “ a” , X 48 000
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t io n s  w ith  certa in  organelles, SL  m erid ians o rd er 1 (F ig. 2, Mx) an d  o rd er 2 
(F ig . 2, M„) are to  be d is tin g u ish ed . The basa l bodies o f th e  cilia (F igs 3, 4, B k) 
a p p e a r  lo ca ted  in a reg u la rly  m erid ional row , v iz ., in  m erid ians o rd e r 1, w hich 
o f te n  show  an  u n d u la n t cou rse  (F ig . 4). The basa l bodies ap p ear as h ea v y  im 
p re g n a te d  argyrophilic  g ran u les  show ing no special fine  s tru c tu re .

T h e  m eridians o rd er 2 , w hich  continue in  th e  re la tion  bodies of th e  
p ro tr ic h o c y s ts , are loca ted  ju s t  betw een  th e  row s o f th e  b asa l bodies. T hey  
arise  n e a r  th e  apex from  m erid ian s  order 1 and  a re  em p tied  n ear th e  a n ta p e x  
in to  th e  sam e s tru c tu re  (F ig . 2). U nlike m erid ian s o rd er 2 in  C. colpoda, those  
in  C. cam pylum  are u su a lly  n o t  d iv ided  in to  tw o or th ree  SLs [com p. 5]. In  
th e  ra re  cases w hen th e y  a re , th e re  are well defined  anastom oses be tw een  th e  
s e p a ra te d  p a r ts  of m erid ians o rd e r 2. Sim ilar anastom oses m ay  occur betw een  
SL  m erid ian s  order 1 an d  2 as well (Fig. 3). T he re la tio n  bodies of th e  p ro tr i
ch o cy sts  are  arranged  in  th e  SL  m erid ians o rder 2 a t  v e ry  irreg u la r d istances 
(F igs 2, 3, 4). T hey ap p ear as hom ogenous AS (F ig . 2) accu m u la ted  in  an  area  
a b o u t 1 pm  in d iam eter. O ccasionally , heav ily im p reg n a ted  rings ab o u t 1.5 pm  
in d ia m e te r  have also been  seen.

T h e  excretion  pore (F ig . 2 E x , 5 arrow ) is an  h eav ily  s ta in ed  a rgyroph ilic  
r in g  w ith  a m uch less a rg y ro p h ilic  centre. The neighb o u rin g  m erid ian  o rder 
1, so m etim es  also th e  n e ig h b o u rin g  m erid ian  o rd er 2, ru n s in to  th e  argy roph ilic  
rin g  o f  th e  excretion  pore (F ig . 5).

T h e  SL system  in  C. ca m p y lu m  as seen in  w e t silvered  specim ens (3)

L ik e  in  C. colpoda [com p. 6], there  are no p rin c ip a l d ifferences in  C. 
c a m p y lu m  be tw een  dry- and  w e t silvered SL system s. T he la t te r  are som etim es 
im p re g n a te d  so finely  th a t  th e y  are  p rac tica lly  inv isib le . S im ilar d ifficu lties 
w ere  m e t in  th e  electron  m icroscope techn ique , v iz ., one often  could n o t decide 
if  an  in ten se ly  im p reg n a ted  specim en was p re se n t in  a sem i-th in  section . 
Too f in e ly  im p reg n a ted  SL sy s tem s are of lim ited  use in  th e  e lec tron  m icros
copy  because  in  such sec tions th e  SLs are scarcely  e lev a ted  over th e  fine  n o n 
sp ec ific  p rec ip ita te s .

T h e  im preg n a tio n  m ode o f th e  basal bodies an d  of th e  re la tio n  bodies 
o f p ro tr ic h o c y s ts  p rovides th e  on ly  differences b e tw een  p ic tu res o b ta in ed  w ith  
d ry  a n d  w et p rep ara tio n . As show n in Figs 3 an d  4, th e  im p reg n a tio n  o f th e  
b a sa l b o d y  ap p a ra tu s  is q u ite  u n ev en . Some a p p e a r  as a heav ily  a rgyroph ilic  
g ra in , o th e rs  as a ring  c a rry in g  one or m ore argy roph ilic  grains of v a riab le  size. 
I  cou ld  n o t d ifferen tia te  b e tw een  basa l grain and  accessory  grain  as described  
b y  K l e i n  [13] and  G e l e i  e t al. [10]. I t  is a fu r th e r  d ifficu lty  th a t  p ro tr ic h o 
cy s ts  occasionally  occurring  a d ja c e n t to  basal bodies and  are th e n  m istak en  
fo r an  accessory  body. In  w e t silvered  specim ens, ring-like silver deposits are
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o ften  seen a t th e  s ite -o f th e  p ro trich o cy sts  (Figs 3, 4, P). T his f in d in g , v e ry  
im p o r ta n t for an u n d e rs tan d in g  o f th e  function  of p ro trich o cy sts , is d icussed  
in d e ta il below.

Electron microscopical studies 

E x am in a tio n  o f C. cam pylum  p rep a red  by  m ethod  “ a ”

T he fine s tru c tu re  o f C. cam pylum  has been  described in  som e d e ta il 
b y  P it e l k a  [19]. I  c an n o t add  m uch to  his d a ta , w hich have  been  com pleted  
m ore recen tly  by  very  deta iled  observations concerning th e  fine s tru c tu re  of 
re la te d  ciliates [1, 4, 21]. T he o rgan iza tion  of th e  co rtex  of C. cam pylum  is 
v e ry  sim ilar to  th a t  described  in  som e deta il for C. colpoda [6].

T he pellicle consists o f th e  cell m em brane, w hich con tin u o u sly  su rro u n d s  
th e  w hole cell, and th e  m em b ran e  bounded  alveoles (Figs 1, 6, A). T he silver 
shou ld  be deposited  a t th e  jo in ing  sites of these  alveoles [19]. T he f ib ro g ra n u la r  
ep ip lasm  (Figs 6, 8, E P ), ab o u t 80 nm  in th ickness, is located  b e n e a th  th e  inner 
a lveo lar m em brane. I t  becom es v e ry  th in  n ear th e  basal body  and  th e n  passes 
th ro u g h  th is  body, in  w hich it  form s th e  basal p la te . The a rra n g e m en t o f th e  
co rtica l f ib rilla r system s (F ig. 6) corresponds to  th e  s itu a tio n  described  by 
A l l e n  [1] and  E lliot e t al. [4] for Tetrahym ena pyrifo rm is, an d  th e  sam e is 
va lid  for th e  s tru c tu re  o f th e  p ro trichocysts  (m ucocysts) and  th e  excre tion  
pore.

E x am in a tio n  o f C. cam pylum  p rep a red  by  m ethod  “ b ”

Silverline m eridians order 1 and 2. As show n in all th e  F igures p re se n te d  in 
th is  p ap e r SL m erid ians o rd er 1 and  2 are loca ted  in th e  ep ip lasm , b e n e a th  
th e  jo in ing  site  of th e  pellicu lar alveoles (Fig. 9, arrow s). T hey  are a b o u t 80 nm  
in  d iam e te r and  b u ilt u p  o f silver aggregates o f v ariab le  size. T he d istances 
be tw een  these aggregates are su ffic ien t to  sep a ra te  th em  from  one an o th e r. 
T he size of th e  silver aggregates an d  th e  d iam e te r  of th e  SLs d ep en d  on the  
q u a lity  of th e  p re p a ra tio n , v iz., in  heav ily  im p reg n a ted  p re p a ra tio n s  th e  
silver aggregates are large (some 40— 80 nm ) an d  are v e ry  n ea r to  each  o th e r 
(F ig . 7), w hereas in fine ly  im p reg n a ted  specim ens th e y  are m uch sm alle r (some 
10— 40 nm ) and  are well sep a ra ted  from  each o th e r (Figs 8, 9, 11). C onsequen tly , 
th e  SLs are la rger in d iam e te r  in heav ily  im p reg n a ted  anim als th a n  in  finely  
im p reg n a ted  ones. The SLs are  in d is tin c tly  lim ited  from  th e  c y to p la sm  and 
th e  ep ip lasm  (e.g. Figs 8, 9, 10, 11). T hey  are packed  m ost tig h tly  a t  th e  bo rder 
b e tw een  ep ip lasm  and  cy to p lasm  (Figs 9, 11) an d  decrease in  b o th  size and  
n u m b e r tow ards th e  pellicu lar m em branes.
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The basal bodies, cilia  and parasom al sacs. I t  has been show n w ith o u t 
a n y  excep tion  th a t ,  in d e p e n d e n tly  of th e  degree o f im p reg n a tio n , on ly  the  
p ro x im a l th ird s  of th e  b a sa l bodies are a rg y ro p h ilic  (Figs 12, 13, 16, 19). T heir

F ig . 7. A cross section  show ing tw o  SL m eridians o rd e r 1 (M j) and  a slightly  ob liquely  sec
tio n e d  SL  m erid ian  o rder 2 (M 2). SL  m erid ians are b u ilt  up  of v e ry  d is tin c tly  large silver aggre

g a te s . M ethod “ b” , X 56 000
F ig . 8. H ig h  pow er m ag n ifica tio n  o f SL  m eridians o rd e r 2. S ilver aggregates are seen only in 
th e  ep ip ïa sm  (E p), b e n ea th  th e  cell m em brane  (Zm) a n d  b e n e a th  the  o u te r  (aA) an d  in n er (iA) 

a lv eo la r  m em b ran e . M ethod 44b ” , X 80 000
F ig . 9. A  cross section show ing tw o  SL  m erid ians o rd er 1 w ith  basal bodies, and tw o SL m erid 
ians o rd e r  2. I t  is clear th a t  th e  la t t e r  are below th e  jo in in g  s ite  of th e  pellicu lar alveoles.

M ethod  “ b ” , X 80 000

m id d le  and  d ista l p a r ts  show  v ery  w eak, if  an y , a rg y ro p h ilia  (Figs 12, 16). 
I t  is especially  clear in cross sections (Figs 18, 20) th a t  th e  m a jo rity  of th e  silver 
ag g reg a tes  was found a ro u n d  th e  basal bodies w hile m uch less aggregates
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o ccu rred  in  th e ir  cen tre . H ow ever, no sh a rp  b o rd e r could be d e m o n s tra te d  
betw een  th e  silver aggregates inside an d  th o se  o u tside  th e  basa l bodies.

B eside th e  cilia, m ain ly  th e  ax o n em a p a r t  ad jacen t to  th e  b asa l bodies 
show s argy roph ilia  (Figs 16, 19). P ro x im ally  to  th is , no specific silver deposi-

F ig . 10. A n ob lique section. N ote  th e  rin g -like  silver deposition  a round  a  p ro tr ic h o c y s t 
(a rrow ) as well as a ro u n d  a basal bo d y  an d  a SL  m erid ian  o rder 1 (M d- M ethod “ b ” , X 64 000 
F ig . 11. Cross section  of a very  finely  im p re g n a te d  C. cam pylum  specim en. N o te  th e  SL  m erid 
ian  o rd er 2 (M ,) in  th e  ep ip lasin  an d  th e  p ro tr ic h o c y s t ju s t  before d ischarged. T h e  m em b ran e  
enclosing  th e  p ro tr ich o cy s t (com p. F ig . 22) is connected  w ith  th e  endoplasm ic  re ticu lu m

(arrow s). M ethod  “ b ” , X 56 000

tio n  could  be d em o n stra ted . H ere , th e  occasionally  observed ag g reg a tes  were 
q u ite  irreg u la rly  d is trib u ted .

T he silver aggregates a ro u n d  th e  basa l bodies con tinue w ith o u t an y  
in te rru p tio n  in  aggregates a ro u n d  th e  párásom ul sacs and  bu ild  up  th e  SL 
m erid ians o rd er 1 (Figs 12—15, 18, 21). T he párásom ul sacs are  su rro u n d ed
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b y  s ilver aggregates in  a bag-like m an n er (F igs 13, 18), b u t th e ir  cen tra l p a r ts  
are  free  of th em .

Protrichocysts. E x am in a tio n  of a g re a t n u m b er of silver im p re g n a te d  
C. cam pylum  en ab led  us to  reco n stru c t, an d  con tro l by  ligh t m icroscopy, th e

F igs 12— 15. T his series o f  e lec tro n  m icrographs p re sen ts  a  good im pression  as reg ard s  th e  
silver d ep o sitio n  a t  b asa l bodies a n d  parasom al sacs. T h e  silver aggregates in  a n d  a ro u n d  
th e  b a sa l bodies (F ig. 12) lead  w ith o u t any  in te r ru p tio n  to  th e  p a rasom al sac a n d  to  th e  SL 

m e rid ia n  o rder 1 (F ig . 15, M j). M ethod “ b ” , X 64 000, X 64 000, X 64 000, X 48 000 
F igs 16, 17, 18. I rre sp ec tiv e  o f th e  degree of im p re g n a tio n  (com p. Fig. 16 w ith  F igs 12, 19) 
i t  is c learly  seen th a t  on ly  th e  p ro x im al th ird s  o f th e  b a sa l bod ies are argyrophilic . T here  a re  

silver ag gregates inside  a n d  a round  b asa l bod ies . M ethod  “ b ” , X 64 000

ex ac t loca tio n  o f th e  AS in re la tio n  to  th e  re s tin g  an d  function ing  p ro tr ic h o 
cysts  (F ig . 1). F o u r phases  could  be d is tin g u ish ed , v iz ., (1) resting  p ro tr ic h o 
cysts  w h ich  are su rro u n d ed  b y  a m em brane  o rig in a tin g  in  the  endop lasm ic
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re ticu lu m  (Fig. 11, arrow s); these  are su rro u n d e d , in a hag-like m an n er, b y  
a g rea t n u m b er of silver aggregates (Figs 1 [1], 22). T he aggregates, w hich  
con tinue  w ith o u t in te r ru p tio n  in the SL m erid ian s o rd e r 2 (Fig. 11), are  c a r 
ried tig h tly  b y  th e  m em b ran e  su rround ing  th e  p ro trich o cy sts , h u t are  n o t 
connected  w ith  th e  organelles them selves. T h e  ap ex  of th e  p ro trich o cy sts  
was alw ays free of silver aggregates (Figs 22, 23). A t th e  level o f th e  ep ip lasm , 
how ever, these  occur in  a g rea te r  n u m b er, ap p e a rin g  in lo n g itud ina l sections 
as a w edge-like silver d ep o sit (Fig. 22). T h e  degree of silver accu m u la tio n  as 
well as th e  size of th e  silver aggregates d ep en d s, ju s t  like in m erid ians 
o rd er 1 and  2 and  th e  b asa l bodies, on th e  p re p a ra tio n  tech n iq u e . (2) W hen  
th e  p ro trich o cy sts  are p u sh ed  out, th e  p e llicu la r m em branes fuse an d  th e  
organelles can  leave th e  an im al th rough  th e  re su ltin g  circu lar gap (F ig . 1 [2]). 
M ost o f th e  AS rem ains in  th e  anim al (F ig . 23), b u t little  am o u n ts  m ay  be 
found  tig h tly  a tta c h e d  over th e  pellicle, sug g estin g  th a t  p a r t  of th e  AS is lo s t 
(F ig . 23, arrow ) [com pare 6]. (3) The bage-like  vacuoles th a t  co n ta in ed  th e  
p ro trich o cy sts  will d im in ish  in  size and soon d isap p ea r as th e  organelles h av e

F igs 19, 20, 21. P lane  sec tions show ing th a t  silv er ag g reg a tes  o f SL m erid ian  o rd er 1 (F ig . 
18, Mj) co n tinue  w ith o u t a n y  in te rru p tio n  to th e  b a sa l bod ies (F ig. 18, B k) an d  to  th e  p a ra -  

som al sacs (F ig . 17, 21, Ps). M eth o d  “ b ” , X 64 000

been  d ischarged  (Figs 1 [3] 26). M eanw hile th e  silver aggregates are  even ly  
d is tr ib u te d  a ro u n d  th e  m ore or less sp h erica l vacuo le  so th a t  th e  silver ag g re 
gates ap p ear d iffusely  d is tr ib u te d  (Figs 1 [3], 25). (4) These aggregates d im in ish  
in  n u m b er and  e v e n tu a lly  d isappear a t  all as th e  gaps becom e sm alle r 
an d  sm aller. T he AS is obv iously  reso rbed  b y  th e  cy to p lasm . O nly SL m erid ian - 
o rd er 2 rem ains v isib le ; i t  runs w ith o u t an y  in te r ru p tio n  over th e  p lace w here 
th e  organelles w ere re leased  (Figs 1 ,11).

T he ex istence  o f  fou r phases is c o n s is te n t w ith  th e  ligh t m icroscopic 
find ings (see d iscussion): phases 1 an d  2 co rresp o n d  to  th e  ring-like silver 
d eposit (Figs 4, P , 2 2 —24), phase 3 co rresp o n d  to  th e  diffusely im p re g n a te d  
re la tio n  bodies (Figs 3, P , 25, 26) w hile ph ase  4 to  m erid ians o rd e r 2 (F ig . 
11 ) .
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The excretion pore. T h e  ligh t m icroscopical findings have been  con firm ed  
b y  e lec tro n  m icroscopy also as regards th e  silver deposit a t th e  ex c re tio n  pore. 
In  lo n g itu d in a l sections o f  th e  ex c re tio n  pores (Fig. 27) th e  v e ry  d is tin c t, 
la rg e  s ilver aggregates w ere seen on ly  u n d e r  th e  pellicu lar m em branes an d  u n d e r 
th e  a lv eo la r m em branes jo in in g  th e  pores. A lthough  these should  show  ligh t 
m icroscop ica lly  one or m ore u n ifo rm ly  im p reg n a ted  grains, th e  s ilver d eposit

F ig . 22. R e stin g  p ro tr ich o cy s t su rro u n d e d  by  bag-like  a rran g ed  silver aggregates. T hese  a re  
lo c a te d  ou tside  th e  m em b ran e  enclosing th e  o rganelle . M ethod  “ b ” , X 72 000 

F ig . 23. W h en  th e  p ro tr ich o cy s ts  a re  p u sh ed  o u t, a  l it t le  AS (arrow ) m ay  escape. M eth o d  “ b ” ,
X 64 000

F ig . 24. R e stin g  p ro trich o cy s t. Cross sec tion . N o te  th e  ring -like  silver deposition . M eth o d
“ b ” , X 64 000

F ig s 25, 26. P ro tr ich o c y s t “ loop-holes”  in  p lane  sec tio n  (F ig . 26). T he silver ag g reg a te s  a re  
n e a r ly  e v en ly  d is tr ib u te d  on  th e  su rface  of th e  loop-hole . M ethod  “ b ” , X 64 000 
F ig . 27. E x c re tio n  pore, lo n g itu d in a l section . N o te  th e  silver aggregates exclusively  u n d e r  th e  

p e llicu lar m em b ran es. M eth o d  “ b ” , X 48 000
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often  appears ring-like (F ig. 5). This d isc repancy  can  easily  be exp la ined  b y  th e  
follow ing co nsidera tions: (1) T he ring-like fo rm a tio n  m ay  be an o p tica l a r te fa c t 
w hich arises because th e  cen tres o f th e  pores, b e ing  located  co n sid e rab ly  
deeper, do n o t d raw  a sh arp  p ic tu re . In  fac t, w eak  argyroph ilia  can  be seen 
in  th e  cen tres o f th e  pores as well if  th e  specim ens are exam ined  co rrec tly . 
(2) F u rth e rm o re , th e  silver-free cen tre  m ay  be an  expression  of a c e r ta in  stag e  
o f func tion  o f th e  co n trac tile  vacuole . W h en  th e  vacuole is em p tied , th e  
m em branes lim itin g  th e  pore are  b roken  th ro u g h  [4]; consequently , th e  AS in  
th e  cen te r o f th e  pore m u st d isap p ear. D uring  th e  su b seq u en t reg en era tio n  of 
these  m em branes AS m u st develop again b e n e a th  th e  m em branes, m ak in g  
AS dem o n strab le  by  elec tron  m icroscopy (F ig . 27). I t  is for th e  sam e reason , 
th a t  hom ogeneously  im p reg n a ted  pores in  v a ria b le  n u m b er are seen in  m a n y  
lig h t m icrographs.

Discussion

S L  m eridians order 1 and  2

The p re se n t stud ies have  show n th a t  th e  SL  m eridians o rd e r 1 an d  
2 are lo ca ted  in  th e  ep ip lasm  o f C. cam pylum . A ccord ing ly , th e y  can  be re g a rd 
ed as su b pe llicu la r s tru c tu re s  [6]. In  C. colpoda, on  th e  o th e r h a n d , we [6] 
found  th e  SL m erid ians o rd er 2 in  th e  ep ip lasm , w hereas th e  m erid ians o rd e r 1 
som ew hat deeper. A rev ision  o f th e  C. colpoda p re p a ra tio n s  has recen tly  show n 
th a t  th e  SL m erid ians o rd e r 1 are located  in  th e  ep ip lasm  too. T he earlie r 
erroneous conclusion can he exp la ined  by  th e  fa c t th a t  we did n o t ta k e  in to  
considera tion  th e  silver deposit a round  th e  p a ra so m a l sacs w hich ex ten d s  deep 
in to  th e  cy to p lasm  (com p. Figs 13, 14). T h u s , we concluded th a t  th e  SL 
m erid ians o rd e r 1 are lo ca ted  som ew hat d eep er, in  a variab le  position .

The protrichocysts

K l e in  [15, 16] described  th e  position  o f  th e  AS a t  resting  an d  fu n c tio n 
ing trich o - an d  p ro trich o cy sts  as follows. (1) T richo- and  p ro trich o cy sts  are 
connected  b y  a re la tion  g ra in , w hich is so m ew h at below  th e  apex, w ith  th e  SL 
system . (2) A t th e  site  w here an  organelle is b e in g  discharged, th e  SL  form s a 
ring , i.e ., a c ircu la r fib ril th ro u g h  w hich th e  organelle  leaves th e  an im al. T he 
re la tion  g ra in , rem ain ing  on th e  re la to r, leaves th e  an im al to g e th e r w ith  th e  
secretion  organelle. (3) T he s tro n g  a rg y ro p h ilia  a ro u n d  th e  c ircu la r f ib ril is 
due to  th e  a c tiv a tio n  of a fine ly  m eshed SL  sy s tem  a t th e  site  o f  d ischarge .
(4) T he gap (a “ loop-hole” ) an d  th e  ring  are  closed soon a fte r th e  secre tion  
organelle has left th e  an im al.

Ada Biologien Academiae Scienliarurti Hungaricae 28, 1977



7 0 W. FOISSNER

T h e p resen t e lec tro n  m icroscopical s tu d ies  have led to  a con tro v ersia l 
in te rp re ta t io n  of th e  lig h t m icroscopical f in d in g s (see p. 000): (1) No re la tio n  
g ra in  as in te rp re ted  b y  K l e in  [15, 16] ex ists  a t th e  p ro trich o cy sts  (F igs. 2, 
23). T h e  fac t th a t  K l e in  [16] found  a re la tio n  g ra in  in  the  lum en o f a c ircu lar 
f ib r i l  m ig h t be exp la ined  as follows: as a p ro trich o cy st has been d ischarged , 
p a r t  o f  th e  AS ex ten d s, m ore  or less even ly , over th e  gap and  th u s  a re la tio n  
g ra in  m ay  be sim u la ted  (com p. Figs 25, 26). (2) There is no c ircu la r fibril 
a ro u n d  th e  p ro trich o cy sts , for th e  AS su rro u n d in g  th e  p ro trich o cy sts  along 
its  fu ll len g h t leaves on ly  its  apex  free (F ig . 22). K l ein  [16] h im self em phasized  
th e  r a r i ty  of p rep ara tio n s show ing  such c ircu la r fib rils. This m ay  th e re fo re  be 
in te rp re te d  so th a t  re s tin g  p ro trich o cy sts  a ro u n d  w hich the  lig h t m icroscope 
sh ow s a ring-like silver dep o sitio n  caused b y  th e  bag-like silver accu m u la tio n  
a ro u n d  these  organelles (see Fig. 22) occur v e ry  seldom  in d ry  p re p a re d  speci
m en s  because th e  p ro tr ich o cy s ts , owing to  th e  stim ulus due to  d e h y d ra tio n , 
a re  soon  discharged an d , co n seq u en tly , m a in ly  th e  reso rp tion  s tages o f  “ loop
h o le s”  are  seen (Figs 25, 26). This in te rp re ta tio n  is supported  b y  th e  o b se rv a 
t io n  th a t  such circu lar fib rils  have  been seen m uch more fre q u e n tly  in  wet 
p re p a re d  specim ens (Figs 3, 4), w hich had  been killed b y  a p rocedure  o f m uch 
s h o r te r  d u ra tio n . (3) T he in ten siv e  a rg y ro p h ilia  o f th e  “ c ircu lar f ib r il”  de
sc r ib e d  b y  K lein  [15, 16] arises from  th e  bag-like AS su rround ing  th e  p ro tr ic h o 
c y s ts  (F ig . 22). The c o n c e n tra tio n  of AS here  causes a light m icroscop ically  
d e m o n s tra b le  argy ro p h ilia , m ore in tensive  th a n  in  SL m eridians o rd e r 1 an d  2. 
(4) T h e  AS around  th e  p ro tr ich o cy sts  is re so rh ed  as the  organelles h av e  been 
d isc h a rg e d . This is su p p o rte d  f irs t of all b y  th e  ligh t m icroscopic f in d in g s in 
d ry  p re p a re d  specim ens, v iz ., th e  m a jo rity  o f SL  m erid ians order 2 show  n e ith e r  
a rg y ro p h ilic  grains n o r rings [13].

B ased  on these f in d in g s  we recom m end  th e  te rm  “ re la tion  b o d y ”  (R e 
la tio n sk ö rp e r)  in stead  o f th e  te rm s “ Z irk u la rfib rille ” and  “ R e la tio n sk o rn ” 
p ro p o se d  b y  K lein  [16].

The basal body

T h e  electron m icroscopic find ings concern ing  th e  silver d ep osition  a t the  
b a sa l bodies and p a raso m al sacs do n o t co rre la te  w ith  th e  ligh t m icroscopic 
o b se rv a tio n s  unequ ivoca lly . T his is because th e  s tru c tu ra l un its a re  a t  th e  
th re s h o ld  of ligh t m icroscopic v is ib ility  an d  th u s  can  be m is in te rp re ted . These 
d iff ic u ltie s  po in t to  th e  fac t th a t  th e  s tru c tu re  of th e  basal body  a p p a ra tu s  of 
C. c a m p y lu m  as described  b y  K l ein  [14] an d  G e l e i  et al. [10] is so m ew h at 
d if fe re n t. The circu lar fib rils  of these  au th o rs  m ay  correspond to  th e  silver 
d e p o s its  a round  th e  b asa l bod ies (Figs 18, 20). T he argyrophilic  g ranu les (basa l 
g ra in  a n d  accessory grains) on and  in  th e se  rings should  m ostly  co rresp o n d
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to  th e  hasal bodies w ith  th e ir  parasom al sacs. Since these g ra ins m ay  occur in 
g rea t n u m b er and  are  n o t alw ays round  (Figs 3, 4), we a t t r ib u te  som e role to  
p re p a ra tio n  a rte fac ts  an d /o r optical defo rm ations.

Structure and func tion  o f  the S L  system

I t  was found  sh o rtly  before ou r e lec tron  m icroscopical s tu d ies  on C. 
cam pylum  th a t ,  in  peritrich o u s and  h y p o trich o u s ciliates, th e  s ilver lines are 
iden tica l w ith  ce rta in  co rtica l fibrils [7, 9]. T he sam e could  be n o t dem on
s tra te d  in  te tra h y m e n id  ciliates. In  conven tio n a lly  p repared  specim ens o f C. 
colpoda [com pare 6] an d  C. cam pylum  no specific  m a te ria l was found  a t  the 
sites of silver deposits. I am  nevertheless convinced  th a t  th e  SLs are fibrils 
even in  te tra h y m e n id  cilia tes, though , these  fibrils c an n o t be d em o n stra ted  
w ith  th e  p rep a ra tio n  techn iques used so fa r [com pare 6]. T he SL system s of 
c ilia ta  show lig h t m icroscopically  such a v e ry  sim ilar s tru c tu re  t h a t  it  would 
be h ighly  un likely  th a t  th e y  were build  u p  o f fibrils only  in p eritrich o u s and 
h y po trichous cilia tes and  n o t in te tra h y m e n id  ciliates. I t  is how ever possible 
th a t  th e  SL system s o f d ifferen t ciliates show  som e s tru c tu ra l d issim ilarities.

T he p resen t in v estig a tio n s em p h atica lly  suggest th a t  th e  SL  system  is 
connected  w ith sev era l co rtical s tru c tu re s , viz., basal bodies, p ro trich o cy sts  
and  excre tion  pore. These and  m any  o th e r observa tions [see 6, 7, 9] su p p o rt 
th e  view  th a t  th e  SL  system  plays p a r t  in convey ing  locom otoric im pulses and 
in  bu ild ing  up new fo rm ations [15].
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UTILIZATION OF KEROSENE BY A HYDROCARBON- 
ASSIMILATING STRAIN OF FUSARIUM OXISPORUM
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A bstract

F usarium  oxysporum  IF O  6384 was grow n in th ree  d ifferen t m edia, one c o n ta in 
ing glucose an d  tw o co n ta in in g  kerosene as c a rb o n  source. One of th e  kerosene  m edia  
co n ta in ed  also Tw een 60. T he h a rv ested  d ry  m a ts  were weighed a t  v a rio u s  s tag es  o f 
g row th . S u b s titu tio n  of glucose w ith  kerosene  led  to  a sharp  drop in th e  p ro d u c tio n  
of fungal m ycelia . A nalysis o f th e  m at sam ples rep re sen tin g  m axim um  y ields in d ica ted  
th a t  th e  m ycelia  grow n in  the  kerosene m ed ia  w ere rich e r in free am ino acid  a n d  poorer 
in p ro te in  as well as in po lym eric  an d  low -m olecu lar w eight ca rb o h y d ra te s  th a n  those  
grow n in th e  glucose m edium . T rea tm e n t o f th e  c u ltu re  filtra te s  w ith  th re e  vo lum es 
of acetone led to th e  sep a ra tio n  of two frac tio n s . In  th e  f irs t, acetone so luble  frac tio n  
th e  free sugars an d  am ino acids were d e te rm in e d , w 'hereas the  second, ace to n e  p ré 
c ip itab le  one, w as exam ined  for its  p ro teo ly tic  a c tiv ity . The gela tinase  a c t iv ity  o f the  
ace tone  p réc ip itab le  m ate ria l (АРМ ) o b ta in e d  from  th e  kerosene m edia  w as lower 
th a n  th a t  from  th e  glucose m edium . T he fo rm er a c tiv ity , in c o n tra s t  to  th e  la t te r  
reach ed  its  m ax im u m  an d  m inim um  v alues a t  p H s 4 an d  9, respec tive ly .

Introduction

T he a b ility  of m icroorganism s to  a ssim ila te  hydrocarbons was recognized 
m an y  years ago and  since th e n  m uch a t te n tio n  has paid  on th e  p ro d u c tio n  of 
m icrob ia l cells an d  m etabo lites, such as o rganic  acids and  v ita m in s , from  
n -p a ra ffin s . H ow ever, little  in fo rm atio n  is y e t availab le  on the  p ro d u c tio n  of 
enzym es from  hydro carb o n s. In  recen t y ea rs , th e re  has been a grow ing in te re s t 
in  th e  ex trace llu la r  p ro tease  p roduced  b y  h y d ro carb o n  assim ila ting  fungi. 
N a k a o  e t al. [7] and  S u z u k i  e t al. [9], in v e s tig a tin g  fungi p roducing  a lkaline  
p ro tease  from  n -p araffin s , selected  F u sa riu m  sp . S -19—5 as an  exce llen t s tra in  
an d  successfully  o b ta in ed  th e  k ab ic id ine  re s is ta n t m u ta n t N o. 5-128B. 
This m u ta n t was found to  be capab le  o f accu m u la tin g  large am o u n ts  o f a lk a 
line p ro tea se  in  th e  cu ltu re  b ro th , and  ex cre ted  larger q u an titie s  o f enzym es, 
such  as am ylase  and  nuclease, th a n  th e  p a re n t. F u rth e rm o re , S u z u k i  e t al. [8] 
h av e  in v es tig a ted  th e  cu ltu re  cond itions fo r in d u stria l p ro d u c tio n  o f a lkaline  
p ro tease  from  n -p araffin s  b y  the  m u ta n t  N o. 5 — 128B. The effects o f oxygen 
su p p ly , in itia l p H  an d  te m p e ra tu re , n itro g en  source, p h o sp h a te  c o n c e n tra 
tio n , and  surface ac tive  ag en t were s tu d ie d .
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T h e p resen t w ork aim ed a t s tu d y in g  th e  u tiliz a tio n  of kerosene (in stead  
o f glucose) b y  F usarium  oxysporum  IF O  6384 an d  p roduction  of fungal m ycelia  
as w ell as some m e tab o lite s , such as am ino  acids, p ro te in s, c a rb o h y d ra tes , an d  
p ro tea se .

M ateria l and  m ethod

Organism . The m icroorgan ism  used  in  th is  w o rk  w as F usarium  oxysporum  IF O  6384, 
k in d ly  su p p lied  by th e  “ I n s t i tu te  for F e rm en ta tio n , O sak a  (IF O ), J a p a n ” .

C ulture media and conditions. The com position  of th e  m edia is given in  T ab le  1. T he 
fu n g a l s tra in  grow n on s la n ts  w as used to  inocu la te  10 m l o f m edium  (I) (see T ab le  1) in large 
te s t  tu b e s  a n d  th e  tu b es  w ere in cu b a ted  a t  28 °C fo r 48 h  in  a  shaker. One m illilitre  vo lum es 
o f th e  c u ltu re  b ro th  th u s  o b ta in e d  were tran s fe rre d  in to  250-m l E rlem neyer flasks each  con
ta in in g  25 m l m ed ium  a n d  th e  flask s were shaken  fo r 144 h  a t 28 °C on a ro ta to ry  sh ak er. 
F u n g a l m ycelia  were h a rv es te d  a t  d ifferen t in c u b a tio n  pe rio d s by  f iltra tio n  follow ed b y  qu ick  
w a sh in g  w ith  0 .85%  saline. T he collected  m ats  w ere d ried  over P 20 5 in vacuo to  c o n s ta n t 
w e ig h t.

Table 1

C om position o f  the media used fo r  growing o f  F u sa riu m  oxysporum IF O  6384

Component
A m ount p resen t in  1000 ml

Medium I M edium I I Medium III

K erosene — 50 m l 50 ml

Glucose 15.00 g — —

K H 2P O , 1.00 g 1.00 g 1.00 g

N a N 0 3 2.00 g 2.00 g 2.00 g

M gSO, . 7H ..0 0.50 g 0.50 g 0.50 g

KC1 0.50 g 0.50 g 0.50 g

FeSO j . 7 H 20 0.01 g 0.01 g 0.01 g
Y east e x tra c t 1.00 g 100 g 1.00 g

Tw een 60 — _ 0.80 g

5.00 5.00 5.00

A n a ly s is  o f  the fu n g a l mycelia. The iso lated  m y ce lia  w ere ex trac ted  several tim es w ith  
h o t  e th a n o l (8 5 % ) and  th e  alcoholic  e x tra c t w as an a ly zed  fo r i ts  am ino acid and  low -m olecu lar 
w e ig h t c a rb o h y d ra te  co n ten ts . On th e  o th er han d , th e  a lcohol ex trac ted  m ycelia  w ere th e n  
su b je c te d  to  tw o acid  hydro ly sis  p rocedures, one specific  fo r hydro lysis of po ly sacch arid es 
[4], a n d  th e  o th e r  for p ro teo lysis [2]. T hus in  the  f irs t h y d ro ly sa te  the ca rb o h y d ra te s , w hereas 
in  th e  second  th e  am ino acid  c o n te n ts  were d e te rm in ed .

D eterm ination  o f  am ino acids. The m eth o d  of Mu tin g  and  K aiser  [6] w as used  for 
e s t im a tio n  o f am ino acids. A s ta n d a rd  cu rve  for g lycine  w as used  for calcu la tion .

P repara tion  o f  the acetone précipitable material ( А Р М ) .  T he cu ltu re  f i ltra te  w as ad d ed  
to  3 v o lu m es of ice-cold ace to n e  a n d  the  АРМ  w as se p a ra te d  by  cen trifu g a tio n , th e n  d ried  
o v er P 20 5 u n d e r  reduced  p ressu re . T he su p e rn a ta n t w as sh a k e n  th ree  tim es w ith  eq u al vo lum es 
o f e th e r , a n d  th e  aqueous la y e r  w as su b m itte d  to  am ino  acid  and  c a rb o h y d ra te  an alysis.

D eterm ination  o f  proteins. T h is was done acco rd in g  to  th e  m ethod  of Lowry et al. [5].
D eterm ina tion  o f  gelatinase activity. T he АРМ w as d isso lved  in 0.2 mol/1 glycine bu ffers  

(p H s 4, 7, a n d  9) to  o b ta in  th e  f in a l c o n cen tra tio n  of 1 m g /m l (in  each case). In  th e  re su ltin g  
so lu tio n s  th e  ge la tinase  a c tiv ity  w as de te rm in ed  a t  th e  a fo re -m en tio n ed  pH -v a lu es, acco rd ing  
to  th e  m e th o d  of B ergkvist [1]. B riefly, a 5%  g e la tin  so lu tio n  co n ta in ing  th e  A M P w as 
in c u b a te d  a t  37 °C, and  th e  re d u c tio n  in v iscositv  w as d e te rm in ed .
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Results an d  discussion

T he grow th ra te s  for Fusarium  oxysporum  IFO  6384, grow n in  th ree  
c u ltu re  m edia, are g iven  in  Table 2. T h e  re su lts  clearly show th a t  th e  s u b s ti tu 
tio n  o f  glucose w ith  kerosene as carbon  so u rce  led to  a sharp  d rop  in th e  p ro d u c 
tio n  o f m ycelia. T his observation  seem s to  he in  accordance w ith  th a t  o f  S uz u k i  
e t al. [8], who found  th a t  the  grow th o f  th e  m u ta n t  No. 5— 128B o f F u sarium  
sp . decreased to  a q u a r te r  of its va lue  w h en  kerosene was used in s te a d  o f g lu 
cose.

Table 2

Production o f  fu n g a l  mycelia in three m edia* containing different carbon sources

Weight (in g) o f m ats harvested from different media
lncuoauo ii period

(h) Medium I Medium 11 Medium I I I

4 8 5 .0 0 0 .7 2 0 .3 2

7 2 5 .1 2 1 .5 2 0 .6 8

9 6 4 .4 0 2 .0 0 1 .1 6

1 2 0 4 .0 9 2 .4 8 1 .6 4

1 4 4 3 .9 2 2 .1 2 1 .4 0

* See T able  1

A ddition  o f T w een 60, a su rface  ac tiv e  agent, to  th e  kerosene  m edium  
re su lte d  in a fu r th e r  decrease in m y ce lia l yield. H ow ever, th e  m ax im u m  
w eig h t o f m ycelia w as reached as la te  as a f te r  5 days of in cu b a tio n  in  c o n tra s t 
to  th e  3 days req u ired  is th e  glucose m e d iu m . T he results, co llec tive ly , in d ica te  
t h a t  kerosene was u tilized  more slow ly  a n d  h ad  a lower effic iency  fo r  p ro d u c 
tio n  o f  F . oxysporum  m ycelia, as c o m p a re d  to  glucose. I t  is likely  t h a t  glucose 
ca n  easily  be u tilized  w ith o u t being tra n s fo rm e d  into an in te rm e d ia ry  m e ta b o 
lite , w hereas kerosene  requires som e conversions to  be read y  for a b so rp tio n  
a n d  assim ila tion . T he mycelial sam p le s  rep resen tin g  m axim al y ied ls were 
a n a ly z e d  for low -m olecular weight a n d  po lym eric  ca rb o h y d ra tes  as well as 
free  and  hound  am ino  acids. The re su lts  reco rd ed  in Table 3 in d ic a te  th a t  th e  
fu n g a l m ycelia grow n in th e  kerosene m ed ia  w ere characterized  b y  th e ir  h igher 
free am ino  acid c o n te n t and  lower c a rb o h y d ra te  and pro te in  c o n te n ts  as com 
p a re d  to  those of m ycelia  grown on th e  glucose m edium . F u r th e rm o re , i t  is 
e v id e n t th a t  th e re  is no significant d iffe ren ce  in  com position b e tw een  m ycelia 
g row n  in e ith e r  o f th e  tw o kerosene m ed ia . These an a ly tica l d a ta  m ay  be 
v a lu a b le  for an y  fu r th e r  in v estig a tio n  o f  econom ical p ro d u c tio n  o f  fungal 
am in o  acids, p ro te in s , and  ca rb o h y d ra tes  u sing  a cheap carb o n  source.
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Table 3

C om position o f  the m at sam ples representing the m a xim um  yields

С o m p о Il e n t  s(%)*

Culture media**
Low-MW

carbohydrates
Polymeric

carbohydrates
Free amino acids 

(as glycine)
Bound amino 

acids (as glycine)

M edium  I 4 .8 0 2 4 .5 4 1 .6 0 1 5 .8 2

M edium  II 2 .3 3 1 7 .2 9 3 .0 0 12 .8 1

M edium  I I I 2 .2 5 1 6 .5 3 2 .2 5 1 2 .5 2

* O n d ry  basis 
** See T able  1

T re a tm e n t of th e  cu ltu re  f i l tra te  of F . oxysporurn  w ith  3 vo lum es o f 
ace to n e  led  to  th e  sep a ra tio n  o f  tw o frac tio n s, v iz ., an  acetone soluble f ra c tio n  
an d  an  ace to n  p réc ip itab le  one. In  th e  fo rm er, th e  free am ino  acids and  su g ars , 
w h ereas  in  th e  le t te r  th e  p ro teo ly tic  a c tiv ity  w ere de te rm ined . Table 4 show s 
th e  c o n c e n tra tio n  of ex trace llu la r  free sugars p re se n t in cu ltu re  f i l t r a te s  
o f F . oxysporurn  o b ta in ed  a f te r  d ifferen t in c u b a tio n  periods. The resu lts  r e 
v ea led  th a t  in  th e  f irs t 48 h m ore th a n  99%  o f th e  in itia l am ount of th e  free 
su g ars  p re se n t in  glucose m ed iu m  was consum ed an d  5 g/1 m ycelium  w as p ro -

ТаЫе 4

C oncentration  o f  free  sugars present in  culture filtra tes  o f  F . oxysporurn 1 F 0  6384 grown in  three 
m edia* contain ing different carbon sources

ibation period
Free sugars (mg/1) determ ined as glucose

(h) Medium I Medium II Medium III

0 .0 0 1 5 ,1 3 8 .0 0 1 3 8 .0 0 1 3 8 .0 0

4 8 5 2 .0 0 9 6 .6 0 4 1 .0 8

72 5 3 .6 4 8 8 .5 1 4 2 .1 5

9 6 5 2 .9 1 7 9 .0 0 4 5 .6 2

1 2 0 6 0 .1 6 6 0 .3 2 5 0 .0 5

1 4 4 6 5 .4 0 6 2 .1 6 5 2 .8 4

* See T ab le  1

duced . O n th e  o th e r h an d , 56 .29%  of th e  in itia l a m o u n t (0.138 g/1) of th e  free  
sugars p re se n t in  th e  kerosene co n ta in in g  m ed iu m  w as consum ed in th e  f ir s t  
120 h  o f  in c u b a tio n , an d  2.48 g/1 m ycelium  w as p ro d u c e d . F u rth e rm o re , w h en  
T w een  60 w as ad d ed  to  th e  kerosene m ed iu m , 6 4 %  o f th e  in itia l a m o u n t
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(0.138 g/1) of free sugars w as consum ed in  th e  120 h  of incubation  and  1.64 g/1 
m ycelium  was o b ta in ed . T hese results in d ic a te  t h a t  in th e  presence o f  h igh  
c o n cen tra tio n  of glucose s tim u la tes th e  u tiliz a tio n  of th is source o f ca rb o n  
an d  th e  p ro d u c tio n  o f re la tiv e ly  high am o u n ts  o f  m ycelia. On th e  c o n tra ry , 
in  th e  presence of kerosene as m ain  source o f  ca rb o n , th e  very  little  a m o u n t 
o f  sugars was u tilized  a t  a slower ra te  an d , also , th e  m ycelium  y ie ld  wras 
lower.

T he ex trace llu la r free am ino acids p re se n t in  th e  d ifferent cu ltu re  b ro th s  
(Table 5), show ed a d rop  in  co n cen tra tion  b y  th e  4 8 th  of incubation . T b c  d a ta  
in T ab le  5 ind ica te  th a t  93%  and 96%  o f th e  in itia l am ounts o f free am ino

Table 5

Concentration o f  free  am ino acids present in  culture filtra te s  o f  F . oxysporum  IF O  6384 grown  
in  three media* containing d ifferen t carbon sources

Incubation  period
с о

Free amino acids (mg/1) determ ined as glycine

Medium I M edium 11 Medium 111

0 .0 0 1 8 0 .0 0 1 8 0 .0 0 1 8 0 .0 0

4 8 7 .0 0 1 3 .0 0 1 3 .0 0

7 2 6 .8 5 1 3 .1 2 1 3 .2 0

9 6 6 .0 7 1 3 .1 2 1 3 .2 0

1 2 0 5 .1 4 1 3 .1 5 1 3 .2 5

144 4 .8 0 1 3 .5 0 1 4 .0 0

* See T able  1

acids, p resen t in th e  kerosene m edia, an d  th e  glucose m edium , were co nsum ed  
w ith in  48 h. The ra p id  consum ption  of e x tra c e llu la r  am ino acids can  be a t t r ib 
u te d  to  th e  h igh am ino  acid req u irem en t o f F . oxysporum , e spec ia lly  in  th e  
e a rly  stages o f g ro w th  (48 h).

P ro d u c tio n  o f А РМ  was also in flu en ced  b y  th e  carbon source. T ab le  6 
show s th a t  th e  m ax im u m  p roduction  o f  А РМ  was a tta in ed  a fte r  120 h  of 
in cu b a tio n  in  th e  glucose m edium  an d  a f te r  144 h in  th e  kerosene m edia. 
F u rth e rm o re  th e  m ax im u m  yield (1080 mg/1) o f  АРМ  ob tained  from  th e  k e r
osene con ta in ing  m ed iu m  I I  was slig h tly  h ig h e r th a n  th a t  (936 mg/1) p ro d u ced  
from  th e  glucose m ed iu m . A ddition  o f  T w een 60 to  the  kerosene m edium  
red u ced  th e  АРМ  y ield  (800 mg/1).

T he effect o f ca rb o n  source and  In c u b a tio n  period on th e  co m position  
o f  th e  sep a ra ted  А РМ  are  show n in T ab le  7. B o th  o f ca rb o h y d ra te  a n d  p ro te in  
c o n te n ts  o f th e  А РМ  decreased  w hen th e  in c u b a tio n  period was p ro longed
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u p  to  120 h . A sudden  increase  in  these  co m p o n en ts  was th en  o b serv ed  on th e  
s ix th  d a y  o f incu b a tio n . T hese  resu lts in d ica te  t h a t  th e  firs t decrease in  c a rb o 
h y d r a te  c o n te n t was due to  its  consum ption  b y  th e  growing fungus. To av o id  
c o n fu s io n , i t  should be n o te d  th a t  th e  a p p a re n t  slight decrease in  p ro te in  
c o n te n t  w as accom pan ied  b y  an  app rec iab le  increase (Table 6) in  th e  y ie ld  
o f  А Р М . T hus, th e  p ro d u c tio n  of ex tra c e llu la r  p ro te in  was ac tu a lly  in creased  
w ith  th e  increase of in c u b a tio n  period. T he n e x t  sudden  increase in  b o th  of 
c a rb o h y d ra te  and  p ro te in  co n ten ts  was su p p o sed ly  due to  an  au to ly sis  o f  th e  
fu n g a l m ycelia  and lib e ra tio n  of th e ir  ce llu la r com ponents. In  d e te rm in a tio n  
o f  p ro te o ly tic  a c tiv ity  o f  А РМ  the  presence o f th re e  types of p ro te in  h y d ro ly z 
in g  en zy m es [1] w ith  d iffe ren t op tim um  p H s was tak en  in to  co n sid e ra tio n . 
T h e re fo re , th e  gela tinase  ac tiv itie s  of th e  А Р М  sam ples teas assayed  a t  th re e

Table 6

P ro d u c tio n  o f  the acetone précipitable material ( А Р М )  by F . oxysporum IF O  6384 grow n in  
three m ed ia* containing d ifferen t carbon sources

. Acetone p récip itab le m aterial (mg/1)
Incubation p e r i o d ____________ ________________________________

(b) Medium I M edium 11 Medium II I

4 8 6 4 8 6 4 8 4 8 0

72 7 2 3 6 9 3 5 6 0

9 6 8 7 0 7 8 1 6 4 1

1 2 0 9 3 6 8 9 6 7 2 3

1 4 4 8 6 0 1 0 8 0 8 0 0

* See Table 1

Table 7

C o m position  o f  the А Р М  obtained fr o m  filtra tes o f  d ifferen t cultures* o f  F . oxysporum  IF O  6384

Component (per cent)

In cubation
period

Total carbohydrates Proteins

(h) Medium Medium Medium M edium Medium M edium
(h d b (in) (I) (И) (in)

48 15.00 13.25 16.16 39.57 39.57 35.41

72 12.14 11.68 14.71 37.15 38.26 35.00
96 10.08 10.92 11.97 37.60 37.15 34.82

120 8.75 7.35 9.05 37.49 37.49 34.82

144 17.88 12.06 16.89 45.83 39.89 38.92

* See T able  1
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pH s, i.e., 4, 7 and  9. T able 8 shows th e  e ffec t o f the  carbon source on th e  
gelatinase a c tiv ity  o f th e  produced А РМ . T h e  m axim al ge latinase ac tiv itie s  
(at pH s 4, 7 and  9) w ere a tta in ed  a fte r  120 h  incu b a tio n  irre sp ec tiv e  o f th e  
m edium . G enera lly , th e  АРМ  ob tained  from  th e  glucose m edium  h ad  h ig h er 
gelatinase a c tiv itie s  th a n  th e  kerosene m ed ia . T his result is, to  som e e x te n t, 
in ag reem ent w ith  th a t  ob tained  by S u z u k i  e t al. [8], who stu d ied  th e  effect 
of carbon  sources on th e  production  of a lk a lin e  pro tease by th e  m u ta n t  No.

Table 8

Gelatinase activity o f  А Р М  obtained from  the f il tra te s  o f  different cultures* o f  F . oxysporum
1 F 0  6384

Incubation period 
(1.)

G elatinase activity  
determ ined a t pH 7

G elatinase activ ity  
determ ined a t  pH 4

G elatinase ac tiv ity  
determ ined a t  pH 9

Medium
(I)

Medium
(ti)

Medium
(III)

Medium
( в

Medium
( и )

Medium
in i )

Medium
in

Medium
( i p

Medium
(III)

4 8 2 1 .5 1 5 .0 1 2 .2 1 2 .2 2 6 .1 2 2 .5 2 9 .9 3 .7 5.1

72 3 0 .9 2 0 .6 2 2 .1 2 3 .3 3 8 .3 3 4 .2 3 6 .5 1 5 .1 1 9 .5

9 6 4 1 .2 3 1 .5 3 1 .1 3 6 .7 4 5 .7 4 2 .8 4 7 .6 2 8 .0 2 6 .9

1 2 0 5 3 .2 4 2 .0 3 8 .2 4 9 .0 4 8 .1 4 3 .1 5 5 .9 4 1 .2 3 9 .9

144

• 'V . -  .« ’ :

4 6 .7 3 7 .4 3 1 .4 3 5 .1 2 9 .9 3 5 .9 4 9 .8 3 6 .0 3 5 .5

* See T able  1

5— 128B derived  from  F usarium  sp. S -1 9 —5. F u rth e rm o re , in c o n tra ry  to  th e  
resu lts of S u z u k i  e t al. [8], th e  add ition  o f  T w een 60 to  the  kerosene m edium  
show ed an  in h ib ito ry  effect on the  p ro tea se  p rod u c tio n . I t  is w o rth y  to  no te  
th a t  th e  А РМ  o b ta in e d  from  the kerosene  m ed ia  showed its  m a x im u m  and  
m inim um  a c tiv itie s  a t p H  values 4 and  9, resp ec tiv e ly . On th e  o th e r  h a n d , th e  
m ax im um  an d  m in im um  gelatinase a c tiv itie s  o f  АРМ o b ta ined  from  th e  g lu
cose m ed ium  w ere found  a t p H ’s 9 and  4 , respectively .

I t  m ay  be concluded  th a t  F. oxysporum  IF O  6384 can u tilize  d iffe ren t 
ca rb o n  sources an d  produce more th a n  one  ty p es  of ex trace llu la r p ro teases. 
H ow ever, i t  seem s likely  th a t  the  glucose m ed ium  stim u la ted  th e  p ro d u c tio n  
of alkaline p ro tea se , w hereas kerosene m ed ia  enhanced th e  sy n th es is  o f th e  
acid ic ty p e  o f th is  p ro teo ly tic  enzym e.
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COMPARISON OF VEGETATIVE ANATOMY OF 
PIPERALES

1. J U V E N IL E  X Y L E M  OE T W IG S
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D EPARTM ENT OK BOTANY, U N IV ER SITY  OF CALCUTTA,
CALCUTTA

(R eceived  1976-06-03)

A b strac t

M edullary  bundles o f Piperaceae  resem ble those  of R anunculaceae. T h e  n a tu re  of 
tra c h e a ry  e lem ents of p rim ary  xy lem  suggests th a t  H outtuyn ia  cordata (S a ururaceae), 
P iper cubeba ( Piperaceae) a n d  C hloranthus o ffic ina lis  ( Chloranthaceae) a re  o f low er e v o lu 
tio n a ry  s ta tu s  th a n  o thers . A m ong th e se  th ree , P. cubeba shows s tra tif ic a tio n  o f secondary  
x y lem , a specialized c h a ra c te r. L a te ra l  w all of m etax y lem  trach ea ry  e lem en ts  a n d  d is tr i
b u tio n  of bund les of P eperom ia, su g g est th e ir  p rim itiv e  s ta tu s  and  d is tin c tn e s s , su p p o rt
ing sep a ra tio n  of “ Pep ero m iaceae”  (o f N o v a k ) . P iper cubeba, H ou ttu yn ia  an d  Chloran
thus  b e a r one im p o rta n t R an u n cu laceo u s  c h a ra c te r: sca larifo rm  p e rfo ra tio n  in p rim ary  
vessels. P rim itiv e  species o f P eperom ia  c arry  p ro b a b ly  a n o th e r R a n u n cu lac e o u s  c h a r
ac te r , i.e., m any  circles o f m ed u lla ry  b u n d les . Shape  and  p a tte rn  o f v a sc u la r  bu n d les 
o f P iper cubeba, H ou ttuyn ia  an d  C hloranthus are sim ilar. O th er species o f P ip er  show' 
m odifications. Peperomia re p re se n ts  a n o th e r  d is tin c t p a tte rn .

Introduction

O f th e  th ree  fam ilies o f th e  o rd e rs , Piperaceae, Saururaceae  a n d  Chloran
thaceae, th e  f irs t tw o are p laced  in th e  sam e fam ily  and  th e  th ird  as th e  re la ted  
n e x t  fam ily  hy  B e n t h a m  an d  H o o k e r  [4]. T hey  are in c lu d ed  as sep a ra te  
fam ilies in  th e  sam e o rd er by  E n g l e r  and  D ie l s  [20], G u n d e r s e n  [22],  
L a w r e n c e  [33], R e n d l e  [42], Co r e  [15], Ca m p b e l l  [9] an d  H u t c h i n s o n  
[27 ].  R o u s s e a u  [44] affirm s th a t  th e se  th ree  fam ilies should  he a m a lg am a ted . 
T h u s , au th o rs  are unan im o u s a b o u t th e  close re la tio n  of th e  th re e  fam ilies. 
R eg a rd in g  re la tions w ith  o th e r  o rd e rs  th e re  are con troversies, (1) som e p lac 
in g  th e  o rd er in A m entiferae  a f te r  C asuarinales (V ertic illa tae)  a n d  followed 
h y  w oody orders like Salicales o r H ydrostachyales [9, 15, 20, 33 ] ,  (2) others 
p lac in g  in  Am entiferae  b u t n e a r  h e rb aceo u s fam ilies like Polygonaceae [14, 42] 
or (3) betw een  Aristolochiales an d  M yristicales  [4] and  (4) still o th e rs  reg a rd in g  
th e  o rd e r as an offshoot o f th e  R a n a lia n  an ces try  [5, 22, 23, 27 ] .

T he sequences of a d v a n c e m en t o f  th e  th re e  fam ilies are: (1) Piperaceae  — 
Saururaceae— Chloranthaceae [9, 15, 27 ,  35, 42 ] ,  (2) Saururaceae—P iperaceae—- 
Chloranthaceae [4, 19, 33 ] ,  (3) Lactoridaceae — Saururaceae— Piperaceae — 
Chloranthaceae [22]. O f th e  tw o gen era  o f Piperaceae ( P iper  an d  P eperom ia),
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th e  fo rm e r m ay  be m ore p rim itiv e  th a n  th e  la t te r  [4, 19, 27]. A ccording to  
R o u s s e a u  [44], P iper  is th e  basic  group , from  w hich  Chloranthus and  Saururus, 
(co m m o n ly  p laced in  d is tin c t fam ilies) are deriv ed  b y  m inor m odifica tion , 
w hile  Peperom ia  has ev o lv ed  b y  m ajo r changes. M e t c a l f e  and  Ch a l k  [35],  
on th e  c o n tra ry , h av e  show n  th a t  th e  wood o f Piperaceae  is m ore specialized 
th a n  t h a t  o f Chloranthaceae a n d  th e  vessels o f th e  genus P iper  are “ o u ts ta n d 
in g ”  in  th is  group.

A n u m b e r of species w ere exam ined  d isc re te ly  by  an a to m ists  [1, 7, 8, 
13, 16, 17, 18, 24, 25, 26, 30, 34, 37, 38, 39, 40, 41, 44, 45, 46, 47, 48, 51, 54, 
56, 57, 59]. The conclusive tax o n o m ic  suggestion  sh o u ld  w ait critical co m p ara 
tiv e  s tu d y  of m ore species. S tru c tu re s  of seco n d ary  x y lem  are often  u tilized  
fo r tra c in g  phylogeny  [2, 3, 10, 11, 12, 21, 32, 35, 43, 49, 52, 53, 55, 58]. Possi
b i l i ty  o f  u tiliz ing  p rim a ry  xy lem  has been p a r tic u la r ly  em phasized  in  th e  ex 
h a u s tiv e  w ork of B i e r h o r s t  an d  Z am ora  [6], w hich  is an  essential field for 
tra c in g  p h y lcg en y  in  h erb aceo u s p la n t g roups, like Piperales.

M aterial and m ethod

S tem  w ith  leaf an d  c u ttin g s  rep resen tin g  Piper, P eperom ia, H o u ttuyn ia  and  Chloranthus 
w ere  s tu d ie d  (Table 1). T he co llected  m ate ria ls were co m p ared  w ith  th e  specim ens of th e  h e r
b a r ia  o f C a lc u tta  U n iv ersity  a n d  In d ia n  B o tan ic  G arden , S ib p u r, C alcu tta .

F o r  s tu d y in g  th e  x y lem , p ieces of tw ig apices ju s t  n ear th e  sev en th  p las to ch ro n  were 
m a c e ra te d  by  m odified J e f f re y ’s m eth o d  [6] and h a n d  sec tions (s ta in ed  w ith safran in  and 
fa s t  g reen  [31]), were used . F ree  h a n d  or paraffin -em b ed d ed  m icro tom ic  sections (16— 18 /o n ) 
w ere s ta in e d  w'ith safran in  an d  f a s t  green [31]. M ean v a lu es o f m easu rem en ts m entioned  in 
th e  te x t  w ere based on 50 read in g s  from  10 sections in  each  case. M easurem en ts of every  s tru c 
tu r e  in th e  te x t  are rep re sen ted  in  th ree  num erical v a lues, th e  f ir s t  is m in im um , th e  m iddle 
m ean  (bo ld ) and  th e  las t m ax im u m .

R esults

Saururaceae

[L ind l. N a t. Syst. cd. 2. (1836) 184]

G enus — H outtuyn ia  
(T h u n b ., F l. jap o n . (1784) 12].

Topography: 22— 24 v a sc u la r  bundles are a rra n g e d  in  a ring  each show 
in g  6 —8 p a ren ch y m a to u s  cells, 6 —12 tra c h e a ry  e lem en ts  in  T. S. X y lem  in 
each  b u n d le  includes a U -sh ap ed  group of tra c h e a ry  elem ents, e ith e r  so lita ry  
or in  c lu s te r , ex te rn a l sc le ren ch y m a and  in te rn a l p a ren ch y m a  (Fig. 1).

Shape and m easurem ents o f  tracheary elements: P ro p o rtio n  of trache ids 
an d  vessels is 50 : 50 in  p ro to x y le m  and  40 : 60 in  m e tax y lem . L en g th  of t r a 
cheids a n d  vessel m em b ers  in  p ro to x y lem  are  4 0 8 .3 —450—541.6 pm  and  
300— 416.6— 500 pm  re sp ec tiv e ly , in  m e tax y lem  550— 664.1—758.3 pm  and
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Table 1

Specimens used in the investigation*

N a m e C o lle c to r ,  s o u rc e M a te r ia l

Fam ily  — Saururaceae 

Ilouttuynia cordata T h u n b . N air 35 775, DD D ry tw ig ,

S tem

Fam ily  — Piperaceae 

Genus — Piper
Piper betle L. (Cultivai-, jhal pan) Sen 1 (P i), CU 

Im peria l N ursery

C utting

P. betle L. (C ultivar. mitha pan) Sen 10 (P i), CU C u ttin g

P. betle L. (C ultivar. chhachi pan) Sen 11 (P i), CU C u ttin g

P. brachystachyum W a l l . IB S  9499 D ry  tw ig

P. cubeba L i n n . f . Sen 2 (P i), CU C u ttin g

P. longum L. D a tta  3 (P i), CU C u ttin g

P. nepalense Miq. IB S 89 D ry  tw ig

P. nigrum L. Sen 5 (P i), CU C u ttin g

P . nigrum L. D a n a  6 (P i), CU C u ttin g

P . pedicellosum W a l l . 

Genus — Peperomia
IB S  93 D ry  tw ig

Peperomia argyreia E. MoRR. Sen 12 (Pep), CU C u ttin g

Pep. metallica L i n d l . R o d i g Sen 8 (Pep), CU C u ttin g

Pep. obtusifolia A. D i e r t r . Sen 7 (Pep), CU C u ttin g

Pep. pellucida H .B .K . 

Fam ily  — C hloranthaceae 

Genus — Chloranthus

Sen 9 (Pep), CU C u ttin g

Chloranthus officinalis B l . IB S  184 D ry  tw ig

* Specim ens c ited  according to  p ro ced u re  recom m ended  by  Stern  a n d  Cham bers [50]
DD  =  B o tan ica l Survey of In d ia , D eh rad u n , In d ia
CU -  B o tan y  D ep artm en t, C a lc u tta  U n iv e rsity , C a lcu tta , In d ia
IB S = B o tan ica l Survey o f In d ia , In d ia n  B o tan ic  G arden , S ib p u r, C a lc u tta

500 666.6—708.3 pm , re sp ec tiv e ly . D iam eters  o f trach e id s  an d  vessels are
resp ec tiv e ly , 44 53.8— 60 p m  a n d  56—64.4—72 pm  in  p ro to x y le m , 68 — 
80—88 ftm  an d  60.2 68 74.1 p m  in m etax y lem . L en g th  o f th e  slopes of
trach e id  ends in  p ro toxy lem  a n d  m etax y lem  are  100—140— 160 p m  an d  200— 
220 250 p m , respectively . A ngles o f end  w alls o f  vessel m em bers o f  p ro to x y lem
a n d  m etaxy lem  are 110— 120—130° an d  120— 125 130°, re sp ec tiv e ly . A ngles 
o f  th e  slopes o f tracheids o f p ro to x y le m  an d  m etax y lem  are  110— 120— 130 
an d  115— 120— 125, re sp ec tiv e ly . P ositio n  o f p e rfo ra tio n  p la te  is genera lly  
te rm in a l on th e  inclined w alls.
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F ig s  1— 3. H outtuyn ia  cor d a ta ; 1 =  T .S . o f  a single b u n d le  show ing a m ore or less sem ilunar 
g ro u p  of 12 trach ea ry  e lem en ts  a n d  in te rn a l p a ren c h y m a ; 2 =  p e rfo ra tio n  p la te  o f a p ro to- 

x y le m  vessel m em ber; 3 =  th ic k e n in g  an d  b o rd ered  p its  o f m e ta x y le m  vessel m em bers 
F ig . 4. P iper belle; T . S. th ro u g h  tw o  bundles show ing 7— 9 tra c h e a ry  e lem ents a rra n g e d  in

a sem ilunar p a t te rn
F ig s 5— 7. P . brachystachyum ; 5 =  T .S . th ro u g h  a b u n d le  show ing  15— 16 trac h e ra y  e lem ents 
in  a  sem ilu n a r group an d  in te rn a l  sc lerenchym a; 6 =  th ic k e n in g  of p ro to x y lem  trac h ea ry  

e lem en ts; 7 =  th ic k e n in g  o n  la te ra l wall o f m e ta x y le m  tra c h e a ry  e lem ents

Perforation o f  lateral wall: E n d  of vessel m em bers are u n ip e rfo ra te . 
P e rc e n ta g e  of vessel m em b ers  hav in g  p e rfo ra tio n  a t  b o th  ends and  one end, 
a re , re sp ec tiv e ly , 70 an d  30 in  p ro toxy lem  an d  75.6 and  24.4 in  m e taxy lem .
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F igs 8 —11. P. cubeba; 8 =  T .S. th ro u g h  a b u nd le  show ing  U -shaped  tracheary  g ro u p  o f e ig h t, 
an d  ex te rn a l sc le renchym a; 9 =  p e rfo ra tio n  p la te  o f th e  m e ta x y le m  vessel m em ber; 10 — p e r 
fo ra tio n  an d  long ta le  o f  vessel m em bers o f seco n d ary  x y lem ; 11 =  ray  in ta n g e n tia l  sec tio n  
F igs 12— 13. P iper longum ; 12 =  T.S. th ro u g h  a b u n d le  show ing a sem ilunar p a tc h  o f 8 

tra c h e a ry  e lem en ts; 13 =  th ick en in g  of m e ta x y le m  trach ea ry  elem ent 
F igs 14 15. P . nepalense; 14 =  T .S. th ro u g h  a b u n d le  show ing  ab o u t five tra c h e a ry  e lem en ts
a rra n g e d  in a sem ilu n ar b u n d le ; 15 =  th icken ing  on  th e  la te ra l  wall of a p ro to x y lem  tra c h e a ry

elem en t
P  =  p a ren ch y m a , T  =  trac h ea ry  e lem en ts , S =  sclerenchym a 

Fig. 16. T .S . th ro u g h  a b u nd le  o f P. nigrum  show ing a b o u t  18 trach ea ry  e lem ents a rra n g e d  in
a sem ilu n ar p a t t e rn
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In  a d d itio n  to  sim ple p erfo ra tio n , sca la rifo rm  ty p e  occurs w ith  a b o u t fo rty  
b a rs  (F ig . 2). S im ple p its  and  sp ira l a n n u la r  tra n s itio n a l form s of th ick en in g  
o ccu r in  p ro to x y le m  vessel m em bers. D is ta n c e  betw een th e  p its  is 3 —5 /t 
in  m e ta x y le m  vessel m em bers and  th a t  b e tw een  th e  gyres in p ro to x y le m  are 
3— 5 pm  an d  2 —4 pm , respective ly . P its  a re  as h road  as faces or in tra face - 
o p p o site , tran s-ed g e  opposite  and  a lte rn a te . M etaxy lem  vessel m em bers have 
sca la rifo rm  b o rd e red  p its. F ibres are a b se n t (F ig . 3).

Piperaceae
[L. C. Rich, in : H u m b o ld t (1815) 46E]

G enus —  P iper
[L . G en. ed. 1. (1737) L. Spec. p l. ed. 1 (1753) 28. —  E nd l. G. n. 1820.]

Topography: N u m b er of p e riphera l b u n d le s  — 7— 8 in P . betle and  P. 
cubeba; 24— 26 in  P. brachystachyum ; 15 —18 in  P. longum; 2 0 —24 in  P. 
nepalense, P. nigrum  and  P. pedicellosum ; m ed u lla ry  bundles —  5 —7 in P. 
betle, P. cubeba, P. longum , P. n igrum ; 9—12 in  P. brachystachyum ; 12— 14 in 
P. nepalense ; 8— 10 in P. pedicellosum. E ach  x y lem  has m ostly  7— 10 tra c h e a ry  
e lem en ts , 3—9 in  P. pedicellosum, and  P. n igrum  enclosing a g roup  o f p a re n 
c h y m a to u s  cells, m o stly  8—12 (8 —18 in P. longum , P. nigrum , P. brachysta
chyum  an d  P. pedicellosum ) form ing a se m ilu n a r p a tc h  (U -shaped in  P. cubeba). 
S c le ren ch y m a is m a in ly  in te rn a l in  P. betle, P. brachystachyum  (also ex te rn a l), 
P. longum , P. nepalense and P. pedicellosum , ex te rn a l in P. cubeba and  P. 
n ig ru m  (F igs 4, 5, 8, 12, 14, 16, 17).

Table 2

Proportion o f  tracheids and  vessels in Piper

P r o t o x y le m M e ta x y le m

P. betle 33:67 25:75

P . brachystachyum 0 : 1 0 0 0 : 1 0 0

P. cubeba 85:15 18:82

P. longum 4:96 0 : 1 0 0

P. nepalense 0 : 1 0 0 0 : 1 0 0

P. nigrum 0 : 1 0 0 0 : 1 0 0

P. pedicellosum 0 : 1 0 0 0 : 1 0 0

Shape and m easurem ent o f tracheary elem ents (Figs 6, 7, 9, 10, 13, 15, 18). 
P ro p o rtio n  o f trach e id s  and  vessels are  s ta te d  in  T able 2.
L en g th s  of trach e id s  (T) and  vessel m em b ers  (V) are given in  T ab le  3.
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Table 3

Lengths o f  tracheids and vessel members (fim) in Piper

P rotoxylem  J Metaxylem

I \ betle T 320 416-483 T 166 208.3 -258

V 160 175 — 189 V 160 182.2 - 1 9 5

p. br achy st a chyum V 400 554.1 -785 V 250 314.1 - 3 5 8

p. cubeba T 550 652.1 - 7 9 0 T 270 500.2 - 7 8 2

V 550 639.1 - 7 8 5 V 280 435 490

p. longum T 250 300 590

V 250 300 350 V 180 215.8 - 2 6 0

p. nepalense V 150 250.8 315 V 150 190.2 - 2 1 5

p. nigrum V 475 617.5 - 7 5 0 V 200 310.8 - 4 2 5

p. pedicellosum V 285 316.6 350 V 140 189.2 - 2 3 0

D iam eters o f tra c h e a ry  e lem en ts  in  pro to - and  m e tax y lem  are  given 
in  T ab le  4.

M ean len g th  o f  th e  slopes o f tra c h e id s  v aried  from  26— 50 pm ; m ean 
ang le  of th e  slopes are  30— 50°. M ean angle of vessel p e rfo ra tio n  p la te s  are 
130— 145° in P . cubeba, 100— 120° in  th e  o thers.

D istance b e tw een  th e  gyres o f  tra c h e a ry  th icken ing  o f p ro to x y le m  are 
2 — 5 pm  in P . nepalense, 4 —8 pm  in  o th e rs ; of m etax y lem  a re  1.5— 3 pm  
in  P . longum  an d  P . nepalense, 2— 5 p m  in o thers.

P e rfo ra tio n  p la te s  are sim ple an  are  generally  a t  a te rm in a l position  
on  slopes. Vessel m em b er ends are  m o stly  u n ip e rfo ra te , b o th  u n ip e rfo ra te  
an d  m u ltip e rfo ra te  in  P . cubeba. P e rc e n ta g e s  of vessel m em b ers  h av in g  p e r
fo ra tio n  a t  one end o n ly  are 20 in P . longum , 32 in P . nepalense, 18 in  P . cubeba, 
17 in  P . brachystachyum , 45 in P . betle, 3 in  P . nigrum  and  30 in  P . pedicello- 
sum .

F ibres are sh o rt, m ostly  500—700 pm , 15— 27 pm  b ro a d , a b se n t in  P . 
betle. P its  sim ple.

Secondary xylem  o f  P. cubeba: R in g  is p resen t; pores v e ry  n u m ero u s  [12], 
46 pores per m m 2. P ores usually  so lita ry , som e in  chains an d  c lu s te rs , pores 
a re  angu la r in  sh ap e  (pen tagonal to  hexagonal); rad ia l d im en sio n  o f  pores 
v e ry  sm all to  m o d e ra te ly  sm all [29]. V essel m em bers are m ed iu m -sized  [28] 
an d  m od era te ly  inc lined ; vessel m em b ers  w ith  sim ple p e rfo ra tio n  a n d  b o rd ered  
p its . In te rv a sc u la r  p its  are b o rd e red  an d  vesse l-parenchym a p its  a re  sim ple. 
L en g th , d iam e te r a n d  angle of th e  vesse l m em bers are 4 0 0 —4 58 .3—512 pm , 
36— 49.8—70 pm , 120°— 130 140°, re spec tive ly . Shape o f th e  p e rfo ra tio n
p la te  is e llip tical. P erfo ra tio n  is te rm in a l, and  a t th e  base o f  th e  slope. Tail 
is p resen t.
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Table 4

Diameters of tracheary elements (цт ) in Piper

Protoxylem Metaxylem

P. betle T 44 — 48 — 50 T  4 4 -  5 0 - 5 8

V 44- 5 3 .8 - 6 0 V 6 0 - 7 0 - 8 0

P. brachystachyum V 4 2 - 5 1 .6 - 6 0 V 6 8 - 7 6 .2 - 9 0

P. cubeba T 30 - 3 2 - 3 4 T  3 6 - 4 0 - 4 4

V 30- 3 4 .4 - 4 8 V 3 6 - 4 9 .8 - 7 0

P. longum T 3 0 - 3 2 - 3 4 V 3 6 - 4 2 - 4 4

V 3 6 -  4 2 - 4 4

P. nepalense V 2 0 - 4 0 - 6 0 V 3 0 - 3 5 - 4 0

P. nigrum V 3 0 - 3 3 .1 - 3 6 Y 3 8 - 4 5 - 5 0

P. pedicellosum V 6 8 - 7 4 . 8  - 7 8 V  7 4 .2 - 7 6 .3 - 7 8

Axial p a re n c h y m a  is te rm in a l to  in itia l m arg in a l b an d ed  (wide). S ym bol 
fo rm u la  M t— Mi b.

The rad ial sec tio n  show s ray  cells w ith  sim ple p ittin g . Crystals are p re s 
e n t  in  the  ra y  cells. T he ra y  is o f heterogeneous ty p e  I (Fig. 11) w ith  a few 
p ro cu m b en t cells. T h e  h e ig h t of ray  is 1 2 6 —183— 240 pm , b read th  being  
16—14— 18 pm . R a y  ab u n d a n c e  is very  n u m ero u s [12], 10—12 rays p er m m . 
F ib res  are sh o rt to  m ed ium -sized  [28]. L en g th  a n d  b re a d th  of th e  fib res 
475— 571.6—916.6 p m  a n d  16.6—26.6—33.3 pm , respective ly . F ibres have  
sim p le  p its.

G enus — Peperomia
[R uiz, e t  P a v ., F l. peruv . e t chil. p ro d r . (1794) 8]

Topography: N u m b e r o f  peripheral bun d les  8— 10 in Pe. argyreia, 9 —12 
in  Pe. metallica, 10— 14 in  Pe. obtusifolia, 4 — 5 in  Pe. pellucida; m ed u lla ry  
b u n d le s  5— 6 in Pe. argyreia, 15—18 in Pe. metallica, 18 — 20 in Pe. obtusifolia, 
1— 2 in  Pe. pellucida. E a c h  xy lem  s tran d  co n ta in s  a va riab le  n um ber of t r a 
c h e a ry  elem ents, 5— 8 in Pe. argyreia, 2 0 —26 in Pe. metallica, 8 —12 in Pe. 
obtusifolia, 6 — 8 in  Pe. pellucida ; su rround ing  a g ro u p  of paren ch y m a 6 - 8  in 
Pe. argyreia, 2 5 —30 in  Pe. metallica, 1 1 —25 in Pe. obtusifolia, 3 8 —40 in Pe. 
pellucida. T rach eary  e lem en ts  are arranged  co m m o n ly  in a sem ilunar p a tte rn , 
sem ic ircu la r or in  a s t r a ig h t  tan g en tia l row  in Pe. pellucida. Sclerenchym a 
p a tc h  is absen t (F igs 19, 22, 25, 27).

Shape and measurement o f tracheary elements (F igs 20, 21, 23, 24, 26, 28, 
29, 30).
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T racheids ab sen t com m only , p re sen t in p ro to x jle ir , o f  Pe. pellucida  
4 .4 % . L ength  o f trach e id s  (T) am i vessel m em bers (V) are in  T ab le  5.

D iam eters o f  trach ea ry  e lem en ts  in p ro to x y lem  and  m e tax y lem  are 
in T ab le  6.

L eng th  o f th e  sloped p a rt o f tra c h e id s  is 38 41.6— 49 pm  in Pe. pellucida,
m ean  angle o f th e  slope being 30°. M ean angles of p erfo ra tio n  p la te  com m only  
v a ry  from  95°— 100° in p ro to x y lem  an d  90°— 95 in m etax y lem ; 120° in  p ro to - 
an d  m etaxy lem  o f Pe. argyreia.

Table 5

Length o f  tracheids a n d  vessel members ( p m )  in Peperomia

Protoxylem Metaxylem

Pe. argyreia V
COЮсо 416.6 4 8 0 V 166 208.3 2 5 0

Pe. metallica V 3 3 3 413.3 4 5 8 V 188 234.1 2 5 8

Pe. obtusifolia V 2 6 8 411.2 4 5 0 V 188 235.2 - 2 6 0

Pe. pellucida T 3 9 0 454.2 - 5 0 8

V 375 434.1 - 5 0 8 V 166 291.6 3 6 6

Table 6

Diameter o f  tracheary elements ( f i m) o f  Peperomia

Protojtylern Metuixylem

Pe • argyreia V 2 6 3 5 - 38 V 3 0 40.5 5 2

Pe . metallica V 2 0 28 3 2 V 36 40 4 4

Pe . obtusifolia V 2 0 28.3 3 4 V 3 6 42 4 8

Pe . pellucida T 2 6  - 34.2 3 9

V 2 6 35 3 8 V 4 0 45.6 5 8

F igs 17— 18. P. pedicellosum ; 17 = T .S . th ro u g h  a b u nd le  show ing 12— 16 tra c h e a ry  e lem ents 
in sem ilunar p a tte rn s ;  18 =  la te ra l  th ick en in g  of vessels in p ro to - an d  m etax y lem  

F igs 19—21. Peperom ia argyreia; 19 T .S . th rough  a bundle  show ing a b o u t 10 trach ea ry  
e lem en ts; 20— 21 =  la te ra l wall th ic k e n in g  on p ro to- an d  m etax y lem  tra c h e a ry  e lem ents 
F igs 22—23. Pe. m etallica; 22 =  T .S . th ro u g h  a b u nd le  show ing a b o u t 26 tra c h e a ry  e lem ents 
in  a sem ilunar p a tc h ;  23 la te ra l w all th ick en in g  of p ro to- and  m etax y lem  o f trac h ea ry

elem ents
Fig. 24. L a te ra l w all th icken ing  of p ro to -  an d  m etaxy lem  trach ea ry  e lem en ts o f Pe. obtusifolia  
F igs 25— 26. Pe. p e llu c id a ; 25 =  T .S . th ro u g h  a bundle  show ing a b o u t 6 tra c h e a ry  e lem ents;

26 =  la te ra l wall th icken ing  o f  trac h ea ry  e lem ents of p ro to - and  m etax y lem  
F igs 27 - 30. C hloranthus o ffic ina lis ; 27  T .S. th ro u g h  a bundle  show ing oval trac h ea ry  
p a tc h  and a sc lerenchym a p a tch  e x te rn a l  to phloem ; 28  — sim ple p e rfo ra tio n  a t  th e  end 
of vessel m em ber; 29 =  scalariform  p e rfo ra tio n  a t  th e  end of a vessel m em b er; 30 = la te ra l 

wall th ickening of p ro to - an d  m etaxy lem  trac h ea ry  e lem en ts
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D istance  betw een  th e  gyres of tra c h e a ry  th ick en in g  in  p ro to x y lem  is 
co m m o n ly  4 — 8 pm , 3— 5 p m  in Pe. metallica; in  m e tax y lem  com m only  3 — 
5 p m , 2— 3.5 pm  in Pe. metallica.

P erfo ra tio n  is c o m m o n ly  te rm in a l on th e  slopes o f  tra c h e a ry  elem ents, 
o ccasio n a lly  p roxim al in  Pe. pellucida;  m em ber ends are com m only  u n ip e r
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fo ra te ; percen tages o f  vessel m em bers h av in g  p e rfo ra tio n  a t one end  o n ly  are  
5 in  Pe. argyreia (p ro to  & m eta), 17.9 in  Pe. pe llucida  (p ro toxy lem ), ab se n t 
in  o thers. T h ick en in g  is p a rtly  a n n u la r  an d  p a r t ly  sp iral. F ibre is a b se n t.

Chloranthaceae
[B lum e, E m im , p l. J a v a e  I. (183) 78J 

Genus —  Chloranthus
[S w artz , in: Phil. T ran s . L X X V I (1787) 359]

Topography: N u m b er of bund les 4 — 5; p a t te rn  of d is tr ib u tio n  o f tra -  
ch ea ry  elem ents in  T . S. sem ilunar to  oval in  sh ap e  (F ig. 27). A sc le ren ch y m a 
p a tc h  occurs e x te rn a l to  phloem .

Shape and measurement o f  tracheary elements: P ro p o rtio n  o f  tra c h e id s  
an d  vessels are 83 : 17 in p ro toxy lem  an d  30 : 70 in  m etaxy lem . L e n g th s  of 
th e  trache ids an d  vessel m em bers are  re sp ec tiv e ly  300.1—490—520.1 pm , 
266.6—450— 466.6 p m  in p ro tox ilem  an d  300.1 470 -500  pm , 166.6 225
241.6 pm  in m e tax y lem . D iam eters o f tra c h e id s  an d  vessels 30—32—34 pm  
an d  30- 40 -50 pm  in p ro toxylem  an d  36 — 48— 52 pm  and  54—66.6— 70 pm 
in  m etaxy lem . L e n g th s  of the slopes of tra c h e id  ends are 33.3—41.6 50 pm
in  p ro toxy lem  a n d  32—34— 36 p m  in  m e tax y lem . Angles of th e  en d  w alls of 
vessels in p ro to x y lem  and  m etax y lem  are  110°- 120°— 130° and 112°— 116° 
125°, respectiv ely . A ngles of th e  slope of th e  tra c h e id s  of p ro toxy lem  a n d  m e ta 
x y lem  are 20°— 30°-—40° and 20°— 30 — 40°, respective ly .

Perforation and  lateral wall. P o s itio n  o f  th e  p erfo ra tion  p la te  is g enera lly  
te rm in a l on th e  slope of the  inc lined  end . V essel m em ber ends a re  o fte n  uni- 
p e rfo ra te . P e rcen tag es  of vessel m em bers h a v in g  p erfo ra tio n  a t b o th  ends and  
a t  one end, a re  62.9 and  37.1 in  p ro to x y le m  a n d  36 and  64 in  m e tax y lem . 
Sim ple and  sca la rifo rm  ty p e  of p e rfo ra tio n  a t  th e  end of th e  cy lin d rica l vessel 
m em bers or on slopes (Figs 2 8 —29). N u m b e r o f bars is ab o u t 3 0 —35 in  a 
scalariform  p e rfo ra tio n  p la te  (F ig . 29). S p ira l th ick en in g  occurs in  p ro to x y lem  
tra c h e a ry  e lem en ts . M etaxylem  tra c h e a ry  e lem ents have sca la rifo rm  sim ple 
o r bordered  p its  on  faces or tran s-ed g e  o p p o site  (Fig. 30). D istances be tw een  
gyres on la te ra l walls of tra c h e a ry  e lem en ts  o f p ro toxy lem  an d  m e tax y lem  
are  3— 5 pm  a n d  2— 3.5 pm , re sp ec tiv e ly .

Secondary xy lem . R ing is a b se n t; po re  ab u n d an ce  is “ v e ry  n u m e ro u s” , 
53 per m m 2; po res are  in chains, a n g u la r  in  sh ap e  (pen tagonal to  h ex ag o n a l); 
d iam ete r of pores is v e ry  sm all to  m o d e ra te ly  la rge , w ith  sca larifo rm  b o rd e red  
p its . Vessel m em b ers  are m edium -sized . L e n g th , d iam eter an d  ang le  o f th e  
vessel m em bers a re  439.2—583.3—600 p m ,  30—38—64 pm , 50°— 60°—70°, 
respective ly . P e rfo ra tio n  te rm in a lo r a t  th e  base  o f  th e  slope. A xial p a re n c h y m a  
is diffuse. T he ray s  are 15— 18-seria te .
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T h e  rad ia l sections show  ray  cells w ith  sim p le  p ittin g . The ra y  is o f h e te ro 
geneous ty p e  I I I ,  “ ex trem ely  low ”  and  “ e x tre m e ly  fine to  v e ry  f in e ” . The 
h e ig h t an d  b re a d th  o f rays are 1 5 8 —1 6 9 .9 —200 pm  and  1 0 —14— 16 pm . 
F ib re s  a re  “ e x trem e ly  sh o rt”  and  show  b o rd e re d  p its. L eng th  and  b re a d th  of 
th e  f ib re  are  185—214.4—300 pm  and  1 6 .6 —25 — 29.1 pm , re sp ec tiv e ly .

D iscussion

O n th e  basis o f th e  fu n d am en ta l id eas  o f  ad v an cem en t o f c h a ra c te rs , 
th e  fo llow ing  classes fo r each ch a ra c te r  h a v e  been  assum ed:

F or angle o f  perforation plates (Class 1) 90 “— 110°, (Class 2) 110°— 130°, 
(Class 3) 130°— 150°, (Class 4) 150°— 170°.

F or perforation o f  protoxylem  and m etaxylem  vessel members (Class 1) 
sim p le , (Class 2) tra n s itio n a l or m u ltip e rfo ra te , (Class 3) sca larifo rm  a b o u t 
20 b a rs , (Class 4) sca larifo rm , ab o u t 2 5 —40 b ars .

F or length o f  protoxylem  vessel members (m ean  values) (Class 1) 300 — 
400 /a n , (Class 2) 4 0 0 —500 /(in, (Class 3) 5 0 0 —600 pm , (Class 4) 6 0 0 —700 pm .

F or length o f  m etaxylem  vessel members (m ean  values) (Class 1) 1 0 0 —200 
pm , (Class 2) 200 — 300 pm , (Class 3) 300— 400 pm , (Class 4) 4 0 0 —500 pm , 
(Class 5) 500 — 600 p m , (Class 6) 600 —700 p m .

For diam eter o f  vessel members (Class 1) 7 0 —80 pm , (Class 2) 6 0 —70 p m , 
(Class 3) 50 — 60 /(in, (Class 4) 40— 50 pm , (Class 5) 3 0 —40 pm . Fig. 31 rep re sen ts  
th ese  class va lues an d  th e ir  to ta l  va lues fo r each  species.

Vasculature o f  related fa m ilie s

P iperales  are  re la te d  to  d ifferen t fam ilies b y  d ifferent ta x o n o m is ts , 
e.g. Casuarinaceae, Salicaceae, Hydrocharitaceae, Polygonaceae, Aristolochiaceae, 
M yristicaceae, Ranunculaceae, e tc. O ccurrence o f  cau line and  cortical v a scu la r 
bund les  is th e  only  c h a ra c te r  suggesting  s im ila r ity  o f Piperales w ith  C asuari
naceae a n d  Hydrostachyaceae. P rim a ry  x y lem  o f Salicaceae and  M yristicaceae  
[35], su g g est no s im ila rity  w ith  Piperales.

Sim ple  p e rfo ra tio n  in  p rim ary  vessel m em b ers  o f Polygonaceae is o f  a m ore 
ad v an ced  c h a ra c te r  th a n  tho se  of th e  p r im itiv e  species of P iperales, e.g. 
H o u ttu yn ia  cordata, P iper cubeba and  Chloranthus o ffic ina lis. I t  is im possib le  
to  re la te  Piperales w ith  Casuarinaceae or H ydrostachyaceae unless d e ta iled  
in fo rm a tio n  on th e  p rim a ry  xylem  o f those  fam ilies are ob ta ined . A ccord ing  
to  H u t c h i n s o n  [27], th e  v ascu la r bund les in th e  s te m  of Piperaceae are  som e
tim es s c a tte re d  like m onocoty ledons in s te a d  o f  b e in g  arranged  in  co n cen tric  
rings. T h is , accord ing  to  H u t c h in s o n , is an  in d ic a tio n  of the  R an a lian  orig in .
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Ranunculaceae  a re  m o st closely re la ted  to  m onoco ty ledons, like A lism ataceae, 
an d  has b o th  sim ple and  scalariform  p e rfo ra tio n s  (P aeon ia ). C oncave n a tu re  
o f  xy lem  s tra n d s , severa l circles o f v a sc u la r  bund les, often show ing sc a tte re d  
irreg u la r  a rra n g e m en t (as in Actaea, C im ic ifu g a , Thalictrum  o f Ranunculaceae), 
suggest s im ila rity  w ith  Peperomia obtusifo lia  an d  Peperomia m etallica. M edul
la ry  bund les, com m on  in Piperales, o ccu r in  m an y  species of Ranunculaceae  
also [vide 35]. All th e se  characters su g g est s im ila rity  of Piperales w ith  R a n u n 
culaceae and  su p p o rts  th e  concept o f  H u t c h i n s o n  [27].

Tracheary elements o f the fa m ilie s  and  genera ( compared)

Two m a jo r sequences of a d v a n c e m e n t o f  th e  fam ilies of th is  o rd e r  are 
suggested  b y  ta x o n o m is ts :

(1) Piperaceae — Saururaceae  —  Chloranthaceae,
(2) Saururaceae  — P iperaceae ■— Chloranthaceae.

In  ad d itio n , M e t c a l f e  and Ch al k  su g g e s t Chloranthaceae an d  Saururaceae  
as m ore p rim itiv e  th a n  Piperaceae. A ngle o f  end wall p erfo ra tio n  a n d  len g th  
o f vessel m em b er slopes (Fig. 31) su g g est low er evo lu tionary  s ta tu s  o f  H outtuy-  
nia  cordata ( Saururaceae) ,  Piper cubeba an d  Chloranthus o ffic ina lis, th a n  o th e r 
species of Piperales. T he first co lum n d ra w n  by  adding  th e  class v a lu es  of 
d iffe ren t ch a ra c te rs  also clearly su g g ests  t h a t  these  th ree  species a re  m ore 
p rim itiv e  th a n  th e  o th ers  stud ied . T h e  th ic k e n in g  of the  la te ra l w alls o f  m eta- 
xy lcm  tra c h e a ry  e lem ents of H o u ttu yn ia  cordata, P iper cubeba an d  C hloranthus 
o ffic ina lis  are v e ry  sim ilar, hav ing  sca la rifo rm  bordered  p its, in  a d d itio n  to  
spiral ones an d  genera lly  trans-edge o p p o s ite  p its , located on th e  faces . Chlo
ranthus o ffic ina lis  possesses scalariform  sim p le  p its , also. Some o f th e  p rim a ry  
vessels of H o u ttu yn ia  cordata re p re se n t tran s-ed g e  a lte rn a te  b o rd e re d  p its . 
T hus, on th e  basis o f th e  p rim ary  x y lem  c h a ra c te r , it  is d ifficu lt to  s ta te  w hich 
of these  th ree  species is more a d v an ced  a n d  w hich is p rim itive . T h e  c h a ra c 
te rs  of seco n d ary  xy lem  are d iffe ren t in  Chloranthus o ffic ina lis  a n d  P iper  
cubeba. Vessels are  n o n stra tified  in  th e  fo rm er and s tra tif ie d  in  th e  la t te r .  
T his m ay  suggest a less specialized s ta tu s  o f Chloranthus o ffic in a lis . The 
progress of ev o lu tio n  of different p a r ts  m a y  n o t be concom itan t a lw ay s. T hus, 
in  com parison  to  P ip er cubeba, th e  to ta l  class value of Chloranthus o ffic in a lis , 
suggests m ore evo lved  p rim ary  x y lem  a n d  less specialized seco n d a ry  xylem . 
B u t, it  is q u ite  logical to  suggest t h a t  P ip er  cubeba, Chloranthus o ffic in a lis  
and  H outtuyn ia  cordata are basic in  p a t te r n  of p rim ary  xylem .

in  com parison  to  th e  species o f  P ip er , th e  class values of th e  p rim a ry  
xy lem  of Peperom ia  appears p rim itiv e  (F ig . 31). P rim itiveness o f  Peperom ia  
is also suggested  b y  th e  occurrence o f  re tic u la te  and sp iral th ic k e n in g  and  
som etim es a n n u la r  th ickening  on la te ra l  w alls of m etaxy lem  t r a c h e a ry  ele
m en ts  (m ostly  sca larifo rm  in P iper) a n d  severa l circles of v a sc u la r  b u n d les ,
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o fte n  sca tte red  (s im ila r to  Ranunculaceae). V ascu la r  p a tte rn  of Peperomia 
d iv e rg in g  w idely  from  th a t  o f Piper, su p p o rts  sep a ra tio n  of Peperomia b y  
N o v a k  [36] as Peperomiaceae. Thus sp ec ia liza tio n  of p rim ary  x y lem  in  
Piper ales show  tw o  m a jo r lines, one show ing p ersistence  of scalarifo rm  p e r 
fo ra tio n  of th e  R an u n cu laceo u s ty p e  (p rim itiv e  Piper species, Chloranthus 
officinalis and  Houttuynia cordata) and  th e  o th e r  line show ing absence o f scaa l- 
a r ifo rm  p erfo ra tio n  b u t  persistence  of several c irc les o f concave vascu lar b u n d le s  
o f  th e  R an u n cu laceo u s p a tte rn .

T he g rap h  (F ig . 31) show s th a t  th e  species arran g ed  according to  th e  
to ta l  class values o f p rim a ry  xylem  are ro u g h ly  co rre la ted  w ith  th e  class 
v a lu e s  o f vessel le n g th , angles of end w alls, p e rfo ra tio n  of m etaxy lem  vessels 
a n d  d iam e te r  of tr a c h e a ry  elem ents.

Fig. 31. Class va lues o f I ,  p la te  ang le  (p ro toxy lem ); I I ,  p la te  ang le  (m etaxylem ); I I I ,  p e r fo ra 
t io n  n a tu re  (p ro to x y lem ); IV , p e rfo ra tio n  n a tu re  (m e tax y le m ); V, len g th  of p ro to x y lem  v esse l 
m em b e rs ; V I, len g th  o f m e ta x y le m  vessel m em bers; V I I ,  d iam e te r  of p ro toxy lem  v esse l; 
V I I I ,  d iam e te r  o f m e ta x y le m  vessel; IX , to ta l  o f all c lass v a lu es. Species are (1) Houttuynia 
cordata, (2) Piper betle, (3) P. brachystachyum, (4) P. cubeba, (5) P. longum, (6) P. nepalense, 
(7) P. nigrum, (8) P. pedicellosum, (9) Peperomia argyreia, (10) P . metallica, (11) P. obtusifolia, 

(12) P . pellucida, (13) Chloranthus officinalis

Vascular bundles o f genera ( compared)

T h e p a tte rn  o f v a sc u la r  bundles as rev ea led  in  transverse  sections a re  
d is tin c tly  un iform  in Piper cubeba, Houttuynia cordata and  Chloranthus o ffi
cinalis. T he tra c h e a ry  e lem en ts form  U -shaped , sem ilu n ar or k idney sh a p e d  
s tru c tu re s . The p ro to x y lem  is s itu a ted  a t  th e  in n e r  perip h ery  of th e  m id d le  
p a r t  o f  th e  arches. In  th e se  species, sc le ren ch y m ato u s  patches occur e x te rn a l
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to  th e  phloem . P iper n igrum  rep resen ts s ligh t m od ifica tions o f th is  ty p e , b y  
th e  occurrence of b o th  in te rn a l an d  e x te rn a l (m ain ly  ex te rn a l) sc leren ch y m ato u s 
p a tch es . F u r th e r  m od ifica tion  is no ticed  in  o th e r  species of P iper, w here th e  
sc le ren ch y m ato u s p a tch es  are  m ain ly  or solely in te rn a l. Peperom ia  species 
are  d is tin c t for th e  absence o f such sc lerenchym a p a tch es accom pany ing  th e  
b und les. T hus th e  p a tte rn s  o f ind iv idual v a scu la r  b und les, also co rrespond  
to  th e  tren d s  o f evo lu tio n , d raw n from  th e  s tru c tu re  of p rim ary  tra c h e a ry  
elem en ts.
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Abstract

M any ch a ra c te rs  of leaf (h a ir ,  h y p o d e rm a l cells, palisade lay ers, in te rce llu la r  
space, d is tin c tio n  betw een  spongy  a n d  p a lisad e  p a ren ch y m a , “ pa lisade r a t io ” , d is tr i
b u tio n  of co llenchym a and  sc le ren ch y m a , p resence or absence of s ta rc h  g ra in s , calcium  
ox a la te  c ry s ta ls , num ber, shape  a n d  a rra n g e m e n t o f bund les o f p e tio le) a re  usefu l 
d istingu ish ing  ch arac te rs . R e d u c tio n  o f pa lisad e  lay ers seems to  be th e  t re n d  o f ev o lu 
tion  in P ip er  a n d  Peperomia.

Introduction

M any a u th o rs  of th e  la s t d ecad es o f  th e  19 th  cen tu ry , th e  f ir s t  q u a r te r  
o f  th e  20th  c e n tu ry  and  of recen t y e a rs  stress on th e  tax o n o m ic  im p o rta n c e  of 
le a f  an a to m y  [3, 4, 5, 9, 10, 11, 13, 17, 19]. D iscre te  records on  som e le a f  
tissu e  of a few species of Piper a n d  Peperom ia  are  in  l ite ra tu re  [1, 7, 12, 15, 
16, 18, 20]. A com prehensive c o m p a ra tiv e  s tu d y  is th e  m ain  aim  o f th e  p re sen t 
p ap er.

Material and method

Collected specim ens are en listed  in  T ab le  1.

For s tu d y in g  th e  leaf s tru c tu re , a b o u t  five  leaves, u sua lly  6 th  to  10 th  leaves fro m  th e  
t ip ,  were cleared  b y  boiling in w a ter, 9 5 %  e th an o l a n d  sa tu ra te d  aqueous ch lo ra l h y d ra te  
so lu tio n  [2]. S ections (16— 18 /m i) o b ta in e d  from  liv ing  specim ens w ere s ta in ed  w ith  sa fran in  
a n d  fa s t green [6] a n d  those from  d ry  o x id ized  m ate ria ls  w ere ex am ined  u n s ta in e d . Q u a n 
t i ta t iv e  d a ta  were ca lcu la ted  from  th e  f iv e  sec tions an d  50 read ings. All m easu rem en ts  in  th e  
t e x t  have  been in d ic a te d  in  th e  sequence o f m in im um , m ean  an d  m ax im um .

R esu lts

G e n u s -  P iper

L e a f  d o rso v en tra l. H airs  sp a rse ly  d is tr ib u te d  on th e  low er su rface , 
u n ice llu la r in  P . betle var. chhachi p a n ,  b o th  u n ice llu la r and  m u ltic e llu la r  in  
P . cubeba, m u ltice llu la r in  P. longum , P. betle v a r. jh a l p a n , a b se n t in  o th e r

7 A da lliologica Academiae Scientiarum Ilungaricae 28, 1977
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Table 1

Collected specim ens

N a m e C o llec to r, source M ateria l

F am ily  P iperaceae 

Genus — P iper

P iper betle L. (Cultivai-, jh a l p a n ) Sen I (P i). CU C utting

P . betle L. (C ultivar. m itha pan)

Im p eria l N ursery  

Sen 10 (P i), CU C utting

P. betle L. (C u ltivar. chhachi pan) Sen 11 (P i), CU C utting

P . cubeba L i n n . f . Sen 2 (P i), CU C utting

P. longum  L. D a t ta  3 (P i), CU C utting

P. nigrum  L. Sen 5 (P i), CU C utting
P. nigrum  L. D a t ta  6 (P i), CU C utting

P . nigrescence C. DC. IB S  190 D ry tw ig

P. pedicellosum  W a l l IB S  93 D ry tw ig

G enus — Peperomia  

Peperomia argyreia E . Mo r r . Sen 12 (Pep), CL C utting

Pep. metallica L i n d l . R o d i g Sen 8 (Pep), CU C utting

Pep. obtusifolia  A. D i e r t r . Sen 7 (Pep), CU C utting
Pep. pellucida  H .B .K . Sen 9 (Pep), CU C utting

F am ily  C hloran thaceae 

G enus — Chloranthus 

Chloranthus o ffic in a lis  B l . IB S  184 D ry tw ig

CU =  B o tan y  D e p a r tm e n t, C a lcu tta  U n iv e rs ity , C a lcu tta , Ind ia  
IB S  =  B o tan ica l S u rv ey  of In d ia , In d ian  B o tan ic  G ard en , S ibpur, C a lcu tta  
A ll species (e x ce p t th e  la s t  one) were grotvn in  o u r  U n iv e rsity  g a rden  in  th e  u su a l 
su n lig h t

species; c ry sta llin e  p ea rl g lands absen t. E p id erm is  un ilay ered , papillose, p a r t ic 
u la r ly  on th e  a b a x ia l su rface  of m ajo r ve ins o f P . belle var. jh a l p a n , v a r. 
chhachi p a n , P. ped icellosum  and  P. longum  a n d  n o rm al in  o th e r  species; 
ep id e rm a l cells n ea r th e  m a jo r veins sm alle r th a n  the cortical and h y p o d erm al 
cells in  P . cubeba, P . betle v a r . mitha pan  and  la rg e r th a n  h y p o d erm al cells in 
P . longum , P . n ig rum . P . nigrescence an d  P . betle v a r. jha l pan  and  alm ost 
e q u a l in  P . longum , P . pedicellosum  an d  P . betle v a r . chhachi p a n  (as recorded  
b y  Ch ib b e r  [1]); cells e llip tica l in T. S. an d  h av in g  longer d im ension v e rtica l 
to  th e  surface in  P. longum , P. betle v a r. jh a l  p a n ;  cells o vate  in P. belle var. 
m itha  p a n  and  re c ta n g u la r  and  w ith  longer d im ension  paralle l to  surface 
in  P . cubeba, P. ped icellosum ;  cells ro u n d ish  to  rec tan g u la r h av in g  longer 
ax is p a ra lle l to  su rface  in  P . nigrescence, P . betle v a r . chhachi pan .

S to m a ta  alw ays con fined  to  th e  low er su rface ; su rro u n d ed  b y  a ro se tte  
o f  cells sm aller th a n  o th e r  ep iderm al ones in  P . n igrum , P. betle v a r . jh a l pa n ;
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su rro u n d in g  colls s im ilar to  o th e r e p id e rm a l cell in  P . pedicellosum , P . botle 
v a r . m itha  p a n  and P . cubeba; in te rm e d ia te  co n d itio n  in P. longum , P . n igres
cence an d  P . betle v a r. chhachi p a n ;  c lea r cruc ife rous ty p e  rep o rted  in  P iaera- 
ceae [8] ab sen t; s to m a ta l ind ex  for d iffe ren t species are: P . betle v a r. jh a l  p a n  

6.2 10.84— 12.5; P . betle var. rnitha p a n  3.3 5.58 7.9; P . betle v a r .
chhachi p a n  — 3.2— 5.51— 5.8; P . cubeba — 2.0 — 3.22—3.8; P . longum  
5.8 7.51 7.6; P . nigrum  — 2.1 3 .44  -7 .3 ; P . nigrescence -  5.8 6.58 —
7.9; P . pedicellosum  4.1 8.33—12.5.

H ypoderm is  ab sen t on th e  adax ia l s ide  in  P . cubeba; adax ia l h y p o d e rm is  
u n ila y e re d  in  P . nigrescence, and  P . longum , 1— 2-layered in P . pedicellosum  
and  P . nigrum , and  clearly  2— 3-layered  in  all varie ties  of P . betle; a b a x ia l 
h y p o d erm is  un ilayered  in  P . cubeba a n d  P .  longum , 1—2-layered in  P . betle 
(all v a rs .) , P . nigrescence and  P . pedicellosum  an d  2 3-layered in  P . n igrum . 
E x c e p t P .  cubeba, h y p o d erm al cells o f  la m in a r  region larger th a n  th e  ep i
derm al ones. Cells o f ad ax ia l hypoderm is g en era lly  la rger th a n  th o se  o f  th e  
a b a x ia l one, v e ry  d is tin c tly  in  P . n igrum , b u t  sm aller in  P . longum , P . betle 
v a r . chhachi p a n . “ Cross bands’’’ ( rep o rted  in  Piperaceae by  Sk o t t s b e r g  [15, 
16]) a b se n t. H ydathodes ab sen t.

M esophyll inc lud ing  unilayered  p a lisa d e , som etim es tw o -lay e red  n ear 
th e  m a jo r veins of P . cubeba ; palisade a n d  sp o n g y  paren ch y m a in d is tin g u ish ab le  
in  P . nigrescence and P . pedicellosum  ; sh a p e  o f  pa lisade  cells m ore or less fu n n e l
like in  P . betle var. jh a l p a n  an d  cy lindrica l w ith  ro u n d ed  ends in  th e  re s t  o f  th e  
species. Spongy p a ren ch y m a  com pact a n d  a lm o st w ith o u t in te rce llu la r  spaces 
in  P . cubeba, P. betle v a rs . chhachi p a n  a n d  rnitha p a n , w ith  sm all in te rc e llu la r  
spaces in  P . longum , P . n igrum , P. betle v a r . jh a l  p a n ;  m ore or less co m p ac t, 
2— 3 -layered  m esophyll, in d is tin g u ish ab le  in to  palisade  and  spongy  p a re n c h y 
m a in  P . nigrescence an d  P . pedicellosum . C h lo rop lasts in  m esophyll com m on 
in m o st o f th e  species uncom m on and  ir re g u la r  in  P . cubeba. P a lisad e : e p id e r
m al cell ra tio s  for d iffe ren t species a re : P .  betle v a r. jh a l p a n  — 1— 3 .1 —4; 
P . betle v a r  m itha p a n  -— 2— 3.2—5; P . betle v a r. chhachi p a n  —  3— 4.6—7; 
P . cubeba — 6 - 7.57— 8.2; P . longum  —  5.2 — 6.15 —9.2; P . m a g n ificu m
2.5— 3.18—4; P . nigrum  —  8 —9.89— 13; P . nigrescence —  4 .2— 4 .3 5 - 6 .5 ;  
P . pedicellosum  — 1.5— 2.57 4 (Figs 1— 6).

Cortical cells oj m ajor veins g en era lly  h ex ag o n a l p a ren ch y m a to u s  on  th e  
a b a x ia l surface and  c ircu la r to  s ligh tly  a n g u la r  on the  adax ial su rface  in  P . 
betle v a r . chhachi p a n , P . cubeba and  P .  pediqellosum  m ore or less ro u n d ish  
on b o th  sides in  o th e r  species; cells on th e  ab ax ia l side larger. A m u ltila y e re d  
ch lo ren ch y m ato u s tissu e  con tinuous to  th e  pa lisade  below th e  a d a x ia l ridge 
a g a in s t th e  v ascu la r b u n d le  o f the m a jo r  ve ins, found in P . betle v a rs . jh a l 
p a n  an d  mitha p a n , P . longum , P. ped icellosum , P . nigrescence and  P . n igrum , 
a b se n t in  P . cubeba an d  P . betle var. chhachi p a n . A n adax ia l sc le ren ch y m ato u s 
cap  in  P . betle v a r. chhachi p a n  and P . longum , sm all patches of sc le ren ch y m a
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Fig.  8

Fig. 9

Pigs 1 —9 . C am era-lucida draw ings o f  tra n sv erse  se c tio n s  o f  lam in a  (1— 6) and m id r ib  (7 9) 
o f  Piper. 1 Piper betle (jhal pan);  2 =  P. belle ( mitha pan);  3 =  P. betle (chhachi p a n );  
4 =  P. cubeba; 5 — P. longum; 6 =  P. nigrum; 7 =  P. betle (jhal pan); 8 =  P. betle (mitha

p a n '( 9 =  P. betle (chhachi pan)
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in the same position in P. cubeba, P . betle vars. m itha  p a n  and jlia i p a n , absent 
in others. Collenchymatous adaxial hypodermis forming a more or less rectang
ular patch in P . belle (all vars.), P . longum  and P . nigrum , covering the whole 
adaxial ground tissue in P . nigrescence, absent in P . cubeba and P. pedicellosum  ; 
collenchyma in abaxial hypodermis a 4 —6 layered sheath in P . belle (all vars.), 
P. nigrum  and P. nigrescence, 1— 2 layered in P. longum  and absent in P. 
cubeba and P. ped icellosum ;  type of collenchyma lacunar in P. n ig ru m , P. 
cubeba, P . betle (all vars.), P. nigrescence and angular in P. longum  (Figs 7—  
14).

Vascular bundle  open, co lla tera l. C am b iu m  zone 1—2-layered  in  P . betle 
v a r . chhachi p a n ,  2— 3-layered  in  P . cubeba, 3— 4-layered in P . longum , P . 
n ig ru m , 3— 5-lay ered  in P . betle v a r . jh a l  p a n ,  n o t d istin c t in  P . betle v a r . 
m itha  p a n , P . nigrescence and  P . pedicellosum , sphero idal b u t d o rso v e n tra lly  
f la t te n e d  in  P . betle v a r. chhachi p a n , P . cubeba, alm ost c ircu lar in  P . betle 
v a r . jh a l  p a n , P . n igrum , P . longum, P. pedicellosum , P. nigrescence. N u m b e r 
o f tra c h e a ry  e lem en ts  in  tran sv e rse  sec tio n  ^  15 in P . pedicellosum , ^  40 in  
P . betle v a r. m itha p a n ,  ^  20 in P . betle v a r . chhachi pan  and  P . nigrum , ^  25 
in  P . betle v a r  . jh a l  p a n , ^  30 in  P . longum , P . nigrescence, ^  120 in P. cubeba; 
t r a c h e a ry  e lem en ts hex ag o n al to  p e n ta g o n a l in  shape . P ro p o rtio n  of ph loem  
in  re la tio n  to  x y lem  alm o st equal in  all species excep t P . cubeba, P . pedicello
su m , w here  th e  ph loem  p o rtio n  sm aller; f ib re s  in  phloem  and  xylem  v e ry  ra re ; 
v e n a tio n  re tic u la te ; ve in  islet num bers p e r m m 2 are : P . betle v a r. jh a l p a n  -  
2— 6 .72— 7; P . betle v a r. m itha pan  —  2 — 2 .3 — 6; P. betle v a r. chhachi p a n  
3 .7— 4 .4 4 — 5; P . cubeba — 2 — 3.94— 6; P. longum  — 1— 1.34—4; P . nigrum  — 
2— 3 .35— 5; P . nigrescence —  1 — 3.5 — 4 ; P . pedicellosum  — 1— 2 .0 8 —4. 
P e tio le  — ep iderm is un ilay ered  in  P . nigrescence, P. cubeba and  P . pedicello
su m , tw o -lay e red  in  P . nigrum  an d  P . longum , 2— 3-layered in P . betle (all 
v a rs .) , cells b a rre l-sh a p ed  in  P . longum , P . n igrum , P. betle (all v a rs .) , P . 
nigrescence, P . pedicellosum  and  P . longum . C ollenchym a on th e  a d a x ia l side 
o f p e tio le  an g u la r in  P . nigrum , P . longum  a n d  P. betle (all vars.), ab se n t in  P . 
cubeba, P . nigrescence an d  P . pedicellosum . C ortica l p a ren ch y m ato u s cells o f 
pe tio le  an g u la r in  T .S ., m ore or less co m p ac t in  P. betle vars. chhachi p a n  a n d  
m itha  p a n , iso d iam etric  in P. pedicellosum , P . betle var. jh a l p a n , P. longum , 
P . nigrescence an d  P. n igrum , an g u la r w ith  in te rce llu la r  spaces in P. cubeba ; 
lay e rs  v a ry in g  as 4 — 5 in P. nigrum , P . betle v a rs . chhachi pan  and  m itha p a n ,  
P . longum , 5— 7 in  P. nigrescence and  P. betle v a r . jh a l p an , 8— 10 in P. cubeba 
and  P. pedicellosum . S ta rc h  grains sc a tte re d  in  th e  ground tissue o f P. longum  
a n d  P. nigrum . C alcium  oxa la te  c ry sta ls  p re se n t on the  ground  tissue  o f  P. 
betle v a r . jh a l p a n , ab sen t in  re s t of th e  species. O pen  co llateral v ascu la r b u n d les  
v a ry in g  in  n u m b er, a b o u t seven m ain  and  n in e  b ranches in P . betle (all v a rs .) , 
six  b ran ch es  in P . nigrum , four b ranches in  P. longum , five to  seven  v a sc u la r  
b u n d le s  in P. pedicellosum  an d  P. nigrescence, single in P . cubeba. M ucilage
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Fig. 10 Fig. 11

F i g .  14 Fig. 15
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Figs 10— 18. C am era-luc ida  d raw in g s of tran sv erse  sec tio n s  o f m idrib  (10— 14) an d  p e tio les  
(15— 18) d iag ra m m a tic  o f Piper. 10 =  P. cubeba; 11 =  P. longum; 12 =  P. nigrum; 13 =  P. 
nepalense; 14 =  P. pedicellosum ; 15 =  P. belle (jhal pa n )  ; 16 =  P. cubeba; 17 =  P. longum;

18 =  P. nigrum

canal present, almost at the centre of petiole o f P . nigrum , absent in rest of 
the species. Cambium 3— 5-layered in P. longum , P . n igrum , P. betle (all vars.), 
1— 2-layered in P . pedicellosum , not distinct in P . cubeba and P. nigrescence. 
Vascular bundle of petiole ovoid in P . n igrum , P. betle (all vars.) and P . longum , 
crescent shaped in P . cubeba, spheroidal and dorsoventrally flattened in P . 
pedicellosum  and P . nigrescence. Vascular system  generally forms a crescent 
in P . cubeba, a complete circle in P. longum, P . nigrescence and P. pedicellosum  
and few of adaxial bundles tending to be medullary in P. nigrum , P . betle 
var. jh a l  p a n , m itha p a n  and chhachi p a n  (as in P . excelsum, Ch ib be r [1]), 
(Figs 15— 21).

Number of tracheary elements per main bundle ^  8 in P. nigrescence 
and P . betle vars. m itha  p a n  and chhachi p a n , ^  14 in P. pedicellosum, P . n ig 
rum  and P . longum , ^  16 in P. betle var. jh a l p a n  ; ^  74 in P. cubeba; tracheary 
elements hexagonal or pentagonal in transections. Proportion of phloem to 
xylem  vary little in almost all species. Fibres very rare in phloem and xylem .

Acta Biologien Academiae Scientiarum Hungaricae 28, 1977



VEGETATIVE ANATOMY OF P IP E R A L E S . II . 1 0 5

Fig. 19 Fig. 20 F ig . 21

F i g . 2 2 F i g .  2 3 Fig. 24
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Fi g.  27 Fig.  28

Fig. 29
Figs 19— 29. C am era lu c id a  d raw in g s (d iagram m atic  a n d  c e llu la r) of transec tions th ro u g h  pe tio le  
an d  lam in a  of a few  species o f Piper , Peperomia a n d  Chloranthus. 19 =  Piper betle (jhal 
pan );  20 =  P. cubeba; 21 =  P. longum; 22 =  Peperomia argyreia; 23 =  Pe. obtusifolia; 
24 =  Pe. pellucida ; 25 =  Pe. argyreia; 26 =  Pe. obtusifolia ; 27 =  Pe. pellucida; 28 an d  29 =

Chloranthus officinalis
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G enus —  Peperom ia

L e a f  d o rso v en tra l. H airs  sp a rse ly  d is tr ib u ted  on th e  low er surface; 
g la n d u la r  ha ir u n ise ria te  on th e  low er su rface  in P. pellucida, Pe. argyreia, 
Pe. obtusifolia  an d  Pe. metallica ; g lan d s consisting  of basal sh o rt s ta lk  and an 
en la rg ed  head  in  all species. E p id e rm is  u n ilay e red ; papillose in  Pe. obtusifolia  
an d  Pe. metallica  on the  ad ax ia l side and  norm al in Pe. argyreia  an d  Pe. 
p e lluc ida ;  cells n e a r  th e  m ajo r v e in s  sm alle r th a n  the co rtica l cells in  all the  
species; cells w ith  larger d im ension  p e rp en d icu la r  to  th e  su rface  in  Pe. pe llu 
cida, o v a te  in  Pe. obtusifolia  an d  Pe. argyreia ; rec tangu la r w ith  lo n g e r d im en
sion para lle l to  th e  surface in  Pe. metallica.

Stom ata  a lw ays confined to  th e  low er surface, su rro u n d in g  cells sm aller 
th a n  o th e r ep iderm al cells in Pe. obtusifo lia  an d  Pe. metallica, s im ila r  to  o ther 
ep id e rm al cells in  Pe. pellucida  a n d  Pe. argyreia, clear cruciferous ty p e  absent 
in  th e  s tud ied  species. S to m a ta l ind ices a re : Pe. argyreia —  2 .1 — 8 .1 — 10.5, 
Pe. metallica —  2 .2 —7.37—8.8; P . obtusifolia  — 2—4.25 7.6; Pe. pellucida

9.1—12.09 17.4.
H ypoderm is  (adaxial) co n sis tin g  o f  a n g u la r  cells in Pe. argyreia , Pe. metal

lica  and  Pe. obtusifolia, s ing le -layered  w ith  longer axis p e rp e n d ic u la r  to  the 
su rface  in Pe. pellucida, 4— 5 -lay ered  in  Pe. argyreia, Pe. obtusifo lia , Pe. metal
lica ;  cells co m p act w ithou t in te rc e llu la r  spaces. A haxial h y p o d e rm is  absen t.

M esophyll consisting  of 4 — 5 -layered  palisade in Pe. argyreia , 1— 2- 
lay e red  in  Pe. metallica and Pe. obtusifo lia  and  one-layered in  Pe. pellucida ; 
deposits  o f calcium  oxala te  c ry s ta ls  p re se n t in palisade cells o f  Pe. argyreia 
a n d  ab sen t in o th e r  species; sh ap e  o f  th e  palisade  cells an g u la r in  Pe. argyreia, 
Pe. obtusifolia, ovoid in Pe. pe lluc ida  an d  finger-like w ith  b lu n t h ead s  in  Pe. 
m etallica; ch lo rop lasts p resen t in  p a lisad e  cells of all species; v e ry  d istin c t 
a n d  la rger in  size in Pe. pellucida . S p ongy  parenchym a c o m p a c t an d  w ith 
sm all in te rce llu la r spaces in P. obtusifo lia  and  Pe. metallica an d  w ith o u t in te r
ce llu la r spaces in  Pe. argyreia a n d  Pe. pellucida. Palisade ra tio  — Pe. argyreia 
—- 7—9.2 12, Pe. metallica — 8 11.03 14, Pe. obtusifolia  —- 9.2—11.53
15.5, Pe. pellucida  — 6.5 8.90 11.5 (F igs 22— 24).

Vascular bundle sp h ero ida l, d o rso v en tra lly  f la tten ed  in  Pe. argyreia 
a n d  ovoid in re s t o f the  species; n u m b e r  o f trach ea ry  e lem en ts  J^IO  in Pe. 
argyreia, Pe. obtusifolia  and  Pe. m etallica, ^ 6  in Pe. pellucida ; sh a p e  hexagonal 
to  pen tag o n a l in  T. S.; p ro p o rtio n  o f ph loem  in relation  to  x y lem  is equal in 
Pe. argyreia an d  sm aller in re s t o f  th e  species; fibres in ph loem  an d  xy lem  very  
ra re  (Figs 22— 24). Vein islet n u m b e r  p er m m 2 — Pe. argyreia - -  1— 2.3 —4 
Pe. metallica l —2.34 — 4, Pe. obtusifolia  — 1— 1.16—2, P e. pellucida
1—2.04—4.

Petiole co n ta in s ep iderm is, u n ila y e re d  in  all the  species. C o llenchym a of 
h ypoderm is an g u la r, 8— 10-layered  in  Pe. argyreia, ab sen t in  o th e r  species.
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D epo sits  of calcium  o x a la te  c ry s ta ls  p resen t in  th e  g ro u n d  tissue of Pe. argyreia, 
P e. obtusifolia, ab sen t in  P e. pellucida  an d  Pe. metallica. Vascular bundle 
o p en -co lla te ra l, a lm o st ovo id ; n u m b er of b u n d le s , 9 in  P. obtusifolia, 7 — 9 in 
Pe. metallica, 8 in  Pe. argyreia, (5 in  Pe. berteroana, S k o t t s b e r g  [15]), an d  3 
in  Pe. pellucida, 3 also in  Pe. h ispidula, J o h n s o n  [7] and  Pe. langsdorfii, 
M e t c a l f e  and  Ch a l k  [8]). B und les a rranged  as a ha lf-m oon  in Pe. pellucida , 
Pe. obtusifolia, Pe. m etallica, or a com plete c irc le  (P e . argyreia) .  C am bium  
2— 3 -lay ered  in  Pe. ob tusifo lia , Pe. metallica an d  P e. argyreia, 1— 2-layered  in  
Pe. pellucida . N u m b er o f tra c h e a ry  elem ents ^ 8  in  Pe. metallica, ^ 5  in  Pe. 
pelluc ida , ^  14 in  Pe. obtusifo lia  and  ^ 2 0  in  P e. argyreia; tra c h e a ry  cells 
h ex ag o n a l in  T .S .; f ib res  o f  ph loem  and  xy lem  v e ry  ra re  (Figs 25—27).

G enus —  Chloranthus

L e a f  d o rso v en tra l; h a irs  ab sen t; epiderm is u n ila y e re d , b o th  on th e  ab- 
ax ia l an d  adax ia l su rfaces; cells papillose on th e  a b a x ia l side; size of th e  ab ax ia l 
ep id e rm a l cells sm alle r th a n  th e  adaxial ep id e rm al cells; d ep th  of cells, 50 — 
58.3— 66.6 pm  and  43 .3— 48.3— 58.3 pm  in u p p e r  a n d  low er surface, re sp ec 
tiv e ly ; d im ension  o f cells in  su rface  view  43.3— 48.3—58.3 pm  and 58 .3—100 - 
133.3 p in  in  u p p er an d  low er surfaces, re sp ec tiv e ly  (F ig . 28). Stomata  a lw ays 
co n fin ed  to  th e  low er su rface , su rro u n d ed  by  o rd in a ry  ep iderm al cells. S to m a ta l 
in d ex  11.1— 14.08— 16.6. H yp o d erm is  absen t. Cortical cells of m ajor veins 8 
10 -layered , s itu a te d  below  th e  abax ia l ep iderm is, co rtic a l cells in te r ru p te d  
b y  s to n e  cells.

M esophyll n o t d iffe re n tia te d  in to  palisade a n d  sp o n g y  parenchym a, n e x t 
to  a d a x ia l ep iderm is; c h lo ro p la s ts  ev iden t (F ig . 28), pa lisad e  ra tio  — 23.5 — 
32.88— 38.7.

Vascular bundle c rescen tic  in  shape, c am b iu m  n o t d is tin c t, ^ 1 2 0  vessels, 
tra c h e id s  an g u la r in T .S .; p ro p o rtio n  of phloem  less th a n  xylem ; fib res ra re  
in  x y lem  an d  phloem  (F ig . 28). V ein islet n u m b e r  p e r  m m 2 — 1.

Petiole. E p id erm is  u n ilay e red ; co llenchym a o f hypoderm is co m p ac t, 
5— 6 -lay ered , m ore or less ovo id  in  T .S. L arge s to n e  cells in  groups sc a tte re d  
th ro u g h o u t th e  p a re n c h y m a to u s  cells o f th e  g ro u n d  tis su e , s ta r-sh ap ed  secre 
to ry  cells p resen t, th e  v a sc u la r  system  form ed in  tw o  la te ra l  crescentic p a tc h e s ; 
c am b iu m  4 — 5-layered , ^ 1 2 0  vessels, p ro p o rtio n  o f  p h lo em  less th a n  x y lem ; 
fib res  ra re  in  xy lem  an d  p h lo em  (Fig. 29).

D iscussion

E p id e rm a l hairs fo rm  a clear criterion  o f ta x o n o m ic  d istinctions, w hich  
are n o n -g lan d u la r  on th e  low er surface of P iper, g la n d u la r  on th e  lower surface 
o f Peperom ia  and  a b se n t in  Chloranthus. H airs p ro v id e  no evo lu tionary  sign if
icance.
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S to m a ta  o f b o th  P iper  and  P eperom ia  are  o f th e  sam e n a tu re . T he 
ro se tte  o f cells su rro u n d in g  s to m ata  m a y  be  s im ila r to , o r sm aller th a n , e p id e r
m al cells. The c h a ra c te r  m ay  differ in  d iffe re n t v arie ties of th e  sam e species. 
S to m a ta l index  differ d is tin c tly  in d iffe ren t species an d  varie ties, an d  th e re fo re , 
has taxo n o m ic  sign ificance.

T he hy p o d erm is  provides a good ta x o n o m ic  ch a rac te r. A bax ia l h y p o d e r- 
m is is ab sen t in  P eperom ia, p resen t in  P ip er. T h e  n u m b er of layers o f  h y p o d e r
m is is specific. In  th e  genus Piper, i t  is low est in  P. cubeba (ad ax ia l ab se n t 
an d  ab ax ia l un ilay e red ), h igher in o th e r  species. T he size of h y p o d e rm a l cells 
is also ch a rac te ris tic  o f  species. A m ong Peperom ia  species, th e  ad ax ia l h y p o d e r
m is is un ilay ered  w ith  highly specialized  cells in  Peperomia pellucida , b u t  
m u ltilay e red  in  o th e r  species.

T he n u m b er o f pa lisade  layers, sh a p e  o f  pa lisade  cells, n a tu re  o f  sp o n g y  
p a re n c h y m a  cells, in te rce llu la r spaces an d  presence or absence o f d ifference 
be tw een  spongy p a ren ch y m a  and  p a lisa d e  cells, p rovide good tax o n o m ic  
ch a ra c te rs  of P iper. Tw o-layered p a lisad e  is found  in  P. cubeba a n d  g rad u a l 
red u c tio n  or loss o f d is tin c tio n  seems to  be  a tre n d  of evolu tion . A m ong  Pepe
rom ia  species also P . argyreia has th e  h ig h e s t n u m b er of layers o f  pa lisad e  
(4 —5) and  single la y e r  in P. pellucida. T h e  tre n d  therefo re  seem s to  be of 
g rad u a l red u c tio n , in b o th  the  genera.

P a lisade— ep id erm al cell ra tio  also v a rie s  m ark ed ly  according to  species. 
F ro m  2.5 ( P iper pedicellosum ) to  9.8 ( P ip er  n igrum )  in Piper  an d  from  8.9 
( Peperom ia pe lluc ida)  to  11.5 ( Peperom ia obtusifolia)  in  Peperom ia. S im ilar 
tax o n o m ic  sign ificance is found in  v e in  is le t num ber.

D is trib u tio n  o f collenchym a an d  sc le ren ch y m a on the  ad ax ia l or a b a x ia l 
h y p o d erm is , ag a in s t th e  m ajo r veins, is also  a d is tin c tiv e  c h a ra c te r  fo r a sp e 
cies. P resence or absence  o f sta rch  g ra in s  a n d  calcium  oxa la te  c ry s ta ls  in  th e  
g ro u n d  tissue  o f p e tio le , n um ber an d  sh a p e  o f  bund les in  th e  petio le , also p ro 
v id e  good id en tify in g  ch arac ters  o f species. T h e  a rran g em en t of v a sc u la r  b u n d le  
in  p e tio le , is also d is tin c t in a species, c irc u la r  in  P iper longum, P . n igrum , 
P . pedicellosum , P . nigrescence, c rescen t sh a p e d  in  P. cubeba and  few  te n d in g  
to  fo rm  m edu lla ry  bun d les  in  P. belle (a ll v a rie ties). S im ilarly  in  P eperom ia  
i t  m ay  be crescen t sh ap ed  (Pe. p e lluc ida , Pe. obtusifolia  and  Pe. m etallica)  
an d  c ircu la r w ith  a m edu lla ry  bund le  in  Pe. argyreia.

In  Chloranthus co rtica l cells o f  p e tio le  are  in te rru p te d  b y  s to n e  cells. 
D iffe ren tia tio n  o f m esophy ll in to  p a lisad e  a n d  spongy p a ren ch y m a is ab sen t. 
V ascu la r system  consists of tw o la te ra l  c rescen tic  patches. P a lisad e  ra tio  is 
v e ry  h igh (23.5—38.7). Vein islet n u m b e r  is v e ry  low (1 p er m m 2). All th ese  
c h a ra c te rs  d is tin g u ish  Chloranthus f ro m  o th e r  s tu d ied  species o f  Piperales.
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EFFECT OF VITAMIN C ADMINISTRATION ON BLOOD 
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A bstract

V itam in  C (1.0 g /d ay ) was ad m in is te red  o ra lly  to 20 healthy  m ales fo r  1 m o n th  
u n d e r con tro lled  cond itions. The blood asco rb ic  acid  level rose from 0.76 ±  0.21 m g %  
to 1.24 ±  0.19 m g%  in young sub jects (2 0 — 30 y ears), and  from 0.74 ±  0 .29 m g %  
to 1.22 ±  0.22 m g%  in m iddle-aged ones (31— 50 years). S im ultaneously , th e  serum  
cholestero l levels decreased  from  204 ±  16 m g %  to  177 ± 2 1  m g%  in th e  y o u n g  an d  
from  256 ± H  m g%  to  225 ±  36 m g%  in th e  m iddle-aged , a s ta tis tica lly  s ig n ific a n t 
fall o f 10— 1 5% , on th e  average (P  <  0.01). T h e  effect in norm o-cholesteraem ic su b je c ts , 
in p a r ticu la r , su p p o rts  th e  cholestero l-low ering  ac tio n  of v itam in  C.

Introduction

T he possible re la tio n sh ip  betw een v ita m in  C and  cholesterol m e tab o lism  
has a t tra c te d  considerab le  a tten tio n  d u rin g  th e  la s t few years since i t  has an 

im p o r ta n t  bearing  on th e  w ider p rob lem  o f atherosclerosis. Som e w orkers 
h av e  re p o rte d  th a t  v itam in  C can low er th e  blood cholesterol [3, 10], while 
o th e rs  have  re fu ted  th is  [1, 2]. On th e  o th e r  h a n d , N am bisan  an d  K u r u p  |7]  
have  recen tly  suggested  th a t  v itam in  C d efic ien cy  could prom ote a th e ro sc le r 
osis even  w ith o u t app rec iab ly  affecting  th e  b lood  cholesterol level. I n  view  
o f these  con tro v ersia l find ings, we have in v e s tig a te d  th e  effect o f v i ta m in  C 
a d m in is tra tio n  on th e  blood cholesterol level o f  tw o groups of n o rm al a d u lts , 
one y o ung  and  th e  o th e r elderly, un d er co n tro lled  conditions.

M aterial and  m eth o d

T his s tu d y  is based  on  40 h ea lth y  a d u lt m ales. A ll o f them  were chosen fro m  a m o n g s t 
d o c to rs  and  m edical re sid en ts  so th a t  th e ir d ie ta ry  a n d  e n v iro n m en ta l conditions w ere  e ssen ti
a lly  sim ilar. All were sym ptom less and w ith o u t a n y  a b n o rm a lity  on routine  c lin ical e x a m in a 
tion . F a s tin g  blood su g ar was estim a ted  in all su b je c ts  to  exclude any p o ten tia l d iab e tic s . T he 
40 se lected  su b jec ts  w ere d iv ided  in to  two equal g ro u p s , by  age (20 to 30 y ears a n d  31 to  50 
y ea rs  o f age). E ach  group  w as fu rth e r subd iv ided  ra n d o m ly  in to  tw o: one se t o f 10 rece iv ing  
v i ta m in  C and  the  o th e r  10 serv ing as a con tro l. A ll th e  sub jects were given to  u n d e rs ta n d  
th a t  th e  purpose  of th e  s tu d y  was only to  see if a d d e d  v ita m in  C effectively ra ised  th e  blood 
ascorb ic  acid  level o r w as m ere ly  w ashed ou t; th e  ch o leste ro l p a r t  of the s tu d y  w as n o t d is
closed.

All e s tim a tio n s  were done by one of the  a u th o rs  (K .J .)  unbiased by th e  id e n t i ty  o f the  
sam ples. B lood w as collected  a fte r  an  ov ern ig h t fa s t . Serum  ascorbic acid  w as e s tim a te d  
co lo rim etrica lly  u sin g  2,4 d in itro p h en y l h y d raz in e  [8 |.  Serum  cholesterol was e s t im a te d  by  
th e  L ieb erm an n — B u rc h a rd  reac tion  as described b y  K i m  and  Goldberg  [5]. T h e  te s ts  were 
p e rfo rm ed  before s ta r tin g  v ita m in  C and a t  th e  en d  o f  30 d ay s trea tm e n t. The c o n tro l g ro u p s 
w ere s im u ltan eo u sly  tes ted .

V itam in  C (ascorb ic  acid , G laxo) was g iven  o ra lly  in a single dose of 1.0 g d a ily  for 
ex ac tly  30 days. T he su b jec ts  did no t tak e  any o th e r  m edicine  du ring  this period  a n d  m ad e  no 
change in  th e ir  u sua l d ie ta ry  an d  w orking schedules.

A d a  b i o l .  A c a d .  S e i .  h u n g . .  28( 1) ,  111— 114 ( 1977)
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R esults

T h e  serum  cho leste ro l and  ascorbic acid  levels, before an d  a fte r  th e  v i t a 
m in  C ad m in is tra tio n  fo r 30 days, are su m m arized  in Table 1.

I t  is obvious th a t  b o th  th e  contro l g ro u p s are  evenly m atched  w ith  th e ir  
re sp e c tiv e  ex p e rim en ta l g roups and  th e  se ru m  cholesterol and ascorb ic  acid

Table 1

S eru m  cholesterol and ascorbic acid levels before a n d  after vitam in C adm inistra tion
fo r  one m onth

No. of
Cholesteiol, rag /100 ml Ascorbic acid, mg/100 ml

G roup subjects
Before A fter Before A fter

Y o u n g :

V ita m in  C 10 204 ±  16* 177 ± 21 0.76 ±  0.21 1.24 ±  0.19
C on tro l 10 191 ±  26 205 ± 20 0.77 ±  0.25 0.77 ±  0.21

M iddle-aged

V ita m in  C 10 256 ±  11 225 ~T~ 36 0.74 ±  0.29 1.22 ±  0.22
C o n tro l 10 262 ±  24 257 ± 18 0.70 ±  20 0.68 ±  0.18

* Mean ±  1 standard deviation

lev e ls  a re  closely sim ila r. T he in itia l va lu es  show  th a t  ascorbic acid  in  th e  
m id d le -a g e d  su b jec ts  w as som ew hat low er th a n  in  th e  younger ones, h u t  th e  
d iffe ren ce  is n o t s ta tis t ic a lly  sign ifican t (P  >  0.05). On the o th e r h a n d , ch o 
le s te ro l  h as  s ig n ifican tly  increased  w ith  age (P  0.01).

V ita m in  C a d m in is tra tio n  for one m o n th  has considerably ra ised  its  
ow n lev e l in  th e  b lood , b o th  in  young an d  m id d le -ag ed  subjects. T he in c rease  
is s ta t is t ic a l ly  s ig n ifican t (P  <  0.01). As a m a t te r  of fact, only 4 o u t o f  20 
su b je c ts  h a d  an  in itia l ascorbic acid level o f  1.0 mg/100 ml or m ore w hile , 
a f te r  one m o n th  of v ita m in  C a d m in is tra tio n , as m an y  as 17 ou t o f th e se  20 
m o v e d  above th is  level. A long w ith  th is , se ru m  cholesterol levels h av e  
c o n s is te n tly  decreased  in  all th e  20 sub jec ts . I n  th e  young group, w ho h a d  a 
lo w er in it ia l  serum  cho lestero l, th e  average fall w as by  27 mg/100 m l a n d  th e  
c h an g e  is h igh ly  s ig n ifican t (t =  4.38 an d  P  <7 0.01). In  th e  case o f  th e  
m id d le -a g e d  sub jec ts , w ho h ad  a h igher in itia l cho lestero l level, th e  av e rag e  
fa ll w as b y  31 m g/100 m l an d  th is  again  is h ig h ly  significant s ta tis t ic a lly  
( t =  3 .78, P  <  0.01).

T h e  contro l g roups d id  n o t show an y  ap p rec iab le  change during  th e  one 
m o n th , in d ica tin g  th a t  all conditions re m a in e d  essen tia lly  iden tical.
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D iscussion

T he p resen t inv estig a tio n  has b ro u g h t ou t a consisten t fall in  th e  serum  
cho lestero l level of all th e  su b jec ts  on a daily  supp lem en t o f  1.0 g v ita m in  C 
w hile keep ing  all o ther cond itions essen tia lly  co n stan t, in  30 day s tim e  the 

-  decrease had  heen of th e  o rd e r o f 10— 15%  below  the  in itia l va lu e  (T able  1) 
an d  th e  change is s ta tis tic a lly  sig n ifican t (P  < / 0.01). Y oung ad u lts , below  30 
y ea rs  o f age, have show n th e  ch an g e  ju s t  as m uch as th e  m ore aged  su b jec ts  
w ho h ad  h igher in itia l values. T he co n ten tio n  th a t  v itam in  C can low er b lood  
cho lestero l is th u s  s tren g th en ed  b y  th e  fact th a t  it  can do so, in  th e  accep ted  
th e ra p e u tic  dose of 1.0 g /day , even  in  young, perfectly  n o rm o-cho lesteraem ic  
su b jec ts , i.e. th e  effect seem s n o t to  be confined against ab n o rm ally  high ch o 
leste ro l levels.

T he serum  ascorbic acid levels have in th e  m ean tim e risen  a p p rec iab ly , 
in d ic a tin g  th a t  enough scope e x is ted  for fu r th e r  sa tu ra tio n  of th e  b lood  w ith  
th is  w ater-so lub le  v itam in , a t  le a s t am ongst th e  p o pu la tion  u n d e r  s tu d y . 
A t w h a t blood level w ould v ita m in  C ex ert its op tim um  effect on th e  blood 
cho lestero l rem ains to  be seen.

S pit tl e  [10] has rep o rted  t h a t  v itam in  C, in  th e  dose o f 1.0 g p er d ay , 
p roduces no t only a m arked  fall in  th e  blood cholesterol bu t m ight even  m obilize 
a n y  cholestero l a lready  deposited  in  th e  vessel walls. F o r th e  sam e reason , 
sev era l R ussian  w orkers led by  M iasnikova have  been regu larly  u sing  v ita m in  
C, o ra lly  or by  in trav en o u s in jec tio n , as a th e rap eu tic  m easure in p a tie n ts  
w ith  atherosclerosis [9]. R ecen tly , how ever, th e  pendulum  has sw ung  to  th e  
o p p o site  side and  it  has been c laim ed  th a t  too  m uch v itam in  C m igh t a c tu a lly  
ra ise  th e  c ircu la tin g  cholestero l level [2], possib ly  b y  chang ing  th e  copper 
zinc ra tio  [6]. N am bisan  and  K u r u p  |7 ]  have show n th a t  ascorbic acid  d e fic i
ency  resu lts in increased cho lestero l in th e  liver and  increased trig ly ce rid es  
in  th e  liv er and  ao rta  of gu inea p igs, a lthough  th e re  is little  change in  th e  b lood 
cho lestero l level. H ow ever, th e y  h av e  affirm ed  th a t  ascorbic acid d efic iency  
w ould c o n tr ib u te  to  th e  d ev e lo p m en t o f atherosclerosis because i t  decreases 
th e  level of su lphated  g lycosam inoglycans.

I t  can  be concluded th a t ,  w ith in  any  given set of cond itions, v ita m in  C 
in ta k e  can  be an im p o rta n t d e te rm in a n t o f th e  serum  cholestero l level, b u t 
no  d o u b t n o t th e  only one. W h e th e r  v itam in  C p rim arily  in fluences th e  in te s 
tin a l ab so rp tio n  of cholesterol, p rom otes its  conversion in to  bile acids an d  
sec re tio n  b y  th e  liver [4] or con tro ls  its  in vivo  syn thesis would req u ire  fu r th e r  
e lu c id a tio n .
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A bstract

G enetic  u p g rad in g  of seed p ro te in  p ro d u c tio n  of garden pea was u n d e rta k e n  by  
developing 8 g en o ty p es of h av in g  seed p ro te in  c o n te n t  legum inous p lan ts  th ro u g h  m u ta 
tion  breed ing . Also 8 h igh  yield ing  m u ta n ts  and  re co m b in a n ts  ob ta in ed  from  G erm any  
were ex am ined  fo r th e ir  perform ance u n d e r In d ia n  co nd itions by growing th em  in  con
ju n c tio n  w ith  com m only  grow n pea v a rie ty  o f N o r th e rn  In d ia . T he seed p ro te in  con
te n t  of h igh  p ro te in  geno types ranged  from  130 to  135%  of the  con tro l local line. 
Besides, th e  m a jo rity  of th e  high p ro te in  g e n o ty p e s  were dw arf and  h igher y ield ing  
th an  th e  co n tro l line, and  all of these flow ered , f ru ite d  and m atu red  la te r  th a n  th e  
contro l local line. All th e  m u ta n ts  an d  re co m b in a n ts  o b ta ined  from  G erm any  w ere 
sh o rte r, earlie r an d  h igher y ielding th a n  th e  co n tro l line. M u tan t 68C is c h a ra c te 
rized by  an  increased  ovule num ber pe r pod re su ltin g  in an  enhanced  seed n u m b er 
per pod . W hile , in G erm any , its  pod n u m b er g e ts  reduced  d rastica lly , in In d ia , i t  
increased  sig n ifican tly . T h u s, the p o sitive  a n d  n egative  association  in  G erm any  
changed  to po sitiv e  fu n c tio n  in N. In d ia . M u ta n t  1201A is ch arac te rized  by  th e  
fo rm atio n  of shoo t d icho tom y b u t th e  p e n e tra n c e  of th e  gene in  G erm any  v a ried  
from  22 to  8 3 % . In  In d ia  (K u ru k sh e tra  a n d  V aran asi), th e  p en e tran ce  of th e  
gene was nearly  1% . T herefore  in the  n o rth e rn  o r cen tra l p a r ts  of In d ia , th e  iso la 
tio n  of th is m u ta n t  w ould have been im possib le. A sim ilar behav iour of th e  m u ta n t  
gene was fo u n d  in R 98B , w hich is ch a ra c te riz ed  by stem  fascia tion  an d  d im in u tiv e  
v eg e ta tiv e  an d  rep ro d u c tiv e  s tru c tu re s . T he p e n e tra n c e  of th e  gene causing  sh o o t 
d icho tom y in  1201A could  fu r th e r  he red u ced  by  in co rp o ra tin g  th e  gene for e a rli
ness an d  th e  gene for increased  ovule n u m b er p e r carpel in to  th e  genom e of 1201A 
m u ta n t. On th e  c o n tra ry , its  p en etran ce  could f irm ly  be  estab lished  by an in co rp o ra tio n  
of th e  gene inducing  reduced  seed size. T hus, th e  ex p ress io n  of a m u ta n t gene is co n sid er
ably  m odified  by th e  p resence of o th er m u ta n t  genes in the  genom e; th e  p e n e tran c e  
and ex p ress iv ity  can  therefo re  be enhanced  or re d u ce d  by the  in co rp o ra tio n  of o th e r  
m u ta n t  genes in th e  genom e. M u tan t 489C e x ib its  a p ronounced  stem  fasc ia tio n , an d  
num erous ag g reg a ted  flow ers and rep resen ts  one  of th e  h ighest y ield ing  g en o ty p es 
u n d e r W est-E u ro p ean  conditions. In  In d ia  (B o m b ay , K u ru k sh e tra , U d a ip u r and  V a ra 
nasi), un like  in G erm any , i t  does no t b ear seeds a t  all. T hus, th is m u ta n t  is w ith o u t 
any breed ing  v a lu e  in  tro p ical and su b tro p ica l reg io n s of In d ia , in its p re sen t fo rm . 
H ow ever, a f te r  in co rp o ra tin g  th e  C ochleata gene in to  th e  genom e of th is  m u ta n t ,  an  
enorm ously  increased  flo ral and seed p ro d u c tio n  w as ob ta ined  a t  K u ru k sh e tra  in 
these  reco m b in an ts .

In tro d u c tio n

R ecen t FA O  re p o rt reveals th a t  th e  peo p le  o f developing coun tries  e x 
h ib it num erous sy m p to m s associated  d irec tly  w ith  p ro te in  calory  m a ln u tr itio n . 
In  fac t, th e  high e x te n t o f m a ln u tritio n  re p re se n ts  m erely th e  to p  o f an  ice

* P re se n t ad d ress : B o tan y  D e p t., K u ru k s h e tra  U n iv .,  K u ru k sh e tra  —132119, In d ia
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b e rg  a n d  b en ea th  its  su rface  th e re  is a g rea t m ass o f und iagnosed  m arg in a l 
p ro te in  m aln u tritio n . In  In d ia , high child  m o rta lity  and  re ta rd e d  physica l 
a n d  m e n ta l grow th o f c h ild ren  rep re sen t th e  clear m an ifesta tio n  o f p ro te in  
d e f ic ie n c y  [2]. S u k h a t m e  [12] has fo u n d  th a t  since calories are  basica lly  
d e f ic ie n t in  the  low incom e g roups, m eagre  q u a n ti ty  o f th e  ava ilab le  p ro te in  
g e ts  u sed  as fuel in  th em . T h u s , th e  p ro te in  s itu a tio n  assum es s till w orse d i
m en sio n s  w ith  th e ir  red u ced  av a ilab ility . Also in  th e  low er incom e groups, 
p ro te in  abso rp tio n  is lim ite d  due  to  in fec tio n  an d  p a rasitism  an d , th e re b y , 
p ro te in  req u irem en t increases fu r th e r . F u r th e rm o re , o f all the  food in g ed rien ts , 
p ro te in  foods are th e  m o st in co m e-d ep en d en t an d  are th erefo re  su b je c t to  
u n e v e n  d is trib u tio n  even  w ith in  a househo ld , th u s seriously th re a te n in g  
th e  p ro p e r  n u tr itio n  o f in fa n ts ;  p re g n a n t w om en an d  lac ta tin g  m o th e rs  need 
sp e c ia lly , high am oun ts o f p ro te in , w hich th e y  ra re ly  get.

L egum es form  th e  c h e a p e s t source econom ical p ro te in  and c o n ta in  th ree  
t im e s  m ore  pro te in  th a n  t h a t  o f th e  cereals. B esides, diverse ranges o f  species, 
v a r ie t ie s  and  v a rian ts  e x h ib itin g  h igh a d a p ta b ili ty  and  wide ecological am p li
tu d e  a re  availab le in th em  [ 1]. H ence , m ore and  m ore pro te in  should com e from  
leg u m es and  an increased  p ro d u c tio n  o f c o n v en tio n a l p la n t p ro te in  sh o u ld  be 
in i t ia te d  briskly , especia lly  in  In d ia , w here m a jo rity  of th e  p o p u la tio n  
is v e g e ta r ia n . G arden pea , P isu m  sa tivu m , is one o f th e  m ost w idely consum ed  
le g u m e , u tilized  fresh, in  d ried  an d  in can n ed  s ta te . T herefore, an  a t te m p t 
w as m a d e  to  im prove seed p ro te in  y ield  o f pea b y  m u ta tio n  b reed in g . Also 
m a n y  m u ta n ts  hav ing  an in c reased  seed p ro d u c tio n  b u t m o d era te ley  low  seed 
p ro te in  y ield  were o b ta in e d  from  W . G erm an y  an d  grow n a t K u ru k sh e tra  
(N . In d ia ) . The p resen t p a p e r  gives a p re lim in a ry  accoun t o f th e  p erfo rm an ce  
a n d  p ro sp ec ts  of these  im p ro v ed  geno types u n d e r  In d ia n  conditions. T h is was 
d o n e  b y  grow ing these in  c o n ju n c tio n  w ith  th e  local v a rie ty  (p ro b ab ly  a selec
t io n  o f  B oneville v a rie ty ), w h ich  is p o p u la rly  grow n th ro u g h o u t th e  n o r th e rn , 
p e a -g ro w in g , belt o f In d ia .

M ateria l and  m ethod

T h e  follow ing g en o ty p es, m u ta n ts  and  re co m b in a n ts  (R ) were used.
G roup A .  (a) H P 1 — H P 2 :  th e se  g en o ty p es w ere o b ta in e d  as h igh p ro te in  (H P )  m u ta n ts  

in  a  5 K R  g a m m a ra y -trea te d  B o n ev ille  p ea  p o p u la tio n  in  m 3 gen era tio n  and  th e n  s tab ilized  
a f te r  th re e  back-crossing  cycles w ith  th e  in itia l line ; th e  se lection  crite ria  were e n h an c ed  seed 
p r o te in  c o n te n t and b e tte r  g ra in  size a n d  yield.

( b ) H P 5 —H P 1 0 :  these  w ere  o b ta in e d  as ab ove  b u t  u sing  K ash m ir local as th e  in itia l
line .

G roup В. (a) 68C: a sing le-gene (recessive) m u ta n t  ch arac te rized  by  an  in creased  n u m b er 
o f  o v u le s  p e r  carpel.

(b ) 1 201 A  : a n o th e r sing le-gene (recessive) m u ta n t  h av ing  d icho tom ous s te m  b i
f u rc a t io n  b u t  th e  p en etran ce  o f th is  gene is m o st u n stab le .

(c ) 489C: pronounced  s te m  fa sc ia tio n .
( d )  : 176: d im in itive  v e g e ta t iv e  a n d  rep ro d u c tiv e  s tru c tu re s .
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(e) R 98:  th is was ob ta in ed  fro m  th e  cross 489X 176A ., th e  re co m b in a n t h as sho rten ed  
fascia ted  stem  an d  bears narrow  leaves.

(f) R 177 : th is was ob ta in ed  from  th e  cross 489C X 1201A; th e  re co m b in a n t has non- 
fascia ted  b u t b ifu rca ted  stem , th e  p e n e tran c e  of the  gene 1201A causing  stem  b ifu rca tio n  
is com pletely s tab ilized  in it.

(g) R 3 5 0 : th is w as derived from  th e  cross 68C X 1201 A, an d  is hom ozygous fo r these 
tw o m u ta n t genes, b u t  th e  p en e tran c e  of th e  gene 1201 is h igh ly  u n s ta b le  in th is  recom 
b in an t as well.

(h) R 657 , R 701, and  R710 : th ese  w ere produced  from  th e  cross 489C C ochleata (m odified  
and  reduced stipu les). The re co m b in a n ts  ex h ib it a re lax ed  fa sc ia tio n ; R 657 is earlie r th an  
R710 by 7— 10 days.

The above m ate ria l was grow n in K u ru sh e tra  U n iv ersity  B o tan ica l G arden  in a ra n d o 
m ized block design  using  4 rep lica tio n s o f 100 p lan ts  per geno type . F u r th e r  de ta ils  a b o u t group  
A genotype a re  given by Kaul an d  Matta [10] and ab o u t g roup  В by  Gottschalk [3, 4] and  
Gottschalk an d  K aul [8]. The p la n ts  o f group  В w ere o b ta in ed  from  P rof. Gottschalk’s 
collection (B onn , G erm any), in w h ich  a n  increased seed y ie ld  served  as th e  bais o f selection; 
group-A  p la n ts  w ere developed by  th e  p re sen t a u th o r a n d  in these a n  increased  seed p ro te in  
co n ten t was th e  selection  criterion . T here fo re , group-A  an d  -B p la n ts  re p re se n t d is tin c t genetic  
en titie s  and , hence, th e  d a ta  o b ta in e d  fo r these  are classed se p a ra te ly  in th e  p re se n t p ap er. 
T he seed p ro te in  c o n te n t of I IP  lines w as an alyzed  w ith  th e  help of th e  m ic ro -K je ld ah l m eth o d . 
T he value of p ro te in  con ten t has been  calcu la ted  for th e  d ry  w eigh t of th e  seed.

R esu lts  and  discussion

P ea u n u su a lly  to le ra te s  e n v iro n m en ta l s tress p ro b a b ly  because  of its  
h id d en  genetic  v a riab ility  w h ich  is released even w hen low  m u tag en  doses are 
applied  to  i t .  T his is a p p a re n t from  T ab le  1, a p e ru sa l o f w hich  reveals  th e  
ex istence o f a w ide v a ria tio n  ev en  betw een  th e  g en o types o f g roup-A  p la n ts , 
th o u g h  a rigorous selection w as follow ed to  iso la te  o n ly  p ro te in  rich  lines. 
T he reasons fo r th e  m a in ten an ce  o f th is  large v a r ia b ility  are n o t c learly  know n 
b u t  evidences suggest th e  ex is ten ce  o f opposing se lective forces w ith in  a genetic  
ty p e  [11]. W hile  H P 1 , H P2 a n d  H P 1 0  are d istinc ly  d w a rf  m u ta n ts , th e  shoo t 
h e ig h t of H P 7 — 9 is also s ig n if ican tly  less th a n  th a t  o f th e  local v a r ie ty . B u t 
th is  reduced  h e ig h t is no t d is tin c tly  associated  w ith  th e  decreased  node n u m b e r 
or in te rn o d e  len g th . T hough th e  H P  lines flow er, f ru it an d  m a tu re  la te r  th a n  
th e  local v a r ie ty , th e y  ex h ib it a s ig n ifican t increase in  pod  n u m b e r p e r p la n t. 
F u rth e rm o re , ex cep t for H P 2 , seed p ro d u c tio n  p e r p la n t is s ig n ifican tly  in 
creased  (F ig. 2). T he lower seed p ro d u c tio n  of H P 2  line is due to  a po o r seed 
bearing  c a p a c ity  w ith in  its p o d .

All th e  m u ta n ts  and  re c o m b in a n ts  of g roup  В are  s ig n ifican tly  sh o rte r  
in height th a n  th e  local v a r ie ty  (T able 1). L ike group-A  p la n ts , th is  reduced  
shoo t h e ig h t is n o t associated  w ith  th e  node nu m b er. T ho u g h  flow ering  in  th e  
m u ta n ts  and  reco m b in an ts  o f  g ro u p -B  p lan ts is in it ia te d  earlie r, f ru it m a tu r i ty  
o f these  does n o t differ s ig n ifican tly  from  th e  con tro l line. E v en  th o u g h  seed 
n u m b er per pod  o f these  (ex cep t in  68C) is considerab ly  reduced , th e ir  seed 
p ro d u c tio n  is s ign ifican tly  h ig h e r th a n  th a t  of th e  con tro l line (F ig. 1).

M u tan t 68C is ch a rac te rized  b y  an  increased  ovule n u m b e r re su ltin g  in 
an  increased seed n u m b er p e r p o d . T his expression o f an  increased  ovule n u m 
b er w hich is co n tro lled  by  a recessive  gene is m a in tan ed  fu lly  a t  K u ru k sh e tra ,
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Genotype
Shoot height 

(cm)
Node

num ber
Internode

length
(cm)

G roup A 

Local Line 192.00 25.0 7.08

H P  1 106.75 20.00 5.34

H P  2 112.62 24.86 4.53

H P  5 180.66 24.44 7.39

H P  6 178.20 25.33 7.06

H P  7 148 25 20.50 7.23

H P  8 176.75 27.00 6.52

I IP  9 170.80 23.83 7.16

I IP  10 115.70 21.14 5.47

CD a t 5%  P  level 15.35 3.91 2.88

G roup В 

Local Line 192.00 25.00 7.08

68 C 74.73 14.75 5.06

120 IA 121.05 20.01 6.50

R  98 97.02 23.60 4.11

R  117 107.21 21.51 4.98

R  350 98.04 19.30 5.07

R  657 108.15 17.07 6.33

R  701 114.54 20.10 7.23

R 710 77.40 19.21 4.02

CD a t 5%  P  level 24.82 03.25 2.61

Table 1

Days required for
Pods per 

plant
Seeds per 

pod
Seeds per 

plant
Protein
value.50%

floweiing
50% fruit
m aturity

64 119 24 4.40 105.60 19.40

74 128 49.20 3.89 191.39 28.14

75 126 42.00 2.32 97.44 28.42

80 129 58.22 5.62 327.20 26.91

89 138 75.06 4.07 305.49 26.10

92 130 45.00 4.92 221.40 28.40

81 129 135.62 3.09 419.06 25.80

90 130 87.17 2.95 257.15 25.40

94 132 51.57 3.47 178.95 28.20

9.77 13.20 16.07 1.20 29.55 4.70

64 119 24 4.40 105.60 19.40

48 112 48.41 4.36 248.76

54 112 66.2 2.91 193.0

49 108 42.2 2.75 116.09

49 111 79.0 2.40 190.0

49 114 58.4 3.79 221.1

52 118 41.9 3.57 149.8

44 116 63.2 2.91 184.4

51 106 73.5 3.66 269.5

8.19 9.68 13.56 1.04 22.82
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too , how ever, th e  pod n u m b e r  per p la n t  in G e rm a n y  gets s ign if ican tly  red u ced
[8]. T hus  in G erm any ,  a positive and  a nega tive  c h a rac te r  expression a re  con
jo in t ly  o pe ra t iv e  in this m u ta n t .  B o th  these  expressions are caused b y  th e  single 
recessive gene [3]. Surprisingly, th is  m u ta n t  showed a different b e h a v io u r  
a t  K u ru k sh e t ra .  N ot only th e  seed n u m b e r  per  pod  b u t  also th e  p o d  n u m b e r  
per  p lan t  was increased, due to  an  ex tra o rd in a r i ly  vigorous and p rofuse  b ra n c h 
ing of  th e  p la n t .  Therefore, this m u t a n t  a t  K u ru k s h e t ra  produced a n  exceed 
ing ly  high n u m b e r  of seeds, due to  th e  a d d i t iv e  effect of these positive  y ie ld ing  
com ponen ts  (Fig. 2). Thus , one of th e  reac tions  of  th is  m u ta n t  gene to  a d iffer
e n t  ecological condition  is ind ica tive  b y  a positive a ltera tion  of th e  p le io trop -

Fig. 1. Seed p rod u c tio n  o f  m u t a n t  a n d  recom binan ts  of pea

F ig . 2. Seed y ield  an d  seed p ro te in  c o n ten ts  o f  h ig h -p ro te in  genotypes of pea.  (All t h e  va lues 
recorded  are  in p e r  cen t  of th e i r  re spec tive  initial lines)

ic sp e c t ru m  resu lting  in  an  inc reaxed  seed p roduc tion . Hence, th is  g en o ty p e  
has  an im p ro v ed  b reed ing  value in  In d ia ,  a n d  therefore  can p ro f i ta b ly  be 
in c o rp o ra te d  in a cross-breeding p ro g ra m m e  w ith  o ther  prom ising  varie ties .

T he  cha rac te r is t ic  fea tu re  of  m u t a n t  1201A is an  a lte ra tion  o f  i t ionopodia l 
b ran ch in g  sy s tem  of th e  shoot in to  a d icho tom ous one, and th e  m u t a n t  has
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a b ifu rca ted  apical sho o t  sys tem  due to  w hich  th e  pod  n um ber  per  p lan t  gets 
increased  s ign if ican tly .  T h is  stem b ifu rca tion  is caused by  a single recessive 
gene [3]. Thus, th is  gene would be of a p ro fo u n d  p ractica l value in pea  b reed 
ing  and yield im p ro v e m e n t  if it would h ave  a s tab le  m anifesta tion . B u t  th is  
is n o t  th e  case. In  each  genera tion , the  s tem  b i fu rc a t io n  appears only  in a cer
t a in  proport ion  of  th e  p la n ts ,  whereas th e  re m a n in g  p lan ts ,  even th o u g h  c a r ry 
ing  th e  same g e n o ty p e ,  are  non-b ifurcated  a n d  do no t  exhibit an increased 
seed produc tion . A t  B o n n ,  G erm any, th e  p e n e t ra n c e  of this gene va r ied  from 
22 to  83%  [5]. In  B e lg rade  (Yugoslavia), i ts  p e n e tra n c e  was lower [9]. Both 
a t  K u ru k sh e t ra  and  V a ra n a s i  (India), th e  p e n e t ra n c e  of the gene was found  
to  be near ly  1%  w h e n  200 p lan ts  of this g e n o ty p e  were analyzed a t  each place. 
T herefore ,  th is  gene is u n ab le  to express its  a c t io n  un d e r  th e  e n v iro n m en ta l  
conditions of N o r th e rn  a n d  Central Ind ia  a n d  it  w ould  have been impossible 
to  select this m u t a n t ,  in  In d ia ,  a t least.

Theoretically , t h e  stabilization  of th e  p e n e t ra n c e  of this gene should 
re su l t  in a considerab ly  increased seed p ro d u c t io n  o f  the  m u ta n t .  In  th e  f ram e 
of a com prehensive  crossing p rogram m e, gene 1201A was com bined  w ith  
m a n y  o ther  m u t a n t  genes, and  recom binan ts  o f  d ifferent genetic cons ti tu t ions  
were  selected. T hese  exp er im en ts  have revealed  t h a t  the  penetrance  b eh av io u r  
o f  gene 1201A does n o t  on ly  depend on specific  env ironm enta l fac tors ,  b u t  
to  a considerable e x te n t  on th e  presence of  o th e r  m u ta te d  genes in th e  geno
m e. I t s  pene trance  caus ing  stem  bifurcation is d ram atica l ly  reduced in  asso
c ia t ion  w ith  th e  gene for earliness (got from  m u t a n t  468C). On th e  o th e r  
h a n d ,  a complete s ta b i l iz a t io n  of the u n s ta b le  p ene trance  of gene 120IA  oc
curs  if  it  is co m bined  w i th  a gene causing a re d u c e d  seed size (ob ta ined  from  
m u t a n t  489C), all th e  p la n ts  (recom binant B177) are  b ifurcated  an d  have  an 
increased  seed n u m b e r  p e r  p lan t ,  bo th  a t  K u r u k s h e t r a  and at Bonn.

In  89%  of B 350 p lan ts ,  a reco m b in an t  hom ozygous for the  genes in 
c reased  ovule n u m b e r  pe r  pod  (obtained from  68C) and  stem b ifu rca tion  (ob
ta in e d  from 1201A), t h e  s tem  bifurcation did  n o t  app ea r  at all u n d e r  In d ia n  
c lim atic  conditions. T h u s ,  R350 at K u ru k s h e t r a  behaves in this respect like 
i ts  p a ren ta l  m u ta n t  1 2 01A .T he  remaining 1 1 %  exh ib ited  stem b ifu rca tion  and  
p ro d u ced  68%  m ore  seed th a n  the n o n -b ifu rca ted  ones even though  bo th  had  
th e  sam e geno typ ic  cons ti tu t ion .

R98B was se lec ted  a t  Bonn in the F2 g en e ra t io n  of the cross 489C (stem 
fasciation) X 176A (d im in u t iv e  vege ta t ive  a n d  rep roduc tive  s truc tu res )  and 
exh ib i ted  the  ab o v e -m en tio n ed  specific p a r e n ta l  t ra i ts .  But at K u ru k s h e t r a  
a n d  V aranasi,  th e  s te m  fasciation  did not a p p e a r  in  93%  of th e  p lan ts  of this 
p o p u la t io n ;  in th e  re m a in in g  ones the  a n o m a ly  was very  weakly developed 
a n d  ju s t  hard ly  d iscern ib le . Hence this gene co m b in a t io n ,  which expresses its 
full po ten tia l  in C en tra l-E u ro p ean  conditions in  eve ry  p lan t,  shows an ex 
t re m e ly  low ex p re ss iv i ty  an d  penetrance in In d ia .  Consequently, it  would no t
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h ave  been possible to  select th is  gen o ty p e  as a recom binan t  in N o r th e rn  and 
C en tra l  Ind ia .

I t  is know n th a t  m ult ip le  m u ta t io n s  m a y  be induced b y  m u tag en ic  
t r e a tm e n ts  of th e  cells of th e  g row ing  p o in t  o f  an  embryo. E ach  o f  such  m u ta 
t ions present in M l p lan ts  can be s e p a ra te d  from  one ano ther  in th e  su b seq u en t  
genera tions  and  g radually  pu re  lines can be developed. We tr ied  th is  by  cross
ing genetically  simple m u ta n ts  like 176A, 1201A, afila and  c o ch lea ta  w ith  
489C, which genetically is a v e ry  com plica ted  m u ta n t  cha rac te r ized  by  fasci- 
a te d  s tem  and the  aggregation of  an  ex trem ely  large num ber  of f low ers  in the 
apical region, lead ing  to  an increased  pod and  seed production. W e  m ad e  this 
crossing to  show how m an y  genes m u ta te d  in th e  X -irrad ia ted  e m b ry o  o f 489C, 
a n d  how m an y  distinct t r a i t s  th e y  influence. In  th e  F3 and F4  gen e ra t io n s  of 
all th e  above crosses, five d ifferen t degrees of  in te rnode  length , d iv e rg e n t  from 
t h a t  of th e  initial line, resu lted  in 5 d ifferent classes of p lan t  he ig h t .  Since 
489C was th e  com m on p a r tn e r  in  all th e  above crosses, this d is t in c t  in te rnode  
leng th  Mas t r a n sm it te d  from it a lone, o th e r  pa r tne rs  being hom o zy g o u s  for 
th e i r  he igh t genes. Therefore, a t  leas t  six d ifferent genes seem to  h a v e  m u ta te d  
in th e  em bryo  th a t  p roduced  m u t a n t  489C and  a t  least five of  th e m  influence 
th e  in te rnode  leng th  [3].

As m entioned  above, 489C exh ib its  a p ronounced  s tem  fasc ia t io n  and  is 
one of  th e  h ighest yie lding g en o ty p es  u n d e r  W est-E uropean  co n d i t io n s  [3, 
4, 6]. In  G erm any , it  flowers v e ry  profusely  b u t  10 days la te r  t h a n  th e  initial 
line. On th e  o th e r  hand ,  in In d ia  (B o m b ay ,  K u ru k sh e tra ,  U d a ip u r  a n d  V a ra 
nasi) and  in E g y p t ,  it  develops v igorously , exhibits  a lu x u r ia n t  veg e ta t iv e  
g row th ,  a m arked  stem  fasciation  b u t  no t  flower production  a t  all [8]. N ev e r 
theless, 6— 7 weeks a f te r  th e  in it ia l  line h ad  flowered, a few p la n ts  a t  K u r u k 
s h e t ra  developed m inu te  flowers. B u t  these  were never aide to  deve lop  the 
seeds. Thus , th is  m u ta n t ,  unlike in  G e rm an y ,  is w ithou t  any  b re e d in g  va lue  in 
t rop ica l  and  subtrop ica l regions in  its  p resen t  form. However, i t  M as crossed 
M’i th  cochleata  m u ta n ts  and  th e  reco m b in an ts  R701 and R710 e x h ib i t in g  s tem  
fasc ia tion  and  m odified s tipules were  selected and  made hom ozygous . They  
Mere th e n  grown a t  K u ru k s h e t ra  in  1974. B o th  these reco m b in an ts  flowered 
a n d  fru i ted  earlier th a n  th e  in it ia l  line and  h ad  a tre m e n d o u s ly  h igh  seed 
p ro d u c t io n ;  R710 being sh o r te r  w i th  an increased seed p ro d u c t io n  t h a n  R701
(Fig. 1).

Conclusion

T he  im provem en t of th e  gra in  yield in ga rden  pea by m eans o f  th e  action 
o f  m u ta te d  genes could th eo re t ica l ly  be ach ieved  by  an increase in  th e  ovule 
n u m b e r ,  n u m b e r  of carpels per  f low er, th e  n u m b e r  of flowers a n d  pods per 
p la n t  o r  kernel size [1]. F u r th e rm o re ,  im pro v em en t  in seed p ro te in  can  be 
realized b y  p roducing  th e  g en o ty p es  rich in seed protein a n d  b y  u p g rad ing
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th e  p ro te in  qua li ty  o f  th e  seeds. All the a b o v e -m e n t io n e d  desirable t r a i t s  have  
b e e n  realized in pea a n d  a re  availab le  in d ifferen t g en o types  of group-A and- В 
p la n ts .  H ybrid iza t ion  a m o n g  group-A and -B p la n ts  shou ld  lead to the  p ro d u c 
t io n  o f  im proved  pea g e n o ty p e s  as envisaged b y  B l i x t  and  Gottschalk  [1].

T he  selection v a lu e  o f  pea  m u tan ts  a n d  re c o m b in a n ts  s tudied p resen tly  
lies in the ir  having e a r ly  flowering and r ipen ing , increased flower and  pod 
n u m b e r  per p lan t and  an  overa l l  im provem en t of  y ie ld .  Also the H P  genotypes, 
t h o u g h  higher y ielding t h a n  th e  local var ie ty ,  m a y  p rove  inferior in seed p ro 
d u c t io n  in o ther regions o f  In d ia  or elsewhere. T here fo re ,  these lines should 
be g row n along w ith  th e  respec tive  local lines in  va r ious  regions of In d ia ,  as 
well as in  o ther p e a -g ro w in g  countries and  th e n  e v a lu a te d  for the ir  yie lding 
a b i l i ty .  The same is v a l id  fo r  th e  group-B p lan ts .  H ow ever ,  such a high yield 
p e r  p la n t  and high p ro te in  c o n te n t  in the  seeds h a v e  n o t  been reported  so far 
f ro m  India . Hence, th e se  lines are of m uch s ign if icance  to this coun try .
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Abstract

T he  to ta l  lipid con ten t ,  th e  f a t ty  acid composit ion  and the  a m o u n ts  of  sapon if i 
able  as well as non-saponifiable  f rac t ions  of to ta l  lipids were m easured  in th e  ganglia  
on  th e  6 th  day ,  an d  in the to ta l  body  on the  8 th  an d  9 th  days  of pro longed  anoxia .  
I n  the  ganglia  the  to ta l  gas ch ro m a to g ra p h ic  peak area  of the  s a tu ra te d  f a t t y  acids 
o b ta in e d  from  the  sam e a m o u n t  of  to ta l  lipids increased a b o u t  5 5 % ,  w hereas  t h a t  of 
th e  u n s a tu r a t e d  ones increased oidy 17% by  the 6 th  d ay  of anoxia;  the  r a t io  of  s a tu r a t e d  
to  u n sa tu ra te d  f a t ty  acids increased from  0,43 to 0.57. A t  the  same t im e  th e  abso lu te  
q u a n t i t ie s  of to ta l  lipids p resen t  in the  ganglia  som ew hat  decreased. A t  th is  t im e  of 
anaerob ios is  the  anoxic energy p roduc ing  m echanism s are still fu n c tio n in g  well. In  
th e  whole body  the saponifiable  f rac t ion  of to ta l  lipids showed a d ras t ic  decrease  b y  the 
8 th  an d  9 th  days  of anoxia  (from 55 — 60 to 15—30 w e ig h t% ),  whereas th e  non-sapon if i 
able  f rac t ion  increased correspondingly .  B y  th is  t im e the  anoxic  to le rance  of th e  a n i 
m als  w as nearly  exhaus ted .  The  u n s a tu r a t e d  f a t t y  acids m ay  play a role as te rm in a l  
e lectron  an d  H -accep tors  in the  anoxic  m etabo lism  of molluscs.  The poss ib i l i ty  is dis
cussed t h a t  th is  e lectron t ran s fe r  m ay  be coupled to p h o sp h o ry la t in g  m echan ism s  
w h ith in  the  yellow p ig m en t  g ranu les  (cy tosom es)  p roduc ing  a high a m o u n t  o f  ATP 
( tw o- th irds  of  th e  aerobic p roduc tion )  f rom  th e  same q u an ti t ie s  of  c a r b o h y d r a te s  even 
in comple te  anoxia.

Introduction

T he know n basic biochemical m echanism s of energy p roduc tion  during  
fac u l ta t iv e  anaerobiosis o f  in v e r te b ra te s  have  recen tly  been rev iew ed  [6]. 
A lthough  th e  p roduc tion  of  succinate ,  p rop iona te ,  etc. m ay  yield so m ew h a t  
m ore  energy  (up to  11 moles A T P/m ole  g lucose-6-phosphate  -|- 2 moles 
a s p a r ta te  -f- 2 moles g lu tam ate )  th a n  th e  classical glyco- or g lycogenolytic  
p a th w a y s  (2 or 3 moles ATP/mole glucose, resp.), th e  whole energetic  balance  
rem ain s  still unexpla ined . E x p e r im e n ta l  d a ta  has shown th a t  in ce r ta in  molluscs, 
anaerobiosis  causes very  l i t t le  or no P a s te u r  effect [see for ref.: 13, 24] and 
at th e  sam e tim e  a surpris ing ly  high A T P  level is m ain ta in ed :  e.g. in A nodonta  
cygnea  a b o u t  tw o-th irds  o f  th e  no rm a l  value  was found till th e  6 th  d a y  of 
com ple te  anoxia  [24]. A possible e x p la n a t io n  for these  p h en o m en a  m a y  be the  
ex is tence  of  a special m echan ism  of en e rg y  p roduc tion  called “ anox ic  endog
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enous o x id a t io n ”  [24, 26, 29]. In  th is  m ech an ism  an in trinsic  e lectron accep 
to r  su b s ta n c e  was th o u g h t  to  su b s t i tu te  for m olecu la r  oxygen.

E x p e r im e n ta l  evidence shows a co rre la t ion  betw een the  presence of  
yellow p ig m en t  granules  (cytosomes) in th e  t issues and  th e ir  anoxic to lerance  
[21, 22, 27]. On th e  o th e r  h an d ,  th e  cy tosom al lipochrom e p igm ent consisting  
of n e u t ra l  an d  phospholip ids  [28] as well as caro tenoids  [12], proved  to  he a 
good e lec tron  accep to r  u n d e r  anoxic conditions [23]. These results  suggested  
t h a t  th e  assum ed electron accep to r  su b s tan ce  o f  the  “ anoxic endogenous 
o x id a t io n ”  should  he sought am ong the  c o m p o n en ts  of the  cytosom al lipo- 
ch ro m e  p ig m en t ,  f i rs t  o f  all am ong th e  lipids [26, 31].

R e c e n t  b iochem ical findings have  th ro w n  some more l igh t on to  th e  
possible role o f  u n s a tu ra te d  fa t ty  acids in th e  energy  p roduc tion  of  facu l ta t iv e  
anae rob ic  molluscs. N am ely , i t  has been revea led  t h a t  the  active inco rpo ra t ion  
of  rad io labe l  from 14C -aceta te  into f a t ty  acids in th e  land snail Cepaeae ne- 
m oralis L. which is o f  high anoxic to lerance , pers is ts  even during  anoxia , an d  
th e  in co rp o ra t io n  in to  s a tu ra te d  f a t ty  acids becom es significantly  s t im u la ted .  
This p ro b a b ly  involves a sa tu ra t io n  process w hich  m ay  act as an e lectron 
a ccep to r  m echan ism  for th e  reox idation  of  N A D H  or N A D P H  |15, 18]. 
F u r th e rm o re ,  th e  p ro d u c t io n  of  some volatile  f a t t y  acids has also been d e m o n 
s t ra te d  as a possible c o n tr ib u to r  to the  anoxic  A TP synthesis  of facu l ta t iv e  
anae robes  [1, 3, 20].

T he  p resen t p ap e r  provides fu r th e r  d a ta  regard ing  th e  possible role of  
u n s a tu r a te d  f a t t y  acids in th e  anaerobiosis o f  A nodonta  cygnea b y  s tu d y in g  
the  com posit ion  of f a t t y  acids in the  ganglia an d  th e  whole body  a f te r  prolonged 
anoxic  periods.

M aterial and m ethod

T w o series of e x p er im en ts  were performed:
E xp erim en t 1. A d u l t s  o f  the  fresh-water  mussel A n odon ta  cygnea L. of 10— 12 cm body  

len g th  were  collected f rom  the  Lake Tras im eno  ( I ta ly )  in th e  sum m er  (July).  Afte r  collection 
the a n im a ls  were kep t  for 5 days  in a well a e ra te d  a q u a r iu m  con ta in ing  w a te r  of the  same lake, 
th e n  10 r a n d o m ly  selected anim als  were exposed to  a n o x ia  (see below), a t  20— 21 °C for 6 
days.  A n o th e r  group of 10 an im als  rem ained  c o n s tan t ly  in  well oxygenated  w a ter  during  the  
same p e r io d  (controls).  T he  cerebral,  visceral an d  p edal  ganglia  of the  animals were dissected 
a n d  pooled  to g e th e r  w i th in  th e  con tro l  and anoxic  g roups ,  respec tive ly .  The  fresh weights were 
m easu red  a n d  the  to ta l  lipid co ncen tra t ion  as well as t h e  f a t t y  acid composition were analyzed. 
The  choice fell on the  ganglia  because am ong all the  t issues th e  nervous tissue is the  r iches t  
in cy tosom es (25).

E xp erim en t 2. This ex p er im en t  was pe rform ed  d u r in g  the  period October J a n u a ry .  
A d u l t  sam ples  of  A nodonta  cygnea of 16— 18 cm  body  len g th  were tak en  from  th e  aquar ia  of 
the  T ih a n y  I n s t i tu t e  (H u n g a ry ) .  (These anim als  had  been  collected from  f ish-ponds and  subse 
q u e n t ly  were  k e p t  in aq u a r ia  supplied w ith  th e  w a te r  o f  L ak e  B ala ton  for several m on ths .  
D ur ing  th e  t r a n s p o r ta t i o n  to  I ta ly ,  th e  anim als  were exposed  to  anoxia  for 2 days;  therefore,  
in o rder  to  e lim ina te  an  e v en tu a l  effect of this anoxic  pe r iod ,  we k e p t  th em  in a well aera ted  
a q u a r iu m  of f resh -w ate r  for 20 days before th e  exper im en ts .  Commercially available  fish 
food was g iven  t im e to t im e to  the w a te r  of the  anim als .)  In  these  experim ents  animals were 
exposed to anoxia  for 8 or 9 days  a t  15— 16 °C and  su b seq u e n t ly  th e  to ta l  lipid concen tra t ion ,  
the  f a t t y  acid composit  ion a n d  the am o u n ts  of saponifiable  as well as non-saponifiable frac t ions
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were analyzed  in the  to ta l  lipids of the whole body .  T h e  contro ls were kept in a e ra te d  w a ter  
d u r in g  the anoxic  period of the  experim ental  group ,  a t  the  same tem pera tu re .  We decided  to 
s tu d y  whole an im als  s ta r t in g  from the pred ic tion  t h a t  if  the  theory of “ anoxic  endogenous  
o x id a t io n ”  involves the  u n sa tu ra te d  f a t ty  acids as e lec tron  acceptors, one should  ge t  some 
essential  changes in the  f a t t y  acid p a t te rn  during  the  te rm in a l  phase of the anoxic  to lerance.

Exposition to anoxia. E ach  animal was p laced  in a volume of water  a m o u n t in g  to 8 
t im es its  to ta l  weight,  th en  the  water  surface was cov ered  with a paraffin  oil layer  o f  a b o u t  
2 cm thickness.  U n d e r  these conditions the  water  h a d  becom e anoxic (no oxygen m easurab le  
by  p o larography)  by  the  17th h  a t  15 °C. A bout tw o - th ird s  of the normal ATP level of  the  whole 
bo d y  was m a in ta in ed  for 6 days.  On the  7 th  day  th e  A T P  conten t  had d ropped  to  11% of 
the  norm al,  and  the anim als  could survive m ax im al ly  u n t i l  the 10th day [24]. I t  shou ld  be 
no ted  t h a t  th is  m ode  of c rea ting  anoxic condit ions h a d  a p p aren tly  no d ra w b ac k s  for the 
anoxic  survival  of  Anodonta cygnea, since no acc u m la t io n  of acidic metaboli tes  was observed  
in the  w a te r  (for m ore  deta i ls  see: Ref. 31).

Extraction of lipids. Lipids were ex tra c te d  b y  2:1 chloroform: m ethano l  (con ta in ing  
1 mg BHT/100  ml) using a weight to volume ra tio  o f  1:20. The  samples were hom ogen ized  in 
the  e x tra c t in g  solvent,  th en  fi ltered. A vo lum e of 0 .88%  KC1 was added  corresponding  to 20% 
of the  to ta l  e x t r a c t  volume, th e n  the chloroform ph ase  was separa ted  from the  aq u eo u s  one. 
T he  chloroform e x tr a c t  was b rought  to a d e te rm in e d  vo lum e by evapora tion  w i th  N 2 gas 
s t ream .

Determination of total lipid concentration. A k n o w n  volume (50 //1) of  th e  ch loroform  
e x t r a c t  was ev ap o ra te d  an d  the  weight of lipids was m easured  by using a m ic ro b a lan ce  with  
a  precision of ±  0.1 pg.

Méthylation offatty acids. A volume of the ch lo ro fo rm  e x trac t  contain ing 2 or 4 mg to ta l  
lipids of  the  ganglia  or  the  whole body, respectively ,  was ev ap o ra ted  to d ryness in N 2 s t ream ,  
then  2.5 ml 6 %  H 2S 0 4 in m ethano l  was added  an d  th is  m ix tu re  was kept  a t  70 °C for 2 h. 
A f te r  cooling, 5 ml distil led w a ter  was ad d ed  and  the  f a t t y  acid m ethyles ters were e x t r a c te d  
w ith  2 x 5  ml n -h e x an e .T h e  m ethy l  ester yield was m easu red  in num erous ex p e r im e n ts  in our 
l ab o ra to ry  giving a lways a va lue  above 90 % .

Purification of methyl esters. The hexane  e x t r a c t  was evapora ted  to a b o u t  0.1 m l in N 2 
s t ream  and  the  m ethy l  esters were purified by th in - la y e r  c h rom a tography  (5). Th is  m eth o d  
assures a 98%  recovery of m ethy l  esters as confirm ed  by  experim ents  with radio labe lled  f a t ty  
acids.  The  purified m ethy l  esters were kep t  in n -h ex an e  a n d  im m edia te ly  before the  gas  ch ro 
m a to g rap h y  the  solvent w as changed  for CS2 (30, 50 or 100 //I) from which l or 2 //1 were injec ted  
into the  gas c h ro m a to g rap h .  In  order to avoid an  e r ro r  o r ig ina t ing  in the inequal  e v a p o ra t io n  
of the  so lvent,  th is  p rocedure  was carried out as q u ick ly  as possible. Different ru n s  o f  th e  same 
sam ple  differed m axim ally  20%  in tota l  peak area  w hich  represen ts  obviously the  to ta l  r e p ro 
ducibility  of the  gas chrom atogram s.

Gas chromatography. A Carlo E rba  Model 2300 e q u ip p e d  with a glasscolumn (2 m  X 3 m m  
i.d.) packed  w ith  5 %  D EGS was used. A u tom atic  t e m p e ra tu r e  p rogram m ing was app lied  from 
130 °C to 210 °C w ith  an  increase of 2.5 °C/min. Specia l  care was taken  to assure  c o n s ta n t  
condit ions for GLC. Peak  areas were directly  m easured  by m eans of an a u to m a tic  c o m p u te r  
(A uto lab  System ). The  peak areas are expressed in a r b i t r a r y  un its  identical for all th e  analyses.  
The  iden tif icat ion  of f a t ty  acids was m ade  pa r t ly  by  a d d in g  au th en t ic  s tan d ard s  to th e  sam ple  
(16:0 and  18:0) and  com paring  the  re la tive  a m o u n ts  before and af te r  these ad d it io n s .  The  
o ther  f a t ty  acids were identified on the basis of r e la t iv e  re ten tio n  times ob tained  in o u r  l ab o r 
a to ry  during  o th e r  exper im en ts  and  of those published  by others [17].

Saponification experiments. Saponification o f  to ta l  lipids was perform ed accord ing  to 
V a n  d e k  H ORST [ 17 I. Non-saponifiable lipids were e x t r a c te d  with pe tro leum  e th e r  f rom  the  
w a ter -d i lu ted  saponif icat ion  m ix tu re  ( the  g reat  m a jo r i ty  of  the yellow p igm en ts  cam e  out 
w i th  this f raction).  After  acidification to p H  1.0, the  residue  was ex trac ted  aga in  w i th  p e tro 
leum  e the r  or  e ther.  This second fraction con ta ined  v e ry  l it t le  or no visible p ig m en ts .  After  
h av in g  ev ap o ra te d  the  solvent under  ni trogen s t re am ,  the  weights of the saponifiable  a n d  non- 
saponifiable  f rac t ions  were measured.

Results

T he to ta l  fresh w eight of th e  ganglia  tak en  from 10 contro l anim als  
a m o u n te d  to  152 mg, whereas th a t  of th e  10 anoxic  clams was 98 mg ( E x p e r i 
m en t 1). T he  to ta l  lipid concen tra t ion  in t h e  contro l and anoxic g roups  was
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24.3 a n d  31.9 m g/g  fresh  weight, respec tive ly ,  i.e. i t  increased a b o u t  31%  
d u r in g  th e  6 days of anoxia . H owever, th is  increase  is due to  the  decrease  of  
th e  t o t a l  fresh w eight of th e  ganglia, n am e ly ,  th e  absolute q u a n t i ty  o f  lipids 
p re s e n t  in  th e  ganglia o f  10 animals decreased  15.4%  as com pared  to  th e  
c o n tro l  va lue .

B efore  describing th e  gas ch ro m a to g rap h ic  results  concerning th e  co m p o 
s i t io n  o f  f a t ty  acids in  th e  to ta l  lipids, one has  to  m ake  some considera tions .  
N a m e ly ,  since th e  e x tra c t io n  of lipids was ca rr ied  ou t  from th e  pool o f  ganglia  
o f  10 an im als ,  th e  resu lts  ob ta ined  should  be  regarded  as average va lues .  
U n fo r tu n a te ly ,  th e  pooling o f  ganglia does n o t  p e rm it  to  calculate th e  s ta t i s t ic a l  
s c a t t e r  o f  ind iv idual va lues ;  on the  o the r  h a n d ,  ind iv id u a l  analyses are im p o s 
sible  because  of th e  v e ry  sm all weights o f  th e  ganglia. The s ta t is t ica l  s c a t te r  
o b ta in a b le  from d ifferent gas ch ro m ato g rap h ic  ru n s  of  the  same sam ple  reflec ts  
th e  rep ro d u c ib i l i ty  of  th e  ch ro m a to g ram s ;  th e  s ta n d a rd  errors were a ro u n d  
5— 6 %  of m ean  to ta l  p eak  areas for 3 runs,  an d  a b o u t  1— 2 %  for the  p e rc e n tu a l  
re p re s e n ta t io n  of th e  f a t t y  acids. Since th is  s ta t is t ic s  has no th ing  to  do w ith  
th e  s c a t t e r  o f  lipid com posit ion  of in d iv idua l  ganglia , the  indication  o f  these  
s t a n d a r d  errors in th e  ta b le  values m igh t  h a v e  been misleading. Therefo re ,  
T a b l e  1 shows th e  average  va lues  of 3 runs  w i th o u t  indicating  the  s ta t is t ic a l  
s c a t t e r .  Jn  spite  o f  th e  m issing ind iv idua l  s ta t is t ic s ,  the  da ta  o b ta in ed  m a y  
in d ic a te  some general tendencies.

T h e  anoxic group show ed an increase of  2 9 %  in the  to ta l  peak area  (Table 
1). C onsidering w h a t  was said  above on th e  reproduc ib il i ty  of the  to ta l  p eak  
a rea s ,  th is  increase could even  be in te rp re ted  as m arg inal.  This increase, h o w 
ev e r ,  is n o t  hom ogenously  d is t r ib u ted  am o n g  th e  f a t ty  acids: th e  s a tu r a te d  
ones increased  55%  while th e  u n s a tu ra te d  ones show ed only -j-17%. A n o th e r  
im p o r t a n t  fac t is t h a t  th e  ra t io  of s a tu ra te d  to  u n sa tu ra te d  fa t ty  acids also 
inc reased  during  the  anoxia . This increase is s ta t is t ica l ly  s ignificant, i f  th e  
s t a n d a r d  e rro r  of m ean  does n o t  exceed 8 —9 % .  T ak in g  into considera tion  t h a t  
th is  r a t io  is regu la ted  r a th e r  s tr ic t ly  in p o ïk ilo the rm ie  animals [4, 8, 10, 11], 
one can  assum e th a t  th e  real s ta n d a rd  e rro r  o f  m e a n  obta inable  from 10 in d i 
v id u a l  m easu rem en ts  w ould  fall w ith in  th e  l im its  of 8 —9 % . Thus one can  
a ccep t  t h a t  th e  anoxia  caused  a real change in th e  f a t t y  acid com position  o f  th e  
ganglia .

A n o th e r  aspect o f  th e  c h ro m a to g ram s  o b ta in e d  in the  anoxic gang lia  
is t h a t  c e r ta in  u n s a tu ra te d  f a t t y  acids m a in ta in e d  an almost c o n s ta n t  p eak  
a re a  as com pared  to  th e  controls . The to ta l  p e a k  a rea  of fa t ty  acids w ith  r e t e n 
t io n  t im es  longer t h a n  t h a t  o f  20:3 showed an  increase of only 5 .5%  w h ich  
m a y  well be th e  e rro r  o f  th e  m e thod  used. Since these  fa t ty  acids are  m os t  
p r o b a b ly  com ponen ts  only  of  th e  s t ru c tu ra l  phospho lip ids ,  one can assum e t h a t  
th is  g roup  has no t been  a l te red  by th e  anox ia .  On the  o the r  hand , th e  f a t t y  
acids h a v in g  re ten tion  t im es  sh o r te r  th a n  20:4 f a t t y  acid has, undergo a r a th e r
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Table 1
Composition of fatty acids in the total lipids of ganglia. The figures represent average values of 3 
chromatographic runs obtained from identical amounts of total lipids of the pooled ganglia of 10 

normal and 10 anoxic animals. For statistics see the text
N o r m a l 6 1)аун o f a n o x ia

(Tentative* id en tity )
p eak  area p e r c e n t peak  area p e r  cen t

14 : 0 6 100 1.03 7 942 1.04

15 : 0 4 736 0.80 6 861 0.90

15 : 1 2 090 0.35 2 922 0.38

1 6 : 0 116 201 19.63 192 155 25.16

16 : 1 35 274 5.96 51 758 6.78

17 : 0 7 912 1.34 11 714 1.53

17 : 1 8 950 1.51 14 639 1.92

18 : 0 39 517 6.68 53 220 6.97

1 8 : 1 51 239 8.66 56 514 7.40

18 : 2 20 977 3.54 25 579 3.35

18 : 3 4 706 0.80 6 835 0.90

19 : 0 2 993 0.51 4 117 0.54

20 : 1 51 406 8.69 71 084 9.31

20 : 2 6 879 1.16 9.963 1.30

20 : 3 7 232 1.22 10 247 1.34

20 : 4 cd 6 41 201 6.96 48 344 6.33

20 : 4 to 3 24 186 4.09 24 255 3.18

20 : 5 22 801 3.85 22 648 2.97

22 : 3 23 381 3.95 18 938 2.48

22 : 4 37 371 6.31 42 000 5.50

22 : 5 o) 6 31 682 5.35 25 236 3.30

22 : 5 со 3 31 260 5.28 36 443 4.77

22 : 6 11 161 1.89 17 537 2.30

24 : 4 2 570 0.43 2 728 0.36

T ota l 591 825 100.0 763 677 100.0

(Increase in %  of normal) (29.0%)

Sa tu ra ted 177 459 29.98 276 009 36.14

(55.5%)

U n sa tu ra te d 414 366 70.02 487 668 63.86

(17.7%)

S a tu r . /U nsa tu r . 0.4283 0.5660

T ota l  above 20 : 3 225 613 38.12 238 127 31.19

(5.5%)

T ota l  below 20 : 4 366 212 61.88 525 550 68.81

(43.5%)
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s ig n if ican t  q u a n t i ta t iv e  change during anoxia . T he ir  to ta l  area increased 4 3 %  
su g g es t in g  an in tense syn thes is  o f  these f a t t y  acids in anaerobiosis. Espec ia lly  
t h e  f a t t y  acids 16:0 and  16:1 increased, th e i r  p eak  areas were 65 a n d  4 7 %  
h ig h e r ,  respectively , a f te r  6 days of anoxia .

In  the  to ta l  bo d y  (E x p e r im en t  2) th e  lipid co n ten t  was found  in th e  range  
12.6 — 14.0 mg g fresh w eight (w ithout th e  shells) in  th e  control anim als. A fter  
b e in g  exposed to  anox ia  for  8 or 9 days (a t 15— 16 °C), the  to ta l  lip id  c o n te n t  
v a r i e d  be tw een  11.8— 13.3 m g/g  fresh w eight. T hese  d a ta  were o b ta in ed  from 
3 n o rm a l  and 6 anoxic an im als .  The control v a lu es  are identical w ith  th e  to ta l  
l ip id  co n cen tra t ion  found  in  Cepaea nemoralis (1 .36%  of the  fresh w eight [17]).

Gas ch ro m a to g rap h ic  analysis of th e  f a t t y  acid composition in th e  to ta l  
l ip ids  of  th e  whole b o d y  was carried out in one experim en t involv ing  1 n o rm a l  
a n d  2 anoxic  (8th and 9 th  days) animals. A v e ry  s trong  decrease of  th e  to ta l  
p e a k  areas  was observed  in th e  anoxic an im als  (to 13— 23%  of th e  control)  
w h e n  s ta r t in g  from th e  sam e  am ounts  o f  to t a l  lipids. Such high differences 
c a n  h a rd ly  be a t t r ib u te d  to  m ethodical errors. Nevertheless, the  gas c h ro m a 
to g ra p h ic  peak area in i tse lf  canno t be regarded  as a safe m easure of  th e  fa t ty  
ac id  co n te n t .  F o r  th is  reason , we m easured  th e  saponifiable frac t ion  of  th e  
to ta l  lip ids in fu r th e r  experim ents .

T h e  saponifiable  p o r t io n  of the to ta l  l ipids am oun ted  to  5 5 —6 0 %  in 
th e  c o n tro l  animals (6 m easu rem en ts  in 3 an im als) .  After  8 or 9 days o f  anoxia  
th e  va lues  were in th e  range  of  15— 3 0 %  (12 m easurem ents  in 6 anim als),  
w h e reas  th e  non-saponifiab le  fraction  increased correspondingly. These resu lts  
c o n f i rm  th a t  the  decrease of  to ta l  peak areas o f  gas ch rom atogram s were not 
d ue  to  m ethod ica l  errors an d  perm it the  conclusion th a t  the  anoxia  o f  8 or 9 
d a y s  causes a s trong  decrease in th e  f a t ty  acid co n ten t  of the to ta l  lipids.

Discussion

In te rp re t in g  th e  resu lts  ob ta ined  in th e  ganglia  on the  6 th  d ay  o f  anoxia  
(E x p e r im e n t  1), one has to  ta k e  into co n s id e ra t io n  the  fact t h a t  a t  th is  t im e  
th e  anox ic  energy p ro d u c t io n  m echanism  of A nodonta  cygnea still functions 
well [24]. The results ind ica te  t h a t  this level o f  anox ia  induces an increase of 
f a t t y  acid  synthesis  (or t r a n s p o r t  of f a t ty  acids to  the  ganglia) in such  a w ay  
t h a t  th e  s a tu ra te d  f a t ty  acids increase to  a h ig h er  ex te n t  th a n  th e  u n s a tu ra te d  
ones. This in te rp re ta t io n  is coincident w ith  th e  observations of o the rs  [15, 
18], o b ta in e d  by  rad io iso tope  techniques in Cepaea nemoralis.

T h e  question arises w lia t  can be th e  physiological significance o f  the  
in c re a se d  f a t ty  acid syn thes is  during  anaerobiosis . Since the  b e ta -o x id a t io n  of 
f a t t y  acids is ve ry  im p ro b ab le  in anoxia [3], t h e  sense of an increased  f a t ty  
acid  syn thes is  rem ains obscure. On the  o th e r  h a n d  th is  process requires  some 
A T P ,  therefo re ,  it  rep resen ts  an energy d e m a n d  w hich  would be uneconom ic
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for th e  tissues, unless th is  energy  expense could be repa id  la ter  on w ith  a h igher 
energy yield. W e assume th a t  th is  “ re p a y m e n t”  o f  th e  energy m ay  he realized 
b y  hyd ro g en a t io n  o f  th e  u n s a tu ra te d  chains. T h e  following d a ta  show th a t  
th is  hypo thes is  m a y  be m u ch  m ore th a n  a mere specula tion . An enzym e has 
recen tly  been  found  in C andida  cells and in r a t  liver (N A D PH -E noyl-C oA - 
R eductase)  perfo rm ing  th e  b iohydrogena tion  o f  u n s a tu ra te d  chains [7, 14]. 
This enzym e functions only  if  N A D P H  as specific electron and  H -d o n o r  is 
p resent. S im ilar enzymes m a y  well function  also in th e  molluscan tissues. I f  
a su itab le  coupling exists be tw een  the  electron t r a n s fe r  from N A D P H  to  th e  
f a t ty  acids and  th e  phosp h o ry la t in g  m echan ism , A T P  m ay  be syn thes ized  
during  th e  s a tu ra t io n  of double  bonds o f  th e  f a t t y  acid chain.

P rev ious experim en ts  h av e  revealed some ev idence for th e  ex is tence  of 
such a coupling. I t  has been  show n th a t  specific organelles con ta in ing  a lipo- 
chrome p ig m en t  (cytosomes) are  presen t in m olluscan  tissues of  h igh anoxic  
to lerance [25]. The s t ru c tu ra l  t ran sfo rm a tio n  o f  th e  cytosom al lipids in to  
m em branes  d u r ing  anoxia  m ig h t  offer th e  necessary  co m p ar tm en ts  for th e  
realization  of  a coupling [27]. The cytosom es c o n ta in  also some re sp i ra to ry  
enzymes such as cy toch rom e  oxidase and  succinic dehydrogenase  [21, 30]; 
fu r the rm ore ,  th e y  disp lay  an  energy d e p en d en t  accum ula tion  of  d iv a len t  
cations during  anoxia  which can  be inh ib ited  b y  K C N  a n d  d in itrophenol (D N P ),  
i.e. th e  cy toch rom e  oxidase a n d  the  coupled p h o sp h o ry la t in g  m echan ism s are 
m ost p ro b ab ly  involved  [9, 22]. Therefore, one can  assum e t h a t  th e  cy tosom es 
are th e  sites o f  th e  anoxic ene rgy  p roduction , p e rfo rm ing  an electron t ra n s fe r  
from  N A D H  or N A D P H  to  th e  cytochrom es, how ever, the  f ina l  e lec tron  
acceptor is n o t  th e  m olecular  oxygen b u t  a cy tosom al substance  o f  h igh  
electron accep to r  capac ity  [23, 24, 29]. These re su lts  suggest th e  physiological 
rea l i ty  of th e  “ anoxic  endogenous ox ida tion”  m e n tio n e d  in th e  in t ro d u c t io n .  
I t  should be n o ted  th a t  a su b s ta n t ia l ly  similar m echan ism  was found  in poly- 
m elanosom es o f v e r teb ra tes  w here  the  electron ac c e p to r  function  was p e rfo rm ed  
b y  th e  m elan in  (it is th e  b es t  biological e lec tron  acceptor molecule, see for 
Ref.: [16]), m a in ta in in g  th e  sam e level o f  o x id a t iv e  phosphory la t ion  in anox ia  
as m easured  in th e  w ell-p repared  m itochondria  in  th e  presence of oxygen  [2].

I t  is obvious t h a t  one has to  expec t d ras t ic  changes in the  f a t t y  acid 
con ten t  when th e  d u ra t io n  of  anoxia  exceeds th e  to le rance  limit of th e  an im al,  
if the  u n s a tu ra te d  f a t ty  acids rep resen t  really  th e  cy tosom al electron accep to r .  
In  th e  case o f  A nodonta  cygnua, un d er  th e  ex p e r im en ta l  conditions u sed  b y  us, 
th is  to le rance  lim it is a t  7 —TO days [24]. In  E x p e r im e n t  2 we used an im als  
responding  to  th e  m echanical s t im u la t io n  of th e  m a n t le  edge w ith  a c o n trac t io n  
of th e  add u c to rs ,  i.e. th e y  were still living, how ever,  n e a r  to  the ir  anoxic  to le r 
ance limit. I n  th e  to ta l  lipids of  these animals a considerable  decrease o f  f a t t y  
acids was observed , whereas th e  to ta l  lipid c o n cen tra t io n  decreased to  a lower 
ex ten t .  These results  suggest t h a t  the  te rm in a t io n  o f  anoxic to lerance is accom 
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p a n ie d  by  th e  e x h a u s t io n  of  th e  u n s a tu ra te d  f a t ty  acid reserves. I t  should 
b e  n o te d  th a t  at th is  t im e  considerable  c a rb o h y d ra te  reserves are still available 
[24], therefore , c a rb o h y d ra te  shortage can n o t  be the  reason for th e  te rm in a t io n  
o f  th e  anoxic to lerance .

T h e  question arises w h y  the  s a tu ra te d  f a t t y  acids show no h ig h er  accu
m u la t io n  during th e  p ro longed  anoxia. I t  is know n th a t  th e  poikilo therm ic  
a n im a ls  possess a r e g u la to ry  m echanism  assuring  a sa tu ra ted  to  u n s a tu ra te d  
r a t io  necessary  for th e  m a in te n a n c e  of a su ff ic ien tly  low m elting  p o in t  of the ir  
l ip ids  [4, 8, 10, 11]. This regu la t ion  m ay  fu n c t io n  even during anox ia  e l im ina t
in g  th e  excess of s a tu r a t e d  f a t ty  acids. E x p e r im e n ta l  evidence has  shown 
t h a t  th e  molluscs are able  to  t ran sfo rm  ra th e r  rap id ly  the  excessive palm itic  
ac id  (16:0) in to  h y d ro c a rb o n s  [19] and th e  h yd roca rbons  are a lw ays com plete ly  
s a t u r a t e d  in molluscan tissues. U n fo r tu n a te ly ,  th is  ty p e  of e x p e r im en ts  was 
c a r r ie d  out only in n o rm a l  aerobiosis, never the less ,  such a m ech an ism  could 
e x p la in  the  ra th e r  h igh to ta l  lipid con ten t  accom panied  w ith  th e  drastic  
dec rease  of the  fa t ty  acids in  th e  to ta l  body .

T h e  “ anoxic endogenous  o x ida tion”  can  explain  num erous p h en o m en a  
o f  t h e  facu lta t ive  anaerobiosis  of molluscs. I t  does no t  exclude th e  coexistence 
o f  o th e r  pa thw ays  like succ ina te  or p ro p io n a te  production , etc. [6], since it 
m a y  func tion  in the  t issues  being  rich in p ig m en t  granules (cy tosom es). H ow 
ev er ,  m uch  more ex p e r im en ta l  work should  be done to  reveal fu r th e r  details.
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EFFECT OF PERINATAL MONOSODIUM GLUTAMATE 
TREATMENT ON ENDOCRINE FUNCTIONS OF RATS

IN MATURITY
I. L e n g v á r i

D EPA R T M E N T OF ANATOMY, U N IV E R S IT Y  M ED ICAL SCHOOL,
PÉCS

(Received 1976-09-25)

A bstrac t

R a ts  were in jec ted  subcu taneously  w i th  m o n o so d iu m  g lu tam ate  (MSG); e i th e r  
a single in jec tion  of 2 m g/g b.w. was g iven  on  the  2 n d  d a y  of life or repea ted  da ily  in je c 
tions of the  sam e dose were given f ro m  th e  2 n d  to t h e  10th day. Controls rece ived  
saline. T he  g ro w th  of repea ted ly  t r e a te d  females w as  s lightly  re ta rded  f rom  d a y  80. 
R ep ea ted  t r e a tm e n t  caused a slight red u c t io n  in endocrine  organ weights in m a t u r i t y ;  
however ,  endocrine  func tions  tes ted  b e tw een  120— 150 d a y s  of life were similar in c o n tro l  
a n d  t rea te d  anim als ,  e.g., AM— PM difference in p la s m a  corticosterone levels, a d r e n o 
cortical stress responsiveness and glucose to le rance  t e s t  (in males) and  norm al  v a g in a l  
cyclicity, co m p en sa to ry  h y p e r t ro p h y  of ovaries  a n d  presence of p i tu i ta ry  c a s t r a t i o n  
cells a f te r  spay ing  (in females). None o f  these t r e a tm e n t s  influenced the sexual  a c t iv i ty  
a n d  fe rt i l i ty  of  e ithe r  sex. These d a ta  ind ica te  t h a t  p e r in a ta l  MSG t r e a tm e n t  does n o t  
cause h y p o p i tu i t a ry  syndrom e in t h e  m a tu re  r a t .

In troduc tion

I t  was f irs t  rep o r ted  by  O l n e y  [9] t h a t  m onosod ium  g lu ta m a te  (MSG) 
adm in is te red  to  new born  mice des troyed  no t  on ly  th e  nervous elem ents o f  t h e  
re t ina ,  b u t  also ne rve  cells of the  a rc u a te  reg ion  of the  hypo th a lam u s .  T h is  
observa tion  was su bsequen tly  co n trad ic ted  b y  A r e e s  and  Ma y e r  [3],  w ho 
s ta te d  t h a t  lesions involved  pr im ari ly  microglial cells w ith  no effect on th e  
p e r ik a ry a  of  neurones,  and  A dam o  a n d  R a t n e r  [2] and  Ca r s o n  e t  al. [5] 
saw no morphological changes even b y  elec tron  m icroscopy  after  early p o s tn a ta l  
MSG t r e a tm e n t  o f  ra ts .  A b r a h a m  et al. [1] fo u n d  t h a t  th e  presence a n d  n a tu r e  
of m orphological changes depended on th e  species, dose and  route  of  a d m in is 
t ra t io n ,  e.g., in mice, small doses affec ted  on ly  glial cells and large  doses 
caused add it iona l  neurona l  dam age, while s im ila r  doses were ineffective in  
m onkeys. On th e  o th e r  hand ,  O l n e y ’s original o bse rva tion  was con f irm ed  b y  
O l n e y  and  S h a r p e  [12] in one rhesus m o n k e y ,  b y  B ü r d e  et al. [4] in m ice 
and ra ts ,  and  by  E v e r e l y  [6] in ra ts .  The o b se rv a t io n  th a t  the  a rcu a te  reg ion  
is affected b y  early  p o s tn a ta l  MSG t r e a tm e n t  is su p p o r ted  by  our re c e n t  in 
ves t iga t ion  [Le n g v á r i  an d  K o s a r a s , u n p u b l is h e d ] :  a single su b cu tan eo u s  
in jec tion  of  2 mg/g MSG on the  second d a y  of life caused  striking u l t r a s t ru c tu ra l
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c h a n g e s  in  a rcua te  neurones in ra ts .  T he  m o s t  s trik ing events were  th e  rap id  
sw ell ing  of  neu rona l  dend ri te s  and  cell bodies  and the  lysis o f  cy top lasm ic  
o rgane lle s  followed b y  nuc lea r  pyknosis . T h e  earliest signs a p p e a re d  w ith in  
tw o  h o u rs ;  24 h  a f te r  th e  t r e a tm e n t ,  th e  a ffec ted  region seemed to  be no rm al 
e x c e p t  for a m ark ed  accum ula tion  of g lycogen  in glial and e p e n d y m a l  cells. 
F e w ,  if  any , signs of nerve  cell degenera t ion  were seen in our m a te r ia l .  T h e re 
fo re ,  w i th  th e  exception  t h a t  nerve  cell deg en e ra t io n  was rare ly , i f  ever,  no ted  
in  o u r  lab o ra to ry ,  our find ings are co n s is ten t  w ith  the  e lectron microscope 
o b se rv a t io n s  of O l n e y  [10]. O l n e y  [10] a n d  P e r e z  and O l n e y  [13] r e p o r te d  
a m a rk e d  decrease in th e  n u m b e r  of n eu rones  af te r  MSG t r e a tm e n t  in  mice, 
a n d  O l n e y  and H o  [11] observed “ necro tic  neurone  counts” ; how ever ,  a p re 
cise descr ip t ion  of these  observa tions,  o r  q u a n t i ta t iv e  da ta ,  are a b se n t  from 
th e s e  p resen ta t ions .

T h e  a rcua te  region is considered to  be  a p r im a ry  source of h y p o th a la m ic  
re lea s in g  factors. I t  is o f  in te re s t  to  d e te rm in e ,  therefore, w h e th e r  a d m in is t r a 
t io n  o f  MSG to new born  anim als  could a l te r  endocrine  function in these  anim als 
in  m a tu r i t y .  O l n e y  [9] originally  r e p o r te d  m ark ed  obesity  in  mice t r e a te d  
p e r in a ta l ly  w ith  MSG, associa ted  w ith  in fe r t i l i ty  of females and  “ m ild  a d re n o 
c o r t ic a l  h y p e r t ro p h y ”  and  reduction  of th e  n u m b e r  of cells a n d  th e  m ass of 
a d e n o h y p o p h y s is .  R e d d i n g  et al. [16] t r e a t e d  newborn ra ts  from  d ay s  2 to 
10 o f  life. W hen  these  an im als  reached 110 d ay s  of age, b o th  o b es i ty  a n d  a re 
d u c t io n  in endocrine organ  weight were observed . H ypophyseal G H  a n d  L H  
w as  less t h a n  in the  controls , while T S H  c o n te n t  was unchanged . As endocrine  
o rg a n  w eight and /o r  p i tu i ta ry  horm one c o n te n t  do not p rovide su ff ic ien t in 
fo rm a t io n  on th e  func tiona l  capac ity  of th e  endocrine  system , we h a v e  in  these 
s tu d ie s  a t te m p te d  to  fu r th e r  elucidate  th e  effect o f  perinatal  MSG t r e a t m e n t  on 
en d o c r in e  functions of ra ts .

M aterial and  m ethod

F i r s t  l i t te rs  of  inb red  W is ta r - s t ra in  ra ts  w e re  used .  L i t te r  size was a d ju s te d  to  8 10
o n  t h e  d a y  of b i r th .  One group  rece ived  a single sc. dose o f  MSG (2 mg/g) on d a y  2 o f  life, and  
th e  seco n d  group  was t r e a te d  d a i ly  w ith  2 m g/g  M SG  sc. f rom  days 2— 10. C ontro ls  o f  b o th  
g ro u p s  w ere  in jec ted  sc. w i th  an  eq u a l  volume (0.1— 0.2 m l) of  saline. The an im als  were  w eaned  
on  d a y  30, an d  according to sex, caged 7 per  cage u n d e r  s ta n d a rd  en v iro n m en ta l  condit ions 
(25 Jr 1 °C; re la tive  h u m id i ty ,  6 0 % ;  l ights on, 4 AM -6 PM). Commercial r a t  p e l le ts  a n d  ta p  
w a t e r  were  availab le  ad lib itum . N asoanal  len g th  a n d  b o d y  weight of an im als  t r e a t e d  daily  
w i t h  M S G  an d  corresponding  con tro ls  were m e a su re d  ev ery  10th day up  to  th e  12 0 th  day.

A f te r  120 days  of life, endocrine  func tions  w ere  t e s te d :  (a) Diurnal  p la sm a  co rt icos te rone  
r h y t h m  w as in v es t ig a ted  in c o n tro l  an d  t rea te d  m ales ,  t h e  animals bled a t  8 a .m . a n d  6 p .m . 
I n  a n o th e r  group  of con tro l  an d  t r e a te d  males, t h e  rise of p lasm a corticosterone a f te r  com bined  
s t re s s  w as  te s te d  as follows: a t  8 a .m . 1.5 ml b lood  w as  t a k e n  under  l ight e th e r  a n es th e s ia  by  
h e a r t  p u n c tu re ,  and  im m e d ia te ly  5 mg fo rm alin  w as  in jec ted  sc. into th e  h in d  foot .  One h 
l a t e r ,  a  second  blood sam ple  was tak e n .  The  m ea su re  o f  A C TH  secretion in re sp o n se  to  stress 
w as  i l lu s t r a te d  b y  th e  difference in  th e  cor ticos te rone  c o n te n t  of the  two blood sam ples .  P la sm a  
c o r t ico s te ro n e  c o n cen tra t io n  w as  de te rm ined  f luo rom e tr ica l ly .  (b) A glucose to le ran c e  te s t  
teas  p e r fo rm e d  on  con tro l  and  t r e a te d  males;  th e  a n im a ls  received 1 g/kg b.w. g lucose th ro u g h  
a g a s t r ic  tu b e  a f te r  the  f irs t  b lood  sam ple  was t a k e n  b y  cu t t in g  a vessel of the  tail .  A d d i t io n a
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blood samples were w i th d r a w n  0.5, 1, 2, 3 and 4 h l a te r .  Blood glucose level was d e te rm in e d  
by the  o rtho to lu id ine  m e th o d ,  (c) Time of vag ina l  o p e n in g  was noted, and v ag in a l  sm ears  
were ta k e n  from th e  50 th  to 120th day of life daily. O n  d a y  120 of life control a n d  t r e a te d  fe
males were d ivided in to  th ree  groups. Group 1. Contro l  a n d  t rea ted  females were caged  w ith  
no rm al  males.  T hey  b eca m e  p re g n an t  and were a llow ed  to give birth . L it te r  size w as n o ted  
a f te r  p a r tu r i t io n  a n d  a t  t im e  of weaning. Group 2. Contro l  a n d  t rea te d  females were h em isp a y ed ,  
and  co m p en sa to ry  h y p e r t r o p h y  of ovaries was in v e s t ig a te d  30 days later.  Group 3. Contro l  
and  t rea te d  females were  spayed  on day 120 and  sacrif iced  30 days later.  P i tu i t a r ie s  were 
f ixed, embedded ,  sec tioned  a n d  stained by M an n ’s m e th o d ,  and the presence of c a s t r a t io n  
cells was inves t iga ted .  O varies  of  animals of each g ro u p  were sectioned frozen a n d  s ta in e d  
w ith  S c h a r lach -h aem a to x y l in .

Males of  t r e a te d  g roups  were caged w ith  n o rm a l  fem ales  and their  ferti l ity in v es t ig a ted .  
The  tes tes  of some t r e a te d  a n d  contro l males were s u b je c te d  to rou t ine  histological e x a m in a t io n .  
B ody  weight a n d  e ndocr ine  o rgan  weights of each a n im a l  were de termined a t  a u to p s y .

Results

A single s u b c u ta n e o u s  injection of  2 m g /g  MSG on the second d a y  o f  life*, 
o r  daily  in jec tion  o f  0.1— 0.2 ml of saline f ro m  th e  second to th e  10 th  day , 
resu lted  in a p p ro x im a te ly  20%  m o r ta l i ty  d u r in g  the  first 30 days  o f  life, 
a result com parab le  to  th e  spontaneous m o r ta l i ty  in this s t ra in  up to  the  
w eaning  age. O n th e  o th e r  hand, af te r  r e p e a te d  daily  injections o f  th e  sam e 
dose of  MSG only  54 .9 %  survived to  d ay  30. Sex difference was no t  a fac to r  
in th e  survival ra te .  T here  was no sign if ican t difference in appearance  b e tw een  
surv iv ing  con tro l  a n d  t r e a te d  animals, a n d  gross behav iour  of t re a te d  an im als  
was norm al in ev e ry  respect.

G row th  ch a rac te r is t ic s  of repea ted ly  t r e a t e d  animals are i l lu s t r a te d  in 
Fig. 1. As show n, w eight and body leng th  o f  control and t rea ted  m ales  are

Fig. 1. W eight  ga in  a n d  longitudinal  grow th  of c o n tro l  a n d  daily MSG-treated m ale  a n d  female
ra ts .  •  •  c o n tro l  males:  • ---------•  M S G -trea ted  m ales ;  •  •  control f e m a l e s ; ...........
M SG -trea ted  females.  V e r t ica l  bars indicate  SE. S ign if ican t  differences b e tw een  t r e a te d  and 
respec tive  con tro l  g roups  are indicated as (a) P  <  0.05; (b) P  <  0.01 a n d  (c) P  <  0.001
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s im ila r ,  while g row th  o f t r e a te d  females w as s lightly  re ta rded  f rom  d a y  80. 
F u r th e r m o r e ,  th e re  is a corre la tion  in r e d u c t io n  o f  body weight a n d  leng th ,  
e .g .,  t h e  Lee index  for t r e a te d  and  con tro l  g roups  was similar.

A single in jec tion  o f  MSG on the  second  d a y  of life had no effect o n  e n d o 
c r ine  o rg an  weights o f  120 —150-day old an im als  (Table 1). R e p e a te d  daily

Table 1

E ffect o f  p erin a ta l M S G  treatm ent on endocrine organ weights o f  mature rats

Group
P itu itary Adrenal

mg mg/100 g b.w. mg mg/100 g b.w.

A) S ing le  injection
1. Male  NaCl 8.371 (I8)2 3.23 40.41 (18) 14.94

±  0.84 ± 0 .0 8 1.71 1.01
2. Male MSG 9.03 (21) 3.50 36.95 (21) 14.19

±  0.24 ±0 .11 ±  1.42 ±  0.45
3. Fem ale  INaCl 12.76 (12) 5.31 58.51 (6) 23.12

±  0.56 ± 0 .2 5 : 2.11 ±  0.86
4. F em ale  MSG 12.04 (20) 5.18 50.79 (8) 21.30

±  0.38 ± 0 .1 4 ±  4.54 0.84
B) Repeated injections

1. Male NaCl 9.14 (15) 3.40 40.88 (15) 15.22
±  0.43 ± 0 .1 5 4.48 ±  0.78

2. Male MSG 8.13 (15) 2.89 ' 35.85 (15) 12 .76 '
-0 .29 ± 0 .1 1 ±  1.31 ±  0.46

3. Fem ale  INaCl 14.4.3 (17) 5.72 63.79 (9) 22.31
±  0.50 ± 0 .2 5 ±  3.09 ±  0.69

4. F e m a le  MSG 12.235 (25) .5.1 3 3 55.31' (12) 20 .3 9 3
±  0.55 ± 0 .1 8 ±  2.49 ±  0.64

Thyro id Gonad

mg mg/100 g b.w. mg mg/100 g b.w.

A) Single injection
1. Male NaCl 12.81 (10) 4.94 3070 (10) 1012

±  0.47 ± 0 .2 5 ±  112 ±  73
2. Male MSG 11.62 (14) 4.74 3070 (10) 1015

±  0.47 ± 0 .1 7 ±  135 H- СЛ Qs

3. Fem ale  iNaCl 89.20 (f>) 33.15
±  9.20 ±  0.34

4. F em ale  MSG 72.31 (8) 30.53
fc 7.90 i  2.50

B) Repeated injections
1. Male NaCl 13.63 (6) 4.37 3270 (6) 1050

±  1.14 ± 0 .5 2 ±  110 ±  80
2. Male MSG 13.10 (6) 4.65 273115 (f>) 970

0.95 ±0 .3 1 ±  140 ±  81
3. b e m a le  ЛаС1 94.77 (9) 33.35

±  4.78 ±  1.80
4. F em ale  MSG 79.583 (12) 29.50

4.74 ±  1.72

1 M ean  ; SE; 2 N u m b er  of animals ;  3 P  <  0.05, as com pared  to NaCl t rea ted  respec t ive  
con tro ls ;  4 P  <  0.02; 5 P  <  0.01
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Table 2

E ffect o f  perinatal M SG  treatm ent 
on da ily  flu c tu a tio n  o f  plasm a corticosterone o f  m ature male rats

Plasma corticosterone (//g/100 ml)
Group

AM PM

A) Single injection

1. NaCI 10.8 ±  0.61' (4)- 24.4 ±  2.20 (4) P  <  0.001

2. MSG 11.2 ± 0 . 8 3  (4) 26.4 ±  0.83 (5) P  <  0.001

B) Repeated injections

1. NaCI 11.6 ± 0 . 8 4  (5) 28.1 ±  1.64 (5) P  <  0.001

2. MSG 14.8 ±  0.84 (5) 28.8 ±  2.20 (5) P  <  0.001

1 Mean ±  SE
2 N um ber  of animals

Table 3

Effect o f  perina ta l M SG  treatm ent 
on p lasm a  corticosterone stress response o f  m ature male rats

Plasma orticosterone (//g/100ml)
Group

Resting Stress

A) Single injection  
1. NaCI 14.3 ± 1.721 (io)- 36.2 ±  2.35 P < 0.001
2. MSG 1 1.0 ± 1.43 (12) 33.3 ±  1.64 P 0.001

B) Repeated injections 
1. NaCI 18.7 1.64 (5) 72.5 ±  4.42 P < 0.001
2. MSG 18.7 1.86 (6) 70.7 ±  4.48 P < 0.001

l
2 Mean i  SE 

N u m b e r  of anim als

in jec tions from  2— 10 days of life reduced  th e  p i tu i ta ry  and  ad rena l  weights 
corrected  to  100 g b .w .,  a n d  th e  absolute  gonada l  weight of b o th  sexes, while 
th e  th y ro id  w eight o f  males was unaffected . All th e  changes, how ever,  were 
a t  th e  borderline of  s ta t is t ica l  significance.

N e i th e r  a single in jec tion  of MSG nor  r e p e a te d  injections affected  th e  
daily  f luc tu a t io n s  o f  p la sm a  corticosterone levels (Table 2). Rise o f  th e  p lasm a 
corticosterone level a f te r  com bined stress was com parab le  in t r e a te d  animals 
and  th e ir  respective  con tro l  groups (Table 3); how ever, animals in jec ted  daily  
h ad  higher res t ing  a n d  stress levels as co m p ared  to  single-injected ra ts .

The gl ucose to le ran ce  tes t ,  perform ed on d ay  120 of life, revea led  no 
a p p a re n t  difference be tw een  control an d  t r e a te d  animals (Fig. 2).

Average t im e  o f  vag inal opening was 38.3 days in controls  a n d  38.6 
days in con tinuously  t r e a te d  females. No difference in cyclicity b e tw een  control

Acta Biologica Academiae Scientiarurn Hungaricae 28, 1977



1 3 8 . LENGVÁRI

a n d  t r e a te d  animals was seen, based  on vag ina l  smears ta k e n  from  th e  50 th  
to  1 2 0 th  days.

E a c h  female in ev e ry  g roup  becam e p re g n a n t  w ith in  two weeks w hen  
caged  w i th  norm al males, a n d  th e y  gave b i r th  to  l i t te rs  at norm al te rm .  The 
size o f  l i t te rs  ten d ed  to  be sm alle r  in th e  t r e a te d  groups, b u t  th e  differences 
w ere  n o t  s ignificant. As sho w n  in Table  4, co m p en sa to ry  h y p e r t ro p h y  o f  ovaries 
o c c u r re d  in  b o th  control a n d  t r e a te d  groups 30 days af te r  rem oval o f  th e  f irs t

F ig . 2. Glucose tolerance te s t  of  single in jec ted  (a) a n d  da ily  injec ted  (b) male ra ts .  — 
c o n tro ls ;  O - - - - O M SG -trea ted .  A d m in is t ra t io n  of 1 g /kg  glucose ind ica ted  by  arrow s.  V e r 

tica l  bars  show SE

Table 4

E ffec t o f  perina ta l M S G  treatm ent 
on compensatory ovarian  hypertrophy o f  m ature fem ale  rats

N o. o f
1st o v a ry 2nd o v a ry

a n im a ls
m g/100 g  b .w .

A) Single injection 
1. NaCl 6 17.1 ±  1.09' 24.6 ±  1.66 P  <  0.05
2. MSG 12 19.0 ±  0.71 26.4 ±  1.06 P  <  0.001

B) Repeated injections 
1. NaCl 8 14.5 ±  0.57 21.4 ±  0.10 P  <  0.001
2. MSG 13 12.2 ±  1.16 18.7 ±  1.55 P  <  0.01

1 Mean d: SE
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ov a ry .  C as tra t ion  cells were p resen t in  th e  p i tu i ta r ies  of females o f  e a c h  group 
30 days a f te r  spaying. Ovaries o f  con tro l  and  t rea ted  females w ere  sim ilar 
h is to logically ; i.e., all con ta ined  fresh co rpo ra  lu tea . Testis w eigh t  o f  males 
g iven a single in jec tion  of MSG M as s im ila r  to  t h a t  of controls, w hile  re p e a te d  
p e r in a ta l  MSG injections reduced  th e  te s t ic u la r  weight (Table 1). N o h is to log
ical difference was seen, hoMrever, a n d  w hen  th e  M SG-treated m ales were 
caged w ith  norm al females, th e y  show ed  n o rm a l  sexual ac t iv i ty  a n d  ferti l i ty .

Discussion

In  th e  p resen t  experim ent a single in jec t ion  of 2 mg/g M SG given to 
r a ts  on th e  second d ay  of life h a d  no to x ic  effect, мЫ1е a s im ilar  dose given 
daily  from  th e  second to 10th d a y  re su l te d  in  a more th a n  2-fold increase  in 
m o r ta l i ty  during  th e  f irst 30 days o f  life. T h u r s t o n  and W a r r e n  [17 ] ,  using 
a sim ilar  t r e a tm e n t  p a t te rn ,  found  t h a t  th e  m orta li ty  ra te  in  g lu ta m a te -  
in jec ted  mice Mas twice th a t  o f  con tro ls ;  s im ilarly , a marked degree  o f  tox ic i ty  
was no ted  b y  P r a b h u  and O e s t e r  [14].

O besity  is th o u g h t  to  be a ch a ra c te r is t ic  result of early  p o s tn a ta l  MSG 
t r e a tm e n t  [9, 16]. The n a tu re  of obes i ty ,  how ever,  Mas different in  th e se  tMO 
experim en ts .  W hile O l n e y ’s mice h a d  h igher  body weight a n d  low er body  
len g th  as com pared  to  controls, R e d d i n g  e t  al. [16] found bo th  b o d y  w e igh t  and 
n asoana l  len g th  reduced in t r e a te d  ra t s ,  a l though  the  Lee in d e x  for  these 
t r e a te d  anim als  was higher th a n  t h a t  fo r  th e  controls. A g ro w th  suppression  
has also been repo r ted  by P r a d h a n  a n d  L y n c h  [15] in ra ts  a f te r  M SG t r e a t 
m en t ,  b u t  only  th e  body  w eight d a t a  a re  given in their  pub l ica t io n .  O besity  
was ab sen t  in our t re a te d  ra ts ,  a l th o u g h  ou r  repea ted ly  t rea ted  fem ales  showed 
som e signs o f  groM tli re ta rd a t io n .  T h e  m echan ism  of dev e lo p m en t  o f  obesity  
or g row th  re ta rd a t io n  is no t  know n; food in ta k e  [9, 15, 16] o r  a l te re d  T SH  
secre tion  [16] m igh t  not be responsible . T h e  norm al glucose to le ra n c e  test,  
as seen in our presen t s tudies, excludes th e  possibility  of  affected in su lin  secre
tion . A ccording to  R e d d in g  et al. [16] g ro w th  re ta rda tion  in  M S G -trea ted  
ra ts  possib ly  resu lted  from im p a irm e n t  o f  g ro w th  hormone sec re t io n ,  a lthough  
poor  d irec t evidence was given for th is  hypo thesis .

A single subcu taneous  in jec tion  o f  2 m g/g  MSG did not a l te r  th e  endocrine 
o rgan  weights. Continuous daily  t r e a t  m e n t  w ith  the  same dose b e tw e e n  days 
2 — 10 of life h a d  some effect in th is  respec t .  These results a re  genera lly  in 
accordance  w ith  th e  da ta  o f  R e d d i n g  e t  al. [16], a lthough re d u c e d  endocrine 
o rgan  w eights were more p ro n o u n ced  in  th e i r  t rea ted  rats .

O rgan  weights, however, do n o t  re f lec t  the ir  function in  e v e ry  respect. 
In  th e  p resen t  experim ent d iu rna l  f lu c tu a t io n  of plasma co r t ico s te ro n e  Mas
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s im ilar  in  control a n d  t r e a te d  rats , and  th e re  w as no difference in stress  r e 
sponse; these  two p a ra m e te rs  are more sensitive t h a n  adrenal weight in  con n ec 
t io n  w ith  A C TH  secretion .

O l n e y  [9] s t a t e d  t h a t  pos tna ta l ly  M S G -trea ted  female mice were in fe r 
tile. This was su b se q u e n t ly  con trad ic ted  b y  A d a m o  and  R atner  [2] in r a ts .  
I n  th e  p re sen t  w ork, t r e a te d  females cycled n o rm a l ly ,  were fertile an d  show ed  
th e  u sua l  m a te rn a l  b eh av io u r .  A lthough o v a r ia n  w eights of t rea ted  an im als  
were reduced ,  the  h is to logy  of ovaries was s im ila r  to  th a t  of controls . T he  
facts  t h a t  c o m p en sa to ry  h y p e r t ro p h y  of ovaries occurred  in trea ted  an im als  
a n d  t h a t  c a s tra t io n  cells appea red  in th e ir  p i tu i ta r ie s  after spaying in d ica te  
t h a t  these  animals were  capab le  of enhanc ing  th e  secretion of g onado trop ic  
horm ones . In te re s t in g ly ,  a l te red  male gonadal fu n c t io n  has never been  seen 
in M S G -trea ted  an im als ,  an d  a similar resu lt  лгав ob ta ined  in th e  p re se n t  
ex p e r im en t .

P re se n t  d a ta  c learly  ind ica te  t h a t  p e r in a ta l  MSG t rea tm en t  does n o t  
s ign if ican tly  affect th e  func tiona l  capac ity  o f  th e  endocrine system  in  ra ts .  
R ed u ced  endocrine o rgan  w eights and p i tu i ta ry  t ro p ic  hormone co n ten t  m a y  
reflect a reduced  basa l  secre tion  of h y p o th a lam ic  re leasing factors; i t  is o f  m ore  
im p o r tan ce ,  however, t h a t  th is  basal secretion shows cyclicity (ACTH as well 
as gonado trop ins)  a n d  c a p a c i ty  of enhancem en t.

T here  appears  to  be a d iscrepancy b e tw een  th e  morphological p ic tu re  of 
th e  a rc u a te  region a f te r  a cu te  MSG t r e a tm e n t  a n d  nearly  normal endocrine  
func tions  in adu l th o o d .  F o r  this several e x p la n a t io n s  m ay he given. I t  is 
possible t h a t  MSG does n o t  cause the  d ea th  of  a ffec ted  nerve cells. This h y p o 
thesis  is su p p o r ted  b y  our recen t results (L e n g v á r i  and  K o saras , u n p u b 
lished], viz., re la t ive ly  few signs of nerve cell d eg en e ra t io n  were seen in  r a ts  a f
t e r  acu te  MSG a d m in is t ra t io n .  Conversely, O l n e y  [10] f requently  found  deg en 
e ra te d  n e rv e  cells in  th e  a rc u a te  nucleus in m ice, a l though  these d iv e rg en t  
resu lts  m a y  be a t t r ib u te d  to  th e  difference in  species. I f  it  is accepted  t h a t  
M SG-induced  nerve  cell dam ag e  is irreversible, t h e n  th e  possibility t h a t  n o t  
every  n eu ro n  is d am ag ed  should  no t be exc luded ;  in  our m ateria l we h ave  
f re q u e n t ly  seen v ir tu a l ly  unaffec ted  neurones a m o n g  th e  altered a rcua te  cells. 
Ol n e y  a n d  H o  [11] re p o r te d  a reduction in th e  n u m b e r  of nerve cells in th e  
a rc u a te  region a f te r  p o s tn a ta l  MSG t r e a tm e n t  o f  m ice, h u t  not the  com ple te  
absence of  a rcu a te  neu rones ,  an  observation лгЫсЬ m a y  m ean  th a t  th e  re m a in 
ing cells increase th e i r  re leasing  factor p ro duc tion  an d ,  as a result, the  p i tu i t a r y  
tro p ic  h o rm one  secre tion  is alm ost norm al. A f u r th e r  explanation m a y  be 
t h a t  th e  h y p o p h y s io tro p ic  a rea  [see 7] which is responsib le  for the p ro d u c t io n  
of re leasing  factors is n o t  iden tica l w ith  the  reg ion  affected  by  MSG.

F u r th e r  studies  m a y  be indica ted  to  p ro v e  a n y  of these hypo theses ;  
how ever,  one f ina l conclusion m a y  be draw n: e a r ly  p o s tn a ta l  MSG t r e a tm e n t  
does n o t  cause, a t  leas t  in  th e  ra t ,  a h y p o p i tu i ta ry  syndrom e.
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THE EFFECT OF MELATONIN AND CORPUS PINEALE 
EXTRACT ON SERUM ELECTROLYTES IN THE RAT

S H O R T  C O M M U N IC A T IO N

G. C s a b a  and  J .  B ó k a y

D EPA RTM EN T OF BIOLOCY, SEM M ELW EIS U N IV E R S IT Y  OF M ED ICINE,
BUDAPEST

(Received 1976-06-30)

The pineal bo d y  is an ancien t organ. In  ad d i t io n  to  its generally  accepted  
regu la to ry  influence on th e  gonads [7, 13], i t  seems to  ac t on the  func tion  
of  th e  endocrine glands of  ecto-endoderm al origin [6]. I t s  regu la to ry  action  is 
m ain ly  inh ib ito ry , th u s ,  i t  inhibits  iodine u p ta k e  in to  the  th y ro id s  [1, 3, 5, 9,
10] and  the  function  of  cells in th e  Langerhans  islets [2, 3] ad renal medulla  [3], 
and  parafollicular  cells [4]. F u r th e rm o re ,  rem o v a l  o f  th e  pineal gland seems 
to  decrease 3H -m eth io n in e  incorpora tion  in to  th e  p a ra th y ro id s  of  ra ts  kep t  
on a low-calcium d ie t [11]. P ineal regulation  is o lder  th a n  p i tu i ta ry  regula tion , 
as th e  pineal g land itse lf  is older th a n  th e  p i tu i t a r y  gland [14]. The glands 
of ec to -endoderm al origin, which are sub jec t  to  pineal regulation , tak e  p a r t  
in a d ap ta t io n a l  regu la t ion  [6]. One im p o r ta n t  fa c to r  of regula tion  is th e  se rum  
elec tro ly te  concen tra t ion ,  hence, it  m ay  be a ssu m ed  th a t  th e  pineal bo d y  also 
takes  p a r t  in th e  regu la t ion  o f  the  la t te r .  W e h av e  s tud ied  th is  p roblem  b y  
analysing th e  effects o f  b o th  m ela ton in  and  to ta l  pineal e x trac t ,  since recen t 
d a ta  speak  in favour  of  o th e r  horm ones of th e  corpus pineale besides m e la 
ton in  [8].

W is ta r  CB male ra ts  were used. The blood levels of Ca2 + , P  an d  Mg2 ь 
were de te rm ined  b y  J o ó  [10] and  R i c h t e r i c h ’s 112] m e th o d  and  th e  “ Mercko- 
te s t  Mg”  (Merck, D a rm s ta d t ) ,  respectively. T h en  one group of th e  anim als 
was given an i.p. in jec tion  of m ela ton in  ( K o c h —Light, 10 pg/100 g b o d y  
weight), th e  o th e r  g roup  an  i.p. injection o f  p ineal e x t ra c t  (NBC, Cleveland, 
10 mg/100 g bo d y  w('ight) suspended  in saline. T h ir ty ,  60 and  180 m in af te r  
t r e a tm e n t ,  th e  se rum  elec tro ly te  values were d e te rm ined  again. The results  
were e v a lu a ted  b y  S tu d e n t ’s “ t ” test.

Table  1 shows t h a t  b o th  m ela ton in  and th e  p ineal e x t ra c t  act in th e  sam e 
w ay ,  viz., by  decreeing th e  levels of Ca2f and  Mg2+ and  increasing th e  phos
p h a te  values. T he  effect develops slovvly, a s ign if ican t  difference appears  a f te r  
3 h  in th e  case of  m ela ton in , and  after  60 m in  in th e  case of  the  pineal ex tra c t .  
T ak ing  in to  accoun t th e  similar tendency , i t  seems likely t h a t  m ela ton in  is 
th e  ac tive  su bs tance  in th e  ex trac t ,  too. T he  q u a n t i ta t iv e  difference m a y  be 
ascr ibed  to  a h igher  m e la ton in  con ten t  o f  th e  p inea l  ex trac t .  In  th e  case o f  th e  
Mg2+ values th e  pineal ex tra c t  showed va lues  a t  th e  bo rde r  of significance
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Table 1
E ffec ts  o f  melatonin and p in ea l extract on the blood levels o f  inorganic Ca2+, P  and  Mg2+

G roup
T re a tm e n t

Time,
min

C&2 +
mg/100 ml

Signifiée nee P
mg/100 ml

Significance
mg/100 ml

Significance

0 9.08 5.03 2.09
30 8.51 — 5.28 — 1.89 —

M ela to n in
60 8.81 5.33 1.78

180 7.66 P  <  0.01 5.94 P  <  0.05 1.58 P  <  0.01

0 9.57 ____ 5.43 2.43 _
30 9.59 — 5.37 — 2.14 —

P in e a l  e x t r a c t
60 8.14 P  <  0.05 6.46 P  <  0.05 1.97 0.1 >  P  >  0.05

180 8.11 1 > P > 0 . 0 5 6.62 P  <  0.02 1.99 0.1 >  P >  0.05

a f t e r  60 m in and 3 h, how ever ,  i t  d id  not dev ia te  q u a n t i ta t iv e ly  from  th e  m ela
to n in  effec t,  onlv the  sp read in g  was higher.

O u r  earlier experim en ts  111 ] also p o in t  to  a possible role o f  p inea l  body  
in in f lu e n c in g  the Ca2+ and  P levels in th e  ra t .  F rom  our presen t experim en ts  
th i s  becom es evident for th e  Mg2+ level, too. However, we can n o t  a rr ive  a t  an 
u n e q u iv o c a l  conclusion because  re m o v a l  o f  corpus pineale increases th e  n u m b e r  
a n d  a c t iv i ty  of parafollicular  C cells [4], whereas i t  decreases those  of  the  
p a r a th y r o id s  [11].

Since the  two glands are  an tag o n is ts ,  i t  rem ains open w h e th e r  th e  changes 
in  e le c tro ly te  levels are due to  an inh ib it ion  of th e  one gland or to  a s t im u la t io n  
o f  t h e  o th e r .  A nother open q u e s t io n  derives from  the  fact t h a t  release o f  labelled 
P  in to  th e  blood circulation  is increased as a consequence of p in ea lec tom y , 
w h e re a s  m ela ton in  increases th e  to ta l  P  con ten t  of blood. H ence, we only 
a r r iv e  a t  concluding th a t  th e  e lec tro ly te  concen tra t ions  are changed  as described 
fo r  t h e  ac t ion  of pineal h o rm o n e ;  for th e  e lucidation o f  th e  m ech an ism  fu r 
t h e r  e x p e r im en ts  are necessary .
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RECENSIONES

D e R o b e r t i s ,  E .D .P . ,  S a e z ,  F. A., D e R ü b e r t i s .  J r ., E .M .F .:  C e l l  b i o l o g y  
Saunders C om pany , P h i lad e lp h ia — L ondon  T oronto  (1975), pp .  615.

The  inves tigations in th e  field of  cell s t ru c tu re  an d  fu n c tio n ,  have  developed very  
in tensive ly  in the  recen t  years .  M any  articles and  m on o g rap h s  h ave  been published in th is  
topic. H ow ever  each of the  in d iv id u a l  works deals w i th  a  ve ry  na rrow  field. Fo r  th is  reason 
it  is now nearly  impossible  to su rvey  the  ever increasing mass o f  l i te ra tu re  a l th o u g h  it  would 
be essential for b o th  u n iv ers i ty  s tu d e n ts  and  researchers.

This book, p resen ting  a good survey  of the  most  recen t  l i te ra tu re  on cell biology, helps 
to sm oo th  aw ay  th is  diff iculty .

These results  are sy s te m a t ize d  ve ry  didactically. Since th e  first  edit ion of th e  book 
a p p ea red  in 1946, th e  a u th o r s  h a v e  no t  only enlarged the hook  w i th  a high n u m b e r  of d a ta ,  
b u t  have  also developed i ts  sys tem .

In the  first  c h a p te r  a sh o r t  su rvey  of cell biological an d  general  cytological researches ,  
a n d  in the  second p a r t  the  m o s t  m odern  biochemical o bse rva t ions  concerning th e  s t ru c tu re  
a n d  func tions of the  cell, a re  p re sen ted .  The  th ird  p a r t  su m m arizes  the  his tochem ical  m e th o d s  
used in the  cell biological re sea rch .  T h e  fo u r th  and  fif th  p a r ts  deal w i th  the  different  m em b ran e s  
a n d  organelles.  The  cellular  basis  of cytogenetics is the  su b je c t  of  the  s ix th  pa r t .

The  recen t  m olecular-biological aspects  developing p e rh ap s  most dynam ica l ly ,  can  be 
found  in the  seven th  p a r t .

In  spite  of the  p red o m in an ce  of the  morphological a n d  biochemical d a ta ,  the  book  
reflects a physiological p o in t  o f  viewr.

E ach  of the  p a r t s  consists of  seven chapters .  T hus ,  the  to ta l  nu m b er  of c h ap te r s  is 25. 
In  each c h ap te r  there  are su b ch ap te rs .  The  sum m aries  at the en d  of the  su b ch ap te rs  are very  
in s truc t ive .

Good u n d e rs tan d in g  is su p p o r te d  by 49 tables a n d  366 figures. These a n d  the  good 
ty p o g ra p h y  praise the careful  w ork  of the Saunders  C om pany .

L. K o v á c s  (B u d a p es t)

Organ culture  in biomedical research
Ed. M i c h a e l  B a l l s  a n d  M a r j o r i e  M o n n i c k e n d a s m .  C am bridge  U n ivers i ty  Press,  C am bridge— 
L o n d o n —New York —M elbourne  (1976) pp .  570, £ 22.0.

Organ cu ltu re  as described  by  D a m e  H o n o r  F e l l ,  th e  pioneer of o rg a n  cu ltu re  
techn iques  — is the  m a in ten a n ce  of tissues in a d iffe ren tia ted  func tiona l  s ta te  in a n u t r ie n  
m edium  in vitro.

The Festsch ri f t  for D a m e  H o n o r  F e l l  on Organ C u l tu re  in Biomedical R esearch  is the 
firs t  published sym posium  of th e  Bri t ish  Society for Cell Biology (8— 11 April, 1975).

The  first  c h ap te r  by  D a m e  H o n o r  F e l l  deals w i th  the  h is to ry  of organ c u ltu re .  I n  the  
following c h ap te r  G. M. H o d g e s  gives precise in fo rm a t io n  on  general m e thodology .  The  
c h ap te r  on experim en ta l  em bryo logy  by R. D u b o i s  e t  al. describes m ain ly  the p rob lem s of all 
in te rac t ions  in morphogenesis.  O th e r  papers  are devoted  to  several organs in c u ltu re ,  such 
as k idney ,  skin, p e r io d o n t iu m ,  jo in ts ,  nerves, bone, etc. A special  a t te n t io n  is pa id  to s tud ies  
on  enzym e and horm one  p ro d u c tio n  by ,  as well as effects of ho rm o n es  on, organ  cu ltu res .  The 
organs inves tiga ted  include p i tu i t a r y  gland, m am m a ry  g land a n d  p lacen ta ,  ov a ry ,  p ro s ta te  
a n d  pancreas .
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Organ cultures m a y  be used  as in  vitro m odels  fo r  s tudy ing  all invas iveness (D. M. 
E a s t y  an d  G. C. E a s t y )  as well as for  in  vitro carcinogenesis exper im en ts  ( E .  A. D e f r i e s  
a n d  L. M. F r a n k s ) .

A  n e w  a t t e m p t  i n  e x p e r i m e n t a l  c a n c e r  c h e m o t h e r a p y  i s  t h e  p r o d u c t i o n  o f  o r g a n o t y p i c  
c u l t u r e s  o f  h u m a n  t u m o u r s  ( E .  W o l f f  e t  a l . )  a n d  t h e  i n v e s t i g a t i o n  o f  t h e  r e s p o n s e s  o f  t h e s e  
c u l t u r e s  t o  c y t o t o x i c  d r u g s  a n d  h y p e r t h e r m i a  ( D i c k s o n  J .  A. a n d  M. S u z a n g a r ) .

O th e r  papers  r e p o r t  on  th e  effect of  viruses as well as i rrad ia t ion  on  organ  cultures.
T he  book deals w i th  some of th e  m ost  im p o r t a n t  prob lem s of o rgan  cu ltu re  an d  gives 

th e  re ce n t  d a ta  on the  th eo re t ica l  a n d  technical d e v e lo p m en t  in this field for resea rch  workers.

B. S z e n d e  (B udapes t)

B e e v e r s ,  L.: Nitrogen m etabo lism  in plants
E d w a r d  Arnold (Publishers)  L td . ,  L ondon  (1976), pp .  33, £ 6.95.

The  present  vo lum e on N it rogen  M etabolism in P l a n t s  was bad ly  needed, since the  last 
b o o k  on the  same topic w as  pub l ished  in 1959. The  t e x t  is div ided in to  nine ch ap te rs :  1. N itro 
gen n u t r i t io n ;  2. Amino acids; 3. Am ino acid m etabo lism ;  4. Purines,  py r im id ines ,  nucleosides 
a n d  nucleotides;  5. Nucleic acids; 6. Pro te ins ;  7. N i t ro g en  m etabolism  in seeds;  8. Nitrogen 
m e ta b o l i sm  during f ru i t  r ipen ing  an d  leaf senescence. Clearly, the firs t  six c h ap te rs  are devoted  
to  basic ,  general p rob lem s of n i trogen  m etabolism , w hereas  the  last  tw o  are  dealing with 
specific  aspects  of  n i trogen  m etabo lism  in higher p lan ts .  How ever,  i t  should  be s tressed th a t ,  
even  in th e  “ general”  section  (f irs t  6 chapters) ,  g rea t  a t t e n t io n  is devoted  to p rob lem s and/or 
p rocesses  which are ch arac te r is t ic  specifically of (higher) p l a n t  tissues. This is especially evident  
in  c h a p te r s  5 and 6 (nucle ic  acids and  proteins)  in which  the  usual overgeneral iza tion ,  based 
on  re su l ts  of  the m uch  m ore  a d v an c ed  bacter ia l  field, is carefully  avoided. One has to acknowl
edge th e  critical a t t i tu d e  o f  th e  a u th o rs  m aking specific s ta te m en ts ,  all over  the  t ex t ,  as to 
th e  p ro b lem  w ha t  is va lid  a n d  w h a t  is n o t  valid for  th e  h igher  p lan t  tissues f rom  v a s t  l i te ra tu re  
on  n i tro g en  m etabolism  in b ac te r ia  and  m am m al ian  tissues. Still, the  t e x t  is coheren t  a n d  lucid. 
T h e  b ib liography  is “ selective”  (m ore t h a n  700 c i ta t ions)  a n d  rem arkab ly  u p - to -d a te  (covers 
th e  l i t e ra tu re  up  to 1974— 75) for a book. The vo lum e will be a n  excellent source of in form ation  
b o t h  fo r  u n d e rg ra d u a te  a n d  g r a d u a te  s tu d e n ts  as well as for their teachers.  T he  carefully  ba l
an ce d  a m o u n t  of in fo rm a t io n  c on ta ined  by the  book ,  th e  excellent s tyle  (easy to read  and 
u n d e r s ta n d ) ,  and the well-chosen figures m ake  the  read in g  of the book a m u s t  for th e  research 
w o rk e rs  as well, especially i f  the ir  fields are no t  exac tly  in, b u t  are re la ted  to, th e  area  of p lan t  
n i t ro g e n  metabolism.

G. L .  F a r k a s  (Szeged)

W i l l i s ,  I. C . :  A dictionary of th e  flowering p lan ts  and  ferns
C am b rid g e  University  Press ,  L o n d o n  (1973). pp. 1245. £ 10.0.

T he  first  edition of th is  d ic t io n ary  was published  in 1897 and the  e igh th  revised  edit t ion  
in 1973. This volume includes all generic names pub l ished  from  1753 onw ard ,  a n d  all  family 
n a m e s  published  af te r  a p p ea ren ce  of the  Genera P l a n t a r u m  of d e  J u s s é i n  in 1789. The  names 
of t a x a  are arranged  in a lp h a b e t i c a l  order,  b u t  a t  the  end  of the d ic t ionary  th ey  are ordered 
acco rd in g  to  the B e n t h a m  H o o k e r  and  E n g l e r  —  P r a n t l ’ s  system. The  ed ito r  in the  text  
f r e q u e n t ly  uses m ath e m a tic a l  sign b u t  sometimes n o t  in m a th e m a tic a l  m eaning  (for exam ple  ~  
sign is applicable  in ' " a l te rn a t iv e”  senses).  I t  m ay  be p o in ted  t h a t  in the  b r ief  charac te r iza t ion  
of fam il ies  and genus the  ed ito r  uses morphological ab b rev ia t io n  w ithou t  g iving any  e x p lan a 
t io n  fo r  th em .  P robab ly ,  he  r eg ard s  th em  to be well kno w n  abbrev iat ions ,  b u t  th e y  are no t  so.

T h e  usefulness of t h e  d ic t io n a ry  has increased by  the  fac t  t h a t  when the  ed ito r  could not 
decide  a b o u t  the valid  n a m e  of a given tax o n ,  he h as  g iven  i t  a t  two places in an  a lphabetic  
o rd e r ,  b u t  a t  the la tes t  case the  f i r s t  given nam e is also in parenthes is .  T he  “ Pre face”  gives 
a good  in fo rm a t ion  for using  th e  sy s tem  of the  d ic t ionary  a n d  a bou t  the  l i te ra tu re  f rom  which 
th e  necessa ry  corrections h a v e  been  m ade  in this edition . T he  P te r id o p h y ta  was ed ited  and 
co r re c te d  by  R .E .  H o l t u m ,  who a d a p te d  th e  c lass if icat ion  of P i c in — S e r m o l l i  (1958), b u t  
so m e tim es  instead  of the  above  m en to in ed  sys tem , he  has  used  the  C o p e l a n d  (1947) system 
spec ia lly  for generic names. T he  d ic t io n ary  is very  useful fo r  th e  b o tan is t .  I t  gives a sh o r t  b u t  
good in fo rm a t ion  ab o u t  t h e  h igher  taxons ,  including th e i r  economic im p o r ta n ce  as well, 
bes ides  th e  m ain  charac te r is t ic  featu res .

J .  S z u j k ó - L a c z a  (B u d a p es t)

Acta Biologica Academiae Scientiarurn Hungaricae 28, 1977



RECENSIO NES 147

Flora  E urppea .  Vol. 4.
E d .  T u t i n  e t  al. Cambridge U n ivers i ty  Press, L o n d o n  (1976), pp. 505, £ 25.0.

T his  volume which c o n ta in s  the  second p a r t  o f  S y m p e ta lae  — Plan tag inaceae  to C om 
posai tae  (also Rubiaceae),  p re se n t s  a synthesis of all th e  n a t io n a l  and regional floras o f  E u ro p e ,  
following E n g l e r ’ s  sys tem .

Besides the  brief  k e y s  a n d  description o f  th e  t a x a ,  in form ation  is given a b o u t  th e i r  
geographical dis tr ibution . M ap s  are given a t  the  e n d  of the  vo lum e indicating the e x a c t  b o u n d 
ary b e tw ee n  the  given geographica l  region. The r e sp ec t iv e  coun tr ies  are also reffered to  w h i th in  
the  region: On this m ap s  th e  E d i to rs  have in te rp re te d  E u ro p e  in its t rad i t iona l  sense. Only  
those  t a x o n s  have been in c lu d ed  which have th e i r  re p re sen ta t iv es  in Europe. I n  case of 
families which  have only one or few or an a typ ica l  m em b e r ,  a par ticu lar  sign has been  used  
a f te r  th e  species. In  case of genera  T araxacum  a n d  H ie rac iu m ,  hav ing  m any  apom ic tic  species,  
the f lo ra  does no t  con ta in  a com ple te  enum era t ion  o f  species.  They  are ju s t  sum m erized  a n d  
g rouped  in the  description a n d  the  key.

T he  purpose of E d i to rs  was to give a c o m p le te  f lora  of  Europe. They have  tak e n  in fo r
m at io n s  from  every basic a n d  s ta n d a rd  floras. H o w ev e r ,  th ey  could no t  e liminate th e  m a in  
p rob lem , w hich  originates f ro m  the  differences in t h e  a u th o r s ’ opinion regarding the  f loras or 
m o n o g rap h s  of genera.

T he  F lora  E uropea  is a  good example of i n te rn a t io n a l  organization in co-operation . W e 
hope, t h a t  the  taxonom ica l  p rob lèm e  arising o u t  o f  i t  will give an  inspiration  for fu r th e r  col
lab o ra t iv e  s tu d y  w ith  a view to provide a m ore  e x a c t  a n d  u p to -d a te  information  a b o u t  the  
similar a n d  dissimilar c h a ra c te r s  of families, genera  a n d  species.

J .  S z u j k ó - L a c z a  (B u d a p e s t)

W i l l i a m s ,  R. F.: The shoot  apex and leaf g ro w th
A. study  in  quantitative biology, pp.  256, Cambridge U n iv e rs i ty  Press ,  London (1975), pp .  256, 
£ 6.50.

T he  a u th o r  sum m arizes  the  results of t h e  V. H . B l a c k m a n n  school and successfully 
develops th em  from the  m a th e m a t ic a l  point.

B l a c k m a n ’ s  fam ouse  p a p e r  on the analysis o f  p l a n t  g ro w th  appeared  in 1919, th is  has 
been developed  since in tw o  directions by his pup ils ,  a m o n g  o thers  by the au th o r  h im self  (1), 
the  m e th o d  o f  p lan t  g ro w th  analys is  has been u se d  for q u an ti f ica t io n  of the single p l a n t  o r 
gans (2), the  results  of  g ro w th  analysis have been  su b je c ted  to d is tr ibu tion  analysis. T he  l a t t e r  
m e th o d  h as  been useful in t h e  three-dimensional a p p ro a c h  of p lan t  growth on th e  shoot  axis .

Phyl lo tax is ,  viz., th e  s i tu a t io n  of the single leaves ,  is specified as an e s t im a t io n  c o n 
cern ing  a geometric  p rob lem .

T h e  au th o r  considers th e  “ everywhere p r e s e n t”  so-called Fibonacci spiral f u n d a m e n ta l ,  
a l th o u g h  the  occurrence o f  paral le l  and con tra -d irec t io n a l  double  spirals, are n o t  u n u su a l .

Besides the p a ram e te rs  of phyllotaxis , t h e  d ifferences between the p las tochron  r a t io  
an d  p h y l lo tax is  indices h a v e  been  determined w i th  d oub le  logar i thm ic  t ran s fo rm a tio n .

T he  au th o r  and o th e r  m em b ers  of this school h a v e  used histogenetic  and q u a n t i t a t i v e  
m e th o d s  in inves tigating  th e  developm ent of sh o o t  apex .  This process is excellently i l lu s t ra te d  
in a n a to m ic  p repara tions  a n d  3-dimension d iag ram s .

T he  volume will be v e ry  useful for teach in g  t a x o n o m ies  and  morphology t h o u g h  u n 
fo r tu n a te ly  the  au thor  abso lu te ly  neglects the r e su l ts  o f  T ro ll ’s famous school.

T he  volume is exce llen tly  edited and th e  p r in t in g  c red i ts  the  publishers.

J .  S z u j k ó - L a c z a  ( B u d a p e s t )

E d .  J .  E .  T r e h e r n e : Insect  neurobiology.
F ron tiers o f  biology. Vol. 35. N orth -H olland  P u b l i sh in g  Co., A m ste rd am  Oxford  (1974), 
p p .  450, Dfl.  115.

In se c t  neurobiology is one o f  the  most t r e m e n d o u s ly  growing p a r ts  of biological sciences. 
Therefore ,  i t  is a difficult t a s k  to  select the m o s t  im p o r t a n t  in form ation  from the  e n o rm o u s  
co m plex ity  of  our p resen t  know ledge  in this field. T h e  m o n o g rap h ,  wri t ten  by lead ing  ex p e r ts ,  
r ep re sen ts  a successful so lu t ion  of th is  problem. I t  p ro v id es  a comprehensive t r ea t i s e  of  d a ta  
concern ing  the  s t ruc tu re  a n d  func tion  of the in se c t ’s n e rv o u s  sys tem  in an  accessible  fo rm .
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T h e  b o o k  consists of seven chap ters .  The  f i r s t  o f  th e m  deals with  the  o rg a n iz a t io n  of 
the  in se c t ’s n e rv o u s  sys tem  including i ts  c en tra l  a n d  pe r iphe ra l  pa r ts  and aspects  of  i ts  d e v e lo p 
m e n t .  I n  th e  following chap ters  the  p rob lem s of a x o n a l  conduction  and sy n ap t ic  t ran sm iss io n  
in t h e  c e n t r a l  ne rv o u s  sys tem  are covered. S e p a ra te  c h a p te r s  are devoted  to the  e n v i ro n m e n t  
a n d  f u n c t io n  of insect nerve cells, to ne rve-m usc le  t ransm iss ion  and  to the neurosec re t ion .  In 
th e  l a s t  c h a p te r  th e  neura l  basis of insect b e h a v io u r  is ana lysed  in detail.

All p a r t s  of  th e  m o n o g rap h  are w r i t te n  a t  a  h igh  level. The volume is well i l lu s t ra te d ,  
i ts  t e c h n ica l  p re se n ta t io n  is excellent.  T he  lis ts  o f  re ferences the  make easy to  su rv e y  th e  s u b 
jec t .  I t  m a y  be m o s t  useful for  all biologists in te re s te d  in  neurology and  en tom ology .

J .  K o v á c s  ( B u d a p e s t )

T ie rn a h m e n  u n d  Zoologische F achw örter  u n t e r  Berüksich tigung  Allgemeinbiolögischer,  
A n a to m isc h e r  u n d  Physiologischer T erm in i  (A n im al  nam es ,  zoological tech n ica l  t e r m s  in 
re la t io n  to  genera l  biological, an a to m ica l  a n d  physio log ica l  terminology)
У Е В  G u s ta v  F ische r  Verlag, J e n a  (1976), pp .  507, M. 19.

T h e  v o lu m e  is a d ic t ionary  of zoological de f in i t ions ,  con ta in ing  over 1000 h ead w o rd s ,  c o n 
sis t ing  o f  6 c h ap te rs .  T h e  firs t  p a r t  describes the  orig in  of designaters .  The f i r s t  p a r t  describes  
th e  o r ig in  o f  des igna t ions  used in zoology. T he  ru les  o f  forming, pronouncing  a n d  spelling 
of t h e  m o s t  o f ten  used  la t in  and  greek express ions a re  discussed. The origin a n d  ru les  o f  f o r m 
ing, t e rm s  based  on n am es  of a u tho rs  are exp la ined  (for exam ple:  Gasser’s ganglion  —  g ang lion  
Gasseri).  F in a l ly  th e  correct w ay  of using  these  in  g e rm a n ,  their  abbrev ia t ions  a n d  o th e r  
d e s ig n a t io n s  a re  discussed.

T h e  second  is an  encyclopaedical p a r t ,  p re sen t in g  te rm s of an a to m y  a n d  phy s io lo g y  
in  AB C  order.  T h e  headw ords  indicate  the  l ingual  orig in  of the  term , the  g e rm a n  t r a n s la t io n  
is g iven  a n d  a sh o r t  definition.

T h e  th i r d  p a r t  is a ge rm an —lat in  v o c ab u la ry  o f  zoological names, followed by  a n  a u th o r  
in d ex  a n d  a c h a p te r  disp laying zoological t a x o n o m y .  T h e  volume is com ple ted  by  a sh o r t  
list o f  re ferences.

T h e  v o lu m e  is easy to handle ,  i t  is a ve ry  well g o t-u p  edit ion, the def in i t ions a re  v e ry  
concise,  p re sen t in g  the  reader  the  m ost  essentia l  in fo rm a t ion .  The volume is re co m m e n d e d  
to  g e rm a n  k n o w in g  zoologists, un ivers ity  s tu d e n ts ,  ed i to rs  of books and jo u rn a ls  o n  zoology

J .  K o v á c s  ( B u d a p e s t )

M o f f a t ,  D. B.: The  m am m al ian  kidney
C am bridge  U n iv e rs i ty  Press, L o n d o n —N ew  Y o rk  (1975), pp .  263, £ 9.]

T h e  s t ru c tu re  a n d  func tion  of the  k id n ey  h a d  been  described by m any  a u th o rs ,  b u t  m o s t  
of t h e m  a n a ly se d  the  quest ions of m orphology  a n d  fu n c t io n ,  separately.  R ecen tly ,  because  of 
the  e v er  increas ing  a m o u n t  of  physiological a n d  m orpho log ica l  da ta ,  writing a hook, c o n ta in 
ing b o t h  a sp ec ts  of th e  question, has beco m a  ac tu a l .

P rof .  D. B. M o f f a t ’ s  book analyses a t  h igh  level th e  above m entioned  co rre la t ions  of 
these  fea tu res .

T h e  f i rs t ,  in t ro d u c to ry  c h ap te r  sum m arizes  th e  term ino logy  as well as th e  te s t in g  m e t h 
ods, u se d  in  t h e  analys is  of the  organ.

T h e  n e x t  c h a p te r  con ta ins  a genera l  m o rpho log ica l  exam ination  of th e  o rgan .  T h e  
v a sc u la r  s y s te m  p lay s  a n d  ex trao rd in a ry  role in th e  f u n c t io n  of the kidney. This one is desc ribed  
in th e  t h i r d  ch ap te r .  T h e  func tions of the  d if fe ren t  p a r t s  o f  organ are briefly su rv e y ed  in th e  
4 th  c h ap te r .

T h e  fo r th co m in g  4 chap ters  give a d e ta i led  l igh t-scanning-transm iss ion  e lec tron  
m icroscipic ,  as well as schematic  descrip t ion  of t h e  g lomeruli ,  proximal tubu li ,  d is ta l  n e p h ro n  
an d  th e  ju x ta g lo m e r u la r  a p p ara tu s .  Inc lose  con n ec tio n  w i th  th e  s truc ture  the  a u th o r  d esc r ibed  
the  fu n c t io n s  o f  the  above  m en t ioned  p a r ts .

B ecause  of th e  g rea t  im portance ,  th e  a u th o r  p a id  a t t e n t io n  to the qu es t io n  o f  th e  im 
m a tu r e  k id n ey .

I n  th e  f ina l  p a r t  of  the  work, the  fu tu re  o f  th e  d ifferen t  examining m e th o d s  is g iven .
A t  t h e  e n d  of each  c hap ter  there is a good re ference  list. The cover p a r t ,  th e  good t y 

p o g ra p h y  a n d  th e  p h o to g rap h y  praise the  w ork  o f  Cam bridge  University  Press .

L. K o v á c s  (B u d a p e s t )
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E t z o l d , G.: Aufgaben und Organisation e ines iiietodiselien Z e n t r u m s  in der inolekular-  
biologischen Forschung
Akadem ie-V erlag , Berlin (1976), pp. 52, M. 6.

A su m m ary  of experience gained in th e  p a s t  few years  and  the principles em b o d ie d  in 
th e  fo rm a t io n  of a new research  e s tab lishm ent a re  described in th is  booklet . The  M eth o d o lo g 
ical C entre  for Molecular Biology in Berlin-Buch ( G D R  Academ y) is the collection o f  ad v an c ed  
in s t r u m e n ta t io n  and d a ta  processing ha rdw are  a n d  software.  The  personnel of th e  Centre  is 
specialized in the first  line on applying and a d v a n c in g  p a r t icu la r  m ethods and  th e i r  c o n te m p o r 
ary e v a lua t ion .  I t  c er ta in ly  requires a strong a n d  v e ry  h igh  level scientific leadersh ip  to assign 
priorit ies  to proposals com ing  from  research p eop le  o u ts ide  the  Centre. H ow ever ,  i t  is even 
m ore  obvious  th a t  the  rap id  increase in the need fo r  so ph is t ica ted  in s t ru m en ta t io n  in molecular  
biology requires  a p p ro p ria te  changes in the o rg a n iz a t io n  of research  work. A m ethodolog ica l  
cen tre  app ea rs  to be p o ten t ia l ly  a very ra t iona l  so lu t io n  for a smaller na tiona l  te r r i to ry .  S h a r 
ing the  use of very expensive equ ipm ent  a n d  th e  bes t  use of its  capacity  before i t  becom es 
obsole te  is certain ly  achieved in such an in s t i tu t io n .  T he  au th o r  describes the  b ack g ro u n d ,  
the  a d v an tag e s  and the  pi t  falls in establishing su c h  a centre.

F. B. S t r a u b  (Szeged)

D o b z h a n s k y ,  T., H e c h t ,  M., S t e e r e ,  W. C.: E v o lu t io n a ry  biology. Vol. 8 
P le n u m  Press ,  New Y ork  a n d  London (1975), pp .  396, $. 29.40.

This is the  8 th  vo lum e of the pub l ica tion  “ E v o lu t io n a ry  Biology” , a series which  is 
based  on  the  conviction  t h a t  evolution rep re se n ts  a un ify ing  principle in the  life sciences. 
This  la s t  vo lum e testifies to  the  above aim. T h ere  a re  five articles in the book. G enetic  d i ffe ren 
t ia t io n  du r ing  the specialization process by F. J .  A y a l a . P ro te in  va r ia tion  in n a tu ra l  po p u la t io n s  
of a n im a ls  b y  J .  R. P o w e l l . Chemical basis o f  m u ta t io n  by  V. N. S o y f e r . The classical case 
of c h a ra c te r  d isp lacem ent by  P. R. G r a n t  a n d  C hrom osom e  evolution  in the  c au d a te  am phibia  
by  A. M o R E S C A L C H I .

E a c h  of these p apers  are worth  to read n o t  on ly  for specialists of the  given f ield  b u t  also 
for th o se  in te res ted  in general biology, bo th  s t u d e n t s  a n d  teachers.  One ob tains a b e t t e r  u n d e r 
s t a n d in g  of the  process of  evolut ion  with the h e lp  o f  these  studies  which take  in to  cons id e ra t io n  
resu l ts  o b ta in e d  b y  va r ious  m ethods t r a d i t io n a l  as well as biochemical,  cy to log ica l,  etc.

T h e  c hap ter  a b o u t  m u ta t io n  is an u p - to -d a te  a n d  comprehensive one, helpfu l  in fo rm a
t ion  a b o u t  the  m olecular  ev en ts  of genetic v a r ia b i l i ty .

G. S z a b ó  (Debrecen)

R i B E ,  M. A., E r a u t ,  M. R . ,  S n o o k ,  R. K .:  Basic  biology course. 7. Enzym es,  
am b r id g e  U niversi ty  Press ,  L ondon (1976), pp .  104, £ 2.75.

Similarly  to th e  o th e r  volumes of th is  series th is  also serves the p ro g ram m ed  teach ing  
of biology. This volume is involved w ith  in t r a ce l lu la r  regu la t ion  mechanisms. M ay a n  order 
o f  r a n k  he m ade, th e n  th is  is perhaps the  b es t  b o o k  of the  series. An excellent chem ica l  basis 
necessa ry  for u n d e rs tan d in g  the  enzyme re ac t io n s  is presen ted .  The  reader,  th e  s tu d e n t  is 
p re sen te d  w ith  m an y  exam ples ,  th u s  the course o f  th e  whole mechanism is ex p la in ed  from  
th e  his torically  in te res t ing  a n d  no t  entirely d is inissible  Key-hook  theory to the  m o s t  m odern  
co n cep ts  ( induced f i t  hypothes is ;  s tra in theo ry ) .

M any d iagram s a n d  curves d em o n s tra te  a n d  exp la in  the  dynam ism  of en zy m e  func tion .
R ead in g  th is  vo lum e,  even readers w i th  p o o r  knowledge of the  sub ject  will  be able  to 

u n d e r s ta n d  the  subs tance  of enzyme function.
G. C s a b a  ( B u d a p e s t )
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T r i b e ,  M. H.,  E r a u t ,  M. R . ,  S n o o k ,  R. K.: P ro te in  synthesys.  BBC 9 £ 6
T r i b e ,  M. A., T a l l a n ,  I . ,  E r a u t ,  M. R.,  S n o o k ,  R. K . :  The  ecology game. BBC O rg an ism
a n d  env ironm en t .  £  10
T r i b e ,  M. A., P e a c o c k ,  D.: Metabolism and m ito ch ro n d r ia .  BBC, 8 £ 8] Cell m em b ra n e s  
BBC 5 £  5
C am b r id g e  U n ivers i ty  P ress ,  L o n d o n  (1976), pp. 142, 179, 103, 119.

F u r th e r  four v o lu m e s  o f  th e  basic biology course h a v e  been published. The  5 th  v o lu m e  
is in v o lv e d  w ith  the  cell m e m b r a n e  including its  s t ru c tu re  a n d  function. The cell m e m b ra n e  is 
d e m o n s t r a t e d  bo th  as a  pass ive  an d  an  active fac to r ,  p a r t icu la r ly  in re la tion to the  p ro b lem  
o f  p h a g o cy to s is  and  p in o cy to s is .  The  h istory  of m e m b ra n e  models is also displayed, these  a re  
all , includ ing  the  m o s t  m o d e rn  model (Singer— Nicolson),  dem o n s tra ted  on b o th  sch e m a tic  
d ia g ra m s  and  e lectron  m icroscopic  photos.  The d y n a m ic s  o f  m em brane  func tion  are also d i s 
cussed ,  d iagram s a n d  tab le s  d isp lay  the  diffusion r a te  a n d  p e n e t ra t io n  capabil i ty  of  th e  single 
su b s ta n c es .  E ndocy tos is  is d e m o n s t r a te d  on f i lm squares .

T he  8 th  vo lum e is in v o lv ed  w ith  energy t r a n s f o rm a t io n  an d  the role of m ito c h o n d r ia .  
T h e  necessi ty  of m etab o l i sm  in liv ing organisms, the  bas ic  c om ponen ts  of this and  the  sy n th es is  
o f  m olecules from these  c o m p o n e n ts  are d e m o n s tra ted .  R e sp i ra t io n  is discussed in m o s t  d e ta i l  
a s  p h o to sy n th es is  has  a l r e a d y  been  dem o n s tra ted  in th e  6 t h  volume. Based on these, the  r e g u la 
t io n  o f  m etabo lism  a n d  th e  ro le  and  st ruc tu re  of m ito c h o n d r ia  are discussed in de ta i l .  T h e  
9 t h  v o lu m e  is invo lved  w i th  sy n thes is  of  proteins.  F i r s t  t h e  general s t ruc tu re  of p ro te in s  a re  
rev iew ed ,  the  s t ru c tu re  a n d  fu n c t io n  of DNA is also discussed. The genetic code is d esc r ibed  
in  de ta i l ,  fu r th e r  on, t h e  t r a n s la t io n  and  amine acid a c t iv a t io n ,  the  role of t ransfer  R N A  in 
t h e  sy n thes is  of p ro te ins  a re  d e m o n s tra ted .  Fina lly  the  o p e ro n  hypothesis is discussed.

All volumes are co m p le te d  w ith  recording tapes ,  sl ides and  films, an  exce llently  d o c u 
m e n t e d  q u es t io n -an sw er  sy s te m  is an  enormous help to  t h e  s tu d en t  in acquiring  th is  v a s t  
a m o u n t  of knowledge. T h e  d ic t ionar ies  a t  the  end of the  v o lu m e  are also an  aid to the  s tu d e n t  .

T he  Ecology g am e  d isp lays  the  mode of d e te c t in g  a n  assumed en v iro n m en ta l  soiling. 
I n  t h is  gam e tes t  p ap ers  a re  d is t r ib u te d  which are  collect ively  solved by groups of s tu d e n ts .  
T h ese  t e s t  papers  c o n ta in  in fo rm a t io n  on the ecological sy s te m  (alga, bacteria  and  in v e r te b ra te s )  
w hose  biological ba lan ce  has  been  dis turbed, fu r th e r  o n  th e  q u a n t i ta t iv e  changes o f  d e t e r 
g e n ts ,  oil im p u r i ty ,  m e ta l  ions fo u n d  in the  single species etc .

This  s im ula t ion  o f  re sea rc h  work, as the a u th o r s  s t a t e  also themselves, does n o t  s u b s t i 
t u t e  a c tu a l  studies, how ever ,  f ro m  cer ta in  aspects th is  m e th o d  represents a lot more.  N a t u r 
a l ly ,  th is  volume is also based  on  the  4 th  volume (Ecolog ica l  principles) and it  is a ssu m ed  t h a t  
s t u d e n t s  have  a lready  a cq u i red  th e  knowledge of th is  p rev io u s  volume. The  volume used  fo r  
t h e  E co logy  game is a  gu ide  fo r  b o th  the  t u to r  a n d  th e  s tu d e n ts .  The gam e is a w o n d e rfu l  
sou rce  for proving th e  im p o r ta n c e  of the  ecological b a la n c e  and  for displaying howr large  th e  
d a n g e r  is of u p se t t in g  th is  ba lance ,  fu r th e r  on it  is also a  g re a t  aid for memorizing d a ta .

G. C s a b a  ( B u d a p e s t )

G r e s h a m ,  G. A.: P r im a te  atherosclerosis 
M onographs on atherosclerosis. Vol. 7.
S. K a rg e r ,  Base l—M ü n c h e n —P a r i s —L ondon— N ew  Y o r k — Sidney (1976), pp. 101, figs 6, 
$ 19.0.

T he  au thor ,  who h as  m a n y  years  of experience in t h e  sub jec t  of atherosclerosis,  discusses 
t h e  p ro b lem s of using p r im a te s  in research  work on  a therosc lerosis .  This sub jec t  is d iscussed  in 
a  s h o r t  vo lum e consis t ing  of o n ly  95 pages including a l is t  of  references. The  p rob lem  is d is 
c u ssed  in a very  clear a n d  com prehens ive  way, ra re ly  e n c o u n te re d  in this field. The vo lu m e  c o n 
t a in s  u n u su a l ly  few, on ly  6 i l lus t ra tions ,  which also p ro v e s  t h a t  this m onograph  is a c tu a l ly  
a  r a t i o n a l  review of p re se n t  l i t e ra tu re  on this  sub jec t .  F o u r  chap ters  are involved w i th  t h e  
w ho le  problem. F i r s t  th e  k n o w n  d a ta  are short ly  rev iew ed .  This is followed by  a d iscuss ion  
o f  t h e  fu n c t io n  of the  n o rm a l  b lood  vessel w all. I n  th is  p a r t  a  few photos d e m o n s tra te  t h e  s t r u c 
t u r e  o f  the  endothel .  A s t r ik in g  p o in t  is t h a t  th e  a u th o r  does n o t  discuss —  as m a n y  o th e r  
a u th o r s  do — th e  s ignificance a n d  role of  the  a d v en t i t ia .  T h e  n e x t  c hap ter  reviews th e  p ro b lem s  
o f  u s in g  p r im a te s  for th is  re se a rc h  work. Atherosclerosis h a s  been  found  to occur sp o n ta n eo u s ly  
in  th e se  animals ,  m a k in g  th e  ev a lu a t io n  of e x p er im en ts  r a t h e r  difficult.  This p ro b lem  is e v e n
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m ore com plex in  re la tio n  to  c ap tiv e  an im als as these  lesions occur m ore often  in  th ese  com 
p a red  to  th e ir  free com pan ions. E x p erim en ta l re su lts  a re  p resen ted  in de ta il. A u th o r discusses 
th e  d ie te tic  ex p erim e n ts  in  m o st deta il: th e  in itia l d ifficu lties  a rising  in th e  f irs t p a r t  o f  these  
e x p erim en ts  are  also d escribed ; w hen the  ev a lu a tio n  of th e  fo und  lesions was d ifficu lt because 
o f th e  p o ssib ility  o f sp o n tan eo u s  occurrence of these.

A u th o rs  have  p ro v ed  th e  so-called fa tty  s tre a k  to  he a p re -phenom enon of a th e ro sc le ro 
sis. F u r th e r  on, ex p erim e n ts  hav e  su p p o rted  th e  p o ss ib ility  of o th e r regressions, a lth o u g h  
these  w ere n o t easy to  induce  in  p rim ates  as in ra b b its .

In  ag reem en t to  th e  m u ltifac to ria l p rin c ip le  ex p erim e n ts  were perfo rm ed  in  hypox ic  
co n d itions, and  in a series o f c a rb o h y d ra te , v ita m in  a n d  horm one experim en ts. T hese  ex p eri
m en ts  c learly  se p a ra ted  th e  spon taneous m orpho log ical find ings from  th e  ex p erim en ta lly  
induced  ones. A u th o r c o n s ta n tly  stresses th a t  w hen  a m orpholog ical lesion is d iscovered , b io 
chem ical changes w ill a lread y  be presen t. T he early  s tag e  of lesions, according to  th e  a u th o r  
is p ro b a b ly  due to som e d ie te tic  facto r, how ever th ese  early  lesions alw ays d e te rm in e  th e  site  
o f  cho lesterin  deposits . T herefo re , he stresses th e  sign ificance  of all h aem odynam ic  changes 
w hich  m ay  occur a n d  also th o se  occurring  in ju v en ile  vessel in ju ries occurring  d u rin g  th e  period  
o f  g row th .

T he effect o f d ru g s on  th is  course is also d iscussed . T hree  sites of action  are  d iscussed , 
how ever no g rea t fu tu re  is p rophesed  for any of th ese  in  th e  th e rap eu tics  o f a therosc lerosis. 
T h e  d ru g  reducing  p e rm e ab ility  m ay be of im p o rta n ce . T he conclusion of th e  book  is v e ry  
su rp risin g , as th e  a u th o r  s ta te s  th a t  in th e  o rder o f p r im a te s  only in one genus: in m an  are  th e  
vessels o f various o rg an s a ffec ted  by a therosc lerosis, an d  only in m an  does th ro m b o sis  occur 
as a com plication . In  all o th e r  experim en tal a n im a ls  on ly  p a r ts  o f these specifically  h u m an  
illness are rep ro d u c ib le . E v en  so all d a ta  acquired  from  v a rio u s  sources are ex trem ely  sig n ifican t.

T his volum e w ill be o f in te res t and  use to  b o th  clin icians and  pa th o lo g ists .

II. J e l l i n e k  (B u d a p e s t)
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Sym posium  
on the IVSusole
E d ited  b y  E. B író a n d  M . G a ram vö lgy i

(Symposia Biologica Hungarica 18.)

The “ European Muscle C lub” is an institution which functions w ithout having 

been formally organized, and which once a year invites the European muscle re

searchers, biochemists, physiologists, etc. to assemble. Theaspects oftheir sym posium  

now are prim arily the regulating role of calcium, and the mechanical features o f the 

muscle. Two examples selected at random  were the address by Professor Pringle of 

Oxford, who delivered and address on the mechanical characteristics o f  the flying 

muscle o f insects, and the address by Professor H am oir of Liège who held a lecture 

on the research developments in the field o f  various calciumbinding proteins, the 

parvalbum ens. The 36 short lectures related to  the main subjects are included either 

as unabridged lectures or as abstracts.

In English • Approx. 128 pages • Cloth • IS B N  963 05 1006 5

A k a d é m ia i K iadó  ■ B udapest

Publishing House o f  the Hungarian Academy o f  Sciences
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Progress______________
in Peptic 
Ulcer
Proceedings o f the Conference on Experim ental Ulcer, held 
at Parádfürdő (H ungary), June 2 1 —22, 1976.

E d i t e d  b y  Gy. Mózsik a n d  T. Jávor
The 3rd Conference on Experim ental Ulcer was held at 

Parádfürdő  as a satellite meeting o f  the 10th European 

Congress o f G astroenterology and the 3rd European Congress 

o f  G astrointestinal Endoscopy. O utstanding scientists from 

15 countries took p a rt in this m eeting in order to  debate 

the current problem s o f ulcers. The subjects were divided 

into four sections and  a total o f 51 papers discussed the 

aggressive and  defensive factors o f peptic ulceration.

In English • 774 pages ■ Cloth 

ISBN 963 05 1210 6

Akadémiai Kiadó
Publishing House o f  the H ungarian Academ y of Sciences

Budapest
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SOIL BIOLOGY
AND CONSERVATION OF
THE BIOSPHERE
Edited by J. Szegi
(V llth  Meeting on Soil Biology at Keszthely University o f A griculture between 2 — 4 
September, 1975.)

The papers presented here were w ritten by experts o f 15 countries. The 54 papers — 

devoted to  the m ost recent results on ecological problem s o f soil biology — are 

distributed into six chapters: 1) Interaction between chemicals in troduced in the 

agriculture and soil organism s, 2) The role o f soil micro-organisms in the  transfor

m ation o f plant nutrients, 3) Interaction between nodule bacteria and  leguminous 

plants, 4) The role of soil organisms in the decom position o f plant residues, 5) Soil 

organisms as com ponents o f  the soil ecosystem and 6) The role o f soil m icro-organisms 

in the soil-forming processes.

In English — Approx 370 pages — 17 x 25 cm — Cloth 

ISBN 963 05 1273 4

Akadémiai Kiadó
Publishing House o f  the Hungarian Academy o f  Sciences

Budapest
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Leopoldina-Symposium

Secondary Metabolism and Coevolution
Cellular, intercellular, and interorganismic aspects

Edited  by M artin  L uckner, K urt Mothes and  L u tz  Nover 
(Nova Acta Leopoldina. Neue Folge. Suppl. N r. 7)

1976. 614 Seiten, zahlreiche Abbildungen und  Tabellen, 35 B ildtafeln 
In  englischer Sprache 
K unstleder 80,- M

D as B uch behandelt P roblem e der Coevolution und  der koordinierten Realisierung 
von Prozessen des Sekundärstoffwechsels m it anderen Bereichen des M etabolismus. 
Besprochen werden die K oord ination  der Synthese sekundärer N aturstoffe m it der 
A usbildung zytologischer S tru k tu ren  zu ihrer Speicherung, sowie die Coevolution von 
R ezep to rstruk tu ren  m it der B ildung sekundärer N aturstoffe , die als physiologische 
oder ökologische E ffektoren w irken. D arüber hinaus befaßt sich das Buch m it der Or
ganisation  von Genexpressionsprogrammen, die die m olekulare Grundlage für die 
K oordinierung darstellen.

Bestellungen an den Buchhandel erbeten

J O H A N N  A M B R O S I U S  B A R T H  L E I P Z I G
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Biometrische Zeitschrift

Zeitschrift für mathematische Methoden in den Biowissenschaften

H erausgegeben am  Z entralinstitu t fiir M athem atik u n d  M echanik  d e r  A k a 
d em ie  d e r  W issenschaften  d e r D D R  von ER N A  W EB ER

Je  H eft 64 Seiten — m it Abb. 16,7 x  24 cm jährlich erscheinen 
8 Hefte, je Heft 20,— M (Sonderpreis für die D D R  16,50 M) 
Bestell-Nr. 1060

Die Biometrische Zeitschrift setzt sich zum  Ziel, Beiträge zur m athem atischen 
D urchdringung der biologischen W issenschaften zu veröffentlichen. E s werden 
A rbeiten aufgenommen, die entw eder neue theoretische Aspekte der M athe
m atik  bei der Anwendung in den biologischen W issenschaften im w eitesten 
Sinne (Biologie, Medizin, Land- und Forstw issenschaften) erkennen lassen oder 
die die Anwendung bekannter m athem atischer und statistischer V erfahren 
au f neue Anwendungsgebiete darstellen.

H ierbei handelt es sich um M ethoden der m athem atischen S ta tistik  und  Ver
fahren der m athem atisch-kybernetischen Modellierung biologischer System e 
u n te r Berücksichtigung der elektronischen D atenverarbeitung.

D abei finden vorwiegend folgende Gebiete Berücksichtigung: P aram etrische 
und nichtparam etrische M ethoden der S tatistik , wie Regressions-, K orrela
tions- und Varianzanalyse, Faktorenanalyse, D iskrim inanzanalyse und  K lassi
fikationsverfahren, Versuchsplanung, Stochastische Prozesse, Zeitreihen. 
Ferner werden Probleme der biologischen Systemanalyse behandelt (algorith
mische Modelle zur Simulation, Anwendung der A utom atentheorie, Spieltheorie 
G raphentheorie u. ä.).

I l ire  B e s te llu n g en  r ic h te n  Sie b i t t e  a n  e in e  B u c h h a n d lu n g  fü r  f r e m d s p ra c h ig e  
L i te r a tu r  o d e r  an  d e n  P o s tz e i tu n g s v e r t r ie b .

L e ip z ig e r S tr a ß e  IÎ 4

D D R -108 B e  rlin
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A cta biologica et m edica germ anica

Z eitschrift für funktionelle Biowissenschaften

H erausgegeben von R . BAUMANN/H. DUTZ/A. G R A F F I/F . JU N G /

L.-H . K ETTLER /O . PR O K O P/S. M. R A PO PO R T, 
u n te r  M itarbeit zahlreicher Fachwissenschaftler

Je  H eft 192 Seiten — m it Abb. — 16,7 x 24 cm — jährlich erscheinen 
12 Hefte, je H eft 35,— M (Sonderpreis fü r die D D R 24,— M) 
Bestell-Nr. 1053

Die Z eitschrift »Acta biologica e t medica germ anica« , im Jah re  1958 gegrün
det, befindet sich nun  im 18. J a h r  ihres Bestehens. Der schnellen Entw icklung 
der E rkenntn isse und  M ethodologien verschiedener biologischer W issen sch afts
zweige sowie der Spezialisierung disziplinärer und  der H erausbildung neuer in 
terdiszip linärer Forschungsgebiete wurde im Laufe der Jah re  durch eine Ori
en tierung  der Zeitschrift a u f  ausgewählte Gebiete der funktionellen Bio
wissenschaften entsprochen. Jedoch will'de das ursprüngliche Anliegen der 
Z eitschrift, der V erbindung der biologischen Grundlagenforschung m it der ex
perim entellen  M edizin zwischen theoretischen In s titu te n  und  medizinischen 
K lin ik e n  zu dienen, beibehalten. Die Zeitschrift publiziert daher Originalar
beiten  aus folgenden Fachgebieten: Molekular- und  Zellbiologie, Biochemie, 
Physiologie und Pathophysiologie, Pharm akologie und  Immunologie. Neben 
ausführlichen A rbeiten w erden kurze O riginalarbeiten — auch im Offset
druck  —, die bei der D rucklegung zeitlich bevorzugt werden, veröffentlicht. 
D ie P ub likation  von Ü bersichtsarbeiten zu ak tuellen  biologischen und m edi
zinischen Problem en sowie von Arbeiten theoretischen Inhalts, die neue 
G esichtspunkte en thalten , is t möglich. Die »Acta biologica et medica ger
m anica« s teh t A utoren aus aller W elt zur P ub likation  zur Verfügung; Arbei
ten  w erden in deutscher, russischer und englischer Sprache veröffentlicht.

I h r e  B e s te llu n g e n  r ic h te n  S ie  b i t t e  a n  e in e  B u c h h a n d lu n g  fü r  f re m d s p ra c h ig e  
L i t e r a tu r  o d e r  a n  d e n  P o s tz e itu n g s v e r t r ie b .

A K A D E M IE  -V E R L A G  

D D R - 108 B e rlin  

L e ip z ig e r  S t r a ß e  3 — 4
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Psychologie der Sexualität
von B. B uda

N ach A uffassung d er h eu tig en  Sexualw issenschaft is t die m enschliche S e x u a litä t 

n ic h t durch  b io logische N a tu rk rä f te  d e te rm in ie rt, so n d ern  sie is t eine F u n k 

tio n  der P ersö n lich k e it, deren  E n tw ick lu n g  in  einem  d u rch  zw ischenm ensch

liche E inflüsse g ereg e lten  Prozeß  vom  S äu g lingsa lte r bis zu r P u b e r tä t ,  sogar 

bis zum  reifen E rw ach sen en a lte r v o r sich geh t. D as B uch b esch re ib t diesen 

P rozeß  und  b e r ic h te t  ü b e r die versch iedenen  E in flü sse  u n d  E rlebn isse , die 

e inerseits für die n o rm ale , andererse its  fü r die k ra n k h a f te  E n tw ick lu n g  v e r

an tw o rtlich  sind. D er V erfasser h a t  eine M enge v o n  A ngaben , w issen sch aft

lichen G esich tsp u n k ten  und T heorien  in den  T e x t e in g earb e ite t.

In  deu tscher S p rach e  • 284 S eiten  • 1 5 x 2 1  cm • G anzleinen

E ine  G em einschaftsausgabe — v ertr ieb en  in  den  sozialistischen  L än d ern  

v o n  K U L T U B A , B u d a p e s t, IS B N  963 05 1134 7, in  a llen  an d eren  L än d ern  

v o n  V E R L A G  M A R X IS T IS C H E  B L Ä T T E R  G M B H , F ra n k fu rt/M a in

A K A D É M IA I K IA D Ó  V E R L A G  M A R X IS T IS C H E  B L Ä T T E R  GM BH 

B u d ap est F ran k fu rt/M a in
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DIRECTIONS TO CONTRIBUTORS

ACTA B IO L O G IC A  A C A D E M IA E  SC IE N T IA R U M  H U N G A R IC A E  p u b lish es
orig inal w orks in the  fie ld  o f e x p erim en ta l bio logy.

M an u scrip ts  shou ld  be  addressed  to  P ro f . J ános S alánki E d ito r , ACTA B IO L O G IC A , 
8237 T ih a n y , F ü rd ô te lep  56., H ungary .

T h e  m anu scrip ts  sh o u ld  no t exceed 16 ty p e d , norm al pages (1250 le tters). T he m a n u 
sc rip ts  sh o u ld  be ty p ed  doub le-spaced , on  o n e  side o f the  p aper. C o n tr ib u to rs  are re q u e s te d  
to  su b m it tw o  copies o f th e  m anu scrip t, in c lu d in g  tab les and fig u res . E ac h  table  sh o u ld  be 
ty p ed  on  a sep ara te  sh ee t, n u m b ered  and  p ro v id e d  w ith  a title . All f ig u re s , e ith e r p h o to g ra p h s  
or d raw in g s or graphs sh o u ld  be num bered  co n secu tiv e ly . P h o to g ra p h s  shou ld  be labelled  n o t 
d irec tly , b u t  on a t ra n s p a re n t  sheet of p a p e r  covering  the p h o to . M agnification  sho u ld  be 
in d ica ted  by  scale bars, w h ich  rem ains c o rre c t a t  red u ctio n  of th e  o rig in a l p h o tograph . F ig u re  
legends should  be ty p ed  in  sequence on a s e p a ra te  sheet.

P a p e rs  should be h e a d e d  w ith th e  t i t l e  o f th e  paper, th e  n a m e s  o f  th e  a u th o rs  (m ale  
a u th o rs  use in itials, fem ale a u th o rs  use one g iv e n  nam e in full), d e p a r tm e n t ,  in s titu te  a n d  to w n  
w here th e  w ork was p e rfo rm ed . An a b b re v ia te d  t it le  — m ax. 40 le t te r s  — should be g iv en  
a t  foot.

T he full paper sh o u ld  be d ivided in to  th e  follow ing p a r ts  in th e  o rd e r ind ica ted :
Abstract (no t ex ceed in g  200 w ords)
Introduction
Material and method
Results
Discussion
References. P ap ers —  th e  essential o n es  o n ly  —  cited  in th e  m a n u s c r ip t  should be lis te d  

in a lp h a b e tica l o rder acco rd in g  to the f irs t a u th o r ’s surnam e. The re fe ren ces  should be n u m b ere d  
so th a t  each  m ay be re fe rred  to  in the  te x t  b y  its  nu m b er only. E x am p les :

1. B oas , N. F. (1953) M ethod for d e te rm in a tio n  of hexosam ine  in  tissue. J. biol. Chem ., 
204. 553—563.

2. D e  D u v e , C. (1959) Lysosom es, a n ew  group  of cy top lasm ic  p a rtic le s . In H a y a s h i , T 
S ubcellu lar p a rtic le s . R onald  P re ss , N . Y.

3. U m b r e it , W . E ., B u r r i s , R. I I . , St a u f f e r , I. F. (1957) M an o m etric  tec h n iq u es . 
B urgess P u b lish in g  Co., M inneapolis.

F u ll nam e and p o s ta l  address of th e  a u th o rs .
Short communication. M anuscrip ts , in  E n g lish , should no t ex ceed  8 ty p ed  pages in c lu d 

ing references, tab les a n d /o r  figures. In  R e fe ren ces  th e  title  of p a p e rs  m u s t  be om itted . F ig u res 
to  be p r in te d  in orig inal size, m ust be c o u n te d  w ith  double space in  th e  m anuscrip t. S h o r t  
co m m u n ica tio n s will be p u b lish ed  w ith in  s ix  m o n th s  following a p p ro v a l. In o rder to  sp eed  
up p u b lic a tio n  no p roof w ill be sen t to a u th o r s .

A u th o rs  will be fu rn ish e d , free of c h a rg e , w ith  100 rep rin ts . A d d itio n a l rep rin ts  m ay  be 
o b ta in e d  a t  cost.



Reviews of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

A U STR A LIA
C .B .D . LIBRARY A ND S U B S C R IP T IO N  SERVICE,
B ox 4886, O.P.O., Sydney N .S . W . 2001
C O S M O S  BOOKSHOP, 145 A ck lan d  Street, St.
K ilda  (Melbourne), Victoria 3182
A U ST R IA
G L O B U S , Höchstädtplatz 3, 1200 W ien X X  
B E L G IU M
O F F IC E  IN T ER N A T IO N A L D E  L IB R A IR IE , 30 
A venue Marnix, 1050 Bruxelles
L IB R A IR E  DU  M O N D E E N T IE R , 162 Rue du
M id i, 1000 Bruxelles
B U LG A RIA
H E M U S , Bulvár Ruszki 6, Sofia  
C A NA D A
P A N N Ó N IA  BOOKS, P.O. Box 1017, Postal Sta
tio n  “ B” , Toronto, Ontario M 5 T  2T8  
C H IN A
C N P IC O R , Periodical D epartm en t, P.O . Box 50, 
P eking
CZECH O SLO VA K IA
M A D ’ARSKÁ K U LT Ú R A , N á ro d n í tïida  22, 
115  66 Praha
P N S DOVOZ TISKU, V inohradská  46, Praha 2 
P N S  DOmOZ TLACE, Bratislava 2 
D EN M A R K
E JN A R  M U N K SGA A RD , N o rreg ad e  6, 1165
Copenhagen
F IN L A N D
A K A T E E M IN E N  K IR JA K A U P P A , P.O . Box 128,
SF-00101 Helsinki 10
F R A N C E
E U R O PE R IO D IQ U E S S. A ., 31 A venue de Ver
sailles, 78170 La Celle S t. Cloud  
L IB R A IR IE  LAVOISIER, 11 ru e  Lavoisier, 75008 
Paris
O F F IC E  IN TER N A T IO N A L D E  D O C U M E N T A 
T IO N  ET LIBRAIRIE, 48 rue  G ay-Lussac, 75240 
Paris Cedex 05

G E R M A N  DEM OCRATIC R E P U B L IC  
H A U S  D ER U N G A R ISC H E N  K U L T U R , Karl- 
L iebknecht-Strasse 9, DDR-102 Berlin  
D E U T S C H E  POST ZE IT U N G SV E R T R IE B SA M T , 
S trasse  der Pariser Kom üne 3— 4, DDR-104 Berlin

G E R M A N  FEDERAL R E PU B L IC
K U N S T  U ND WISSEN E R IC H  B IE B E R , Postfach
46, 7000 Stuttgart 1

G R E A T  BRITAIN
B L A C K W E L L ’S PE R IO D IC A L S D IV IS IO N , Hythe 
B ridge Street, Oxford 0X 1  2E T
B U M P U S , HALDANE A N D  M A X W E L L  LTD., 
C ow per Works, Olney, Bucks M K 4 6  4 B N  
C O L L E T ’S H OLDINGS L T D ., D ening ton  Estate, 
Wellingborough, Northants N N 8 2Q T  
W M . DAW SON AND SONS L T D ., C annon  House, 
Folkes-one, Kent CT 19 5EE
H . K . LEW IS AND CO., 136 G ow er Street, London 
W C 1E  6BS

G R E E C E
K O S T A R  AKIS BRO TH ERS, In te rn a tio n a l Book
sellers, 2 H ippokratous Street, Athens-143

H O L L A N D
M E U L E N H O F F-B R U N A  B.V ., Beulingstraat 2, 
Am sterdam
M A R T IN U S  N IJH O FF B.V ., L ange Voorhout 
9— 11, Den Haag

SW ETS SU B SC R IPTIO N  SERVICE, 347b Heere
weg, Lisse 
IN D IA
A L L IE D  P U B L ISH IN G  PRIV A TE LTD ., 13/14 
A saf Ali Road, New D elhi 110001 
150 B-6 M ount R oad , M adras 600002 
IN T E R N A T IO N A L  B O O K  H OUSE PVT. L T D ., 
M adam e Cama R oad , Bom bay 400039 
T H E  STATE T R A D IN G  C O RPORA TIO N  O F 
IN D IA  LTS., Books Im p o rt Division, C handralok, 
36 Janpath , New Delhi 110001 
ITALY
E U G E N IO  C A R L U C C I, P.O . Box 252, 70100 Bari 
IN T ER SC IEN T IA , Via M azzé 28, 10149 Torino 
L IB E R IA  C O M M ISS IO N  A R I A SANSONI, Via 
L am arm ora 45, 50121 Firenze
SA N TO  VANASIA, V ia M . Macchi 58, 20124 
M ilano
D . E. A., Via Lim a 28, 00198 Roma 
JA P A N
K IN O K U N IY A  B O O K -ST O R E  CO. LTD ., 17-7 
Shinjuku-ku 4 chôm e, Shinjuku-ku, Tokyo 160-91 
M A R U Z E N  C O M PA N Y  LT D ., Book D epartm ent, 
P.O . Box 5056 T okyo In ternational, Tokyo 100-31 
N A U K A  LTD. IM P O R T  D EPA R TM EN T, 2-30-19 
M inam i Ikebukuro, T oshim a-ku, Tokyo 171 
KOREA
C H U L PA N M U L , Phenjan 
NORW AY

T A N U M -C A M M E R M E Y E R , Karl Johansgatan
41—43, 1000 Oslo
PO LA N D
W ÇG IER SK I IN S T Y T U T  K U LTU RY , M arszal-
kow ska 80, Warszawa
C K P  I W ul. Tow arow a 28 00-958 Warsaw
ROUM ANIA
D . E. P., Bucureçti
RO M L IB RI, Str. B iserica Amzei 7, Bucureçti 
SO V IE T UNION
SO JU ZPETC H A TJ —  IM P O R T , Moscow 
and  the post offices in each  tow n 
M E Z H D U N A R O D N A Y A  K N IG A , Moscow G-200 
SPA IN
D IA Z  D E SANTOS, L agasca 95, Madrid 6 
SW EDEN
ALM QVIST A N D  W IÓ SE L L , Gamla Brogatan 26, 
101 20 Stockholm
G U M PER TS U N IV ER SITET SB O K H A N D E L AB,
Box 346, 401 25 Göteborg 1
SW ITZERLAND
K A R G E R  LIBRI A G , Petersgraben 41, 4011 Basel 
USA
EBSCO SU B SC R IPT IO N  SERVICES, P.O. Box 
1943, Birmignham, A labama 35201 
F . W. FAXON C O M P A N Y , IN C., 15 Southwest 
P ark , Westwood, M ass, 02090
T H E  M O O R E -C O T T R E L L  SU BSCRIPTIO N  
A G EN C IES, North Cohocton, N. Y. 14868 
REA D -M O RE PU B L IC A T IO N S, IN C., 140 C edar 
Street, New York, N . Y. 10006
ST EC H ER T-M A C M ILLA N , IN C ., 7250 Westfield
Avenue, Pennsauken N . J . 08110
VIETNAM
XUNHASABA, 32, H ai Ba Trung, Hanoi 
YUGOSLAVIA
JU G O SLA V EN SK A  K N JIG A , Terazije 27, Beograd 
FO R U M , Vojvode Mi§i£a 1, 21000 Novi Sad

29. X I .  1977 I n d e x :  2 6 .005



■ H ű i

A C A D E M I AE S C I E N T I A R U M  H U N G A R I C A E

E D I T O R

J. SALÁNKI

E D I T O R I A D  B O A R D  

V. CSÁNYI  
B. FLERKÓ
I. KISS

(Editorial Assistant)
J. KOVÁCS
St. KROMPECHER  
G. SZABÓ 
G. SZÉKELY  
A. TIGYI  
I. TÖRŐ 

(Chairman)

VOLUME 28 
N UM BER 2

A K ADÉMIA I KIADÓ
B U D A P E S T  1977

I ABAHAU 28(2) 153—246 (1977) |

INDEXINDEX

Cs a b a , G. —T ö r ö k , О.: T he effect of cyclic AMP on the  m aturation  ami dcgrunulation
of m ast c e l l s ................................................................................................................................  153

F o is s n e r , W .:  C o m p a ra tiv e  lig h t an d  e le c tro n  m icroscop ical s tu d ie s  on  th e
argyrophilic s tructu res of Euglena viridia ....................................................................... 157

H ir i p i , L . ~ N e m c s ó k , J . — E l e k e s , К. Sa lAn k i , J . :  Monoamine level and  periodic
activ ity  in 6-OHDA treated  mussels Anodonta cygnea L ............................................ 175

K a l l a k , H .~  J ä r v e k ü l c , L.: Changes in chrom osom e com plem ent in long te rm  peu
callus cu ltu res ...........................................................    183

K a n t a , J .  S ic h o v A, E. — P e js k o v A, I. B a r t o s , F.: Inhib itory  effect o f adrenuline
and hydrocortisone on the growth of A llium  сера r o o t s ......................................  191

Szöőr, Â. B o r o s s , A. - H o i.i .ó s i, G. Sz il á g y i, T .—K e s z t y ű s ,  L .: E xperim ental
in v e s t ig a t io n s  o n  h ypok inesia  o f  sk e le ta l m u sc le  w ith  d iffe re n t fu n c tio n s , I .  . . . 193

H o l l ó si, G. —T a k á c s , ö .  — Gu ba , F. Sz ö ő r , A .— Sz il á g y i, T.: E xperim ental
investigations on hypokinesia of skeletal muscles w ith different functions, I I . 205

T akács, Ö . — So h Ar , I .  - P e l l e , T. Gu b a , F .  — Sz il Ag y i, T .:  E x p e r im e n ta l  in 
v e s tig a tio n s  o n  h y p o k in es is  o f  sk e le ta l m u sc le s  w ith  d iffe re n t f u n c t io n s ,  I I I .  213

T a k Ac s , Ö . - S o h Ar , I . - Sz il á g y i, T . - Gu b a , F .: Experim ental investigations on
hypokinesis o f skeletal muscles with d ifferent functions, IV.....................................  221

K ovács, J .  K o v á c s , A.: Membrane a lterations on the  seminal vesicle cells o f the
mouse during  cooling in v i tr o ............................................................................................... 231

H a g in o , N. K o sa r a s , В. —F l e r k ó , В.: S epta l projection to the a rcua te  nucleus
of the  hypo tha lam us ..............................................................................................................  235

Recensiones .........................................................................................................................................  239



ACTA BIOLOGICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  

B I O L Ó G I A I  K Ö Z L E M É N Y E I

SZERKESZTŐSÉG: 1082 BUDAPEST, ÜLLŐI ÜT 78. KIADÓHIVATAL: 1363 BUDAPEST, ALKOTMÁNY U. 21.

Az Acta  B iologica  e re d e ti  é rtek ezések e t közö l a  k ísé rle tes  b io lóg ia  köréből.
Az A cta B io logica  v á lto z ó  te rjed e lm ű  fü z e te k b e n  je len ik  m eg . N égy füzet a lk o t egy  

k ö te te t .  É v en k é n t 1 k ö t e t  je le n ik  m eg.
A közlésre s z á n t  k é z ira to k  a  k ö v e tk ező  c ím re  k ü ld en d ő k :

A c ta  B iologica Szerkesztősége, 8237 T ih a n y , F ürdőtelep  56.

U gyanerre  a  c ím re  k ü ld en d ő  m in d en  szerkesz tőség i és k ia d ó h iv a ta li  levelezés. 
M egrendelhető  b e lfö ld re  az A ka d ém ia i K ia d ó ná l (1363 B u d a p e s t  Pf. 24. B a n k sz ám la  

215-11488), k ü lfö ld re  p e d ig  a  „ K u ltú ra ” K ü lk eresk ed e lm i V á lla la tn á l (1389 B u d a p e s t 62, 
P f . 149. B an k szám la  218-10990) vag y  an n ak  k ü lfö ld i k ép v ise le tén é l és b izom ányosainá l.

T he A cta  B io log ica , a  q u a rte r ly  o f th e  H u n g a ria n  A c ad e m y  of Sciences, p u b lish es  
p a p e rs  on ex p e rim e n ta l b io lo g y . T he four issu es m ak e  u p  a v o lu m e  o f som e 450 p ag es p e r  
y e a r.

F or de ta ils  c o n c e rn in g  th e  subm ission  o f  m an u scrip ts  see, D irectio n s to  C o n trib u to rs .
Subscrip tion : K u ltú r a  T rad in g  Co. fo r 1389 B u d a p es t 62 P .O .B . 149 or w ith  r e p 

re sen ta tiv e s  lis ted  o n  th e  v e rso  o f th e  cover. T h e  r a te  o f su b sc rip tio n  is $ 32.00 a  vo lum e.



A c t a  b io l .  A c a d .  S e i .  h u n g . ,  28  (2 ), 153 156 (1977)

THE EFFECT OF CYCLIC AMP ON THE MATE RATION 
AND DEGRANULATION OF MAST CELLS

G.  Csaba  and Ottilia  T örök

D EPARTM ENT OF BIOLOGY, SEM M ELW EIS U N IV ERSITY  OF M ED ICIN E,
B U D A PEST

(Received 1976 —01 — 07)

Abstract
I

In  sh o rt- te rm  tissue  cu ltu res d ib u ty ry l cAM P in h ib its  th e  co rtisone-induced  
degranu lation  of m a s t  cells. The e ffec t o f m e th y lx an th in e  w as fo u n d  to  be sim ilar b u t 
developed a t a slow er ra te .

The increase o f  cAM P level also a ffec ted  th e  m a tu ra tio n  of m a s t cells, as th e  ra tio  
o f cells of m ixed g ra n u la tio n  in creased , com pared  to th e  a lc ian  b lue- an d  safran in - 
positive  cells. T h is  in d ic a te s  in h ib itio n  of th e  m a tu ra tio n  of m a s t cells, w hich  in the  
p re sen t model in h ib ite d  d eg ran u la tio n .

In tro d u c tio n

Since S u t h e r l a n d ’s discovery [2] it lias been recognized th a t  cAM P 
p lay s a role as a second m essenger in  th e  cell b y  tra n sm ittin g  ho rm one-m ed i
a te d  in fo rm ation  from  th e  cell m em b ran e . F u rth e ro n , th e  cA M P m echanism  
is in v o lved  in secretion  function  of g la n d  cells [6]. The m a s t cell is a specific 
one-celled endocrine g lan d  [5] w hich secrets its  p ro d u c ts  —  th e  c o n te n t of 
its  g ranu les — h ep a rin  an d  h is tam in e , in  mice and  ra ts  also se ro to n in , in to  
its  en v iro n m en t by d eg ran u la tio n . As th e  m ast cells have  p ro v ed  to  be su it
ab le m odels for observ ing  secretion a c tiv itie s , num erous a u th o rs  [1, 6, 7] have 
app lied  biochem ical m e th o d s  for s tu d y in g  th e  h istam ine  re lease  of m a s t cells 
u n d e r  th e  influence o f  cA M P and o f su b stan ces reg u la tin g  cA M P co n cen tra 
tio n  in  th e  cell. The h is ta m in e  release b y  m ast cells was fo u n d  to  be reduced  
b y  cA M P [1, 6, 7], a lth o u g h  c o n tra d ic to ry  resu lts  have  also been  disclosed 
on th e  su b jec t [9]. H o w ev er, there  a re  no m orphological d a ta  a t  our d isposal 
ex p la in in g  how th is decrease  is invo lved  in  the  d eg ran u la tio n  process, an d  how 
cA M P is involved in th e  preceding  p rocess, of g ranu le  m a tu ra tio n . O ur p resen t 
w ork  aim ed a t find ing  an  answer.

Material and method

P erito n ea l m ast cells o f  a d u lt ,  ab o u t 200 g in body  w eight, W is ta r  CB m ale an d  fem ale 
r a ts  w ere used . Five m g/100 g b o d y  w eigh t/day  co rtisone [A dreson-O rganon] w as in jec ted  in to  
54 ra ts  fo r 3 days. On th e  4 th  d a y  10 ml MC so lu tio n  (T. 199-solution en rich ed  w ith  th e  p re cu r
sors o f g ranu le  com ponents) -f- ca lf serum  (9 :1 ) was in jec ted  i.p . in to  th e  r a ts  u n d e r  e th e r 
narcosis . A fte r  5 min th e  f lu id  w as w ithd raw n  fro m  the  abdom inal cav ity  a n d  th e  f lu id s ob-
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t a in e d  from  several ra ts  w ere p o o led . T h e  pool was p ip e tte d  in to  Bellco tu b es  co n ta in ing  glass 
p la te s .  T h e  cells were allow ed to  s e d im e n t for 2 h  a t  37 °C, h e re a f te r  th e  m ed iu m  was changed. 
T h re e  g ro u p s of tissue cu ltu re s  w e re  g iv en  d ifferen t m ed ia  as follow s: (1) con tro l n u tr ie n t  m e
d iu m ; (2) a m edium  co n ta in in g  5 X 1 0 -4  M  d ib u ty ry l cAM P (A ld rich -E u ro p e , B eerse, Belgium ) 
a n d  (3 ) n u tr ie n t m edium  c o n ta in in g  1 0 _ 4 Af 1 -3 -d im e th y lx an th in e  (D iaphy llin , R ich ter). 
1, 3 a n d  24 h  herea fte r th e  p la te s  w ere  fixed  in C arnoy f ix a tiv e  a n d  w ere s ta ined  w ith  the  
a lc ia n  b lu e-safran in  tech n iq u e . 200 m a s t  cells pe r p la te  w ere c o u n te d  an d  classified according 
to  m a tu r i ty :  alcian b lu e -p o s itiv e  g ra n u la tio n ; m ixed g ra n u la tio n ; sa fran in -p o sitiv e  g ra n u la 
t io n ;  d eg ran u la ted . A h u n d re d  a n d  se v e n ty  tu b e  cu ltu res  w ere ex am in ed . T he re su lts  were 
e v a lu a te d  w ith  S tu d e n t’s “ t ”  te s t .

Results

A fte r 1 h of cA M P t r e a tm e n t ,  th e  ra tio  of a lc ian  b lue-positive  cells to  
sa fran in -p o sitiv e  cells re m a in e d  unchanged  com pared  to  th e  con tro l, how ever, 
th e  n u m b e r of cells w ith  m ix ed  g ran u la tio n  was h igh ly  increased  a t th e  ex
p e n s e  of th e  d e g ra n u la te d . M eth y lx an th in e  t r e a tm e n t  resu lted  in  a s ta 
t is t ic a l ly  no t sign ifican t d ec lin e  o f sa fran in -positive  cells in  th e  p o p u la tion , 
an d  a sign ifican t in crease  in  cells w ith  m ixed g ran u la tio n .

T hree  hours a f te r  th e  o n se t o f the tr e a tm e n t, th e  ra tio  o f cells w ith  m ixed 
g ra n u la tio n  was s till e le v a te d  in  b o th  th e  cA M P -trea ted  an d  th e  m cthy l- 
x a n th in e - tre a te d  g ro u p , a n d  d eg ran u la ted  cells w ere co rrespond ing ly  fewer, 
c o m p a re d  to  the  co n tro l. N o  changes were observed  in  an y  o f the  o th e r cell 
ty p e s .

T w enty-four h o u rs  a f te r  th e  onset o f t r e a tm e n t, a s ign ifican t change 
w as h a rd ly  observab le . O n ly  m e th y lx a n th in e  caused  a s ig n ifican t increase in 
th e  n u m b e r of d e g ra n u la te d  cells.

R esults are show n in  T a b le  1.

Table 1

Percentage d is tr ib u tio n  o f  peritoneal mast cells o f  rats treated with 
cortisone in  short-term cultures

Additional tre a tm en t Alcian blue Ь Mixed Safranin + Degranulated

C o n tro l 1 h 9.75 9.85 37.13 43.34

cA M P 1 h 9.67 49.15 36.8 4.25

M eth y lx an th in e 1 h 8.81 15.61 25.42 51.33

C o n tro l 3 h 14.39 6.32 42.93 36.33

cA M P 3 h 11.71 33.85*** 48.04 3.37*

M eth y lx an th in e 3 h 10.59 42.66*** 40.0 6.83

C o n tro l 24 h 5.57 1.11 39.68 53.94

cA M P 24 h 9.92 3.75 38.01 48.98

M eth y lx an th in e 24 h 4.55 1.37 25.71 68.38**

* P  <  0.05, ** P  < 0 .02 , *** P  <  0.01.
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D iscussion

In  earlier ex p e rim en ts  in w h ich  cA M P -induced  h is tam in e  release from  
m a s t cells was s tu d ie d  b y  b iochem ical m ethods, e ith e r  4 8 /8 0 or a 'lerg ic (a n a p h y 
lac tic ) inactions w ere  used  for in d u c in g  d eg ran u la tio n . In  ou r own ex p erim en ts  
[3, 4 , 5] m assive co rtiso n e  t r e a tm e n t resu lted  in  d eg ra n u la tio n  of m ast cells 
an d  stim u la ted  th e  ra te  of th e ir  m a tu ra tio n . T here fo re , we chose cortisone  
deg ran u la tio n  as a m odel for ex p erim en ts : co rtiso n e  w as ad m in iste red  in  vivo  
an d  th e  effects on  co rtiso n e-d eg ran u la tio n  o f cA M P an d  o f th e  cP D E  (cyclo
phosphod iesterase  enzym e) in h ib ito r  m e th y lx a n th in e  w ere observed in  vitro. 
T he  precurso r c o n te n t  of th e  m ed ium  su p p o rted  th e  m a tu ra tio n  of th e  m ast 
cells in cu ltu re . T h e  d ib u ty ry l d e riv a tiv e  o f cA M P w as used because th is , 
u n like  purified  cA M P, p en e tra te s  cells and  th u s  increases th e  in tra c e llu la r  
cA M P con ten t [2].

O ur ex p erim en ts  unam b ig u o u sly  su p p o rt th e  re su lts  o f previous b iochem 
ical stud ies [1, 2, 7 ], viz ., th a t  d ib u ty ry l cAM P tr e a tm e n t  resu lts in  an  increase 
of cAM P, w hich in  tu r n  reduces th e  d eg ran u la tio n  o f m ast cells. A lthough  
th e  changes a fte r  one h our t r e a tm e n t were s ta tis t ic a lly  n o t s ign ifican t, it  is 
c lea r th a t  the  n u m b e r  o f d eg ran u la ted  cells d ro p p ed  to  one te n th . T he resu lts  
o f th e  3-h cAM P tre a tm e n t w ere sig n ifican t. T he cP D E -in h ib itin g  effect of 
m e th y lx an th in e  w as less clear. One h o u r a fte r th e  o n se t o f tre a tm e n t i t  re su lted  
in  an  increased d eg ran u la tio n , an d  on ly  a fte r  3 h  o f t re a tm e n t was a red u c in g  
effect observed, a n d  even th is w as n o t sig n ifican t. A t 24 h , w hen th e  cA M P 
effect was a lread y  equalized , viz., th e  cu ltu res tr e a te d  w ith  cAM P h a d  reached  
th e  con tro l level, m e th y lx a n th in e  induced  a s ta tis t ic a lly  s ign ifican t increase 
in  deg ran u la tio n . N a tu ra lly , th is  does n o t c o n tra d ic t  th e  assum ption  th a t  th e  
effect of m e th y lx a n th in e , i.e., o f th e  in d irec t in crease  o f th e  cAM P level, is 
essen tia lly  id en tica l to  th e  effect o f  exogeneous cA M P. I t  develops so m ew hat 
slow er and, p e rh ap s , less co n sis ten tly . Goth an d  J o h n s o n  [6] have a lre a d y  
d raw n  a tten tio n  to  th e  u n c e rta in ty  of th e  effect.

The m a tu ra tio n  o f m ast cells proceeds as fo llow s: y oung  cells are  a lc ian  
b lue-positive, th e se  develop in to  cells of m ixed  g ra n u la tio n  and , f in a lly , 
in to  sa fran in -p o sitiv e  m a tu re  cells [5]. C ortisone tr e a tm e n t accelerates th is  
course and, a lth o u g h  cortisone its e lf  does n o t in d u c e  d eg ran u la tio n  (th is  has 
been  proved  b y  o u r m icroc inem atog raph ic  analy sis  [4], i t  sensitizes th e  cell 
to  all d eg ran u la tin g  fac to rs, viz., m echan ical, ch em ical, etc., ones. A ccord ing  
to  o u r previous ex p e rim en ts  [4], in  th e  f irs t p lace sa fran in -p o sitiv e  cells degran- 
u la te , th u s , in c o rtiso n e -tre a te d  an im als th e  degree o f d eg ran u la tio n  is h igher, 
as due to  the  m ore ra p id  m a tu ra tio n  th e  younger cell form s are a lread y  sa fra 
n in -positive and  a re  th u s  read y  to  d eg ran u la te . T h e  1 h an d  3 h con tro l resu lts  
o f  o u r p resen t s tu d y  are  in  ag reem en t w ith  p rev io u s [3, 4, 5] observ a tio n s.

T hus, th e  rise  o f  cAM P level [8] in h ib its  d eg ra n u la tio n  by  p re v e n tin g
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th e  m a tu ra tio n  of cells of m ixed g ran u la tio n  in to  sa fran in -p o sitiv e  cells. In  
th is  re la tio n  our ex p e rim en ts  w ere un am b ig u o u s, th e  resu lts  re g a rd in g  cAM P 
an d  m e th y lx a n th in e  w ere s ig n if ican t, a lth o u g h  a certa in  d elay  w as experienced  
in  th e  case of m e th y lx a n th in e .

W e found ly m p h o id  p recu rso rs  of m a s t cells am ong th e  cells o f  th e  p e ri
to n e a l flu id  [3], an d  th e  m ed iu m  co n ta in ed  all th e  substances n ecessary  for 
g ra n u le  form ation . T h u s , a n y  in fluence  o f cA M P on m ast cell fo rm a tio n  w ould 
c h a n g e  th e  ra tio  o f a lc ian  b lu e-p o sitiv e  cells. H ow ever, such  a change did  no t 
o ccu r, ind ica ting  th a t  cA M P is n o t invo lved  in  m ast cell fo rm a tio n . I t  is in 
v o lv e d  in  th e  m a tu ra tio n  o f  m ast cells causing  re ta rd a tio n  of th is  p rocess. I t  
seem s fu rth e rm o re  p ro b ab le  th a t  in  sh o rt- te rm  experim en ts for ex am p le  w hen 
m a tu re  m ast cells are  ex am in ed  in  an ap h y lac tic  m odels [7], h is tam in e  release 
m a y  be affected  in  som e o th e r  w ay  too.
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A bstract

( ] )  A m eth o d  for th e  e lec tro n  m icroscopical investig a tio n  of A lgae is described . 
(2) T he silverlines o f Euglena v ir id is  are o rien ted  in th e  sam e helical m a n n e r  as the  
pellicu lar stripes an d  are lin k ed  by very  fine a rgy roph ilic  s tru c tu re s . A ccord ing ly , 
th e  silverlines are con tin u o u s o v e r the  w hole cell, even in its a n te r io r  a n d  poste rio r 
p a r ts , w here th e  silverlines a n d  p e llicu lar s trip es are reduced  in n u m b er. (3) E lec tro n  
m icrographs of silvered  Euglena v ir id is  clearly  show  th a t  the  silverlines a re  lo ca ted  in 
th e  po ste rio r p a r t  o f the  p e llicu la r  stripes, ju s t  u n d e rn ea th  th e  p lasm a lem m a . A t th e  
sam e site , m ate ria l of f ib ro -g ra n u la r  app earan ce  is p resen t in spec im ens w h ich  have 
been p rep ared  in th e  co n v en tio n al w ay. T his k in d  o f silver deposition  cou ld  be  observed  
in d ry - an d  w et-silvered  E uglena  v ir id is  alike. (4) The argyrosom es a re  n o t  iden tica l 
w ith  th e  m uciferous bodies. In  u l tr a th in  sections, th ey  ap p ear as su b p e llic u la r  vacuoles 
w ith  e lectron-dense co n ten t. (5) T he e lectron  m icrographs of th e  p y re n o id s  show  a 
s tr ic tly  localized silver d eposition  a t  th e  lam ellae  o f the  ch lo rop lasts w h ich  p e n e tra te  
th e  pyreno ids. (6) In  th e  a n te r io r  a n d  p o ste rio r regions of Euglena v ir id is , th e re  a re  more 
m ic ro tu b u li below th e  p e llicu lar s tr ip es  th a n  in  th e  cen tra l region o f th e  cell. T h is is 
in te rp re te d  as an effect of th e  red u ced  nu m b er of pellicu lar strip es in th e se  reg ions. The 
shape  of th e  pe llicu lar strip es is co rre la ted  w ith  th e  s ta te  of m o v em en t o f th e  cells. (7) 
T he argy roph ilic  s tru c tu re s  w ere n o t affec ted  by  colchicine, b u t  in m a n y  specim ens 
th ey  w ere p a rtia lly  or com ple te ly  d estro y ed  by  cy to ch alasin  B. I t  is th e re fo re  suggested  
th a t  th e  silverlines o f Euglena  a re  cy to ch alasin  sensitive  f ilam en ts . R u p tu re  o f the 
pellicle by  m echanical p ressu re  show ed sim ilar re su lts : in m an y  sp ec im ens, th e  silver- 
lines app eared  b roken  in to  pieces o r tran sfo rm ed  in to  a fine ne tw ork . (8) T h e  s tru c tu re  
and  fu n c tio n  of th e  silverline sy s tem  of euglenoid  flagella tes is d iscussed . I t  is supposed  
th a t  th e  silverlines are f ila m en ts  w hich m ay  h av e  a neuroid fu n c tio n .

In tro d u c tio n

It w as tw o years a fte r th e  d iscovery  o f th e  silverline sy s tem  in  ciliates 
b y  K l e i n  [29] th a t  J ir o v e c  [25]  succeeded in  d em o n stra tin g , b y  th e  dry  
silvering  m eth o d , silverlines in  ce rta in  euglenophyceans. T h e  a rg y ro p h ilic  
lines regu la rly  followed the  p e llicu la r stripes. T he line system  s ta in in g  w ith 
opal b lue p roved  to  he iden tica l w ith  th a t  d em onstrab le  w ith  s ilv e r im p re g n a 
tio n  [27], com p, also [9]. Soon th e re a f te r , J i r o v e c ’s [25] f in d in g s w ere con
firm ed  by  K l e in  [30], who d iscovered  a con tinuous silverline  n e tw o rk  in 
Gonium  sj). and  Volvox sp. T h is fin d in g , how ever, has no t been co n firm ed  by 
o thers since th en . J ir o v e c  [25, 27 ]  an d  K l e i n  [30, 32] considered  th e  sylver-

Acta lliulogica Acadetniae Scienliarum Hungaricae 28, 1977



1 5 8 W. FOISSNER

lin e  system s of flag e lla te s  to  be a fib rillar p e llicu la r  s tru c tu re  convey ing  im 
p u lse . H ow ever, th e y  co u ld  n o t  exclude a s u p p o r tin g  fun c tio n . K l e in  [30] and 
D e f l a n d r e  [12] ca lled  a t te n t io n  to  the  fa c t th a t  th e  silverline sy stem  of 
eu g lenophyceans is c o v e re d  b y  a rigid pellicle, th e re fo re , a su p p o rtin g  fu nc tion  
c a n n o t  be its p rim a ry  ta s k .

H all  [20] an d  J i r o v e c  [27], the  f irs t  a u th o rs  w ho used th e  w et silver
in g  m e th o d  of Ch a t t o n  a n d  L w o f f  [8] in s tu d y in g  eug lenophyceans, em phasized  
t h a t  b y  th is procedure o th e r  cell organelles m ay  also be im p reg n a ted , th ere fo re , 
th e  p ic tu re s  should be c a u tio u s ly  in te rp re ted . C h a d e f a u d  [4] has m en tio n ed  
t h a t  in  some cases th e  s ilv e rlin es  appear n o t as fib rils  b u t as im p reg n a ted  
p e llic u la r  stripes. K ü s t e r  [33] ex tended  th is  s ta te m e n t  to  all euglenophyceans. 
H e  is convinced th a t  th e  im p re g n a te d  p ellicu lar s tr ip e s  share  n o th in g  w ith  th e  
s ilv e rlin e s  described in  G o n iu m  sp. and Volvox sp . L a te r  Ch a d e f a u d  an d  A r l e t  
[6 ] re fu sed  the f ib rilla r n a tu r e  o f  th e  silverlines a n d  n o te d  tru e  fissures in  th e  pel
lic le , a view  w hich has b e e n  ta k e n  over by  H o l l a n d e  [22] and  by  P r i n g s h e i m  
[4 0 ]. T h e  silverlines m u s t  b e  b u ilt up of row s o f  lin e a rly  a rranged  argyrophilic  
g ra n u le s  which are m ore  o r  less connected w ith  one a n o th e r. F u rth e rm o re , in 
P eranem a  trichophorum , t h e  argyrophilic su b s ta n c e  m ust lie in  th e  fissures 
o f  th e  pellicle [3]. Ch a d e f a u d  [5] has suggested  th a t ,  in fact, th e  silverlines 
m ig h t  no t be pellicle e le m e n ts . C h a d e f a u d  an d  A r l e t  [6] were th e  f irs t to  recog
n ize  th a t  the pellicu lar s tr ip e s  are not a rg y ro p h ilic , th e y  only  con ta in  a rg y ro 
p h ilic  granules called a rg y ro so m es by  them .

R ecen tly  P o c h m a n n  [39] has d em o n stra ted  a g ra d u a lly  variab le  im p reg n a 
b i l i ty  of the silverlines in  P hacus pyrum  an d  Lepocinclis  sp. and em phasized  
th e  frag ility  of th e  a rg y ro p h ilic  lines. He ra ised  th e  questio n  w h e th e r th e re  
a re  in  th e  area of gy ri m u co u s  substances, c y to p la sm  fragm en ts or enzym es 
w h ic h , being re d u c ta n ts , m ig h t bring a b o u t a r te fa c ts . More re c e n tly  de 
H a l l e r  [21] has su g g e s te d  on  th e  basis o f e le c tro n  m icroscope s tu d ies  th a t  
th e  c isterns of th e  e n d o p la sm ic  re ticu lum  b e n e a th  th e  pellicu lar s trip es  are 
re sp o n s ib le  for b u ild in g  u p  th e  silverlines.

This brief h is to rica l re v ie w  shows th a t  w e h a v e  little  in fo rm atio n  ab o u t 
th e  s tru c tu re , location  a n d  func tion  of th e  silv erlin es . A t least p a r t  o f the  
p ro b le m s  have been so lv ed  in  the  presen t s tu d y .

M aterial and m ethods

M asses of Euglena v ir id is  (d e te rm in ed  according to  [28, 40, 21] were found  in  a sewage 
h ig h ly  con tam inated  b y  k i tc h e n  sew age near Linz. F o r  l ig h t  a n d  e lectron  m icroscopy , cells 
w e re  ta k e n  w ith a sp a tu la  f ro m  th e  surface of the  sam p le  a n d  p o u red  w ith  th e  f ix a tiv e  in to  
a  c e n trifu g e  tube.
(1 ) L ig h t microscope p rep a ra tions. A rgyrophilic  s tru c tu re s  w ere looked for by  th e  use o f a d ry  

[14] and  a wet [11] s ilv e rin g  m eth o d .
(2 ) Electron microscope p rep a ra tio n s.
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a )  T h ree -m in u te  f ix a tio n  according to  Cham py  (p rescrip tions, v. [11, 17]). T h e  fix a tiv e  
w as rem oved by  w ashing for 60 m in  w ith  tw ice changed  D a F ano  m ix tu re  [11, 17]. 
T he p re p a ra tio n s  were d e h y d ra ted  in  an  alcohol series and  in p ropy lene  o x id e  (30 m in) 
a n d  em bedded  in E PO N  812.

b)  W et-silvered  E uglena virid is  w as c a rr ied  u p  to 50%  alcohol in  an  a lcohol series, th en  
rem oved  by a razo r blade from  th e  slide, to g e th e r w ith  the  g e la tine  lay e r. T hen , 
d e h y d ra tio n  in  alcohol and p ro p y len e  oxide (30 m in ) was con tinued . T h e  s ilv ered  speci
m ens in gela tine  lay er were em b e d d ed  in E P O N  812.

c)  A fte r  silver re d u c tio n , d ry-silvered  E uglena  v ir id is  cells were overla id  b y  d is tilled  w ater 
fo r 5 m in. T he cells, on the  top  o f th e  p ro te in  lay er, were sep ara ted  from  th e  slide w ith  
a razor b lade, d e h y d ra ted  in an a lcoho l serie tran sfe rred  in to  p ropylene  ox ide  (fo r 30 min) 
an d  em bedded  in E PO N  812.

F ig. la ,  b. L ocation  of th e  silverlines a n d  th e  pellicu lar m ic ro tu b u li in th e  m id d le , ap ical and 
a n ta p ic a l  regions o f  Euglena v iridis. A sc h e m a tic  d raw ing . The silverlines lie in  th e  poste rio r 
(a n ta p ic a l)  p a r t  of th e  pellicu lar s trip es , t ig h tly  b e n ea th  th e  th ree -lay ered  p lasm a lem m a  (P).

All e lectron  m icroscope p re p a ra tio n  p rocedures ex cep t silvering  w ere c a rr ied  o u t in 
a cen trifu g e  tu b e . In  p reparing  th in  se c tio n s  we used  a d iam a n t knife in a R e ic h e r t  OMU-2 
m icro tom e. The th in  sections were tra n s fe r re d  to  carbonized  p ioloform -film ed slides. T he p re p 
a ra tio n s  were co u n te rsta in ed  in an e th a n o lic  (50% ) u ran y i ace ta te  so lu tion  a n d  R ey n o ld ’s 
lead  c itra te  [41] fo r 15 m in each. A Zeiss EM  9S a p p a ra tu s  was availab le  fo r e le c tro n  m icros
copy.
(3) E xperim enta l methods

a )  T rea tm e n t w ith  aqueous colchicine so lu tio n  (5 % ) for 10 m in or 2 h. A fte r  t r e a tm e n t  the 
cells were d ry-silvered .

b) T rea tm e n t w ith  50 //g/rnl cy to ch a la s in  В so lu tion  for 10 m in, 1 h or 2 h. F o r th is  purpose, 
cy tochalasin  В was dissolved in D M SO , 1 m g in 0.5 m l, and d ilu ted  w ith  d is tilled  w a te r 
up  to 5 ml.

c) M echanical d e stru c tio n  of cells b y  p ressu re . One d rop  conta in ing  m an y  E uglena  virid is  
cells were pressed  betw een th e  slide  an d  a coverslip  u n til th e  m a jo rity  o f th e  cells had  
b u rst. T h en  th e  p rep ara tio n s w ere d ry -silv ered  a t  in te rv a ls  o f 10 sec, 2 m in  a n d  10 min.
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Results

L ight microscopic studies

Figs 2 and  3 show  th e  silverline system  in  a p a rtia lly  and  a fu lly  con
tra c te d  Euglena v ir id is . T h e  silverlines run  in  a sp ira l fo rm  and , like th e  pellicular 
s tr ip e s , are se p a ra te d  fro m  each  o ther b y  a d is ta n c e  of 1 p m . In  re lax ed  cell 
reg io n s, th e  silverlines a re  som ew hat fa r th e r  from  each o th e r th a n  in  con
tr a c te d  cell areas; th e  silverlines are b o und  to g e th e r  b y  tran sv ersa lly  ru n n in g  
silverlines a t irreg u la r d is tan ces  (Fig. 2, 3 arrow s). T he tran sv ersa l lines show 
v e ry  w eak a rg y roph ilia  a n d  are only seen in  th e  b e s t p rep ara tio n s. K l e i n  [30] 
d esc rib ed  sim ilar s ilv e rlin es  in  Euglena  sp.

In  the  cen tre  o f  th e  cells, there  are a rg y ro p h ilic  lines, some 4 0 —50 in 
n u m b e r. Owing to  th e  fu sio n  of silverlines, th is  n u m b e r is reduced  to  its h a lf  
(com p . [25, 34]) a t th e  a p e x  and an tap ex , w h ere  u n in te rru p te d , Y -like fusion
in g  figures are seen (F igs 2 and 3).

T he dry -silvered  silverlines appear u n ev en  in  s tru c tu re . T hey  are qu ite  
f in e  in  some places a n d  th ic k  and  coarsely g ra n u la te d  elsew here. Som etim es 
th e y  lose co n tin u ity  (F igs 2 and  3). The a rg y ro p h ilic  su bstance  is o ften  d ro p 
like (com p. [30]). T his irreg u la rly  variab le  p ic tu re  is ce rta in ly  due to  a r te 
fa c ts . P resum ably , th e  u n e v e n  im p reg n ab ility  led  K l e i n  [30] to  supposing 
th e  existence of a tw o -co m p o n en t silverline sy s tem  in euglenophyceans. 
H o w ev er, J ir o v e c  [25] as well as m yself fa iled  to  observe such a s tru c tu re . 
F u rth e rm o re , un like Ch a d e f a u d  and A r l e t  [6 ],  we h av e  never seen silverlines 
b u i l t  up  of tig h tly  p a c k e d  granules. T here is no d o u b t th a t  th e  silverlines are 
c o n tin u o u s  in s tru c tu re  (F igs 2 and  3) as also show n  in  th e  e lectron  m icrographs. 
T h e  existence of b ro k e n  silverlines as claim ed b y  P o c h m a n n  [39] is un like ly  
b ecau se  the  silverlines fo llow  th e  cell in all o f its  m ovem en ts w ith o u t show ing 
b re a k a g e  (Figs 2 an d  3). T h e  argyrosom es o f E ug lena  virid is  are of little  size 
a n d  occur sparsely. T h e y  lie as a rule tig h tly  beside  th e  silverlines (F ig . 2).

F ig . 2. T he silverline sy s te m  o f  a p a rtia lly  c o n tra c te d  E uglena  v irid is. The sp ira lly  ru n n in g  
s ilv e rlin es , which tu rn  d o w n  a t  th e  edge of th e  cell, a p p e a r  d is tin c tly  th ic k  and  are reduced  
in  n u m b e r  by  fusion in  th e  a n ta p ic a l  region (rig h t side). A rro w  p o in ts  to  an  argyrosom e. D ry

silv e r im pregnation . X 2000
F ig . 3. A n tap ical view  o f a  fu lly  co n trac ted  Euglena v ir id is . T he num erica l red u ctio n  of silv er
lin es ensues as a re su lt o f f u r th e r  fusio n s o f two silverlines e ac h  tim e . The silverlines a re  connected  
b y  v e ry  fine a rgy roph ilic  lin e s  w ith  each o th e r (a rro w ). D ry  silver im p reg n atio n . X 2000 
F ig . 4. P a r t  of the  silverline  sy s te m  of a no n -co n trac ted  E uglena  v ir id is. T he irreg u la r th ickness 
o f  th e  silverlines is e sp ecia lly  em p h asized  by th is  m e th o d  o f p re p ara tio n . A rrow  p o in ts  to an 

a rg y ro so m e. W et silver im p re g n a tio n . X 2000 
F ig . 5. Cross-section of th e  pe llic le  in  th e  m iddle region o f  E uglena  v irid is. The p e llicu lar stripes 
a re  v a r ia b le  in  heigh t, w id th  a n d  sh a p e  and  are s tr ic tly  c o rre la te d  w ith  th e  s ta te  o f cell m ovem en t. 
T h e  m ic ro tu b u li (arrow s) ru n n in g  tig h tly  ben ea th  th e  th re e - la y e re d  pellicle are p a r tia lly  recog
n iza b le . N ote the  f ib ro g ra n u la r  su b s tan ce  betw een th e  th re e  o u te r  m icro tubu li and  th e  pellicle 

( th ic k  a rro w , com p. Fig. la )  M eth o d  a , X 56,000
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W et-silvered  p rep a ra tio n s  show ed e ssen tia lly  th e  sam e p ic tu re  (com p. 
F ig s  2 an d  3 w ith  F ig . 4 and  see ref. [27]), ex cep t for the  fine  tra n sv e rsa l 
s ilv e rlin es  found b e tw een  th e  sp ira lly  ru n n in g  silverlines. These could n o t 
be  observ ed . F u rth e rm o re , silverlines d isso lved  in  sm all granules a n d  d is
c o n tin u ity  of th e m  occurred  m ore fre q u e n tly  b y  th is  im p reg n a tio n . T he 
a rg y ro so m es, on th e  o th e r  h an d , ap p ea red  m ore p ronounced  in  w et-s ilv ered  
p re p a ra tio n s  (F ig . 4, a rrow ). W eak a rg y ro p h ilia  often  occurred a ro u n d  th e  
p a ra m y lo n  granu les as well.

Electron microscope studies

E . v irid is as prepared according to m ethod a. In  p rep ara tio n s fix e d  b y  
Ch a m p y ’s m eth o d , th e  u ltra s tru c tu re  rem a in e d  as clear as a fte r sim ple 0 s 0 4 
f ix a tio n . E ven  th e  p ellicu lar m icro tubu les w ere d is tin c tly  visible.

T h e  fin e  s tru c tu re  o f th e  pellicular s tr ip e s  essen tia lly  corresponds to  th a t  
o f  o th e r  Euglena  species [3, 35, 36, 37]. As described  by  d e  H al l e r  [21], 
th e y  a re  lim ited  to w ard s  th e  en v iro n m en t by  a trip le  m em brane th e  m idd le  
o f  w h ich  appears less co n tra s te d . This m idd le  zone d isappears in  th e  a rea  th a t  
is o v e rlap p ed  by  s trip es  (F igs In , b, 5), a n d  it w as no t clear w heth er th e  o u te r  
zones o f th is  m em b ran e , to o , end here or, w h e th e r  th e y  bind the  single s tr ip e s  
to g e th e r  as it is g enera lly  supposed . T here  lies m ore m edially  in th e  s tr ip e s  a 
th in  f ib ro g ra n u la r  zone tran sv e rsa lly  to  th e  le n g th  of stripes. S upposed ly  [34], 
th e se  are  form ed b y  th e  te e th . T ig h tly  n e a rb y , o r som etim es deeper, m an y , 
m ore  or less sp h erica l vacuoles are seen, w h ich  m ay  correspond to  ch anne ls 
o f  th e  endop lasm ic  re ticu lu m  [1, 18, 43] o r, m ore p ro b ab ly , m uciferous 
b od ies [34] (Figs 12, 15 M). The vacuoles are  lim ited  b y  a single m em b ran e  
a n d  a p p e a r  em p ty .

T h e  sections from  th e  ap ical and a n ta p ic a l areas have p roved  t h a t  th e  
n u m erica l red u c tio n  of pe llicu lar s tr ip e s , in  accordance w ith  L e e d a l e ’ s 

su g g estio n  [34], is due to  fusion of s trip es  (F ig . 7). The observation  t h a t  th e  
silv erlin es  in  th e  a rea  o f fusion ing  s trip es  ru n  w ith o u t being in te r ru p te d  ac-

F ig . 6. L o n g itu d in a l sec tion  o f a silvered  Euglena v ir id is . T he silverlines ru n  in  th e  p o s te rio r  
p a r t  o f th e  p e llicu lar strip es . T h e  nucleus w ith  a large  a n d  m any  sm all nucleoli, p a ra m y lo n  
g ra in s  (P a ), ch lo ro p las ts  (C), th e  Golgi a p p a ra tu s , th e  c ilia ry  cav ity  (Gg) and  th e  c o n tra c tile  

v acuo le  (CV) are to  be recognized . M ethod  b, X 9000 
F ig . 7. C ross-section o f th e  pellicle in th e  a n ta p ica l fu sion  zone of pellicu lar stripes a n d  s ilv e r
lines. T h e  silverlines (a rrow ) a t  pe llicu lar s trip es in  fusion  have  no t fused  y e t. M e th o d  b,

X 48,000
F ig . 8. A v e ry  fine  silv er p re c ip ita te  is visible on  th e  m em b ran e  enclosing p a ram y lo n  g ra ins.

M ethod b, X 48,000
F ig . 9. T h is  cross-sec tion  c learly  show s th a t  th e  silv erlin es (th ick  arrow ) lie in th e  p o s te rio r  
p a r t  o f  th e  p e llicu lar s trip es , in  th e  zone of m ic ro tu b u li. N ote  th e  sporad ic  silver ag g reg a tes  

on  th e  ch lo ro p las t lam ellae  o f th e  p y re n o id s  (P ). M ethod b, X 48,000 
F ig . 10. C ross-section in  th e  ap ical area of Euglena v ir id is . M icro tubuli have m ark ed ly  in creased  

in  n u m b er. T he silverlines lie b e n ea th  th e  pellicle. M ethod b, X 48,000
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co rd s well w ith  th is  suggestion . H ow ever, all th ese  are in co n sis ten t w ith  th e  
d a ta  p u b lished  b y  G u t t m a n  and  Z i e g l e r  [1 9 ] ,  who believe th a t  th e  a p p a re n t 
re d u c tio n  in th e  n u m b e r  o f pellicular s tr ip e s  is due to  sim ple g row ing  dow n 
b y  crossing  s trip es .

A n analysis o f m a n y  cells being in  d iffe re n t s ta tes of m oving  has show n 
t h a t  th e  heigh t, th e  w id th , and th e  sh a p e  o f  th e  pellicular s tr ip e s  m u s t be 
c o rre la te d  w ith  th e  s ta te  of cell m o v em en t. T h e  stripes in w eak ly  c o n tra c te d  
o r n o n -co n trac ted  reg ions are wide an d  f l a t  (ab o u t 4 5 0 x 1 0 0  nm ) a n d  only 
s lig h tly  depressed  a t  th e  m iddle (Figs 5, 9), w hereas those in  c o n tra c te d  cells 
a re  depressed  and  h ig h e r (ab o u t 300 X 300 n m ) an d  m ore narrow ed a t th e  m iddle  
(F igs 10, 11). P e llicu la r s tripes, even th o se  ly in g  in  closely a d ja c e n t regions, 
on  th e  o ther h a n d , are  o ften  very  d iffe ren t in  he igh t, w id th  an d  sh a p e  (Figs 
5, 12). This suggests t h a t  in d iv idua l s tr ip e s  can  change th e ir  sh ap e  in d e p e n d 
e n tly . T hese o b se rv a tio n s clearly  show th a t  w hen  s tudy ing  the  fu n c tio n  m ech a
n ism  o f m etabo lic  m o v em en ts  we should  ta k e n  in to  account the  c o n fig u ra tio n a l 
ch an g es  of th e  p e llicu la r s trip es  as a lread y  su g g es ted  by  Guttman  a n d  Z ie g l e r  
[1 9 ] ,  w ho in v es tig a ted  con fig u ra tio n a l ch an g es b y  ra s te r electron m icroscopy .

T he pellicu lar m ic ro tu b u li, excep t th o se  in  th e  area of th e  c h a n n e l, h ad  
b e e n  described  as ev en ly  arranged , e.g., [3, 35, 36, 37]. S u rp ris in g ly , I  have  
fo u n d  th a t  th e  m ic ro tu b u li in d ifferen t cell regions are d ifferen tly  a rran g ed . 
F igs l a  and  5 show  th e  a rran g em en t of m ic ro tu b u li in the  cen tra l reg io n , w here 
no  fu sion  of p e llicu lar s tr ip e s  occurs. A v e ry  s im ila r  a rrangem en t w as described  
as ty p ic a l b y  d e  H a l l e r  [21] in Euglena v ir id is  a n d  byMiGNOT [36] a n d  A r n o t t  
a n d  W a l n e  [1] in  E uglena  gracilis. A ro u n d  th e  m icro tubu li, th ere  lies a m ore or 
less co n tra s ta b le  f ib ro g ra n u la r  substance . E sp e c ia lly  th e  th ree  o u te r  m ic ro tu b u li 
a re  b o u n d  to g e th e r w ith  one an o th e r a n d  w ith  th e  pellicle by  w ell-defined  
b rid g es  (Figs l a ,  b, 5; com p. [36]). Figs 16 a n d  10 show cross sec tio n s in  th e  
a p ic a l an d  an tap ica l reg ions of a cell. I t  is c lea r  th a t  unlike th e  2 or 3 m icro 
tu b u l i  in  th e  cen tra l p a r t  of the  cell (F ig . 5, arrow s) 8 or 9 are seen in  these  
reg io n s (Fig. 10, arro w s). I a ttr ib u te  th e  in c rea sed  num ber o f m ic ro tu b u li 
b e n e a th  the  p ellicu lar s trip es  to  th a t  h ere  th e  pellicular stripes a re  red u ced

F ig . 11. C ross-section in  th e  ch an n e l region. O w ing to  th e  irregu lar silver im p re g n a tio n , on ly  
few  p e llicu lar stripes a p p e a r  im p reg n ated . T he c h a n n e l is filled by  gelatine in  w h ich  m an y  
sm a ll silver aggregates a re  em b ed d ed . N everthe less , silv erlin es a t  some p e llicu lar s tr ip e s  have  

been im p re g n a te d  even  here (see, e.g ., a rro w s). M ethod b, X 48,000 
F ig . 12. T h is p ic tu re  im p re ss iv e ly  shows c ro ss-sec tio n ed  silverlines, m uciferous b o d ies  (M) 
a n d  a n  argyrosom e (A). A p e llicu lar stripe carries sm all silv er aggregates on b o th  sides. M ethod

b ,  X 56,000
F ig . 13. N um erous silver ag g reg a te s  are seen on ly  in  th e  cen tre , a t  the  large a rg y ro so m e  (A) 
ly in g  t ig h t ly  b e n ea th  th e  pellicle . N ote th e  d ro p le t- lik e  s tru c tu re s  (arrow ) w ith  v e ry  fine- 
g ra n u la te d  silver p re c ip ita te s  ou tsid e  the  pellicle. I t  m ay  correspond to m u cifero u s bodies.

M ethod b, X 44,000
F ig . 14. Cross-section th ro u g h  a d ry-silvered  E uglena  v ir id is . Silver aggregates o c cu r on ly  b e 

n e a th  th e  pellicle. M eth o d  с, X 44,000

Acta Biologien Academiae Scientiarum Hungaricae 28, 1977



A RG Y RO PH ILIC  STRU CTU RE OF EU G LEN A 1G5

Acta Biologica Academiae Scientiarum Hungaricae 28, 1977



1 6 6 \V. FOISSNER

in  n u m b e r, w hereas i t  is on ly  fa r th e r  th a t  th e  m icro tubu li are  red u ced  b y  
fu s io n .

E . viridis prepared according to method b. T he s tru c tu ra l s ta te  of th e  
sa m p le s  is m arked ly  a ffec ted  d u rin g  p re p a ra tio n . C onsequently , a g re a t n u m b er 
o f  cells should be ex am in ed  to  estab lish  th e  loca tio n  of th e  argy ro p h ilic  s tru c 
tu r e s .

(a) Silverlines. As show n  in  Figs 7, 9, 10, 12, 13 and  15 the silverlines 
lie  t ig h t ly  ben ea th  th e  p la sm a lem m a , viz., in  th e  area of m ic ro tu b u li w here 
th e  fib ro g ran u la r  su b s ta n c e  is to  be found . In  serial sections, th e  silverlines 
a p p e a r  as continuous s tru c tu re s  consisting  o f ro u n d  silver aggregates 5 — 50 nm  
in  d ia m e te r . In  e x a c tly  cross-sec tioned  p ellicu lar s tripes, th e y  are  m ore or less 
d is t in c tly  spherical, 80— 140 n m  in d iam eter, an d  in d is tin c tly  lim ited  tow ards 
th e  cy top lasm . The zone o f  s ilver deposition  ex ten d s  in general from  th e  o u te r  
a p e x  o f  the  pellicu lar s tr ip e  to  th e  m ic ro tu b u li s i tu a te d  betw een  tw o  s tripes 
e a c h  (F igs 6, 9, 10, 12, 15). T h e  sam e is seen in  ob liquely  (F ig. 15) a n d  long i
tu d in a l ly  sectioned s tr ip e s . In  th e  apical an d  an ta p ic a l reg ions, w here th e  
p e llic u la r  stripes are m a rk e d ly  tap e rin g , th e  w hole stripes m ay  be filled  by  
s ilv e r  aggregates (F ig. 11). T his m ay  be a t tr ib u te d  to  an  in su ffic ien tly  fine 
im p re g n a tio n . S ilverlines w ere d e m o n s tra te d  in  th e  region of ch an n e l (Fig.
11), th e y  probable end in th e  basa l bodies of cilia. V ery rare ly , we fo u n d  pellic
u la r  s trip es  w hich p ro d u c e d  silv er deposition  on b o th  sides (Figs 12, 14, arrow ). 
W  e c a n n o t decide w h e th e r  th e se  deposits co rresponded  to  rea l silverlines 
o r  to  acciden tal silver d ep o sitio n s. The second a lte rn a tiv e  seem s to  be m ore 
p ro b a b le  because in  lig h t m icroscope p re p a ra tio n s  of Euglena v ir id is  th e  d is
ta n c e  betw een  silverlines p ro v e d  to  be v e ry  s tab le . I t  is c learly  seen in  th e  
F ig u re s  th a t  am ong th e  n u m ero u s pellicu lar stripes possessing silverlines 
s e v e ra l stripes m ay  occur w h ich  do n o t elicit s ilver aggregates (F igs 9, 11, 13). 
T h is  phenom enon m ay  be  a t t r ib u te d  to  an  in co rrec t silver im p re g n a tio n , 
n o t  to  lacking silverlines.

(b) The argyrosomes. T he  argyrosom es o f Euglena granula ta  w ere id e n 
t i f ie d  b y  A r n o tt  an d  W a l n e  [1] on th e  basis o f co m p ara tiv e  lig h t an d  elec tron  
m icroscop ic  in v estig a tio n s. T he argyrosom es in  th is  species are  pores opening 
e x te rn a lly ;  th ey  co n ta in  a h ig h ly  osm ophilic core. H ow ever, th e se  au th o rs

F ig . 15. Section th ro u g h  th e  a p ica l region. O bliquely  a n d  cross-sectioned silverlines and  
m u c ife ro u s  bodies (M). N o te  th e  silv er deposition  on  b o th  ends o f a p e llicu lar s tr ip e  (arrow ).

The eye sp o t (A ) show s no a rg y roph ilia . M ethod  b, X 53,600 
F ig . 16. P a r t  of th e  silverline  sy s te m  of an  E uglena v ir id is  a f te r  one h o u r  t r e a tm e n t  w ith  
co lch ic in e . No changes in  th e  silv erlin es . T he ch lo ro p las ts , ap p earin g  as d a rk  sp o ts , a re  h igh ly  

a rg y ro p h ilic . D ry  silver im p reg n a tio n . X 3000
F ig . 17. P a r t  of the silverline sy s te m  o f an  E uglena v ir id is  t re a te d  fo r 1 h  w ith  cy to ch a la sin  B.

G ranular d isso c ia tio n  o f th e  silverlines. D ry  silver im p reg n atio n . X 3000 
F ig . 18. P a r t  of th e  silverline  sy s te m  o f  an  E uglena v ir id is  t re a te d  w ith  cy to ch a la sin  В fo r 2 h. 
T h e  silverlines are fu lly  d e s tro y ed . O n ly  irreg u larly  d is tr ib u te d  co arse -g ran u la r silv er aggre

g a te s  a re  seen . D ry  silver im p reg n a tio n . X 3000
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(lid n o t  exam ine silvered  spec im ens, th ere fo re , could n o t localize th e  site  of 
s i lv e r  deposition .

T h e  argyrosom es o f  th e  Euglena v irid is  s tra in  exam ined  b y  us are few 
in  n u m b e r  and  less d is tin c t th a n  those  of Euglena granulata  an d  Peranema  
tr ich p h o ru m . Supposedly , F ig s  12 and  13 (A) show  cross-sections th ro u g h  
a rg y ro so m es. Irreg u la r sp h e ric a l bodies are  seen w ith  d is tin c tly  denser silver 
d e p o s itio n . They lie a t  th e  m id d le  o f tw o p ellicu lar stripes tig h tly  b e n e a th  the 
p e llic le . No connection w ith  th e  pellicle could be d e m o n s tra te d . T he size and 
th e  lo c a tio n  of these a rg y ro p h ilic  bodies suggest th a t  th e y  are n o t iden tica l 
w ith  th e  m uciferous b o d ies . D e H aller  [21] has described  subpellicu lar 
v a c u o le s  w ith  e lectron-dense core, of th e  sam e ap p earan ce , in  Euglena virid is. 
I  su p p o se  th a t  m uciferous b od ies m ay  also be s ligh tly  argy ro p h ilic , for som e
tim e s  m a n y  small d rop le ts  w ith  fin e  silver deposition  occurred  (F ig . 13, arrow) 
in  t h e  im m ed ia te  v ic in ity  o f  th e  pellicle. These d rop le ts m ay  rep re sen t m uci
fe ro u s  bodies.

(c) The pyrenoids and  the param ylon  granules. In  th e  p y ren o id s , w here 
lig h t-m ic ro sco p ica lly  no a rg y ro p h ilia  was seen, very  fine , s tr ic tly  localized 
s ilv e r  deposition  was d e m o n s tra te d  (Fig. 9, arrow ). Silver agg regates occurred  
b e tw e e n  th e  broad  s tro m a  b u n d le s  lying m ost freq u en tly  on th e  ch lo rop last 
la m e lla e , outside th e  p y re n o id .

S om etim es th e re  w as a n o th e r  argyroph ilic  zone d em o n strab le  a round  
th e  p a ra m y lo n  granules. T h e  s ilver was deposited  on th e  o u te r  side o f th e  m em 
b ra n e  su rro u n d in g  th e  p a ra m y lo n  grains (F ig . 8).

(d) Cell organelles ivithout specific argyrophilia. T here  was no specific 
a rg y ro p h ilia  a t any  o th e r  cell organelle (e.g., nucleus, ch lo ro p lasts , Golgi 
a p p a r a tu s ,  stigm a) (Figs 6, 15). T he silver aggregates in  th ese  organelles were 
v e ry  sm a ll and  irreg u la rly  a rra n g e d .

(e) Euglena virid is prepared  according to method c. T he sam e resu lts 
w e re  o b ta in e d  as w ith m e th o d  b, excep t t h a t  th e  s ta te  of th e  specim ens p re 
p a re d  w ith  m ethod  c w as m u ch  worse. F ig . 14 c learly  show's th e  silverlines 
im m e d ia te ly  b eneath  th e  p la sm alem m a. I t  is th ere fo re  ev id en t th a t  th e  sam e 
s t ru c tu re s  are im p reg n a ted  b y  b o th  m ethods.

F ig . 19. D ry  silver im p reg n a tio n  o f  an  Euglena v ir id is  5 sec a fte r  sq u a tch in g . No changes in 
silv erlin es o f th e  d isru p ted  cell. X 2000

F ig . 20 . D ry  silver im p reg n atio n  o f  a n  Euglena v ir id is  30 sec a fte r  sq u a tch in g . T he silverlines 
have been p a r tia l ly  d is ru p te d  in to  pieces (see, e.g., a rrow ). X 2000 

F ig . 21 . D ry  silver im p reg n a ted  E uglena  v ir id is  10 sec a f te r  sq u a tch in g . T h e  cell h a s  been 
d is r u p te d  a n d  a t  the  site o f sp l i tt in g  (a rro w ) the  silverlines hav e  d is in te g ra te d  to  fo rm  a very

f in e  m eshed  n e tw ork , x  3000
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Experim ental studies

E ffec t o f colchicine. C olchicine affected n e ith e r  th e  s tru c tu re  nor th e  m o v e
m e n ts  o f  Euglena v ir id is . O n ly  ch loroplasts w ith  an  increased  a rg y ro p h ilia  
w ere  fre q u e n tly  seen (F ig . 16).

E ffec t o f  cytochalasin B .  A fter tw o-hour t r e a tm e n t ,  cy to -chalasin  В caused  
in  silverlines a p a r tia l  d e s tru c tio n  in  50% , a n d  to ta l  d estru c tio n  in  5 % , of 
th e  specim ens. T he spec im ens w ith  d estro y ed  silverlines ceased euglenoid  
m o v in g . The f irs t ch an g es, v iz ., g ranu lar d is in te g ra tio n  of silverlines in  m an y  
sp ec im en s appeared  one h o u r  a fte r cy to ch a lasin  В h a d  been added  (F ig . 17). 
L a te r  th e  silverlines d isa p p e a re d , leaving b e h in d  an  irreg u la rly  d is tr ib u te d  
s ilv e r  p rec ip ita te  (F ig . 18). I n  abo u t 50%  o f th e  specim ens, th e  silverlines 
re m a in e d  ap p a ren tly  in ta c t  b y  th e  end o f th e  second  ho u r of cy to ch a las in  
t r e a tm e n t ,  suggesting  th e  ex istence  of a d is tin c t in d iv id u a lity  in  cy to ch a la s in  
s e n s it iv ity .

E ffec t o f  mechanical pressure. Owing to  p re ssu re , th e  pellicle b u rs ts  and  
th e  cell con ten ts flow  o u t. W hen  cells were s ilv e red  im m ed ia te ly  a fte r  b u rs t , 
th e  a rg y roph ilic  su b s ta n c e  ap p eared  u n ch an g ed  in  th e  m a jo rity  of th e  sp ec i
m en s  (F ig . 19). L a ttic e d  d is in teg ra tio n  (Fig. 21) or b reak in g  in to  pieces (F ig . 20) 
o f  silverlines a t th e  s ite  o f  d isru p tio n  was seen in  som e 10%  of th e  d is ru p te d  
spec im en s. I f  th e  p re p a ra tio n s  were silvered  5 to  10 m in a fte r h u rs t ,  on ly  
ru d im e n ts  of silverlines w ere observed , owing to  p o s tm o rta l changes. T he silver- 
lin e  sy s tem  in th e  su rv iv in g  Euglena virid is  specim ens appeared  n o rm al.

D iscussion

Location, structure and  function  o f  the silverline system in
eugle n ophycea n s

T h e p resen t in v e s tig a tio n s  have m ade a n u m b e r  of th e  hypo theses m en 
tio n e d  in  th e  in tro d u c tio n  c lear. I t  is now o b v ious t h a t  th e  silverline sy s te m  in 
eu g len o id  flagellates is id e n tic a l n e ither w ith  p e llicu la r splits [5, 6, 22, 40] 
n o r  w ith  th e  pellicu lar s tr ip e s  [4, 33]. M ucous su b stan ces  [39] and  th e  canali- 
cu li o f  th e  endoplasm ic re tic u lu m  [18, 21] can  also be excluded. O n ly  th e  
h y p o th e se s  of J iro vec  [25] a n d  K l ein  [30], p o s tu la tin g  a fib rilla r n a tu re  of 
s ilv e rlin es  and  th e  P o c h m a n n ’s [39] genera lly  fo rm u la te d  hypo thesis su g g es t
in g  t h a t  th e  im pregnab le  s tru c tu re  co rresponds to  cy toplasm ic e lem en ts or 
en zy m es, have rem ain ed  to  be  discussed. A s t r ic t  d efin itio n  of silverlines as 
p e llic u la r  s tru c tu res  sh o u ld  f ir s t  of all exclude  th e ir  being cy top lasm ic  ele
m e n ts . H ow ever, i t  c a n n o t be  excluded th a t  enzym es are im p reg n a ted  even 
th o u g h  th e re  is no in fo rm a tio n  as to  th e ir  n a tu re  a n d  it is un likely  th a t  such
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a s t a b le  a n d  r e g u la r  a r r a n g e m e n t  ex is ts  w i t h o u t  a n y  m o rp h o lo g ic a l  bas is .  
So m m e r  a n d  B l u m  [43] s u c c e e d e d  in  in d u c in g  p e l l ic u la r  p h o s p h a ta s e  a c t iv i t y  
n e a r  t h e  s i lver l ines ,  b u t  t h e  im p r e g n a b le  s u b s t a n c e  c a n n o t  c o r r e s p o n d  to  th e  
p h o s p h a ta s e ,  l a t t e r  b e in g  lo c a te d  o u ts id e  t h e  p la s m a le m m a .

T he p resen t re su lts  fu lly  agree w ith  J i r o v e c ’s [25] and  K l e i n ’s [30] 
view , i.e., w ith  th e  f ib r illa r  n a tu re  of th e  silverlines o f euglenophyceans. 
This hypo thesis  is su p p o rte d  b y  th e  following o b se rv a tio n s : (i) fib ro g ran u la r 
su b stan ce  has been d e m o n s tra te d  in  th e  place o f th e  silver deposition  (Fig. 
5, com p. [36]); (ii) cy to c h a la s in  В does, colchicine does n o t, d estro y  th e  argyro- 
philic  lines. S i l v e r m a n  a n d  H i k i d a  [42] have  show n th a t  th e  euglenoid 
m o v em en t and  th e  p e llicu la r m icro tubu li are in flu en ced  b y  colchicine b u t  very  
s ligh tly , w hereas c y to ch a la s in  В is know n to  d is tro y  m icro filam en ts  f irs t of all
[10]; (iii)  on m echan ical d e s tru c tio n  of th e  cells, a t  le a s t p a r t  of th e  specim ens 
show ed a re ticu la r d is in te g ra tio n  of silverlines, a phenom enon  ty p ic a l of 
cy to ch a lasin  В -sensitive  filam en ts  [24]; (iv) th e  s tru c tu ra l ly  an d  m orpho log
ically  v e ry  sim ilar s ilverline  system  of ciliates (v . below ) is a f ib rilla r 
s tru c tu re  of th e  c o rte x  [13, 15, 16, 17].

No essen tia lly  new  in fo rm a tio n  has been o b ta in e d  as regards th e  fu nc tion  
of th e  silverline sy stem . I t  can  nevertheless be exc luded  th a t  it  is a su p p o rtin g  
[27, 30] or elastic  s tru c tu re  [5]. Such d iffe ren tia tio n s w ould  be clearly  visible 
by  co n v en tiona l e lec tro n  m icroscopy. As a lready  em p h asized  by  K l e i n  [31] and  
J ir o v e c  [27], th e  close co n n ec tio n  o f th e  silverlines w ith  th e  basa l bodies as well 
as th e ir  m orphological a rra n g e m en t is suggestive o f a n eu ro id  fu n c tio n . P o c h - 
M A N N  [39], on th e  o th e r  h a n d , believes th a t  eug lenophyceans, h av in g  no 
cilia, do no t need an  im pulse-convey ing  system . S im ila rly , J a h n  an d  B o v e e  
[23] consider th e  ex is ten ce  in  euglenophyceans o f a “ nervous sy s tem ”  very  
un like ly . H ow ever, u n eq u iv o ca l observations have  p ro v ed  th a t  th e  euglenoid 
m ovem en t is s tr ic tly  co n tro lled  by  env iro n m en ta l fac to rs  [38] an d  th e  eugle
nophyceans are able to  con tro l th e ir  m etabolic ac tiv itie s  [23]. W e believe th a t  
th e  questio n  p u t b y  J a h n  a n d  B o v e e  [23], v i z . “ w here such  a co o rd ina tive , 
in itia tiv e  system  m o rpho log ica lly  resides or is m orpho log ically  d is tr ib u te d , and  
how  it  opera tes is on ly  th e o re tic a l and  still a m y s te ry ” , m ig h t be answ ered  by  
supposing  th a t  th e  silverline  system  is th is  co -o rd in a tiv e  system . T here  is no 
d o u b t th a t ,  owing to  its  m orpho logy  and location  (F igs 2, 10, 12), th e  silverline 
system  is p redestined  fo r a co -o rd inating  fu n c tio n . T he fac t th a t ,  perhaps 
th ro u g h  the  d e s tru c tio n  o f th e  co -ord inating  silverlines, cy to ch a las in  В caused 
an inh ib itio n  o f th e  eug leno id  m ovem ent po in ts  to  th e  sam e d irec tion .
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Comparison o f  the silverline  system o f  euglenopbr ceans w ith  those
o f  ciliates

Silverline system s h a v e  been  discovered, besides c ilia tes a n d  eugleno- 
p h y c e a n s , in  all the  o th e r g ro u p s o f Protista, v iz ., in  P yrosom ida  a n d  T rypano
so m a  b y  J ir o v e c  [26], in  D inoflagella ta  b y  B i e c h e l e r  [2] an d  Ch a t t o n  [7] 
a n d  in  Heliozoa, Amoeba, Sporozoa  and  Oscillatoria by  K l e i n  [31] an d  F o is s n e r  
[14]. T h e  silverline sy s tem s a re  v e ry  sim ilar to  each o th e r  in  th e ir  light- 
m ic ro sco p ic  s tru c tu re , th o u g h , th e y  are va riab le  in  shape .

A s to  the  silverline sy s te m s  o f euglenophyceans an d  c ilia tes, th e  d iffer
en ces a re  very  slight. A m o n g  th e  m an y  com m on fea tu res  th e  follow ing deserve 
m e n tio n in g : (i) deposition  t ig h t ly  below  th e  pellicle; (ii) m ore or less fib rilla r 
c h a r a c te r ;  (iii) sim ilar size ; (iv) connection  w ith  locom otor o rganelles; (v) 
s i lv e r lin e s  form a co n tin u u m  in th e  cell.

P o c h m a n n  [39] d isag rees  w ith  th e  s im ila rity  betw een  c ilia te  an d  eugleno- 
p h y c e a n  silverline sy stem s because  of differences in  d iv id ing  processes and  
la c k  o f  m u ltip lica tion  b y  c o p u la tio n . H ow ever, his a rg u m en ts  are n o t conv inc
in g  b ecau se  (a )  th e re  are  no  o b serv a tio n s on th e  d iv ision  of th e  silverline 
s y s te m  in  euglenophyceans a v a ila b le , (b )  a neg a tiv e  m ark e r like la ck  of copu
la t io n  c a n n o t be accep ted  as proof.
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A bstrac t

In  th e  c en tra l nervous system  o f th e  m ussel (A nodon ta  cygnea) 6 -h y d ro x y - 
d o p am in e  (6-O H D A ) causes a s ig n ifican t a n d  p ro longed  decrease in th e  d o p am in e  (DA ) 
a n d  n o rad ren a lin e  (NA ) co n cen tra tio n . T he decrease  o f sero ton in  (5H T ) leve l d id  no t 
exceed  25 pe r cen t an d  was observed  on ly  on  th e  2nd and 3rd day  a f te r  th e  tre a tm e n t.  
P a ra lle l w ith  th e  a lte ra tio n  of th e  m on o am in e  level, th ere  is a m ark ed  change  in  th e  
a c t iv ity  o f th e  an im als . Two phases o f th e  e ffec t o f  6-O H D A  can be d is tin g u ish e d . D u r
in g  th e  f ir s t  phase , n o t only th e  ca tech o lam in erg ic  b u t, p resum ab ly , also th e  se ro to n in - 
e rg ic  sy s tem  is in ju red . The long-lasting  e ffec t o f th e  6-O H D A  a d m in is tra tio n  is re flected  
in  th e  p red o m in an ce  o f th e  active  pe rio d s a n d  in  th e  absence of re st p e rio d s o f  the  
an im al.

In tro d u c tio n

T h e  b eh av io u r of th e  fresh -w ater m ussel Anodonta cygnea is c h a ra c te riz e d  
b y  a d is tin c t p erio d ic ity  involv ing  reg u la r  a lte ra tio n  of active a n d  re s t phase 
o f th e  a d d u c to r  m uscles and  o th e r organs [17, 23]. The rest period is m a in ta in e d  
b y  th e  p ro longed  to n ic  co n trac tio n  o f th e  ad d u c to rs , w hereas d u rin g  ac tiv e  
p e rio d  th e  ad d u c to rs  are  re laxed  and  p e rfo rm  fast rh y th m ic  c o n trac tio n s .

E a rlie r  in v estig a tio n s show ed th a t  se ro to n in  p lays a m e d ia to r  ro le in 
th e  re la x a tio n  o f  som e m olluscan “ c a tc h ”  m uscles like th e  a d d u c to r  m uscle of 
A nodon ta  [21, 25] and  th e  re tra c to r  m uscle  o f M ytilu s  [27]. T h e  p resence 
o f d o p am in e  an d  n o rad ren a lin e  in  th e  n e rv o u s tissue of A nodonta  w as also 
d e m o n s tra te d  [10]. In  accordance w ith  th e  a c tiv ity  and  rest, se ro to n in  and  
ca tech o lam in es change in  an  opposite  w ay  in th e  CNS of A n o d o n ta  [25], 
w h ich  is an  analogy  of th e  c ircad ian  v a r ia tio n  o f sero ton in  an d  n o rad ren a lin e  
levels described  in  th e  CNS of v e r te b ra te  an im als [6, 15, 18, 19, 20].

I n  v e r te b ra te s  th e  ad m in is tra tio n  o f  6-O H D A  produce d ep le tio n  of 
ca tech o lam in es and  selective d eg en era tio n  o f adrenerg ic neurons [3, 4 , 12]. 
T h is p ro p e r ty  o f 6 -O H D A  opens a new  to o l in  th e  exam ina tion  o f b eh av io u r, 
su g g ested  to  be con tro lled  by  ca tech o lam in erg ic  neu ronal system . In  th e  p res
e n t  s tu d y , we tre a te d  anim als w ith  6 -O H D A  to  o b ta in  fu r th e r  in fo rm a tio n  
a b o u t th e  co rre la tio n  betw een  th e  p erio d ic  a c tiv ity  and  th e  ca tech o lam in es 
in  th e  CNS.
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M ethods

E x p e r im e n ts  were carried  o u t  on  fresh -w a te r  m usse ls ( Anodonta cygnea L .)  w eigh ing  
a p p ro x . 200 g. 6-O H D A  was d issolved fresh ly  in physio log ica l saline [16] co n ta in ing  0.5 m g/m l 
a sco rb ic  acid . T he f ir s t  group  an im als  received 25 m g/kg  6-O H D A  hydroch lo ride. T he second 
g ro u p  re ce iv e d  10 m g/kg 6-O H D A  on th e  f irs t  d ay  a n d  7.5 m g/kg  on each of th e  th ird  a n d  f if th  
d ay s. T h e  6-O H D A  was in jec ted  in  1 m l so lu tion  in to  th e  fo o t m uscle, while co n tro l an im als  
rece iv ed  asco rb ic  acid  in  physio log ica l so lu tion . F o r  th e  m onoam ine m easu rem en ts, an im a ls  
w ere k ille d  fro m  th e  2nd u p  to  th e  4 7 th  d ay , b o th  o f th e  co n tro l and  th e  tre a te d  g ro u p . T he 
m o n o am in es  w ere e s tim a te d  in  th e  u n ite d  cereb ral, v iscera l an d  pedal ganglia  in  fiv e  e x p e ri
m e n ts  a n d  th e  changes o f co n ce n tra tio n  m easu red  a f te r  6 -O H D A  tre a tm e n t are ex p ressed  in  
p e r  c e n t  o f th e  con tro l. 5H T  level w as m easu red  acco rd ing  to  th e  m eth o d  of Sn y d e r  e t al. [26], 
w hile D A  a n d  N A  according to  A n to n  a n d  Sa y r e  [1, 2].

T h e  a c t iv ity  o f th e  an im als  w as reco rded  b y  m usse l a c to g rap h  [22]. M easuring  th e  
d u ra tio n  o f  th e  active  an d  re st periods before and  a f te r  t r e a tm e n t,  we expressed  th e  e ffec t of 
th e  a sc o rb ic  acid  and  6-O H D A  on  th e  a c tiv ity  o f th e  an im a ls  b y  th e  m ean  values o f tim e  d u ra 
tio n  as d e sc rib ed  earlie r [8]. The e x p erim en ts  were c a rried  o u t  from  N ovem ber to  F e b ru a ry .

Results

E ffec t o f  single doses o f  6 -O H D A  on the m onoam ine level

D u rin g  th e  exp erim en ta l period , th e  m ean  5H T , DA and  NA c o n c e n tra 
tio n s  in  th e  CNS o f A nodonta  w ere 39.6 /tg /g , 27.6 jtg/g and  2.6 /tg/g, re sp ec 
tiv e ly . Fo llow ing  25 m g/kg 6 -O H D A  tre a tm e n t, 25 p e r cen t decrease o f th e  5H T  
level o f  th e  ganglia was d e tec ted  on th e  second  an d  th ird  days h u t  i t  was 
re s to re d  on th e  4 th  d ay  and rem ain ed  a t th e  co n tro l level during  th e  in v e s t i
g a te d  p e rio d  (Fig. 1). A s ig n ifican t decrease in  th e  D A  level s ta r te d  on th e  2nd  
d a y  a n d  reach ed  a m ax im u m , 64 p e rc e n t , v a lu e  on th e  10th day . B y th e  3 6 th  
d ay  th e  D A  level rem ained  still a t 50 p e r c en t as com pared  to  th e  co n tro l. 
T he N A  leve l decreased  to  a som ew hat lesser e x te n t:  a m arked  decrease ensued  
on th e  2 n d  d ay , its  m ax im u m  reach ed  36 p e r cen t an d  it did n o t res to re  w ith in  
36 d a y s  (F ig . 1).

Fig. 1. E f fe c t  o f 25 m g/kg  6-O H D A  on  th e  se ro to n in  (1), d o p am in e  (2) and  n o rad ren a lin e  (3)
lev e l o f th e  CNS o f A nodon ta
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E ffec t o f  repeated 6 -O H D A  adm in istra tion  on the m onoamine level

T he 5H T  level was no t influenced  by  a single 10 ing/kg dose o f 6 -O H D A , 
b u t a f te r  re p e a te d  ap p lica tio n  (7.5 m g/kg) a 20 p e rc e n t  decrease was o bserved  
on th e  2nd day . T h e  e x te n t o f th e  decrease w as n o t enhanced hy  th e  th i r d  dose 
(7.5 m g/kg); on th e  c o n tra ry , th e  5H T  level reach ed  the  control v a lu e  on th e  
5 th  d ay  an d  rem ain ed  a t th is  level w ith  a f lu c tu a tio n  of ^ 1 0  p er c e n t d u rin g  
the  o b se rv a tio n  p e rio d  (F ig. 2). The DA level decreased  to  50 p e rc e n t  fo llow ing

Fig. 2. E ffec t o f re p e a te d  6-O H D A  a d m in is tra tio n  on  th e  serotonin (1), n o ra d re n a lin e  (2) 
and  dopam ine  (3) level o f th e  CNS of Anodonta. 1, 2 a n d  3 arrow  m arks 10, 7.5 a n d  7.5 m g/kg

6-O H D A , re sp ec tiv e ly

th e  f irs t  dose. F u r th e r  10 p er cen t decrease w as de tec ted  as a re su lt o f  th e  2nd 
and  3rd  doses an d  th e  60 per cen t decrease o f  th e  DA level rem ained  u n c h a n g e d  
up to  th e  end  o f  th e  experim en ta l period  (F ig . 2). The NA level d ec reased  
sim ilarly  to  th e  D A  level, b u t to  a lesser deg ree ; th e  m axim um  d ecrease  w as 
ab o u t 50 p e r cen t. T h e  contro l level was n o t reach ed  during th e  e x p e rim e n ta l 
period , th e re  w as s till a decrease of 44 p e r c e n t on th e  47 th  day  (F ig . 2).

Effect o f 6 -O H D A  on the activity

T he rh y th m ic  and  periodic a c tiv itie s  o f  th e  anim als w ere m a rk e d ly  
in fluenced  b y  a single dose of 6-O H D A  (25 m g /k g ) as well as by re p e a te d  t r e a t 
m en t. F o llow ing  an  in jec tio n  of 6-O H D A , an  ac tiv e  period of long  d u ra tio n  
appeared  in  ev e ry  case. T he d u ra tio n  o f th e  f i r s t  active period was lo n g e r b y  
280 per cen t th e n  th e  d u ra tio n  of active p e riods before the  a d m in is tra tio n  (T able 
1). D u rin g  th is  f ir s t  ac tiv e  period , th e  n u m b e r  o f th e  fast, rh y th m ic  c o n tra c 
tions increased  as com pared  w ith  th e  a c t iv i ty  reg istered  before t r e a tm e n t  
(Fig. 3). In  c o n tra s t  to  th is , th e  d u ra tio n  o f  th e  f irs t  rest period d ec reased  a f te r
6-O H D A  tr e a tm e n t. T he d u ra tio n  of th e  2 n d  an d  3rd active periods d id  n o t 
differ from  th e  values ob ta in ed  before th e  t re a tm e n t, while th e  d u ra tio n  of
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Table 1

M ean (  +  S .E .M .)  duration o f active a n d  rest periods in  hours

6-OHDA tre a tm e n t (25 m g/ kg) 
n  =  15

Control
n =

injection
10

active re s t active res t

B efore  tre a tm e n t 22 .7 + 4 .2 6.3 +  1.9 20.9 +  5.1 6.2 +  1.1

A fte r  th e  trea tm e n t

1 st period 64.8 +  1.1* 5.4 +  1.0** 19.6 +  2.1 6.2 +  1.6

2 n d  period 26.2 +  7.2 5.6 +  0.9**

3 rd  period 24.8 +  5.8 6.1 +  0.6 19.1 +  5.1 7.0 +  1.8

4 th  — 15 th  periods 21.1 +  5.0 6.6 +  0.8

* P  <  0.001; ** P  <  0.01

th e  4 th — 15th ac tiv e  p e riods showed a sm all, non-sign ifican t, d ecrease  as 
c o m p a re d  w ith  th e  co n tro l. T he d u ra tio n  o f  th e  2 n d  re s t period was s till s h o r te r  
t h a n  th e  m ean  o f th e  re s t  periods before t r e a tm e n t ,  b u t th e  d u ra tio n  o f  th e  
3 rd  a n d  fu r th e r  periods w ere sim ilar to  th e  v a lu e s  ob ta ined  before 6 -O H D A  
a d m in is tra tio n . As co m p ared  w ith  the p re tre a tm e n t  values, th e  n u m b e r o f  th e  
f a s t  rh y th m ic  c o n tra c tio n s  d id  no t show  a n y  ch an g e  during th e  seco n d  an d  
f u r th e r  ac tive  periods.

In  th e  case o f  re p e a te d  6-O H D A  a d m in is tra tio n  a lasting  ac tiv e  p e rio d  
a p p e a re d  again  a f te r  th e  second dose, h u t  th e  fa s t ,  rh y th m ic  co n trac tio n s  w ere 
few er in  n u m b er an d  th e  tim e  of the  r e la x a tio n  follow ing these c o n tra c tio n s  
b ec a m e  longer (F ig . 4c). A fte r  the  th ird  dose, th e  a c tiv ity  was c h a ra c te r iz e d  
b y  th e  ap p earan ce  o f lo n g -lastin g  active p e rio d s , b y  th e  m oderate  in c rea se  of 
th e  n u m b e r of th e  fa s t, rh y th m ic  co n trac tio n s a n d  b y  a considerable p ro lo n g ed  
re la x a tio n  tim e  fo llow ing th e  fast c o n tra c tio n s  (F ig . 4d).

D u rin g  th e  4 7 -d ay -lo n g  period of o b se rv a tio n , th e  ac tiv ity  was c h a ra c te r 
ized  b y  an  a lte ra tio n  o f  2 —3 day-long a c tiv e  periods and  a few h o u rs  sh o rt 
re s t in g  ones. T he rh y th m ic  co n trac tions, c h a ra c te r is tic  of the  ac tiv e  p e rio d , 
w ere  h a rd ly  v isib le  (F ig . 4e). S ta rtin g  from  th e  second  or th ird  w eek, th e  la s t 
in g  to n ic  c o n trac tio n  o f th e  adducto rs c h a ra c te r is tic  of the  co n tro l d u rin g  
th e  re s t  period  d id  n o t ensue , in stead , th e  m u sc le  rem ained  in a sem i-re lax ed  
s t a te  w ith o u t th e  ap p ea ran ce  of rh y th m ic  co n trac tio n s .

In  con tro l an im als, th e  a d m in is tra tio n  o f  5 H T  in  th e  w ater evokes th e  im 
m e d ia te  ap p earan ce  o f a 3 — 5 days long ac tiv e  p e rio d  w ith  m arked ly  in c re a se d  
fa s t ,  rh y th m ic  c o n tra c tio n s  (Fig. 4f). W h en  th e  an im al was tr e a te d  w ith  
6 -O IID A  rep ea ted ly , th e  effect of 5H T o c cu rred  on ly  3 —4 h a fte r a d d in g  th e  
5H T . T h e  evoked  ac tiv e  p e rio d  was of 3 —4 h  d u ra tio n  and  only a m o d e ra te ly  
in c re a se d  freq u en cy  o f w eak  rh y th m ic  c o n tra c tio n s  was observed (F ig . 4g).
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Fig. 3. E ffec t o f 25 m g/kg 6-O H D A  on th e  a c tiv ity  o f th e  an im al. R ecord  is c o n tin u o u s , th e  
d ru g  w as g iven  a t  th e  arrow . A t u p w a rd  m o v em en ts  o f th e  reco rd ing  lever th e  shells o p ened . 

S tra ig h t line a t  low po sitio n  m arks th e  rest period

hours

Fig. 4. E ffec t o f  rep ea ted  6-O H D A  a d m in is tra tio n  on th e  a c tiv ity  o f th e  an im al a t  d iffe ren t 
tim es, f a )  C ontro l active  periods; fb )  ac tiv e  period  2 h  a f te r  10 m g/kg 6-O H D A  in je c tio n ; 
(c )  ac tiv e  period  a fte r  6-O H D A  (7.5 m g/kg) in jec tio n ; ( d )  active  period  a f te r  3 rd  6-O H D A  
(7.5 m g/kg) in jec tio n ; (e)  rh y th m ic  c o n tra c tio n s  du rin g  an  ac tive  period  on th e  3 5 th  d ay s 
a f te r  re p e a te d  in jec tio n s o f 6 -O H D A ; ( f )  e ffec t o f 1 0 /o n o l/l 5H T  on th e  a c tiv ity  o f  a  co n tro l 
a n im a l; (g )  E ffec t o f 10/тю 1/1  5H T  on th e  3 6 th  day  a f te r  th e  rep ea ted  in jec tio n s o f 6 -O H D A
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Discussion

I t  has been u n eq u iv o ca lly  proved  b y  o u r resu lts  th a t  th e  m onoam ine 
leve l o f th e  ganglia a n d  th e  ac tiv ity  of th e  an im als are m arked ly  in fluenced  
b y  6 -O H D A  a d m in is tra tio n . Two phases o f th e  effect can be d istingu ished  
in  th e  a c tiv ity : an  ea rly  one , very  sim ilar to  th e  effect of exogenous 5 ÏIT  [21, 
25], an d  a long -lasting  one, observed a f te r  6 -O H D A  a d m in is tra tio n , w hich 
does n o t resem ble th e  e ffec t of any  a lread y  in v e s tig a te d  p h arm aco n  affecting  
th e  m onoam ine level [8]. Follow ing 6 -O H D A  tre a tm e n t [5, 7, 28], a s ign ifican t 
a n d  la s tin g  decrease, s im ila r to  th a t  observed  in  v e rte b ra te s , occurred  in  th e  
D A  a n d  NA levels o f th e  nervous tissue o f th e  fre sh -w a te r m ussel. T he decrease 
o f  th e  5H T  level o ccu rred  on ly  a t th e  beg in n in g  o f th e  tre a tm e n t. T he d u ra tio n  
o f  th e  long active p e rio d  (64.8 h) evoked b y  th e  tre a tm e n t coincides w ith  th e  
decrease  of th e  5H T  level o f  the  ganglia. T h is suggests  th a t  th e  applied  concen
tra t io n  of 6-O H D A  m ig h t m obilize 5H T  a t  th e  ganglionic or n eu ro m u scu la r 
leve l an d , as a co nsequence , th e  long-lasting  ac tiv e  period  as well as th e  increase 
in  th e  frequency  o f  rh y th m ic  con trac tio n  ensued .

I t  should  be n o te d  th a t  under physio log ical c ircum stances a t  th e  beg in 
n in g  o f  th e  active p e rio d  th e  5H T level o f gan g lia  declines, w hilst it  rises in  th e  
m uscle  [24]. I t  was also re p o rte d  th a t  th e  re la x a tio n  of inolluscan m uscles can 
be s ig n ifican tly  increased  b y  exogenously a d m in is te red  5H T [14] an d  th a t  th e  
5 H T  is responsible fo r th e  re lax a tio n  of th e  m uscle co n trac ted  to n ica lly  [27]. 
S ince th e  5H T is sy n th e tiz e d  only in th e  n e rv o u s  sy stem , and  no t in th e  m uscle
[9], th e  increased 5H T  o f th e  ad d u c to r m uscle  can  ta k e  its  origin from  th e  
gan g lia  during  th e  ac tiv e  period  by  an ac tiv e  tra n sp o r t .

A ccording to  in v es tig a tio n s  perfo rm ed  on v e rte b ra tes , th e  selective 
n e u ro to x ic ity  of 6 -O H D A  m igh t be rea lized  on catecho lam inerg ic  neurons [3, 
4, 11], b u t  for la rg e r doses 5H T  depleting  effects h av e  also been described  [13]. 
In  th e  fresh -w ater m ussel, th e  ex ten t of 5H T  lib e ra tio n  was n o t h igher th a n  th e  
f lu c tu a tio n  observed  u n d e r  physiological co n d itio n s, being connected  w ith  
th e  p erio d ic ity  of th e  a c t iv i ty  [24]. This a lte ra tio n  is analogous to  th a t  observed 
in  th e  r a t  b ra in  fo llow ing 6-O H D A  tr e a tm e n t ,  w here, in  ad d itio n  to  the  
decrease  of the  ca tech o lam in e  level, th e  5 H T  syn thesis and  th e  d iu rn a l 
f lu c tu a tio n  of th e  5H T  leve l are also in flu en ced  [7].

E a rlie r  ph arm aco lo g ica l investig a tio n s show ed th a t  th e  p ro longa tion  
o f ac tiv e  periods in  m ussels is caused by  th e  p red o m in an ce  of th e  sero ton inerg ic  
sy s te m , while th e  a p p e a ra n ce  of resting  periods is a consequence of th e  p re 
do m in an ce  of th e  ca tech o lam in erg ic  sy stem  [8, 25]. T he effect observed  a fte r 
re p e a te d  ad m in is tra tio n s  o f  6-O H D A , especia lly  absence of th e  re s t periods, 
w h en  low  DA and  N A  levels were m easured , a re  obviously  due to  th e  dam age 
o f  th e  ca techo lam inerg ic  neurons. The ac tiv e  periods occurring  a t  th is  tim e 
d iffe r from  th e  ac tiv e  p e rio d s observed a t th e  beg in n in g  of th e  effect o f 6 -O H D A
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in  th e  absence  o f f req u en t, fast, rh y th m ic  co n trac tio n s . In  co n n ec tio n  w ith  the  
f ir s t  ph ase  o f  6-O H D A  effect, it can  be supposed  th a t  no t only  th e  catecho l- 
am inerg ic , b u t also th e  se ro ton inerg ic , n eu rons are  d irectly  affec ted , w h ile  during  
th e  la te  effect p ro b ab ly  n o t only  th e  CNS, b u t  also th e  n eu ro m u scu la r ju n c tio n s  
in  th e  a d d u c to r  m uscles are dam ag ed . T he absence of the  to n ic  c o n tra c tio n  
an d  th e  w eak m uscle responses a t 5 H T  a d m in is tra tio n  refer to  th e  la tte r  
p o ssib ility .
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A bstrac t

A pro longed  callus cu ltu re  from  pea (P is u m  sativum  L. va r. K i ir )  c o ty led o n s  
su b cu ltu red  fo r 7.5 y ears  on  T o rrey ’s solid m edium  w as exam ined cy to lo g ica lly . T he 
in itia lly  (and  up  to  3 .5 -year c u ltiv a tio n ) p re d o m in an tly  diploid pea callus s tr a in  chan g ed  
in to  trip lo id . T he freq u en cy  o f a b e rra n t  ana- a n d  te lophases increased d u rin g  5 y ea r 
cu ltiv a tio n  from  9 to  40 pe r cen t and  th e re a f te r  re tu rn e d  to  th e  in itia l ra te  m a in ta in in g  
i t  a t  least for one year o f  su b c u ltu rin g . Some possible m echanism s of ch ro m o so m al 
v a r ia tio n  tendencies in  vitro a re  discussed.

In tro d u c tio n

T he karyologic v a r ia b ility  o f p la n t cells an d  tissues during  in  vitro  c u lt iv a 
tio n  is w ell-know n. B o th  h e te ro p lo id y  and chrom osom e ab erra tio n s in  callus 
cu ltu re s  o f d ifferen t species h av e  been rep o rted  [3, 4, 8, 10, 12, 14, 15, 16, 22, 
24, 26, 31]. I t  has been  show n th a t  even  th e  callus clones of single-cell o rig in  
c u ltu re d  on th e  sam e m edium  an d  u n d e r  th e  sam e conditions are u n s ta b le  in  
ch rom osom e n u m b er [5, 13].

H ow ever, th e  su rveys considering  th e  possible regularities or tre n d s  in  
ch rom osom al changes o f callus cu ltu res  are ra th e r  co n trad ic to ry . W hile  som e 
a u th o rs  are of th e  op in ion  th a t  th e re  is no re g u la rity  in  v a ria tio n  of ch rom osom e 
com plem en ts u n d er cu ltu re  co n d itio n s, o thers refe r to  th e  presence o f  c e r ta in  
ten d en c ies  in  ch rom osom al v a r ia tio n  d u rin g  prolonged c u ltiv a tio n . T h u s, 
som e in v estig a to rs  have  re p o rte d  a tre n d  to  po lyp lo idy  [1 3 ,2 0 ,2 3 ,2 4 ], o th e rs  to  
h ap lo id y  [12, 15]. In itia lly  karyo log ica lly  u n stab le  callus cu ltu res h a v e  su b se 
q u e n tly  o b ta in ed  a s tab ilized  p lo idy  level s ta te  [11, 19, 22, 24], w hile in itia lly  
s tab le  callus s tra in s  h av e  lost s ta b ili ty  in  th e  course of long -te rm  c u ltu r in g  
[4, 27]. Besides, a f lu c tu a tio n  o f  p lo idy  level in  p ro longed  callus c u ltu re  has 
been observed  [7, 15].

T h e  inconsistency  in th e  resu lts  of cy to log ical observations is p a r t ly  
ex p licab le  by  th e  d iv e rs ity  o f n u tr ie n t m edia a n d /o r m ethods o f su b c u ltu r in g , 
p a r t ly  by  th e  d iv e rs ity  o f th e  in v es tig a ted  ob jec ts . N evertheless, we believe 
th a t  to o  m uch em phasis has been given to  irreg u la r dev ia tions in  n u c lea r
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b e h a v io u r  of excised p la n t  cells, and th e re  h a v e  been  few in v estiga tions on th e  
ch an g es  in the ch rom osom e com plem ent d u rin g  con tinuous su b cu ltu rin g  u n d er 
s ta b le  conditions.

The p resen t s tu d y  w as u n d ertak en  as an  a t te m p t  to  get m ore in fo rm atio n  
a b o u t  th e  chrom osom e com plem en t b e h a v io u r  o f  p la n t cells in  a long-term  
c u ltu re .

M aterials and  m eth o d

T he callus tissue  u n d e r  investig a tio n  w as d e r iv e d  fro m  pea ( P isum  sa tivum  L. var. 
K i i r )  cotyledons and s u b c u ltu re d  up  to 8 years on  T o r ry ’s solid m edium  su p p lem en ted  w ith  
2 .4 -D  1 mg/1, adenine 0.25 m g/1, casein hy d ro ly sa te  0.5 g/1, v itam in s b y  W h ite , a n d  sucrose
2 0  g /1 .

T he m ateria l fo r cy to lo g ica l observations w as ta k e n  from  15, 30, 45, 60 an d  90-day-old  
s u b c u ltu re s  of six d iffe ren t p a ssag es  and fixed in a 3:1 a lcohol-acetic  acid so lu tion . Squash  
p re p a ra tio n s  were m ade b y  th e  s ta n d a rd  acetic  o rce in  m eth o d .

Results

The in vestiga ted  p e a  callus s tra in  b e lo n g ed  to  th e  norm al ty p e  of u n 
d iffe ren tia ted  callus t is su e s , exhib ited  a low  g ro w th  ra te  (w ith  tran sfe rs  of 
2 to  3 m onths in te rv a ls , a n d  m ito tic  index  < /2 % ) , and  had  a n o d u la r s tru c tu re
(F ig . 1).

To study  th e  ch ro m o so m e com plem ent d y n am ics  of a pro longed  callus 
c u l tu re  we exam ined  th e  p lo id y  level and th e  a b e rra tio n  frequency  of th e  pea 
c a llu s  stra in  du ring  8 -y e a r  subcu ltu ring .

T he results o f o u r o b se rva tions on th e  ch rom osom e n u m b er changes are 
su m m arized  in Fig. 2. T h e  h istogram  re p re se n ts  2X  and  3 x  cells frequency  
ex c lu siv e ly  as far as th e  n u m b er of m e ta p h a se s  w ith  any  o th e r p lo idy  level 
( X  , 4 X  , etc.) did n o t ex ceed  9 per cen t o f th e  to ta l  num ber of th e  coun ted  
m e tap h ases . As it  w as d iff ic u lt to  m ake co m p le te ly  accu ra te  chrom osom e counts 
th e  aneuplo id  cells w ere accoun ted  to  th e  cells w ith  th e  closest basic  p lo idy  
lev e l. The basic p lo idy  lev e l o f each of th e  s ix  passages under in v es tig a tio n  
( th e  age of which v a r ie d  from  0.5 to 7.5 y ea rs) w as deduced from  k a ry o ty p ic  
an a ly se s  of 100 to  200 m e ta p h a se s  in 15, 30, 45 , 60 and  90-day-old su b cu ltu res . 
T h u s , we recorded a to ta l  o f 400 to  1000 m e ta p h a se s  to  de term ine  th e  m ean  
v a lu e  of ploidy level fo r each  culture passage  o f  th e  corresponding  age.

F igure 2 shows a d e f in ite  change in th e  b as ic  p lo idy  level of th e  pea callus 
cells during  the  7.5 y e a rs  o f  culturing . T h e  ca llu s  s tra in  ch a rac te rized  up  to  
3.5  y e a r  cu ltiv a tio n  as a  p red o m in an tly  d ip lo id  tissu e  (2 X ) becam e subse
q u e n t ly  a trip lo id  one. T h e  trip lo id  (and n e a r to  3 X aneuploid) m e tap h ase  cells 
m a d e  up  about 80 p e rc e n t o f all observed m e ta p h a se  cells in th e  7 .5-year-o ld  
p e a  callus culture. F ig u re  3 show s some ty p ic a l m etap h ases  w ith  2 X  an d  3 X 

chrom osom e co m p lem en ts .
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F ig . 1. The no d u lar pea callus
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F ig . 2. Changes in basic p lo id y  level of pea callus cells d u rin g  prolonged c u ltiv a tio n

2T\*

F ig. 3. K a ry o ty p es  o f p ea  callus cells, a = N orm al d ip lo id  cell; b =  tr ip lo id  cell: c =  aneuplo id
cell. X1570
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T h e ra te  of ch rom osom e ab erra tio n s was e s tim a ted  by  c o u n tin g  th e  
n u m b e r  of ab e rran t an a- a n d  te lophase  figures on w hich bridges o r fragm en ts 
w ere  seen (Fig. 4). To c h a ra c te r iz e  the  dynam ics o f chrom osom e ab e rra tio n  
r a te  d u rin g  prolonged c u ltiv a tio n  we dete rm in ed  th e  p e rcen tag e  o f a b e rra n t 
an a - a n d  telophases in  six  d iffe ren t cu ltu re  passages a t  various ages over the  
7.5 y e a r  period. S im ilarly  to  th e  d e te rm in a tio n  o f th e  basic  p lo id y  level, th e  
r a te  o f  ab e rra n t ana- an d  te lo p h ases  of each passage  was d e te rm in ed  b y  Count-

Tig. 4. A b erran t a n a p h a se  and  telophase  in p ea  callus cells. X 1570

in g  th e se  phases in 15, 30, 4 5 , 60 an d  90-day-old  su b cu ltu re s , p e r 100 ana- and 
te lo p h a se s  each tim e . T h e  re su lts  are p resen ted  in  Fig. 5.

U p to  5-year c u ltiv a tio n , th e  chrom osom e a b e rra tio n  ra te  o f th e  callus 
s t r a in  exh ib ited  a te n d e n c y  to  increase: th e  freq u en cy  of a b e rra n t ana- and  
te lo p h a se s  increased from  9 p e r  cen t to  40 p er cen t, su b seq u en tly , i t  re tu rn e d  
to  th e  in itia l level, an d  re m a in e d  th ere  a t least fo r a year.

F ig . 5. Changes in  ch rom osom e a b e rra tio n  freq u en cy  o f p ea  callus cells d u rin g  pro longed
cu ltiv a tio n
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D iscussion

W e have show n th a t  th e re  m ay  be som e d e fin ite  tre n d s  in  th e  karyologic 
v a r ia tio n  of a pro longed  callus cu ltu re  even in  th e  case o f su ch  a po lysom atic  
p la n t species as P isu m  sa tivum . R egu lar changes ch a rac te rized  b o th  th e  p lo idy  
level an d  th e  chrom osom e a b e rra tio n  ra te  o f th e  pea callus s tra in . I t  is n o te 
w o rth y  th a t  th e  changes in  th e  karyologic v a r ia tio n  tre n d s  becam e ev iden t 
on ly  a f te r  a long period  (4 to  5 years) of su b cu ltu rin g . A te n d e n c y  to  tr ip lo id y  
d id  n o t ap p ear d u rin g  th e  f ir s t  3.5 to  4 years  of su b cu ltu rin g . O n th e  o th e r 
h a n d , th e  sam e callus c u ltu re  o b ta in ed  a stab ilized  ra te  of ch rom osom e a b e rra 
tio n s on ly  a fte r cca 5 y ears . T his ab e rra tio n  ra te  (cca 10 p e r cen t) coincides 
n o t on ly  w ith  th a t  of th e  f ir s t  cu ltu re  passages b u t  also w ith  th e  spon taneous 
a b e rra tio n  ra te  in  th e  in ta c t  ro o t tip s  of th e  in v e s tig a te d  pea  v a r ie ty . T herefore 
i t  m ay  be considered as an  a c tu a lly  stab le  s ta te .

W e are fa r from  th e  conclusion th a t  alw ays an d  in  all cond itions th e  
pro longed  callus cu ltu res  su b seq u en tly  o b ta in  a de fin ite  s tab le  s ta te  of ploidy 
level an d /o r ab e rra tio n  ra te . I t  m ay only be suggested  th a t  th e  karyologic 
v a r ia b ili ty  of callus c u ltu re s  is less irreg u la r th a n  u su a lly  considered  and  in 
c e r ta in  cases som e ten d en c ies  or tren d s m ay  occur d u rin g  a lo n g -te rm  c u ltiv a 
tio n . B esides, s ta b iliz a tio n  as well as in stab iliz a tio n  of th e  ch rom osom al com 
p lem en t of cu ltu red  tissu es  as well as changes in  th e  e stab lish ed  tendencies 
m a y  ta k e  place.

As to  th e  possible m echanism s and  causes o f  ch rom osom al v a ria tio n  
ten d en c ie s  in  vitro  th e re  are  m an y  d ifferen t op in ions. I t  has been  p o stu la ted  
t h a t  th e  nuclear b eh av io u r o f p la n t cells in  vitro  is la rgely  a re flec tio n  of th e ir  
p o te n tia litie s  in  vivo  [6, 13, 17, 18, 26]. T herefo re , th e  p resence of ch rom osom al 
v a r ia b ility  in p o lysom atic  species (pea, tobacco  e.a.) co n tr ib u te s  to  th e  co rre
sp o n d in g  dev ia tions in  tissu e  cu ltu res of th e se  species an d , vice versa, p lan t 
species cha rac terized  b y  a s tab le  chrom osom e c o n te n t of its  tissues ( C. capilla- 
ris, Paeonia, H elian thus)  m a in ta in  such a s ta b ility  also in  vitro. H ow ever, 
th e re  are  n o tab le  ex cep tions. I n  vivo p o ly so m aty  is n o t a p re re q u is ite  for i t  to  
occur in  vitro. H e te ro p lo id y  o f  callus cu ltu res  m ay  be due to  endoredup lica- 
tio n , endom itosis or v a rio u s  m ito tic  d is tu rb an ces d irec tly  s tim u la te d  b y  cu l
tu re  cond itions [1, 2, 7, 10, 21, 22, 23, 26]. Im p erfec tio n s an d  irreg u la ritie s  in 
th e  processes of ch rom osom al rep ro d u c tio n  an d  div ision  p rov ide  th e  basis for 
th e  k a ry o ty p ic  v a r ia b ility  o f cell and  tissue  cu ltu res . I t  has been  suggested  
th a t  th e  horm ones, p r im a rily  exogenous aux in s , in  th e  n u tr ie n t  m ed ium , affect 
th e  n u c lea r  b eh av io u r in  tissue  cu ltu res [14, 21, 29, 30]. Y e t, th e re  is a su ffi
c ien t base for a ssu m p tio n  th a t  cu ltu ra l cond itions n o t only  p ro m o te  ch rom osom al 
in s ta b ili ty  of callus cells, b u t  m ay  also have a se lective effect on k a ry o ty p ic a lly  
he te rogenous callus cell p o p u la tio n  [1, 14, 19, 25, 26, 28]. T h e  p lo id y  level o f 
ca llu s  cu ltu re  depends n o t on ly  on th e  pre-ex istence  of p o ly so m aty  o r th e  ra te
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o f p o ly p lo id iza tio n  u n d e r c u ltu re , b u t also on th e  se lective p ro life ra tio n  ra te  
o f  m ix o p lo id  callus cell p o p u la tio n . The cell lines w ith  a less f i t  k a ry o ty p e  
w o u ld  be replaced b y  th o se  w ith  a h igher fitn ess .

O u r in v estiga tion  sy s te m  does n o t p e rm it o f d istin g u ish in g  th e  p rim ary  
o rig in  o f  tr ip lo id  cells from  fa v o u re d  triggering  o f tr ip lo id  cells in to  m itosis. 
B u t  th e  presence of little  p o r tio n  o f tr ip lo id  cells a lread y  in  th e  second passage 
o f  th e  in v es tig a ted  pea ca llu s s tra in , and  th e  slow con tin u o u s increase  in  th e  
f re q u e n c y  of trip lo id  cells d u r in g  a long-term  c u ltiv a tio n  give evidence o f  th e  
s e le c tiv e  fitness of th is  p lo id y  level. The n a tu re  o f se lective fac to rs  rem ains 
o b sc u re  as fa r as th e  pea ca llu s tis su e  has been su b c u ltu re d  on  th e  sam e m edium  
a n d  u n d e r  th e  sam e co n d itio n s . I t  should  only  be supposed  th a t  som e en d o g 
en o u s fac to rs  of in tra -  o r in te rc e llu la r  c h a ra c te r  w ere in  ac tion . B esides, our 
p re v io u s  investiga tions on se v e ra l o th e r  pea callus s tra in s  h av e  show n th a t  even 
th e  c u ltu re  stra ins of s im ila r o rig in  grown u n d e r a p p a re n tly  sim ilar cond itions 
m a y  d iv erg e  and reveal v a r io u s  tendencies in  ch rom osom al v a r ia tio n  [9]. 
T h ese  fin d in g s are in  a g re e m e n t w ith  those  re p o rte d  b y  B u t c h e r  e t al. [4].

F in a lly , it should be p o in te d  o u t th a t ,  th o u g h  th e re  is no rig id  re g u la rity  
in  ch ro m o so m al v a r ia b ility  o f  d ifferen t tissue cu ltu res  an d  we are  fa r  from  
u n d e rs ta n d in g  th e  fu n d a m e n ta l causes of th is  p h en o m en o n , som e tre n d s  have 
b e e n  o b se rv ed  in ch ro m o so m al v a r ia b ility  of lo n g -te rm  p la n t tissue  cu ltu res  
p e r m it t in g  us to  exam ine som e new  aspects o f nu c lea r b eh av io u r in  vitro
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INHIBITORY EFFECT OF ADRENALINE AND 
HYDROCORTISONE ON THE GROWTH OF A L L I U M

С Е Р А  ROOTS

J .  K a n t a , E . S ic h o v á , I. P e j s k o v á  and F . B a r t o s
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Abstract

T he ro o ts  o f A lliu m  сера were allow ed to  g ro w  in  d istilled w ater c o n ta in in g  10 M  
ad renaline  h y d ro ch lo rid e  o r  2 x l O - 3 M h y d ro c o rtiso n e  sodium  su cc in a te . A d renaline  
in h ib ited  th e  g ro w th  o f ro o ts ; th ey  decreased  in  len g th , num ber and  to ta l  d ry  w eight. 
T h e  to ta l  a m o u n t o f  D N A  in  th e  roo ts was re d u ce d  m u ch  less th a n  th a t  o f e x tra c e llu la r  
ro o t com ponen ts a f te r  ad renaline . Also h y d ro c o rtiso n e  trea tm e n t resu lted  in  a  co n sider
ab le  decrease o f th e  len g th  and  d ry  w eigh t o f  A ll iu m  сера roots. B o th  D N A  a n d  e x tra 
cellu lar ro o t co m p o n en ts  were in fluenced.

Introduction

I t  is now  w ell-estab lished  th a t  th e  a d m in is tra tio n  of g lucocortico ids 
re su lts  in  th e  sup p ressio n  o f som atic g ro w th  o f  im m atu re  anim als [3, 4 ]. The 
in h ib ito ry  effects o f th ese  horm ones on D N A  syn thesis and  m itosis  c an  he 
also d e m o n s tra te d  in  th e  cells m ain ta ined  in  tissu e  cu lture [1]. T h e  q u estio n  
arises w h e th e r g lucocortico ids are specific to o ls  used by  anim als to  con tro l 
cell d iv ision  or w h e th e r th e ir  action  is on ly  nonspecific  in te rfe ren ce  w ith  th e  
m ito tic  process. W e h av e  exam ined  if  h y d ro co rtiso n e  influences th e  g row th  
of p la n t tissue t h a t  has n ev er come in to  c o n ta c t  w ith  adrenal h o rm o n es .

A n o th e r ad re n a l horm one, ad ren a lin e , h as  been repo rted  to  slow  dow n 
th e  g row th  o f c e r ta in  an im al tissues [5, 6 ]. T h ere fo re , it has been in c lu d e d  in 
o u r s tu d y  on p la n t tissu e  grow th.

Material and method

A lliu m  сера on ions w eighing ap p ro x im ate ly  25 g w ere used. D ry ro o ts  w ere  rem oved  
an d  th e  lower p a r ts  o f th e  on ions were im m ersed in d is til le d  w ater, in adrenaline  h y d ro ch lo rid e  
(A d ren alin iu m  c h lo ra tu m  so lu tu m  Spofa) so lu tion  o r  in  hydrocortisone so d iu m  succ in a te  
(H y d ro co rtiso n  solubile  Spofa) solu tion . 6 onions w ere  included  in each group . T h e  so lu tions 
were exchanged  3 tim es a week.
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O n  th e  7 th  day  of th e  e x p e rim e n t, th e  n u m b er a n d  th e  len g th  of th e  roo ts  w ere  d e te r 
m in e d . T h e  roo ts  were allow ed to  d ry  a t  60 °C, th e n  e x tr a c te d  w ith  cold 1 M  p e rch lo ric  acid 
fo r  72 h  in  o rd e r to  rem ove so lub le  com pounds th a t  w ou ld  in te rfere  w ith  DN A  d e te rm in a tio n . 
T h e  ro o ts  w ere th en  hyd ro ly sed  fo r  30 m in in  0.5 M  p e rch lo ric  acid a t  70 °C an d  D N A  co n te n t 
w as d e te rm in e d  according to  B u r to n  [2].

Results

T h e  roots grow ing in  1 0 “ 4 M  adrenaline h y d ro ch lo rid e  were b y  a p p ro x im 
a te ly  7 0 %  sh o rte r th a n  th e  co n tro l ones (T ab le  1). The reduction  in  ro o t dry  
w e ig h t w as even m ore p ro n o u n ced  (abou t 7 6 % ). A decrease in roo t n u m b e r  in 
10“ 4 M  ad ren a lin e -trea ted  onions was found  in  b o th  experim ents h u t  i t  was 
n o t  s ta tis t ic a lly  s ig n ifican t.

Table 1

In flu en ce  o f  adrenaline a n d  hydrocortisone on the grow th o f  A lliu m  сера roots

E x p e rim en t
No. Treatm ent

Root length  
(mm) Root number

Root d ry  w eight 
m g/onion

l . — 4 3 .8 +  7.9 40.3 +  26.4 52.8 +  37.5

10“ 4 M  adrenaline HC1 13.4 +  10.1* 19.3 +  17.8 12.5 +  19.3*

2 X 10“ 3 JVf HCS 1 6 .9 +  5.4* 40.5 +  29.0 2 1 .9 + 1 3 .6
2. — 18 .2+  9.9 7 8 .2 -1 7 .4 40.5 +  24.8

10“ 4 M  ad renaline  HC1 5 .0 +  8.1* 66.5 +  36.9 9 .3 +  6.7*

2 X 10“ 3 M  HCS 7 .5 +  1.6* 69.7 +  25.9 1 1 .6 +  3.8*

3. — 2 1 .6 +  9.1 74.6 +  18.6 43.3 +  21.3

10“ 5iVf adrenaline  HC1 2 3 .7 +  7.6 71.6 +  21.3 4 0 .1 +  6.1

2 x 1 0  г М  HCS 16 .8+  2.9 57.9 +  29.3 37.2 +  18.8

H C S  . . . hydrocortisone  so d iu m  succinate. M eans +  s ta n d a rd  deviations a re  in d ic a te d . 
A s te risk s  denote s ta tis t ic a l ly  sign ifican t (P  <  0 .05) resu lts

2 x 1 0  3 M  h y d ro co rtiso n e  sodium  su c c in a te  was found to  he a lm o st 
as e ffec tiv e  as 10 4 M  a d re n a lin e  in blocking ro o t g row th . The n u m b er o f  ro o ts , 
h o w e v e r , w as decreased o n ly  sligh tly .

1 0 “ 5 M  adrenaline a n d  2 x 1 0  4 M  h y d ro co rtiso n e  had  no s ig n if ic a n t 
e ffec t on  ro o t grow th.

D N A  con ten t in  ro o t d ry  m a tte r, w h ich  a p p ro x im a te ly  co rresp o n d s to  
th e  p e rc e n ta g e  of cells in  th e  roo ts of an on ion , was increased a f te r  1 0 “ 4 M  
a d re n a lin e  tre a tm e n t (T able  2). This ind ica tes  t h a t  th e  balance b e tw e e n  cell
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n u m b e r an d  ex trace llu la r m a te ria l w as d is tu rb e d . T he to ta l a m o u n t o f D N A  
did  n o t change sign ifican tly .

2 x l O “ 3 M  hydroco rtisone  h ad  s im ila r effects as 10 4 M  a d re n a lin e  b u t 
th e  increase  in  D N A  co n ten t per g d ry  w eigh t was no t so high a n d  th e  to ta l 
a m o u n t o f D N A  was decreased  by  a b o u t 50% .

10~5 M  ad renaline  and  2 X 10 4 M  h y d ro co rtiso n e  caused no s ig n if ican t 
changes in D N A  co n ten t.

Tabic 2

In fluence o f  adrenaline and hydrocortisone on D N A  content in A lliu m  сера roots

Experim ent
No. T reatm ent

DNA
(/tg/onion)

DNA
(mg/g d ry  weight)

]. — 397 +  322 7 .6 +  1.1

10 4 M  adrenaline  HC1 128 +  156 1 3 .9 +  4.2*

2 x 1 0 -'-‘ M  HCS 262 +  169 1 2 .9 +  4.1*

2. — 4 9 2 +  90 1 4 .5 +  5.1

10 1 M  adrenaline  HC1 512 +  401 53.7 +  14.0*

2 x 1 0  3 M  HCS 2 0 3 +  89* 1 7 .4 +  2.8

3. — 403 +  122 1 0 .1 +  2.0

10~3 M  adrenaline HC1 429+ 1 1 0 1 0 .7 +  1.8
2 x 1 0  4 M  HCS 334+ 177 8 .3 +  3.8

HCS . . . h y d rocortisone  sod ium  su cc in a te . M eans +  s ta n d a rd  d ev ia tio n s a re  in d ic a te d . 
A ste risk s deno te  s ta tis tic a lly  s ign ifican t (P  <  0.05) resu lts

D iscussion

W e have found  th a t  ad rena l horm ones in h ib it the  division o f  th e  cells 
in  A lliu m  серп roo t tip s. Som e func tions o f  th ese  cells, nam ely , th e  p ro d u c tio n  
of e x tra c e llu la r  m a te ria l is n eg a tiv e ly  a ffec ted , too . These f in d in g s suggest 
th a t  th e  in h ib itio n  of anim al cell d iv ision  b y  glucocorticoids or by a d re n a lin e  is 
n o t specific  an d , th u s , is n o t a physio log ica l m eans of g row th  c o n tro l.

I t  can  be argued  th a t  th e  horm one co n cen tra tio n s  used in our e x p e rim e n ts  
are v e ry  h igh . A dd itional ex perim en ts w ill h av e  to  be done to  e lu c id a te  w hy 
th e se  co n cen tra tio n s  are necessary . F o r in s ta n c e , th e  tra n sp o rt o f h y d ro c o r ti
sone in to  th e  cells and  to  th e  p rim ary  sites o f its  ac tion  in cell nuclei as well as 
th e  in te ra c tio n  of ad renaline  w ith  th e  a d e n y la te  cyclase system  a re  lik e ly  to  
p lay  an  im p o r ta n t role in th e  in h ib itio n  we have  observed and  shou ld  be th e  
su b jec t o f fu r th e r  experim en ts.
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Abstract

In  New Z ealand  w h ite  ra b b its  th e  r ig h t h in d  lim b was im m obilized  in  fu ll ex ten - 
sion  w ith  a p las te r  cas t. T h e  free left h ind  lim b serv ed  as con tro l. T he m asses o f  b o th  
th e  te ta n ic  m. g a stro cn em iu s and  th e  ton ic  m. soleus considerab ly  d ec reased  as a con
sequence of im m obilization  fo r 5, 10, 14, 28 or 42 d ay s. T he decrease w as m ore m ark ed  
fo r th e  m. soleus. T he w a te r  c o n te n t o f th e  m uscle d id  n o t change su b s ta n tia l ly  in  the  
course o f th e  a tro p h y . T h e  to ta l  p ro te in  and  m y o fib rilla r  p ro te in  c o n te n ts  o f  th e  im m o b 
ilized  m uscles fell s ig n ifican tly . T he ton ic  m. soleus a tro p h ised  sooner a n d  w as more 
ex ten siv e  th a n  th e  m. g a stro cn em iu s. S u p e rp rec ip ita tio n  of th e  m y o fib r il la r  p ro te in s 
o f th e  im m obilized  m uscles decreased  by  20— 25%  com pared  to th e  c o n tro ls . The 
ex p erim en ta l m odel is considered  su itab le  for fu r th e r  biochem ical a n d  u l tra s t ru c tu ra l  
in v estig a tio n s re la tin g  to  th e  develo p m en t o f a tro p h y  and  to reg en e ra tio n .

In t roduct ion

T he close co rre la tions betw een  th e  fu n c tio n in g  o f  organs a n d  th e ir  m o r
pho lo g ica l and  biochem ical s tru c tu re s  have long been  know n. T he consequences 
o f  use  an d  disuse are  p a r tic u la r ly  s trik in g  in  th e  skele ta l m uscles, in  w hich 
sy s te m a tic  an d  en h an ced  fu n c tio n in g  leads to  a re la tiv e ly  ra p id , w ell-visible 
an d  m easu rab le  m ass in crease  an d  m etabo lic  m od ifica tio n  [2, 3, 9, 15, 16, 17, 
20]. In  co n tra s t, c o n stra in ed  disuse re su lts  in  th e  a tro p h y  of th e  m u sc u la tu re , 
an d  in  appreciab le  changes in  th e  chem ical c o n stitu en ts  [6, 8, 12, 14, 21, 22, 
25, 27].

A  s tu d y  of th e  physio log ica l and  d iochem ical fea tu res o f  a tro p h ie s  in 
du ced  b y  re s tric ted  use o f  in n e rv a te d  m uscles m ay  prov ide in fo rm a tio n  valu ab le  
fo r b o th  basic b io logical re search  anb  th e  clin ician  an d  m ay  en ab le  us to 
o u tlin e  th e  roles o f use a n d  o f th e  m ehanic cal a c tiv ity  o f th e  m uscle  in  th e  
hom oeostasis  o f m a te ria ls  w h ic h  are  o f p rim  a ry  in  th e  m uscle fu n c tio n ; fu rth e r , 
th e  clin ician  is su p p o rted  b y  such  s tud ies in  se lec ting  th e  best m e th o d  fo r th e  
p ro p h y la x is  and  th e ra p y  o f  m u scu la r a tro p h ie s  o f  non -neu rogen ic  o rig in .
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D etailed  in v e s tig a tio n  o f  m uscular a tro p h y  cau sed  by  disuse is, m oreover, 
o f  c u r re n t  im p o rtan ce , fo r  th e  avoidance or m o d e ra tio n  of th e  consequences of 
th e  red u ced  m o v em en t a c t iv i ty  of a s tro n a u ts  u n d e r  conditions o f w eigh t
lessness during  p ro longed  space  flights can  be a t te m p te d  ra tio n a lly  on ly  in th e  
e x a c t  know ledge of th e  in d u c in g  processes.

In a c tiv a tio n  o f m u sc les  can be b ro u g h t a b o u t in  various w ays u n d er 
e x p e rim e n ta l cond itions. I t  m ay  be achieved, fo r exam ple , by  tra n se c tio n  of 
th e  m ed u lla  [5, 13], b y  te n o to m y  [8, 11, 22, 33, 36 ], an d  b y  d iffe ren t form s of 
im m o b iliza tio n , w ith  a p la s te r  cast, w ith  sp lin tin g  a n d  w ith  a rtic u la r  f ix a tio n  
[5, 12, 21, 27, 34].

U n d e r te rre s tr ia l co n d itio n s , p laste r c a s t im m obiliza tions ap p ears  to  
be  th e  m ost co n v en ien t m e th o d  for s im u la tin g  th e  reduced  fu n c tio n in g  of 
m uscles in  th e  s ta te  o f  w eigh tlessness. A s tu d y  o f  th e  m etabolic  effects of f ix a 
tio n  w ith  a p laster c a s t m a y  provide v a lu ab le  in fo rm a tio n  for th e  clin ician , 
as su c h  a procedure is f re q u e n tly  em ployed in  th e  th e ra p y  of hone frac tu res  
a n d  lim b  deform ities.

In  th e  ex p e rim en ta l series reported  in  th e  p re se n t paper, we used  b io 
ch em ica l, physiological a n d  m orphological m e th o d s  to  s tu d y  th e  to n ic  and  
te ta n ic  m uscles in r a b b it  h in d  lim bs im m obilized  w ith  a p laste r c a s t; we hoped  
to  o b ta in  new d a ta  on th e  pathogenesis o f th e  non -neu rogen ic  a tro p h y  o f skel
e ta l  m uscles.

M aterial and m ethods

T h e  New Z ealand r a b b its  ( Oryctolagus domesticus) u se d  o rig in a ted  from  th e  sam e s tra in ; 
th e y  w ere  a d u lt anim als o f  b o th  sexes, weighing 3000 +  200 g. E ig h ty  anim als w ere em ployed  in 
th is  series. T hey  were su b je c te d  to  m ild  anaesthesia  w ith  in tra v e n o u s  p e n to b a rb ita l (N e m b u ta l^ )  
(30 m g /k g ), and the  r ig h t h in d  lim b  was fixed in full e x te n s io n  w ith  a p las te r  cast. T he full 
e x te n s io n  is essential, as l i t e r a r y  d a ta  [12, 25, 31] in d ic a te  t h a t  th e  e x te n t o f th e  a tro p h y  
a n d  th e  ra te  of its d e v e lo p m en t a re  considerably in flu en ced  b y  th e  len g th  of th e  im m obilized  
m u sc le  a n d  th e  m ag n itu d e  o f  th e  a r tic u la r  angle (i.e ., th e  p o sitio n  of the  lim b). T he p la s te r  
c a s t  w as checked daily  a n d  w a s  co rrec ted  if necessary  (e.g ., i f  th e  an im al h ad  d am ag ed  i t  by  
g n a w in g  i t ,  o r if  i t  had  loo sen ed ). F iv e , 10, 14, 28 or 42 d a y s  follow ing th e  f ix a tio n , th e  anim als 
w ere  d e ca p ita te d , e x sa n g u in a te d , a n d  two functionally  d if fe re n t m uscles, th e  te ta n ic  m . g a s tro c 
n e m iu s  a n d  the  ton ic  m . so leus, w ere iso lated  and  excised . T h e  corresponding  m uscles o f th e  
c o n tra la te ra l ,  non-im m obilized  lim b  o f the  same an im a l w ere  used  as contro l. In  p re lim in a ry  
e x p e r im e n ts  on 10 in ta c t  a n im a ls , i t  was estab lished  t h a t  th e  p a ram ete rs  m easu red  in  th e  
m . g astro cn em iu s an d  th e  m . so leu s in the  r ig h t and  le f t h in d  lim bs of a g iven  ra b b it  were 
n e a r ly  iden tica l.

T h e  w ater co n ten ts  o f  th e  m uscles were d e te rm in e d  b y  d ry in g  80— 100 m g m uscle 
sa m p le s  to  w eig h t-co n stan cy  a t  106 °C.

P ro te in  w'as d e te rm in e d  w ith  a m icro-K jeldah l m e th o d . 40— 50 mg m uscle  sam ples 
w ere  h y d ro ly sed  in cone. H 2S O , fo r  12 h , w ith  a m ix tu re  o f  S e 0 2, K 2S 0 4 an d  C u S 0 4 as c a ta ly s t. 
T h e  N H 3 co n ten t of th e  ly sa te  w as absorbed  in  0.01 N  HC1 a n d  de te rm in ed  titr im e tr ic a lly .

T h e  m yofibrillar p ro te in s  w ere  ex trac ted  b y  th e  m e th o d  of H elander  [15].
T he n a tu ra l a c to m y o sin  p re p a ra tio n s  for th e  su p e rp re c ip ita tio n  ex p erim e n ts  were 

p ro d u c e d  by  the  m ethod  o f E b a sh i [7]. Prior to th e  a c to m y o s in  e x trac tio n , th e  sarcoplasm ic 
p ro te in s  w ere ex trac ted  fro m  th e  m inced  rab b it m uscle w itb  0.05 M KC1, and th e  ac tom yosin  
w as th e n  ex trac ted  w ith  0.6 M KC1 alkalinified w ith  0.01 M N a H C 0 3. The crude ac tom yosin  
e x tr a c t  w as purified  b y  d i lu t io n  w ith  bidistilled  w a te r , a n d  w as freed  fro m  C a+ + by
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tre a tm e n t w ith  E D T A -T ris bu ffer. The assay  m ed iu m  co n ta in ed  60 niM KC1, 1 mM M gCl2,
0.1 mM CaCl2 an d  20 mM T ris-m alea te  buffer o f pH  6.74.

S u p e rp rec ip ita tio n  o f actom yosin  suspensions w as s tu d ied  tu rb id im etrica lly  a t  660 nm , 
in a 1 cm  cell, w ith  a  S p ek tro m o m  360 sp e c tro p h o to m e te r. T he actom yosin  p ro te in  co n te n t 
was 0.5 m g/m l, and  th e  to ta l  volum e of th e  te s t  sam ple  2.9 m l. Follow ing m easu rem en t o f  th e  
basic ex tin c tio n , 0.1 m l 5 mM  n eu tra lized  A T P so lu tio n  w as ad ded  to  each  reac tio n  m ix tu re , 
and  th e  ex tin c tio n  w as m easu red  a t  1 m in in te rv a ls  f ro m  th e n  on. Before each  m easu rem en t, 
th e  suspensions were m ixed  w ith  a p lexi m ic ro s tirre r  to  ensu re  hom ogeneity .

R esults

T he m . gastro cn em iu s of th e  in ta c t ra b b its  w eighed 13— 15 g, an d  th e  m . 
soleus 1.5— 2 g. A fte r  im m obiliza tion  for 28 d a y s , th e  m asses o f b o th  m uscles 
w ere reduced , as c learly  seen even w ith  th e  n a k e d  eye (Fig. 1).

T he ex p e rim en ta l w eight d a ta  (F ig . 2) show ed th a t  a f te r  14 days of 
im m obiliza tion  th e  m . gastrocnem ius h ad  dec reased  in  m ass b y  21 %  on th e  
average, an d  a f te r  28 days by  33% . T he co rresp o n d in g  decreases fo r th e  m . 
soleus w ere 52%  an d  62% , respective ly , co m p ared  w ith  th e  c o n tra la te ra l, 
noil-im m obilized con tro l m uscle.

T he w eights o f th e  m uscles were m easu red  again  a fte r im m obiliza tion  
for 42 days. A t th a t  tim e  th e  anim als w ere s tro n g ly  em acia ted , an d  th e  non- 
im m obilized  c o n tra la te ra l m uscles, to o , w ere app rec iab ly  a tro p h ie d . T his 
a tro p h y  h a d  also re su lted  from  disuse, for w hen  e ith e r  of th e  h ind  lim bs o f  th e  
an im al was im m obilized , m ovem ent of th e  o th e r  h in d  lim b was also re s tr ic te d . 
In  th e  f irs t  few w eeks th e  an im al co m p en sa ted  th e  restric ted  a c tiv ity  of th e  
non-im m obilized  lim b  by  several periods o f te m p o ra ry  restlessness each  d a y  
and  v io len t a t te m p ts  to  m ove. As a consequence  o f th is , th e  non-im m obilized

Fig. 1. A tro p h y  of im m obilized  ra b b it  m uscles on  th e  2 8 th  d a y  of hypokinesis .C. G astr. =  
=  C ontrol in. g astro cn em iu s. I. G astr. Im m obilized  m . gastrocnem ius. C. Sol. C ontro l m. 

soleus. I. Sol. Im m obilized  m . soleus
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c o n tra la te ra l  m uscles d id  n o t  s ig n ifican tly  change in  w eight d u ring  an  im m o b 
il iz a tio n  period of 14 or 28 days. In  th e  5 th  or 6 th  w eek of im m o b iliza tio n , 
th e  r a b b i ts  gave up  th e  c o m p e n sa to ry  m o v em en ts , an d  th e ir  food in ta k e  de
c re a se d . T he general d e b ility  is accom pan ied  b y  a 25— 35%  decrease in  w eigh t 
o f  th e  m uscles of th e  c o n tra la te ra l  non im m obilized  lim b. A ltho u g h  th is  b e 
h a v io u r  m ay  v a ry  by  a n im a l species th e  d a ta  o b ta in ed  by  vario u s a u th o rs  
[26, 34] a fte r  im m obiliza tion  fo r longer th a n  30— 35 days m u st be accep ted  
w ith  re se rv a tio n . W e lim ite d  to  28 days th e  m ax im u m  d u ra tio n  of im m o b iliza -

g muscle weight 

i

14

■  control 
gastr

□  mmobi. 
gastr

□  control 
soleus

rrr\ immobil. 
I~—I soleus

28 42 days of disuse

F ig . 2 . E ffec t of im m o b iliza tio n  on  th e  w eights o f th e  m . gastrocnem ius a n d  th e  m . soleus 
( th e  d a ta  fo r th e  14 and  4 2 -d ay  e x p erim en ts  re p re se n t th e  averages of 8 m ea su re m e n ts , and  

those for th e  2 8 -d ay  e x p erim en t th e  av erag es o f 16 m easu rem en ts)

t io n ,  w h ich , being free o f side-effects , is su itab le  for com parison w ith  th e  con
tro ls  to  28 days. F rom  fiv e  ex p erim en ts  in  each  case, i t  was estab lished  t h a t  th e  
w e ig h t o f th e  m. soleus h a d  decreased  b y  22 %  b y  th e  5 th  day  a fte r  im m o b iliza 
t io n , b y  41 %  by  th e  1 0 th  d ay . The co rrespond ing  w eight losses fo r th e  m. 
g a s tro cn em iu s  were low er, 8 %  and  15% , respective ly .

A  role m ay be p la y e d  in  th e  red u c tio n  of th e  m ass of the  m uscle b y  loss 
o f  w a te r . A ccordingly, th e  w a te r  co n ten ts  o f co n tro l and  im m obilized  m uscles 
w ere  de te rm ined . A lth o u g h  th e  w a te r c o n te n t sligh tly  increased in  ce rta in  
cases  follow ing im m o b iliza tion , th is  was n o t ch a rac te ris tic . On th e  basis o f  our 
e x p e r im e n ts  we can exclude  th e  possib ility  th a t  th e  loss of w eight of th e  im m o b 
ilized  m uscle was due to  loss o f w ater.
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O ur resu lts  as regards pro te in  loss are  show n  in Figs 3 and  4.
F igu re  3 show s th a t  a f te r  14 days th e  im m obilized  tonic m. soleus c o n ta in 

ed 30%  less to ta l p ro te in  com pared  to  th e  c o n tro l. In  the m. g astro cn em iu s 
th e  decrease in  to ta l  p ro te in  w as only 10% , y e t, th is  change m ay be re g a rd ed  as 
sig n ifican t. A fter 28 d ay s, th e  correspond ing  to ta l  p ro te in  loss w as 36 %  an d  
2 0 % , respec tive ly .

T he m y o fib rilla r p ro te in  co n cen tra tio n s o f  th e  muscles decrease a t  a b o u t 
th e  sam e ra te  as th e  to ta l  p ro te in .

mg N/g m uscle

h  control 
™  gastr

□  immobil, 
gastr

щ  control 
soleus

гт7\  immobil. 
1— ‘ soleus

28 days of disuse

Fig. 3. E ffec t of im m o b iliza tio n  on  th e  to ta l p ro te in  c o n ce n tra tio n s  of th e  m. g a s tro cn em iu s
an d  th e  m. soleus (m g N /g  m uscle)

m g N /m uscle

control
gastr.

□
Ш

immobil
gastr
control
soleus

i ' . n immobil, 
b id  soleus

□ myofibr 
prot.

28 days of d isuse

Fig. 4. E ffec t o f im m o b iliza tio n  on th e  to ta l p ro te in  c o n te n ts  o f  the  m. gastro cn em iu s a n d  th e
m . soleus (m g N /m uscle)
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I f  th e  q u a n tita tiv e  changes in  th e  p ro te in  are  referred  to  th e  to ta l  m uscle, 
is e v e n  m ore strik ing .

T h e  results of su p e rp re c ip ita tio n  e x p e rim e n ts  w ith  m y o fib rilla r p ro te in  
e x t r a c ts  p repared  from  th e  m . gastrocnem ius a re  p resen ted  in F ig . 5.

T h e  curves c learly  i l lu s tra te  th a t  th e  tu r b id i ty  w ith  A TP w as b y  ab o u t 
2 5 %  less in  the  m yosin  p re p a ra tio n  o b ta in ed  fro m  th e  im m obilized m . g a s tro c 
n e m iu s  th a n  in th e  p re p a ra tio n  from  th e  c o n tro l m . gastrocnem ius. In d iv id u a l 
e x p e r im e n ts  could n o t be perfo rm ed  w ith  th e  in. soleus because o f th e ir  low 
m a sse s . Pools from  sev e ra l soleus m uscles gave s im ila r results as th e  in d iv id u a l 
m . g astrocnem ius specim ens.

p 660 nm 
^  1cm

t
------------- control m. gast.
-------------  immobil m  gastr

0.6 

05

0.4-

0.3

0.2

0.1 

0

F ig . 5. S u p erp rec ip ita tio n  o f th e  acto m y o sin  of th e  im m obilized  m. gastrocnem ius ( th e  re p re 
se n ta t iv e  curve from  10 e x p erim en ts)

1 2 3 4 5 10 mTn

D iscussion

T h e  s tru c tu ra l an d  fu n c tio n a l changes fo llow ing m uscular a tro p h y  have  
b e e n  in v es tig a ted  on v a rio u s  ex p erim en ta l m odels. The ap p licab ility  o f  th e  
m o d e ls  is lim ited  by  th e  effects accom pany ing  th e  atrophy .

M uscular a tro p h y  can  freq u en tly  be o b serv ed  as a consequence o f  e x te n 
s iv e  deg en era tiv e  p a th o lo g ica l processes an d  t ra u m a tic  in juries of th e  m edu lla . 
S im ila r  conditions can  he in d u ced  in an im al ex p erim en ts  by  m e d u lla ry  tra n -  
se c tio n s  in  various seg m en ts . F rom  a s tu d y  o f th e  skeletal m uscles in n e rv a te d  
b y  th e  segm ents s itu a te d  below  th e  tra n se c tio n , how ever, a com plete p ic tu re  of 
th e  d ire c t consequences o f  loss of func tion  m a y  be accepted  only w ith  re se rv a 
t io n s ,  fo r  th e  heat re g u la tio n  is d is tu rb ed  in  th e  a ffec ted  area, and  h o m o io th e r-
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m ia can  be m a in ta in ed  only b y  a rtif ic ia l h ea tin g . E xperim en ts  in  w h ich  an  
a p p ro p ria te  h ea tin g  was n o t p ro v id ed  or th e  degree o f th e  h y p o th e rm ia  o f  th e  
a ffec ted  areas was no t rep o rted  c a n n o t be e v a lu a te d  correctly .

N um erous au th o rs  have d ea lt w ith  m u scu la r a tro p h y  following p e r ip h e ra l 
d en e rv a tio n . I t  has been p roved  th a t  th e  d iffe ren tia tio n  of th e  fib res  o f  th e  
ske le ta l m uscles an d  th e  m ain ten an ce  o f th e ir  s tru c tu re  need an u n d is tu rb e d  
n eu ra l su p p ly . P e rip h era l d en erv a tio n  in  an im al experim en ts is a re liab le  
m odel fo r th e  in v es tig a tio n  o f those  h u m a n  diseases caused by  e ith e r  p a th o lo g 
ical processes or tra u m a tic  in ju ries  o f p e rip h e ra l nerves. The n o n -d e n e rv a ted , 
c o n tra la te ra l, sy m m etrica l m uscle is su ita b le  fo r com para tive  p u rp o ses . I t  
w as e stab lish ed  in  th is  w ay th a t  th e  m ass o f th e  m uscle considerab ly  d ecreases 
as a re su lt o f d en erv a tio n . F u n d a m e n ta l s tu d ies  have  also been m ad e  on th e  
fu n c tio n a l, s tru c tu ra l and b iochem ical changes occurring  in th e  m y o fib rils  [1, 
4, 10, 14, 18. 19, 23, 24, 28, 30, 32, 34, 35]. T he in ab ility  of the  m uscle to  fu n c 
tio n  is an  im p o r ta n t fac to r in in d uc ing  th e  m etab o lic , m orphological a n d  fu n c 
tio n a l changes follow ing d en erv a tio n . B esides th e  cessation  of th e  n e u ra l t r o p h 
ic effects m u st n o t be neglected  in  th e  d ev e lo p m en t of neurogenic a tro p h y . 
F ib rilla tio n , an  increased  acety lcho line  se n s itiv ity  and  prolonged c h ro n a x y  
are com m only  observed  a fte r  d en e rv a tio n  o f m uscle.

N one o f these  phenom ena are o b serv ed  if  th e  m uscular d y sfu n c tio n  is 
due to  te n o to m y . E x p e rim en ta l te n o to m y  is an  a d e q u a te  m odel for th e  s tu d y  
of th o se  processes w hich follow ru p tu re  o f a ten d o n , due to  excessive p h y sica l 
ex e rtio n , sp o rtin g  ac tiv ity , e tc . Such ex p erim en ts  have  show n th a t ,  as reg a rd s  
th e  sk e le ta l m uscles, a fte r te n o to m y  th e  ton ic  m uscles are m ore m a rk e d ly  
a tro p h ie d  th a n  th e  te ta n ic  ones [8, 11, 22, 33, 36]. D isuse seems to  p re d o m in a te  
in  in d u c in g  p o st-ten o to m y  sy m p to m s. B esides, th e  m uscle loses th e  lo a d  
ensu red  even  in re s t by  th e  in te rco n n ec tio n  w ith  th e  skeleton . T h u s , th e  
p ro p rio cep tiv e  im pulses m a in ta in ed  b y  th e  re stin g  tone  d isap p ear a lm o st 
com ple te ly , th e  restin g  len g th  o f th e  m uscle is ex ten d ed , and  th e  te n o to m y  is 
freq u en tly  follow ed b y  co n trac tio n s la s tin g  fo r v a rious periods.

In  accordance  w ith  th e  above, aneurogen ic  a tro p h y  of th e  ske le ta l m uscles 
due to  d y sfu n c tio n  m ay  perhaps be in d u ced  m ost a p p ro p ria te ly  by  e x p e rim e n 
ta l  im m o b iliza tio n  of a lim b w ith  a p la s te r  cast. C linically, th is  p ro c e d u re  is 
ex ten s iv e ly  em ployed  in the  th e ra p y  of bone frac tu re s . A detailed  in v e s tig a tio n  
of m u scu la r a tro p h y  caused by  disuse is, fu rth e rm o re , of c u rre n t in te re s t :  
th e  av o idance  or m odera tion  of th e  consequences of th e  reduced  m o v e m e n t 
a c tiv ity  in  th e  s ta te  o f w eightlessness needs th e  e x a c t know ledge o f th e  p a th o 
logical processes. On th is  basis, im m o b iliza tio n  seem s to  be th e  m ost su ita b le  
m ethod  of s im u la tin g  disuse due to  w eightlessness u n d e r te rre s tr ia l co n d itio n s . 
Im m o b iliza tio n  has a lready  been em ployed  w ith  various an im als, e.g ., c a t 
[6, 11, 21]. gu inea-p ig  [34], ra t  [26, 27], r a b b it  [12], etc. A lthough th e  conse
q u e n t sy m p to m s v a ry  by  species i t  m ay  be concluded  th a t  th e  f ih re - ty p e  o f  th e
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m uscle  is th e  m ain  fa c to r  d e te rm in ing  th e  m ode  an d  th e  e x te n t o f th e  a tro p h y  
a n d , also, th e  changes in  th e  m etabolism  a n d  in  th e  biochem ical com position  
o f th e  m uscle. T he to n ic  m uscles are se lec tive ly  m ore  sensitive to  d isuse, th o u g h , 
im m o b iliza tio n  co n sid e rab ly  affects all f ib re - ty p e s . A ccordingly d isuse is 
a s u b s ta n tia l  fa c to r  in  m uscle pathology .

In  th e  c u rre n tly  beg inn ing  sy stem atic  ex p e rim en ta l series o f in v e s tig a 
tio n s on ra b b its , we a re  a tte m p tin g  to  acqu ire  new  d a ta  on th e  a tro p h y  o f sk e l
e ta l m uscles su b je c te d  to  d isuse. In  the  f irs t  p u b lic a tio n , re la ting  to  th e  general 
b io logical p a ra m e te rs , we h av e  rep o rted  t h a t ,  essen tia lly  in  ag reem en t w ith  
l i te ra ry  d a ta , im m o b iliza tio n  caused ap p rec iab le  changes in  b o th  th e  te ta n ic  
m . gastrocnem ius a n d  th e  ton ic  m. soleus. W e have confirm ed th a t  to n ic  
m uscle  are  m ore sen sitiv e  to  im m obiliza tion . T h e  decrease in b o th  th e  m ass 
a n d  th e  p ro te in  c o n te n t o f th e  muscle w as m ore  announced  in to n ic  m uscles.

W e have p e rfo rm ed  experim en ts in w h ich  th e  con trac tile  p ro p ertie s  of 
im m obilized  m uscles w ere exam ined  on S h e rr in g to n  p rep ara tio n s. I t  seem s 
w o rth -w h ile  to  m en tio n  th a t  th e  tonic m uscles ex h ib ited  a g rea te r decrease in  
s tre n g th  th a n  d id  th e  te ta n ic  m. g astrocnem ius; th e  decreased m u sc le -s tren g th  
w as n ea rly  p ro p o rtio n a l to  th e  decreases in  th e  m ass and  th e  m y o fib rilla r 
p ro te in  co n ten t of th e  m uscle.

O ur basic e x p e rim e n ts  also draw  a t te n tio n  to  th e  fac t th a t  th e  w eaken ing  
in  c o n trac tile  s tre n g th  o f th e  m uscle is n o t o n ly  a consequence of th e  decreases 
in  th e  m uscle w eigh t an d  p ro te in  co n ten t. O n th e  basis of th e  su p e rp re c ip ita 
tio n  ex perim en ts we assum e th a t  th e  q u a n t i ta t iv e  changes in th e  p ro te in  
c o n te n t are accom pan ied  b y  changes in th e  su b m o lecu la r s tru c tu re  of th e  m y o 
f ib r il la r  p ro te in s . O therw ise  we would n o t be ab le  to  in te rp re t our o b se rv a tio n  
th a t  in  p re p a ra tio n s  o b ta in e d  from  im m obilized  m uscles the  reduced  ten d e n c y  
o f ac tom yosin  suspensions to  undergo su p e rp re c ip ita tio n .

T he m uscle w e ig h t an d  pro te in  c o n te n t p ro v ed  to  be read ily  fo llow able 
p a ra m e te rs , su itab le  fo r in v estig a tio n  of th e  d ev e lo p m en t of m uscu lar a tro p h y . 
F ro m  o u r ex p erim en ts  th e  conclusion was d ra w n  th a t  an analysis o f th e  fu lly  
deve loped  28-day  a tro p h ic  s ta te  appears to  be  th e  m o st convenien t for s tu d y in g  
th e  fu n c tio n a l an d  m orphological changes re su ltin g  from  im m obilization .

A m ore d e ta iled  m u ltid irec tio n a l analy sis  o f th e  changes due to  im m o b il
iz a tio n  and  s tud ies on th e  possible m odes o f delay ing  th e  d ev e lo p m en t of 
a tro p h y  and  of p ro m o tin g  regeneration  are  in  progress.
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A bstract

T he effec t o f hypokinesis on th e  q u a n ti ta t iv e  changes in th e  nucle ic  acid s was 
s tu d ied  in fu n c tio n a lly  d ifferen t m uscles o f  r a b b its  on the 5 th , 10 th , 1 4 th  a n d  28 th  
days follow ing p la s te r  cas t im m obilization  o f th e  lim bs. As a consequence o f  th e  im m o b 
iliza tion , th e  to ta l  a m o u n t o f deoxyribonucle ic  acid  (D N A ) and rib onucle ic  ac id  (R N A ) 
decreased  in b o th  th e  to n ic  and the  te ta n ic  m uscles. T he decrease w as m ore  m ark e d  in 
th e  to n ic  m uscles. As a re su lt of the  h y p o k in es is , th e  R N A /D N A  ra tio  in c re a sed  in  the  
m. gastro cn em iu s, and  decreased in th e  m . so leus. T he p laste r cas t im m o b iliz a tio n  has 
a g re a te r  e ffec t on  th e  hom oeostasis o f th e  nu c le ic  acids of the  tonic  m uscles th a n  in  the  
case o f th e  te ta n ic  m uscles.

Introduction

In  th e  f irs t p ap e r o f th is  series [13] th e  effects of p la s te r c a s t induced  
lim b im m obiliza tion  on som e b iochem ical an d  physiological p a ra m e te rs  of 
fu n c tio n a lly  d iffe ren t skele ta l m uscles o f  ra b b its  have been p u b lish ed . The 
im m obiliza tion  resu lted  in  sign ifican t w e ig h t an d  protein  losses in  th e  lim b 
m uscles.

In  connec tion  w ith  m odifications o f  th e  p ro te in  m etabo lism  follow ing 
im m obiliza tion  [3 , 8, 9, 13], special a t te n t io n  should  he paid  to  th e  nucleic 
acids, q u a n tita tiv e  and  q u a lita tiv e  changes in  w hich m ay p lay  a c e n tra l  role 
in th e  a d a p tiv e  an d  pathological m o d ifica tio n s  o f th e  m echanism s reg u la tin g  
th e  p ro te in  m etabo lism .

In  th e  p re sen t w ork , a s tu d y  has b een  m ad e  of the  q u a n ti ta t iv e  changes 
in th e  nucleic acids a t  various periods a f te r  p la s te r cast im m o b iliza tio n  of 
lim bs. Since fu n c tio n a lly  d ifferen t m uscles m ay  react to  im m o b iliza tio n - 
induced  hypok inesis in d ifferen t w ays as re g a rd s  th e ir  m etabo lism s, e x a m in a 
tions w ere perfo rm ed  on th e  (te tan ic , “ r a p id ”  o r w hite) m. g as tro cn em iu s  and  
th e  (ton ic , “ slow ”  or red) m. soleus.
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M ateria l and m ethods

T h e  effects of im m o b iliz a tio n  were exam ined on 21 N ew  Z ealand  w hite ra b b its  ( Orycto- 
lagus dom esticus) o f b o th  sexes, w eighing 3000 +  200 g. T h e  m uscles of two in ta c t  a n im a ls  
w ere  u se d  to  contro l th e  im m o b iliz a tio n  stress effects a ffe c tin g  th e  en tire  skeletal m u sc u la tu re . 
T h e  a n im a ls  were m ain ta in ed  on  a  s ta n d a rd  ra b b it  d ie t  p re p a re d  by the L ab o ra to ry  A n im al 
B re e d in g  In s t i tu te ,  Gödöllő.

T h e  r ig h t h ind  lim b w as im m obilized  in fu ll e x te n s io n  w ith  a p laste r c as t [13]; th e  
c o n tr a la te r a l  lim b m uscles se rv ed  as controls.

O n each  of th e  5 th , 1 0 th , 1 4 th  or 28th days fo llow ing  im m obilization , a g ro u p  o f th e  
a n im a ls  w as exsan g u in a ted  a n d  processed . The m. g a s tro cn e m iu s  an d  th e  m. soleus w ere  p re 
p a re d , w eighed  and frozen in  c ru sh e d  solid C 0 2; th e  m uscles w ere processed w ith in  2 h o u rs .

N u cleic  acids were d e te rm in e d  in  the  follow ing m a n n e r , b y  a v a r ia n t of th e  co m b in ed  
m e th o d  o f  Schmidt—T h a n n h a u s e r  and  Sc h n e id e r  [10], a d a p te d  for muscle tis su e :

y
S e d im e n t:  p ro te ins,

l ip id s , nucleic acids

steps 5 — 8

Y
S e d im e n t:  p ro teins, 

n u c le ic  acids

steps 9 — 13

P r e c ip i ta te :  D N A  -j- 
+  p ro te in s

steps 16— 17

S e d im e n t:  p ro teins 
(d isc a rd e d )

F resh  tissue
I

step s 1 — 4

Y
E x tr a c t :  acid-soluble n u c le o tid e s ,

su g a r phosphates , g lyco g en , etc.

i
E x tr a c t :  lipids

S u p e rn a ta n t:  R N A  as m o n o n u 
cleotides

i
s te p s  14— 15

Y
E x tr a c t :  DN A

1
s tep  18

S te p  1 (hom ogen iza tion ): 300— 500 m g m uscle w as c u t u p  in to  fine pieces w ith  sc issors an d  
h o m o g en iz ed  in 5 ml ice-cold 5 %  trich lo roacetic  acid  (TC A ) in  a P o tte r ’s glass h o m o g en izer 
fo r  3 x 1  m in . The hom ogenate  w as  tran sferred  in to  a 25 m l g lass centrifuge tu b e  c o n ta in in g  
10 m l 1 0 %  TCA, w hich is s i tu a te d  in  an  iced-w ater b a th  
S tep s  2 — 4 (R em oval o f ac id -so lu b le  com ponents):
S te p  2 :  T h e  hom ogenate was th o ro u g h ly  m ixed w ith  a g lass ro d , left to  stand  for 20 m in , an d  
c e n tr ifu g e d  a t  1050 g  a t  4 °C fo r  10 m in. The su p e rn a ta n t  w as poured  off.
S te p  3 :  10 m l ice-cold 10%  T C A  w as added  to th e  se d im e n t, a n d  step  2 was rep ea ted .
S te p  4 :  S tep  3 was rep ea ted .
S tep s  5 — 8  (R em oval o f tra c e s  o f  TCA, lipid e x tra c tio n , d e h y d ra tio n ):
S te p  5 :  20 m l ice-cold d is tilled  w a te r  was added to  th e  p re c ip ita te , and c e n tr ifu g a tio n  w as 
p e rfo rm e d  as in  step 2. T he w a te r  w as poured  off.

i f  A c ta  Biologica Academiae Scientiarum  Hungaricae 28, 1977



INVESTIGATIONS ON H Y P O K IN E S IS  OF MUSCLES II. 2 0 7

S tep  6: 3 ml cold 96%  e th a n o l was ad d ed  to the  sed im en t, and the  m ix tu re  w as cen trifuged . 
T h e  alcohol was poured  off.
S tep  7 : 5 ml o f a 3:1 m ix tu re  o f  96%  e th an o l -f- e th e r  was added  to the  se d im e n t, th e  m ix tu re  
w as s tirred , and  h e a ted  in a 70 °C w ater b a th  for 20 m in . T his was follow ed by  cen trifu g a tio n  
a t  1050 g for 20 m in. T he e x tr a c t  was poured  off.
S tep  8: 3 m l e th e r was ad d ed  to  th e  sed im en t, and  th e  m ix tu re  was held in a 40 °C w a te r  hath  
fo r 15 m in. C en trifugation  w as perform ed as in step  7. The e x tra c t was p o u re d  off.
Step  9 (P re p a ra tio n  of tissue  pow der): T he sed im en t was dried  in a v acuum  d e s icc a to r  and  pow
d ered  in a m ortar.
Steps 10— 13 (S ep ara tio n  of D N A  and  R N A ):
S tep  10: 3 ml 0.5 N  K O H  w as p ip e tte d  o n to  50 —70 m g tissue pow der in a 10 m l glass cen tri
fuge tu b e . A b lank  tu b e  w ith o u t tissue  pow der w as also p repared .
S tep  11: T he tu b es were sealed w ith  p a ra film  (M ara th o n , N eenah, W isconsin), a n d  placed in 
a 37 °C th e rm o sta t for a t  least 15 h.
S tep  12: T he tu b es were p laced  in iced w a ter, an d  th e ir  co n ten ts f irs t n e u tra liz e d  w ith  70%  
H C IO , and  th en  acid ified  w ith  3 ml 0.4 M  H CIO ,. T he tu b es  were cen trifuged  a n d  th e  su p e rn a 
tan t. was poured  in to  a ca lib ra ted  te s t  tube.
S tep  13: T he p rec ip ita te  w as w ashed w ith  3 ml cold 0.2 N  HCIO ,. T he s u p e rn a ta n ts  were 
com bined.
Step  14: The volum e of th e  so lu tion  co n ta in in g  th e  R N A  nucleotides w as m ad e  u p  to  10 ml 
w ith  0.2 N  HCIO ,.
Step  15: T he ribose co n te n t o f the  so lu tion  was d e te rm in ed  according to  B ial  [1].
Steps 16— 17 (E x tra c tio n  of D N A ):
S te p  16: 2 m l 0.75 N  H C IO , was added  on to  th e  p re c ip ita te , and the  D N A  w as ex trac ted  
fo r 20 m in  a t  70 °C. T he su p e rn a ta n t  was tran s fe rre d  to  a calib ra ted  tu b e .
S tep  17: T he e x tra c tio n  w as rep ea ted  w ith  1 ml 0.75 N  HCIO ,. The com bined  e x tra c ts  in the 
ca lib ra ted  tu b es  were m ade up  to 3 m l w ith  th e  sam e solu tion .
Step  18: T he DN A  c o n te n t o f th e  so lu tion  is d e te rm in ed  by the  m ethod  o f B u r t o n  [2].

T he N a sa lt o f  D N A  (iso la ted  from  calf th y m u s  L. L ight, C olnbrook, E n g la n d )  and the 
N a  sa lt o f R N A  (iso lated  from  y e as t B D H , Poole, E n g lan d ) were used as s ta n d a rd s  for the  
q u a n ti ta t iv e  d e te rm in a tio n  o f th e  nucleic acids. P h o to m etric  m easu rem en ts  w ere m ade w ith 
a B eckm an  DB sp ec tro p h o to m ete r.

In  th e  s ta tis t ic a l  e v a lu a tio n  of th e  ex p e rim e n ta l resu lts , th e  s ta n d a rd  e rro r (S. E .) 
o f th e  m ean  was calcu la ted  w ith  th e  S. D .//Ü  re la tio n , and the  significance o f th e  difference 
be tw een  th e  ex p erim en ta l series w ith  th e  S tu d e n t’s t te s t  [12J. T he sign ifican ce  levels were 
a d a p te d  from  Cramer  [4].

R esu lts

T he DNA an d  R N A  co n cen tra tio n s in th e  contro l m uscles o f  th e  anim als 
w ith  im m obilized  lim bs w ere sim ilar to  th e  values for th e  in ta c t  m uscles un til 
th e  end o f th e  2nd w eek of hypokinesis w h erea fte r decrease so m e w h a t (Tables 
1, 5 an d  7). C onsequen tly , in th e  ex am in a tio n  o f the  effects o f  im m obiliza tion  
fo r longer periods it  is desirab le  to  use m uscles from  in ta c t an im als  as contro ls.

U p to  th e  2 8 th  d ay  of th e  hypok inesis, th e  D N A  c o n c e n tra tio n  increased 
to  an in sig n ifican t e x te n t in th e  m. gastrocnem ius (Table 1). In  c o n tra s t , by 
th e  10 th  d ay  a s ig n ifican t increase, and  b y  th e  14tli day  a h ig h ly  significant 
increase (38.! m  w as observed  in  th e  m . soleus (Table 3).

In  th e  ex am in a tio n  period  th e  to ta l  a m o u n t of D N A  e x h ib ite d  a decreas
ing  ten d en cy  in b o th  m uscles (Tables 2 an d  4). By th e  14 th  a n d  2 8 th  days 
follow ing lim b im m obiliza tion , th e  decrease was m ore s ig n if ic a n t in  th e  m. 
soleus.
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Table 1

D N A  fig/100 mg wet wt. in  gastrocnem ius muscles o f  rabbit legs im m obilized w ith p laster cast

P eriod
o f

fix a tio n

Number
of

muscles

Muscles from  
in tac t an im als

Contralateral 
control muscles I

Im m obilized
muscles Difference

%*
p * *

(days) analyzed m ean^S .E .

— 2 a ) 5 7 .5  +  0 .8

— 2 b ) 5 7 .0  +  3 .1

5 3 5 5 .0 + 1 .1 5 6 .7  +  1 .1 +  3 .1 > 0 . 2

1 0 3 5 2 .8  +  0 .9 5 4 .8  +  2 .9 +  3 .7 > 0 . 5

1 4 7 5 9 .0  +  2 .0 6 1 .0  +  2 .2 +  3 .3 > 0 . 2

2 8 8 5 4 .6 + 3 . 8 5 9 .8  +  5 .6 +  9 .5 > 0 . 4

Tabic 2

D N A  m g/m uscle in  the immobilized gastrocnem ius muscles

5 3 1 0 .5 2 8  +  0 .2 9 9 .6 3 3  +  0 .2 6 -  8 .5 > 0 . 0 5

1 0 3 9 .1 8 5  +  0 .9 5 7 .9 0 2  +  1 .2 1 - 1 3 . 9 > 0 . 4

1 4 7 9 .1 6 5  +  0 .6 7 .4 2 6  +  0 .5 7 - 1 8 . 9 < 0 . 0 0 5

2 8 8 6 .7 4 6  +  0 .6 7 5 .5 3 0  +  0 .3 6 - 1 8 .0

Table 3

D N A  (ig/100 mg wet wt. in  soleus muscles o f rabbit legs im m obilized  with plaster cast

P eriod
of

fix a tio n

Number
of

muscles

Muscles from  
in tac t an im als

Contralateral 
control muscles

Im m obilized
muscles Difference

%*
P**

(days) analyzed mean —S.E.

— 2 a ) 7 7 .9  +  0 .8

— 2 b ) 7 6 . 7 + 2 . 1

5 3 7 8 .5  +  0 .9 8 3 .0  +  0 .7 +  5 .7 < 0 . 0 2 6

1 0 3 8 2 .9  +  2 .8 1 0 0 .1  +  1 .4 +  2 0 .7 < 0 . 0 1

1 4 7 8 1 .8  +  2 .7 1 1 3 .2  +  4 .5 +  3 8 .3 < 0 . 0 0 1

2 8 8 8 3 . 9 + 3 . 0 1 4 3 .6  +  4 .6 +  7 1 .1

* P e rcen tage  changes f ro m  c o n tra la te ra l n o n im m o b ilized  m uscles.
** Significance of d iffe ren ce  b e tw een  contro l an d  im m o b ilized  m uscles. 

a )  F rom  the  r ig h t legs, b )  fro m  th e  left ones
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Table 1

D N A  m g/m uscle in  the immobilized soleus muscles

Period
of

fixation
(days)

Number
of

muscles
analyzed

Muscles from 
in tac t anim als

Contralateral 
control muscles

Imm obilized
muscles Difference

V
P**

mean + S.E.

5 3 1 .6 6 6  +  0 .1 4 1 .4 4 2  +  0 .2 2 - 1 3 . 4 > 0 . 4

10 3 1 .7 2 5  +  0 .1 4 1 .6 1 3  +  0 .1 4 -  6 .5 > 0 . 5

14 7 1 .5 2 1 + 0 .0 7 0 .9 6 3  +  0 .0 7 - 3 6 . 6 < 0 .0 0 1

2 8 8 1 .5 3 0  +  0 .1 3 1 .11  1 + 0 . 0 9 2 7 .4

* Percen tage  changes fro m  c o n tra la te ra l n o n im m obilized  m uscles.
** Significance of d ifferen ce  be tw een  contro l and  im m obilized  m uscles. 
a) F rom  th e  r ig h t leg s , b)  from  th e  left ones.

W ith  th e  advance  o f tim e , th e  R N A  c o n c e n tra tio n  increased in  th e  m . 
gastrocnem ius (Table 5), b u t  ex h ib ited  a decreasing  ten d en cy  in th e  m . soleus. 
(T able 7).

T he abso lu te  q u a n t i ty  o f R N A  decreased in  b o th  m uscle ty p es , b u t  th is  
a tta in e d  a s ta tis tic a lly  s ig n if ican t or highly  s ig n if ic a n t e x te n t only in  th e  m. 
soleus (Tables 6 and  8).

As a resu lt o f th e  hypo k in esis , th e  R N A /D N A  ra tio  increased  in  th e  in. 
gastrocnem ius (Tables 5 a n d  6), and  decreased in  th e  m . soleus (T ables 7 an d  
8). In  th e  m. gastrocnem ius a change was o b served  in  th is  ra tio  a f te r  th e  5 th  
d a y  o f th e  hypokinesis.

Discussion

The exp erim en ta l re su lts  in d ica te  th a t  p la s te r  c a s t im m obiliza tion  of th e  
lim bs has a m ore p ro fo u n d  effect on th e  nucleic ac id  m etabo lism  o f th e  ton ic  
m uscles (m . soleus) th a n  on  th a t  of th e  te ta n ic  m uscles (m . gastrocnem ius). 
T he neurogenic a tro p h y  e x e rts  an  opposite effect on  th e  nucleic acid  co n te n t 
o f th e  skeletal m uscles. H o llo si an d  Lovas [6] o b se rv ed  a m ore p ro n o u n ced  
decrease in  th e  R N A  c o n te n t o f th e  den erv a ted  te ta n ic  m uscles of th e  r a t  th a n  
in  th a t  of th e  ton ic  m uscles. T h e ir investiga tions p ro v e  th a t  th e  nucleic acid 
m etabo lism  of the  te ta n ic  m uscles depends to  a g re a te r  e x te n t on th e  n eu ro 
m uscu la r in teg rity  o f th e se  m uscles th a n  in  th e  case o f  th e  ton ic  m uscles.

T he effect of p la s te r  c a s t im m obilization  can  be com pared  w ith  th a t  o f 
som e o th e r in te rv en tio n  su itab le  for inducing  in a c tiv a tio n  a tro p h y , e.g. 
ten o to m y . S h ch esno  [11] o bserved  a change o f s im ila r  d irec tion , b u t o f g re a te r  
e x te n t, in th e  re la tiv e  an d  ab so lu te  am ounts o f ten o to m ized  ra b b it m uscles.
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Table 5

R N A  (.ig/lOO mg wet wt. in  gastrocnemius muscles o f  rabbit legs im m obilized w ith plaster cast

Period of 
fixation 
(days)

Number of 
muscles analyzed

Muscles from 
in tac t animals

Contralateral
muscles

Immobilized
muscles Difference

%*
p * *

RNA/DNA ratio

mean i S .E . In tac t Control Immob.

— 2 a) 134.1 +  3.9 2.33

— 2 b) 133.1 +  2.7 2.33

5 3 129.5 +  2.7 133 .4+2 .7 +  3.0 > 0 .2 2.35 2.35

10 3 130.3 +  5.6 139.6 +  5.8 +  7.1 > 0 .2 2.46 2.54

14 7 126 .0+3.1 141 .8+  3.3 +  12.4 < 0 .005 21.3 2.32

28 8 94.3 +  5.1 146.7 +  13.2 +  55.5 < 0.001 1.72 2.45

Table 6

R N A  mgjmuscle in  the im m obilized gastrocnemius muscles

5 3 24 .774+ 0 .2 22.656 +  0.7 - 8.5 >  8.5 2.35 2.35

10 3 22.647 +  2.1 20.029 +  2.3 11.5 > 0 .4 2.46 2.53

14 7 19.440 +  1.1 17.190+1.1 - 1 1 .5 > 0 .1 2.12 2.31

28 8 14.646 +  1.5 13.176 +  1.1 — 10.0 > 0 .4 2.17 2.38

* P ercen tag e  changes from  c o n tra la te ra l nonim m obilized  m uscles.
** Significance of d ifference be tw een  con tro l an d  im m obilized  m uscles. 

a) F rom  th e  r ig h t legs, b) from  th e  left ones
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Table 7

R N A  {igjlOO mg ivet ivt. in soleus muscles o f  rabbit legs im m obilized w ith plaster cast

P e r io d  o f  
f i x a t io n  
( d a y s )

N u m b e r
a n a ly z e d

M u sc le s  f r o m  
i n t a c t  a n im a ls

C o n tr a l a t e r a l  
c o n tro l  m u s c le s

Im m o b iliz e d
m u s c le s D if fe re n c e

°/o *
p * *

R N A /D N A  r a t io

m e a n ^ S . E . I n t a c t C o n tro l I m m o b .

— 2 a) 2 2 3 .0+ 0 .9 2.85

— 2 b) 2 2 2 .4+ 1 .5 2.89

5 3 2 2 3 .3 +  2.8 2 1 9 .1 +  1.9 -  1.8 2.84 2.63

10 3 2 2 6 .2 +  2.9 2 2 3 .7 +  2.8 -  1.1 2.72 2.23

14 7 2 2 5 .7 +  6.0 2 1 6 .5 +  3.8 4.0 > 0 .05 2.75 1.91

28 7 216 .9+ 18 .6 188 .0+13 .0 -13 .3 > 0 .2 2.58 1.30

Table 8

Total quantity  o f  R N A  mg/muscle in  the im m obilized soleus muscles

5 3 4.731 +  0.35 3.804+0.58 - 1 9 .6 > 0 .2 2.83 2.63

10 3 4.693 +  0.29 3 .601+ 0 .29 - 2 3 .2 > 0 .05 2.72 2.23

14 7 4.211 +  0.22 1.947+0.13 - 5 3 .7 <0.001 2.76 2.02

28 7 4.441 +  0.45 1.479 +  0.18 - 6 6 .7 < 0.001 2.90 1.33

* P ercen tage  changes from  c o n tra la te ra l nonim m obilized  m uscles.
** Significance of difference betw een  con tro l and  im m obilized  m uscles. 

a) F rom  th e  r ig h t legs, b)  from  th e  left ones
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T h e  to n ic  muscles w ere s im ila rly  m ore strong ly  a ffec ted  b y  the  surg ical in te r 
v e n tio n . H ollósi e t al. [5] a n d  L issák  et al. [7] d id  n o t observe an y  change in  
th e  nuc le ic  acid c o n te n t o f  r a t  muscles u p  to  th e  12th  p o sto p era tiv e  d ay  
fo llow ing  ten o to m y .

F u r th e r  stud ies a re  n ecessary  to  e lu c id a te  th e  m echanism s in d u c in g  
th e  q u a n ti ta t iv e  changes in  th e  nucleic acids d u rin g  p la s te r cast im m o b iliza 
tio n . A n u n d e rs tan d in g  o f  th e  m echanism s m o d ify in g  th e  nucleic acid  and  
p ro te in  m etabolism s m a y  p ro v id e  a possib ility  fo r selecting  the  m ost a p p ro 
p r ia te  m eth o d  in  th e  p re v e n tio n  and  th e ra p y  o f im m obiliza tion  a tro p h y .
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DEBRECEN

(R ece iv ed  1976 12 — 07)

A bstract

C hanges occurring in the  p rote in  fraction s o f  ra b b its’ im m ob ilized  sk e le ta l m uscles  
w ith  d ifferen t fu n ctio n s w ere stu d ied . D isu se  o f  th e  m uscles resu lted  in  a grad u al re
d u ctio n  in  th e  co n tra ctile  p ro te in s. T he sp ec ific  p ro te in s o f  the  to n ic  m u sc le  (m . so leus) 
w ere degraded to  a grea ter  e x te n t  than  th o se  o f  tb e  te ta n ic  (w h ite) m u sc le  (m . g a stro cn e
m iu s). P arallel w ith  th e  d ecrease in  the  stru ctu ra l p rote in s th e  sa rco p la sm ic  protein  
ex h ib ited  a re la tiv e  in crease . T h e to n ic  m u scles u n d erw en t greater d a m a g e  th a n  the  
te ta n ic  m uscles, in d ica tin g  th a t  th e  d ed ifferen tia tio n  w as m ore m ark ed  in  th e  ton ic  
m uscle . The resu lts are ex p la in e d  b y  the  b io log ica l im portan ce o f  the  fu n c t io n  and  a c t iv 
ity  o f  th e  cell: d isuse lead s to  ch an ges in  the  p h y sio lo g ica l and b io ch em ic a l ch aracter
ist ic s  o f  the m uscle , and  to d ed ifferen tia tio n  o f  th e  cells.

In tro d u c tio n

A p a rt from  th e  cell nucleus, th e  skele ta l an d  h ea rt m uscles consist of 
w ell-d istingu ishah lc  c o m p a rtm e n ts : th e  m y o fib rilla r e lem ents perfo rm in g  
th e  special fu nc tion  o f co n tra c tio n , and  th e  sarcop lasm  (so luble p ro te in s). 
In  ad d itio n , th e  m uscle cells co n ta in  partic les (m ito ch o n d ria  a n d  lysosom es), 
an d  a specially  o rganized  n e tw o rk  system , th e  sarcoplasm ic re tic u lu m .

T he m yofibrils consist o f th in  and  th ic k  filam en t and  th e  asso c ia ted  Z 
m em b ran e . T heir b iochem ical com ponen ts are th e  s tru c tu ra l p ro te in s : m yosin , 
a c tin  an d  reg u la tion  p ro te in s . T he sarcoplasm ic c o m p a rtm e n t, o r m yogen  as 
i t  was earlie r te rm ed , m eans th e  p ro te in  frac tio n  e x tra c ta b le  below  p H  6.8 a t 
low  ionic s tre n g th  [4]. T his system  is su b s ta n tia lly  m ore h e te ro g en eo u s th a n  
th e  s tru c tu ra l p ro te in s; its  com ponen ts are m ain ly  glycolytic  enzym es (cca. 
70% ), c rea tin e  phosp h o k in ase  (cca. 5% ) an d  m yoglobin (1 —2 % ), an d  also 
o th e r  enzym es o f ex tra c e llu la r  origin.

As regards th e  fu n c tio n in g  o f th e  m uscle, each  cell co m p o n en t p lays an 
im p o r ta n t role. D isuse p resu m ab ly  has a d e s tru c tiv e  effect on ev e ry  p ro te in . 
I t  was earlie r d em o n stra ted  [6] th a t  th e  m asses o f th e  im m obilized  ra b b it  in. 
gastrocnem ius and m . soleus (in th e  follow ing G an d  S) p rogressively  decrease
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in  t im e ; during  4— 6 w eeks th e y  m ay  lose even 5 0 —60%  o f th e ir  orig inal w eights. 
A f te r  14 days’ disuse, th e  d ecrease  in  th e  p ro te in  c o n te n t  w as, on th e  average , 
1 0 %  fo r G and 30%  fo r S ; th e  corresponding v a lu es  a f te r  28 day s’ disuse w ere 
2 0 %  a n d  36% .

I t  appeared  re a so n a b le  to  investiga te  th e  chan g es occurring  in  th e  com 
p a r tm e n ts  of th e  m uscle ce ll a n d  fibres u n d er th e  sam e  ex p erim en ta l cond itions.

Table 1

P r o c e s s  o f p repara tion

A b b rev ia tio n s:  C =  co n tro l, I  =  im m ob ilized , G =  g a str o c n e m iu s, S =  so leu s m uscle .
Arabic n u m b ers: C ode sym bols for m ark in g  in d iv id u a l sam ples
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Material anil methods

T h e en tire  w ork in g  process o f  the  p rep aration  w a s carried  o u t in  a co ld -ro o m  or at  
4 °C . R eferen ce is m ade to  earlier p u b lica tion s [3, 6] for d e ta ils  o f  th e  tech n iqu es o f  im m o b iliz a 
tio n  and m uscle  ex c is io n . A n im als w ere e x sa n g u in a ted  5 , 10, 14 and  28 d ays after b e in g  p u t  in 
p laster . T h e  im m o b ilized  an d  th e  con tra latera l lim b  m u sc le s  w ere excised  rap id ly , freed  from  
c o n n ec tiv e  t is su e , w eig h ed  and im m ed ia te ly  p ro cessed . T h ere w ere 5 rabb its in  e a c h  group: 
3 o f  th e se  w ere im m o b ilized , and 2 (from  the sam e s tr a in )  served  as controls. T he 5- a n d  10- 
d a y  e x p er im en ts  w ere perform ed  tw ice , and the  14 a n d  2 8 -d a y  exp erim en ts th ree  t im e s  (a l
to g e th e r  50 an im als). In  th e  la tte r , th e  lim b  m u sc les w ere  processed  b ilaterally .
S o lu tion s:

(1) 0 .25  M sucrose so lu tio n  for step  1.
(2 ) S cop es so lu tio n . 0.1 M KC1 — 2 mM E D T A , 3 %  g ly cero l. — 10 m M T ris-H C l p H  7 .7 .
(3 ) W ash in g  so lu tio n : 0.01 M KC1 — 5 mM  T r is -H C l p H  7.7.
T h e course o f  th e  p rep aration  is illu stra ted  in  T a b le  1.
In  order to  sa v e  w ork  and ensure the  id e n tif ic a t io n  o f  in d iv id u a l sam p les, w e  u sed  a  

code n o ta t io n . T he le tte r s  C, I, G and S, w ritten  a fter  th e  seria l num ber o f  th e  a n im a l, m ean  
con tro l, im m o b ilized , gastro cn em iu s and  soleus m u sc les .

F or co m p lete  exp o su re  and  loss-free fra c tio n a tio n  o f  th e  m uscle tissu e , th e  n a t iv e  m u sc le  
w as h o m o g en ized  w ith  an M SE  b len d er in  9 v o lu m e s o f  0 .2 5  M sucrose so lu tion  (s te p  I ) .  T h e  
h o m o g e n a te  w as cen tr ifu g ed  for 10 m in  a t  800 g . T h e  su p e r n a ta n t (1 .1) w as rece n tr ifu g ed  for  
30 m in at 16 ,000  g  to  y ie ld  th e  so lu b le (1 .3 ) and  m ito c h o n d r ia l (1 .4) fractions. T h e  se d im e n t  
(1 .2 ) w as su sp en d ed  in  3 v o lu m e s o f  Scopes so lu tion  [5] an d  reh oin ogen ized  for 30 sec  in  a b le n d 
er (step  2). T h e m yofib rillar  fraction  w as sed im en ted  o u t  a t  3000 g , and th is  step  w a s rep ea ted  
(step  3). F or  rem ova l o f  ad sorb ed  sarcop lasm ic p ro te in s , th e  sed im en t w as w ashed  th r e e  t im e s ,  
on each  occa sio n  w ith  10 v o lu m e s o f  0 .01 M KC1 — 50 m M  T ris-H C l buffer (p H  7 .7 )  so lu t io n  
(step  6). A ll su p ern a ta n ts w ere cen tr ifu ged  a t 1 6 ,000  g to  sed im en t o u t the p a r tic le s  (m ito 
chon d ria l fractio n ) (s tep s  4, 5). T he fin a l su p ern a ta n ts (1 .3  and 3 .1 ) were co m b in ed , d ia ly se d  
and ly o p h ilize d  (step s  9, 10). T he p rotein  co n ten ts  o f  th e  w a sh in g  so lu tion s w ere d e term in ed . 
T h e f in a l sed im en t (3 .2 .6 ), w h ich  corresponds to  th e  p u re m yo fib r il preparation , w a s w e ig h e d , 
and its  d ry  m a tter  c o n te n t d eterm in ed  in  three  p a ra lle l sam p les (step  7). T h is w a s  a b o u t  
5% . T h e p a rtic le  fra ctio n s (1 .4  and  3 .2 ) sed im en ted  a t  1 6 ,0 0 0  g  w ere suspended in  T r is  b u ffer  
o f  p H  7 .4 , corresp on d ing  to  1/20 part o f  the e x tr a c t in g  so lu t io n , the  final vo lu m e w a s m ea su red , 
an d  th e  p ro te in  co n cen tra tio n  w as determ ined  (step  11). U s in g  th is  m ethod  we lo s t  n eg lig ib le  
a m o u n ts  o f  protein .

Results

M . gastrocnem ius

Changes in  the m yofibrillar fraction

T h e m y o fib rilla r p ro te in  co n ten t of th e  in ta c t  m uscle was 1 1 4 .2 ^ 3 .5  m g/g 
w e t w eigh t. T he to ta l  p ro te in  and  m y o fib rilla r  p ro te in  conten ts o f th e  non- 
im m obilized , c o n tra la te ra l m uscles of th e  ex p erim en ta l anim als e x h ib ite d  
on ly  in sig n ifican t differences com pared  to  th e  correspond ing  m uscles o f  in ta c t  
an im als. I n  th e  follow ing th e  ex p erim en ta l d a ta  a re  com pared  to  th e  d a ta  for 
th e  in ta c t  an im als.

In  th e  early  s tage  of im m obiliza tion  (5 days) th e  absolute a m o u n t of 
s tru c tu ra l  p ro te in s  show ed a sligh t decrease 110—113 m g/g (F ig . 1). T his 
co rresponds to  a re la tiv e  change o f 3 —4 % . As a re su lt o f 10 or 14 d a y s ’ im m o 
b iliza tio n , th e  m y o fib rilla r p ro te in  loss rose to  1 2 —13% , while a f te r  28 days 
it  was 2 5 % . This m eans th a t  as a consequence o f disuse of th e  fast m uscle  for 
4 weeks a b o u t o n e -q u a rte r  o f th e  co n trac tile  p ro te in s  was degraded.
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M. G astrocnem ius

Е22 sa rco p la sm e  
E D  myofibrillar

Fig. 1. D iagram  o f  th e  p ro te in  d istribution  in  ce llu la r  com p on en ts during im m o b iliz a tio n . 
D ash ed  lin es rep resen t the average v a lu es  fo r  in ta c t  gastrocnem ius m u sc les

M. Gastrocnemius

Animals Number
analysed S/M ratio Myofibn Sarcoplasm . Connective 

+ part. Total

Controls 14 0.47 6063+40* 28.74 i  3.6 10.611 2.9 100

5 days 
of disuse

6 0.52 58.56 42.4 31.01 -  2.66 10.42 ± 3.04 100

10 days 
of disuse

6 0.59 55.70 ±33 33.00 ± 4.12 11.30+3.35 100

14 days 
of disuse 12 059 55!0±4.2 32.94+2.15 12.14 ± 4.3 100

28 days 
of disuse

12 075 48.90 ±2.8 35.50+1.05 1363 + 1.2 100

XS.E. of the mean

Percentage distribution o f  the protein content in the cellular fractions, and alterations in the sarco
plasmic—myofibrillar ratio ( S / M) of control and disused gastrocnemius muscles

Changes in  the sarcoplasm ic protein fraction

T he to ta l  so lub le  p ro te in  co n ten t o f th e  in ta c t  G was 5 4 .1 5 ^ 2 .1  m g/g 
w et m uscle w eig h t (F ig . 1). The sa rcop lasm ic  p ro te in  co m p artm en t o f  th e  
im m obilized  m uscle  ex h ib ite d  a s ign ifican t in c rease  of abou t 10%  a lre a d y  on 
th e  5 th  d ay  (60 m g/g). D urin g  th e  su b se q u e n t 10 days, th e  p ic tu re  d id  no t 
v a ry  essen tia lly ; i f  a n y th in g , th e re  was a m ild  ten d en cy  to  decrease. L a te r  
(by  th e  end  of th e  fo u r th  week) there  was a f u r th e r  increase of 10% . I t m a y  he 
concluded  th a t  w hile  d isuse of th e  m uscle re su lts  in  a continuous decrease  in 
th e  specific  (s tru c tu ra l)  p ro te in s , and th e  m ass o f  th e  muscle tissue d im in ishes 
w ith  th e  d es tru c tio n  o f th e  m uscle cells, th e  sarco p lasm ic  p ro te in  c o n te n t o f  th e  
rem a in in g  cells is en h a n c e d  in bo th  ab so lu te  a n d  re la tive  senses.
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M . soleus

Changes in the m yofibrillar fraction

In  rab b it, th e  S is a ty p ic a l slow ton ic  m uscle. In  in ta c t  an im als  the 
s tru c tu ra l p ro tein  c o n te n t o f th e  S was th e  sam e as th a t  of th e  G (114 mg/g) 
(F ig . 2). E a rly  during  im m o b iliza tio n  (5 th  day) th e  co n trac tile  p ro te in  co m p a rt
m en t ten d ed  to  be decom posed , sim ilarly  as in th e  fa st m uscle: 4 % . A fter 
10 days, how ever, th e  v a lu es  of th e  abso lu te  an d  re la tiv e  decreases a lready 
e x h ib ite d  a sign ifican t d ifference: 16% . T he p ro te in  loss slow ed dow n th e re 
a fte r . Y e t, on th e  14 th  d a y  i t  was still a lm ost doub le  th a t  for th e  G. On the 
28 tli d ay  the  specific p ro te in  loss of th e  S am o u n ted  to  30% .

Changes in  the sarcoplasm ic protein fraction  M

T he to ta l sarcop lasm ic  p ro te in  co n ten t o f th e  in ta c t S w as 53.5 mg/g. 
In  th e  early  stage of im m o b iliza tio n  th e  change in th e  so luble c o m p a rtm e n t 
w as n o t sign ifican t: -f-2 .6% , considerab ly  less th a n  th e  10%  in crease  in  the 
sam e exp erim en ta l p e rio d  for th e  G. S u b seq u en tly , th e  increase  assum ed  a 
c o n s ta n t n a tu re : by  th e  10 th  day  it  had  c au g h t up  w ith  th e  G v a lu e , and  a t 
th e  end of the 2nd w eek i t  was su b s ta n tia lly  la rg e r th a n  th e  G va lu e . In  the  
4 th  w eek the re la tiv e  increase  was m ore th a n  25% .

T he above resu lts  m ay  be b riefly  sum m arized  as follow s. As a conse
quence  o f 28 days’ d isuse th e  sarcoplasm ic an d  co n trac tile  p ro te in s  undergo 
sign ifican t changes. T h e  q u a n t i ty  of s tru c tu ra l p ro te in s  decreases con tin u o u sly , 
w hile th e  absolute an d  re la tiv e  am ounts o f th e  soluble c o m p a r tm e n t increase.

M. Soleus

Fig. 2. D iagram  o f  the  p r o te in  d istr ib u tion  in  cellu lar co m p o n en ts d u rin g  im m o b iliza tio n . 
D ashed lin es rep resen t the  average v a lu es for in ta c t  so leus m u sc les
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M. Soleus

Animals Number
analysed S/M  ratio Myofibr Sarcoplasm. Connective

■rpart. Total

Controls 14 0.46 60.08 ±30’ 28.53 -  2.2 10.66 ± 3.2 100

5 days 
of disuse 6 0.50 56.80±3.5 28.54 t  U 14.64 ± 4.4 100

10 days 
of disuse 6 Q63 54 42 ±2.5 34.33 ±2.5 11.23 ± 2.44 100

14 days 
of disuse

12 0.69 53.10 ±3.5 35.94 ± 1.8 10.00 ±3.12 100

28 days 
of disuse

12 0.84 47 08 ±4.8 3753 ±3.1 13.15 ± 2 .7 100

P ercentage distribution o f the p ro te in  content in  the cellular fra c tio n s , and alteration in  the sarco- 
plasm ic/m yofibrillar ra tio  ( S /M )  o f  control and d isused  soleus muscles

T h e  adap ta tions of th e  fu n c tio n a lly  d iffe ren t m uscles, how ever, are of 
d if f e re n t  n a tu re  in the  s ta te  o f  in ac tiv ity . T he slow or tonic m uscles, w hich 
p e r fo rm  m ain ly  an a n tig ra v ita t io n a l  function , u n d e rg o  a m ore su b s ta n tia l 
a l te r a t io n  as regards th e  cell com position . In  b o th  m uscles th e  S/M p ro te in  
r a t io  fo r  th e  in tac t m uscle ce ll w as 0.47, w hereas a f te r  4 w eeks’ im m obiliza 
t io n  i t  w as 0.75 in the G, a n d  0.85 in  the  S.

D iscussion

T h e  recen t lite ra tu re  c o n ta in s  m uch basic in fo rm a tio n  on b iochem ical 
d iffe re n c es  in the  tw o m u sc les . F o r  exam ple, ph asic  a n d  ton ic  m uscles reac t 
d if fe re n tly  to  denervation  [1 ]. I n  dystrophic  m ouse, th e  ton ic  m uscle is less 
se v e re ly  dam aged  th a n  th e  te ta n ic  muscle [2]. H ow ever, th e  b iochem ical basis 
o f th e s e  differences has n o t b e e n  clarified.

A s dem onstra ted  in  th e  p reced in g  pu b lica tio n  [6], th e  m ass o f th e  to ta l 
m u sc le  progressively  dec reased . O n th e  o ther h an d , th e  u ltra s tru c tu ra l  ex a m in a 
tio n s  h a v e  shown th a t  th e  d eg en era tio n  of m uscle  cells was n o t un ifo rm ; 
in d e e d , in  ad jacent fib rils  w e fo u n d  every v a r ia n t , from  fully  d isorganized  
s t r u c tu r e s  to  regular ones [3].

A  m ethod  was evo lved  fo r  q u a n tita tiv e  se p a ra tio n  and  analysis of the  
p ro te in  com partm en ts of th e  m uscle  cells and  th e  m uscle  tissue. T he resu lts  
o b ta in e d  ex h ib it good a g re e m e n t w ith  the  li te ra tu re  d a ta  w hich were gener
a lly  b a s e d  on the use of se le c tiv e  ex trac tio n  m e th o d s . O n su m m atio n  o f the  
p a r t ia l  re su lts , the to ta l p ro te in  co n ten ts  were reco v ered  in our ex p erim en ts , 
a n d  h e n c e  th e  to ta l a m o u n t o f  p ro te in  could be acco u n ted  for.
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On th is  basis i t  w as estab lished  th a t  th e  p ro te in  frac tio n s o f th e  m uscle 
«ell undergo c h a ra c te r is tic  changes during  im m o b iliza tio n . T he s tru c tu ra l 
p ro te in  con ten t o f th e  cells decreases in p a ra lle l w ith  th e  loss in  m ass o f th e  
m uscle. This p h enom enon  can  be conceived as th e  d e d iffe ren tia tio n  o f m uscle 
cells. As a consequence o f  th e  disuse, th ere  is no need  for th e  c o n tra c tile  ele
m en ts , and  so these  are  g rad u a lly  degraded b y  th e  p ro teo ly tic  enzym es of th e  
cell. T he process o f d iso rg an iza tio n  is fa s te r a n d  m ore p ronounced  in  th e  ton ic  
m uscles, th e  m uscles p e rfo rm in g  th e  a n tig ra v ita tio n a l fun c tio n . T he d ifference 
w as p a rticu la rly  s tr ik in g  in  th e  f irs t week o f im m o biliza tion , b u t  i t  rem ained  
s ig n if ican t up to  th e  en d  o f th e  experim en t.

The d ed iffe ren ta tio n  was accom panied b y  an  accu m u la tio n  o f non 
specific  (sarcoplasm ic) p ro te in s ; th a t  is, as th e  p ro te in  is lost th e re  is a re la tiv e  
increase in the  n o n -co n trac tile  p ro te in  co n te n t. T h e  m ore ex ten siv e  specific 
p ro te in  loss of th e  S can  be conceived as a com p en sa tin g  m echan ism : th e  
re la tiv e  increase in  th e  so luble  p ro te in s is m ore m ark ed , exceeding 2 5 %  by  th e  
end  o f th e  ex p e rim en t, in  c o n tra s t to  th e  10%  increase  observed  in  th e  G.

In  th e  p resen t ex p e rim en ts  the  “ co nnective  tissue  and  p a rtic le ”  trac tio n  
was classified and  ex am in ed  in one group, th o u g h , these  are p ro te in s  w ith  
b io logically  com pletely  d iffe ren t functions, fo r o u r aim  was th e  e s tim a tio n  of 
th e  to ta l  p ro te in  c o n te n t a n d , w ith in  th is , th e  in v es tig a tio n  of th e  ra tio  of the  
sarcoplasm ic and  so lub le  frac tions.
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FUNCTION IV.
C H A N G E S IN  T H E  SA R C O PLA SM IC  P R O T E IN S

Ö. T a k á c s , I . So h á r , T. Szilágyi  and F . G u b a

D EPARTM ENT OF BIOCHEM ISTRY, U N IV ER SITY  M EDICAL SCHOOL, SZEGED, 
AND DEPARTM ENT OF PATHOPHYSIOLOGY, U N IV ER SITY  MEDICAL SCHOOL,

DEBRECEN

(R eceived  1976 — 12 — 07)

A bstract

The changes in  th e  sarcoplasm ic  p ro te in s o f th e  m. gastro cn em iu s a n d  m . soleus 
w ere exam ined  b y  b iochem ical m ethods on th e  5 th , 7 th , 14 th  an d  28 th  d ay s  a fte r  
p la s te r  cas t im m o b iliza tio n  of th e  r ig h t h ind  lim bs o f a d u lt  ra b b its . D u rin g  4 weeks 
th e  so lub le /m yofib rilla r p ro te in  ra tio  increased  from  0.47 to  0.75 in  th e  m . g a s tro cn e 
m ius, an d  to 0.85 in th e  m . soleus. E v a lu a tio n  of th e  re la tiv e  q u a n tit ie s  o f th e  com p o n en ts  
id en tified  a f te r  gel-e lectrophoresis sep a ra tio n  led  to  th e  follow ing resu lts : (1) T h ere  was 
no, o r no ap p rec iab le  change in th e  g lyce rald eh y d e-3 -p h o sp h a te  d eh y d ro g en ase , c rea 
tin e  k inase and enolase ac tiv ities . (2) The enzym es la c ta te  deh y d ro g en ase , a ldo lase  and  
th e  g lycogenolytic  enzym es show ed a re la tiv e  decrease in b o th  m uscles. (3) P hospho- 
g lycerate  k inase, phosphoglucose isom erase an d  p y ru v a te  k inase  in creased  in  b o th  
m uscles. (4) C hanges o f opposite  d irec tions were ex h ib ited  by  m yog lob in , m yok inase  
an d  F -p ro te in . T hese re su lts  p rov ide  new d a ta  on th e  biochem ical c h a ra c te riz a tio n  of 
these  fu n c tio n ally  d iffe ren t m uscles, an d  on th e  m echan ism  o f disuse a tro p h y .

In tro d u c tio n

In ta c t  m o to r and  p ro p rio cep tiv e  in n e rv a tio n  an d  sy s te m a tic  fu n c tio n 
ing of th e  m uscle fib res  are  necessary  for th e  m a in ten an ce  o f th e  biological 
equ ilib rium  of th e  ske le ta l m u scu la tu re . M uscles w hich do n o t fu n c tio n  ac tiv e ly  
undergo  a tro p h y  [3, 7, 13].

In  earlie r in v es tig a tio n s , we found  th a t  considerab le  b iochem ical changes 
ta k e  place d u rin g  im m o b iliza tio n  fo r 1 —4 w eeks, p rim arily  in  th e  to n ic  m uscle 
[20]. W ith  b iochem ical m eth o d s, we d e m o n s tra te d  a decrease in  th e  p ro te in  
co n te n t, an d  an  ex ten siv e  dam age of th e  co n trac tile  sy stem . T he m u scu la r 
a tro p h y  resu lting  from  im m obiliza tion  leads p rim arily  to  changes in  th e  d e g rad a 
tion  and  re la tiv e  am o u n ts  o f th e  low -m olecular-w eight p ep tid es  o f m yosin 
and th e  reg u la to ry  p ro te in s  [21].

In  th e  p resen t e x p e rim e n ta l series, we in v es tig a ted  th e  changes occurring  
in th e  com ponen ts o f th e  so luble co m p a rtm e n t o f r a b b it  m uscles w ith  d iffe ren t 
func tions (m. gastrocnem ius an d  m . soleus) d u rin g  p la s te r c as t im m o b iliza tio n  
o f th e  h ind lim b.
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M aterials and m ethods

T h e  techniques o f im m o b iliz a tio n  and p re p a ra tio n  o f th e  m uscles were th e  sam e as 
re p o r te d  prev iously  [18J. A n im als  w ere killed on th e  5 th , 7 th , 14 th  and  28 th  days a f te r  im m o
b iliz a tio n . In  each group  th e re  w ere  5 ra b b its , 3 o f w hich  were im m obilized , th e  rem ain ing  2 
se rv e d  as controls. T he 5- a n d  7 -d a y  ex p erim en ts w ere p e rfo rm ed  in  tw o, th e  2,14 an d  28-day 
e x p e r im e n ts  in th ree , g ro u p s. T h u s , a to ta l  of 50 an im a ls  w ere su b jec ted  to  a  p re p ara tiv e  
p ro c e d u re  published p re v io u s ly  [20].

A fte r  steps 9 o r 10 o f  t h a t  schem e, the  soluble p ro te in  frac tio n s  were o b ta in e d  in  a lyo- 
p h iliz e d  s ta te , A fter m ea su re m e n t o f  th e  w eight o f th e  d ry  p ro te in  pow der, 10 mg sam ples were 
ta k e n  a n d  dissolved in 2 m l o f  a 1 %  ( sodium  dodecyl su lphate)  SD S +  1%  2 -in ercap to -e th an o l +  
+  1 0 %  sucrose so lu tion  b y  b o ilin g  a t  100 °C for I m in . In  th is  w ay  th e  q u a te rn a ry  s tru c tu re  
o f  th e  in d iv id u a l p ro te in s w as lo s t ,  and  th e ir  su b u n its  w ere o b ta in ed . Gel-electrophoresis : the 
s e p a ra t io n  was perform ed w ith  a slab-elec trophoresis a p p a ra tu s  c o n stru c ted  in o u r lab o ra to ries  
[19 ]. T w o  32 X 13 cm gel s lab s, 3 -m m  th ic k , can be p laced  a t  one tim e  in  th e  b a th ,  an d  a to ta l 
o f  48 sam p les can be ru n  s im u lta n eo u s ly . Id en tica l q u a n ti t ie s  (50— 100 /tg) o f  th e  p ro te in  so
lu tio n s  w ere tran sferred  to  7 .5 %  po lyacry lam ide  gel c o n ta in in g  0 .1 %  SDS. B uffe r an d  gel 
w ere  p re p a re d  b y  th e  Talbot a n d  Y phantis m o d ifica tio n  [22] o f th e  m eth o d  o f W eber  and 
O sb o r n  |23 ]. A fter f ix a tio n , th e  p ro te in s  were sta in ed  w ith  Coom assie blue, and  th e  in d iv id u a l 
f ra c t io n s  were then  id en tified  w ith  reference p ro te ins p re p a re d  from  ra b b it  m uscle (com m ercial 
p ro d u c ts  o f B oehringer). T h e  fo llow ing  com pounds were u sed : m yoglob in : m yok inase  (EC. 
2 .7 .4 .3 ); trio sep h o sp h ate  iso m erase  (T P I)  (EC. 5 .3 .1 .1 ); pho sp h o g ly cera te  m u ta se  (PGM ) 
(E C . 2 .7 .5 .3 ); a-glycerol p h o sp h a te  dehydrogenase  (G P D H ) (EC . 1.1.99.5); la c ta te  d eh y d ro 
g e n ase  (L D H ) (EC. 1 .1 .1 .27); g ly ce ra ld eh y d e-3 -p h o sp h a te  d eh ydrogenase  (G A P D H ) (EC. 
1 .2 .1 .1 2 ); aldolase (A LD ) (E C . 4 .1 .2 .8 ); creatine  k inase  (C K ) (EC. 2 .7.3.2); enolase (E N ) (EC. 
4 .2 .1 .1 1 ); phosphoglycerate  k in a se  (P G K ) (EC. 2 .7 .2 .3); phosphoglucose isom erase (P G I) (EC. 
5 .3 .1 .9 ); p y ru v a te  k inase (P K )  (EC . 2.7.1.40); adenosine  deam inase  (A D A ) (EC. 3.5.4.2); 
p h o sp h o fru c to se  kinase (P F K )  (E C . 2.7.1.11); p h o sp hory lase  b  k inase  (EC. 2.7 .1 .38); an d  phos- 
p h o ry la s e  b  (EC. 2.4.1.1). T h e  p ro te in o g ram s were e v a lu a te d  q u a n ti ta t iv e ly  w ith  a  d en sito m 
e te r  f i t t e d  w ith  a K ip p  a n d  Z o n en  in teg ra to r. T he re la tiv e  a m o u n ts  o f th e  in d iv id u a l com po
n e n ts  w ere  calcu la ted  from  th e  d e n s ity  values.

R esults

A fte r  sep ara tio n  in  7 .5 %  acry lam ide gel, th e  S D S -trea ted  sarcoplasm ic 
p re p a ra t io n  of th e  m . g a s tro cn em iu s  gave th e  p ic tu re  show n in Fig. 1.

T h e  p ro te inog ram  show s th e  presence o f 22 frac tio n s. T he d e n s ity  d a ta  
o n  th e  ind iv idual co m p o n e n ts  are given in T ab le  1, w hich co n ta in s b o th  the 
d e f in ite ly  iden tified  sa rco p lasm ic  com ponents an d  tho se  d e tec ted , b u t  n o t ye t 
id e n tif ie d , in order o f  in c rea s in g  m olecular w eigh ts.

F ig u re  2 show s a d en sito g ram  of th e  so luble  p ro te in s  o f th e  norm al 
m . gastrocnem ius.

C om ponents w ere id e n tif ie d  w ith reference enzym es on th e  basis o f the 
co in c id en ce  of th e  d is tan ces  o f  m igra tion . T he co rre la tio n  betw een  th e  logarithm  
o f  th e  m olecular w eigh t a n d  th e  re la tive  m ig ra tio n  is show n in F ig . 3.

T h e  to ta l (p re p a ra tiv e )  m olecular w eights o f  th e  enzym es w ere ca lcu la ted  
fro m  th e  stru c tu res  o f th e  su b u n its , know n from  th e  lite ra tu re .

I t  shovdd be n o te d  th a t  th e  e lec tro p h o re tic  load ing  p er sam ple  was 
100 / /g, and th a t  th e  th re s h o ld  of d e tec tab ilin g  by  s ta in in g  was ab o u t 1 ftg. 
T h u s , th e  com ponents p re s e n t in less th a n  1%  c a n n o t be d e tec ted  in th e  pro-
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Table 1

No. E.C. index Trivial name Abbreviation
Prep

MWX10»
N um ber of 

subunits
Subunit

MWX10»

l . M yoglobin _ 18.0 l 18.0
2. E .C .2 .7.4.3. M yokinase — 21.5 l 21.5
3. E .C .5.3.1.1. T riosephosphate

isom erase (T P I) 54.0 2 27.0
4. — F  p ro te in 30.5 1 30.5
5 . E .C .2.7.5.3. P hosphoglycerate  m utase (PGM ) 66.0 2 33.0
6 . E .C .l .1.99.5. a-g lycerol phosphate

dehydrogenase (ocGPDH) 67.0 2 33.5
7 . E .C .1.1.1.27. L a c ta te  dehydrogenase (L D H ) 140.0 4 34.5
8. — U nknow n — 1 4 2 -1 4 4 9 35.0
9. E .C .1.2.1.12. G lyceraldehyde 3-phos-

p h a te  dehydrogenase (T P D H ) 144.0 4 36.0
10. E.C.3.1.2.8. A ldolase (A LD ) 160.0 4 40.0
11. E .C .2.7.3.2. C reatine kinase (CK) 82.0 2 41.0
12. E.C.4.2.1.11. E nolase (E N ) 83.0 2 41.5
13. — U nknow n — 9 45.0
14. E .C .2 .7.2.3. P hosphoglycerate  kinase (PG K ) 48.5 i 48.5
15. E .C .5.3.1.9. Phosphoglucose isom erase (PG I) 108.0 2 54.0
16. E .C .2.7.1.40. P y ru v a te  kinase (P K ) 228.0 4 57.0
17. — U nknow n — 9 61.0
18. — U nknow n — 9 64.0
19. E .C .3.5.4.2. A denosine deam inase (AM DA) 270.0 4 67.0
20. E .C .2.7.1.11. P hosphofruk tose  k inase (P F K ) 295.0 4 74.0
21. E .C .2.7.1.38. Phosphory lase  b  kinase — 1000.0 12 80.0
22. E .C .2.4.1.1. Phosphorylase  b 185.0 2 94.0

E xperim enta l data on the soluble proteins o f  normal muscle.
T h e  co m ponen ts were id en tif ie d  b y  com p ariso n  w ith  s ta n d a rd  com m erc ia l p re p a ra tio n s  
(B o eh rin g er M annheim  G m b H ) in  SD S gels. U n id en tified  frac tions were d e s ig n a ted  as “ u n 

k n ow n”

te in o g ram . In  ad d itio n , p ro te in s  w ith  id en tica l or v e ry  sim ilar m o lecu la r w eights 
c a n n o t be sep ara ted  b y  th is  m eth o d .

As to  th e  soluble p ro te in s  o f  th e  in ta c t  m . gastrocnem ius a n d  m . soleus, 
th e re  a re  s trik ing  d ifferences betw een  th e  tw o m uscle ty p e s : e.g. in  th e  m yo
g lobin  (peak  1), m yok in ase  (peak  2), F  p ro te in  (peak  4), PG M  an d  G P D H  
(peaks 5 and  6), L D H  (p eak  7), CK an d  E N  (peaks 11 an d  12), P G I  and  P K  
(peaks 15 and  16), an d  th e  g lycogenoly tic  enzym es (peaks 2 0 —22). T h e  changes 
re su ltin g  from  im m obiliza tion  in  th e  tw o  m uscle ty p es are  in d ic a te d  b y  sm all 
a rrow s in th e  Fig. 4. A rrow s p o in tin g  u p w ard s and  d o w nw ards in d ica te

4 I 1 1 1  1
F ig . 1. E lec tro p h o re tic  p a t te rn  o f n o rm al gastro cn em iu s m uscle soluble p ro te in s . P ro te in  
load : 100 //g. PA G E was pe rfo rm ed  in 7.5%  gel acco rd ing  to  T albot a n d  Y ph an tis  Kef. [22]
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F ig . 2. D ensitom etrie  scan of a re p re se n ta tiv e  n o rm al g a stro cn em iu s soluble p a tte rn . A rrow s 
in d ica te  the  tren d s  o f ch an g es. T he num bers co rresp o n d  to  those  in T able  1

0.1 Q2 0.3 0.Д 05 0.6 0.7 0.8 09 1.0 
Relative mobility

F ig . 3. P lo t  of logarithm  of th e  m o le c u la r  w eight an d  re la tiv e  m ig ra tio n  of com ponen ts re su lt
in g  fro m  SD S gel e lectrophoresis. N u m b e rs  as in F ig  2. A ste risk s (x) in d ica te  unkn o w n  p ro te in s

F ig . 4. C om parison of th e  d e n s ito g ra rn  of in ta c t g a stro cn em iu s a n d  soleus m uscle. Sym bols
as in Fig. 2
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Fig. 5. D ensitog ram s o f th e  soluble p ro te in s o f  g a stro cn em iu s, d em o n stra tin g  th e  changes 
d u rin g  im m obilization . Sym bols: A, B, C, D in d ica te  th e  sam ples o rig in a tin g  fro m  in ta c t  
m uscles (A), an d  m uscles d isused  7 (B); 14 (C) a n d  28 (D ) days

increases an d  decreases, respective ly ; 0 ex h ib its  p rac tica lly  no q u a n t i ta t iv e  
change.

F igure  5 p resen ts densitogram s o f th e  so luble  p ro te in s of th e  im m o b ilized  
m . gastrocnem ius. The a m o u n t of m yog lob in  co n s ta n tly  increased d u rin g  th e  
ex p e rim en t. F  p ro te in  d isp layed  a s im ila rly  increasing  ten d en cy . P eak s  5 an d  
6 (PG M  an d  G P D H ) increased  sligh tly . T h e  a m o u n t of L D H  decreased  co n tin - 
uosly . The q u an titie s  o f  G A P D H  an d  o f CK -f- E N  rem ained  a p p ro x im a te ly  
c o n s ta n t. T he change in A LD  (peak 10) can n o t he m easured  e x a c tly . T he 
am o u n ts  of P G K , P G I an d  P K  in creased  con tin u o u sly . The high m o lecu la r 
w eigh t com ponen ts are rep resen ted  by  p h o sp h o ry lase  b kinase and p h o sp h o ry l- 
ase h. Q u a n tita tiv e  m easu rem en t of th e se  is un re liab le  because o f th e  u n s a tis 
fac to ry  sep ara tio n , b u t th e y  exh ib it a p rog ressively  decreasing te n d e n c y .

The n o tew o rth y  changes in th e  m . soleus are  th e  decreasing ten d en c ie s  
of m yoglobin  and  F  p ro te in  (Fig. 6), in  c o n tra s t to  th e  tendencies in  th e  in. 
gastrocnem ius. An as y e t u n id en tified  p ro te in  (p eak  8) w ith  a m olecu lar w eigh t
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o f  35 m egadalton  e x h ib its  a decrease, in a g reem en t w ith  th a t  described  for th e  
m . gastrocnem ius. T h e  decrease  in ALD can  also  be well ev a lu a ted . As in  th e  
case o f the  m. g a s tro c n e m iu s , the  P G I an d  P K  increase. The g lycogeno ly tic  
enzym e canno t he d e te rm in e d  exactly .

Tables 2 an d  3 c o n ta in  th e  in teg ra ted  d a ta  re la tin g  to  th e  above changes. 
T h e  values are g iven  as p ercen tage  d is tr ib u tio n s .

D iscussion

W e have d e m o n s tra te d  [20] th a t ,  as a re su lt of im m obiliza tion  for 5 — 
28 days, sarcop lasm ic p ro te in s  accum ulate  in  m uscles. This change leads to  
an  increase in th e  sa rco p lasm ic /m y o fib rilla r p ro te in  ra tio . F rom  a bio logical 
a sp e c t, the  p h en o m en o n  m ay  be exp la ined  b y  th e  cessation  o f th e  specific  
fu n c tio n  of th e  m uscle (change of position , a n tig ra v ita tio n a l fu n c tio n ), w hich  
causes a d ed iffe ren tia tio n  o f th e  cells.
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T ab le  2

M. gastro cn em iu s

No. Protein N orm al

l . Myoglobin 1.7

2. M yokinase 3.1

3. T P I 1.6

4. “  F ” protein 2.9

5. PGM 3.7

6. a-G PD H 6.6

7. LD H 13.5

8. U nknow n 8.3

9. G A PD H 14.0

10. ALD

11. CK 15.1

12. E N

13. Unknow n

14. PG K 4.7

15 — 16. PG I +  P K 7.9

17. U nknow n 2.0

18. Unknow n 2.0

19. AM PDA 2.8

20. P F K 1.7

21. Phosphorylase b kinase
| m

22. Phosphorylase b Í

days 7

5.2

3.7

1.3

2.4

9.9

16.6

8.3

days 14 days 28 day

7.0 7.6 7.8

1.8 1.2 1.2

1.6 1.5 1.3

4.4 5.1 4.8

6.1 4.9 4.3

6.6 6.8 6.9

3.4 7.0 13.8

4.2 3.4 4.0

12.3 12.2 11.7

2.4 2.3

14.9
16.4

5.6 7.8

9.1 9.0

1.7 2.9

0.7 1.6

1.0

6.7

10.1
2.2
2.6

3.4

2.0

0.8

1.0

6.6

10.6
2.8

1.5 

1.1

0.7

1.6

Percentage d istribution o f  the components o f  intact and disused gastrocnemius soluble proteins. 
T h e  v a lu es re su lt from  in te g ra te d  d a ta  (K ip p  an d  Z onen den sito m ete r) A b b re v ia tio n s : see

T ab le  1

T he pro te ins of th e  sa rcop lasm  perfo rm  m an y  d ifferen t fu n c tio n s  and  
are  e x trem e ly  heterogenous b iochem ically . I t  is obvious, there fo re , t h a t  disuse 
will e x e r t d ifferen t effects on th e  eq u ilib riu m  of p ro te in  syn thesis a n d  decom po
s itio n  in b o th  tonic and  te ta n ic  m uscles, in  ou r best know ledge, p u b lica tio n  
re fe rrin g  to  sim ilar ex am in a tio n s h a v e  n o t been  pub lished  y e t.

B e s t e r  and  G e v e r s  [2] s tu d ie d  th e  syn th esis  o f th e  m y o fib r illa r  and  
so lub le  p ro te in s in th e  ske le ta l and  ca rd iac  m uscles o f neonate  n o rm a l a n d  poly- 
m y o p a th ic  ham sters. T he soluble p ro te in s  w ere sim ilarly  se p a ra te d  b y  one
d im ensiona l gel-electrophoresis. T h e ir d en sito m étrie  p ic tu re  was s im ila r  to  ours, 
b u t  th e y  d id  n o t ev a lu a te  th e  p ro te in o g ram  q u a lita tiv e ly . B ass e t a l. [1] an d  
G ort e t al. [11] used th e  ho rm one-sensitive  m. bu lbocavernosus an d  m . le v a to r
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Table 3

M. soleus

No. j P rotein Normal

Unknown 7.9

1. Myoglobin 7.7

2. Myokinase 1.7

3. T PI 4.8

4. “ F ”  protein 3.7

5. PGM 1.0

6. GPDH 17.7

7. LDH 7.2

8. U nknow n 3.9

9. GAPDH 8.3

10. ALD 3.1

11. CK
2.1

12. EN

13. Unknown 4.7

14. PGK 2.8

15. PGI
9.2

16. PK

17. Unknown 3.1

18. Unknown 2.6

19. AM PDA

20. PFK. 8.4

21. Phosphorylase b k in ase

22. Phosphorylase b

5 days 7 days 14 days 28 days

8.4 3.7 18.7 16.1

7.6 7.5 5.9 3.2
1.0 2.1 3.3 2.1
4.5 2.4 3.9 3.1
u i 1.4 1.3 0.8
1.0 0.8 0.7

6, 11. 84
20.4 12.0 10.9 6’ 7, 3

7.4 7.6 4.8 4.3
3.4 4.0 1.2 1.0

11.4 11.0 13.0 9.1
2.0 2.8 1.7 0.8

2.0 8.3 1.9 2.6

4.8 1.2 0.7 4.1
2.4 6.1

11.2 12.2 20.1 16.4

3.0 3.2

8.3 12.5 12.1 12.9

Percentage distribution o f  the com ponents o f intact and d isused  soleus soluble proteins. 
D a ta  as in  Table 2

a n i o f  th e  ra t  as m odels fo r  disuse a tro p h y . As a re su lt o f c a s tra tio n , th e  sa rco 
p lasm ic  and  con trac tile  p ro te in s  o f the  m uscles decreased , th o u g h , u l tr a s tru c 
tu r a l  exam inations d e m o n s tra te d  the  o v e rp ro d u c tio n  of th e  sarcop lasm ic 
re tic u lu m . The above a u th o rs  also observed a gen era l reduc tion  in  th e  energvO  O  J

p ro v id in g  enzym atic  a c t iv i ty .  W e have fo u n d  th a t  im m obiliza tion  leads to  
decreases in  the  A LD  a n d  L D H  activ ities, an d  in creases  in  th e  acid p h o sp h a ta se  
a n d  o th e r  h yd ro ly tic  en z y m e  activ ities [17].

T he deg radation  o f p ro te in s  of m uscles w ith  d iffe ren t functions is reg u 
la te d  b y  th e  a c tiv ity  o f specific  and non-specific  p ro teases. In  th e  no rm al.
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fu n c tio n in g  m uscle, th e  m echanism  re g u la tin g  syn th esis  and d e g ra d a tio n  are  
in  equ ilib rium . N um erous au th o rs  [5, 8, 9, 10, 12, 16] have in v e s tig a te d  th e  
tu rn o v e r  ra tes  o f enzym es and  sarco p lasm ic  p ro te in s . I t  was e s ta b lish e d  by  
C i t o l e r  e t al. [4] and  D ö l k e n  and  P e t t e  [6] th a t  th e  h igher ra te  c o n s ta n ts  
of d eg rad a tio n  o f th e  ind iv idual en zy m es, e.g., phosp h o fru c to k in ase , c a n n o t be 
b ro u g h t in to  co rre la tio n  w ith  th e  m o lecu la r w eigh ts of th e  su b u n its , fo r  th e  
enzym es w ith  h igher m olecular w eigh ts m ay  he deg rad ed  faste r th a n  th o se  w ith  
low er m olecular w eigh ts. P e t t e  c t al. [14, 15] fo u n d  in te restin g  co rre la tio n s  
reg a rd in g  th e  p ro p e rtie s  of th e  so luble enzym es o f  m uscles of d iffe ren t ty p es . 
T he enzym es of th e  c o n s ta n t-p ro p o rtio n  g roup  are cha rac terized  by  th e  m e ta b o l
ic system s of th e  m uscles w ith  d iffe ren t fu n c tio n s. The p roportions o f  th e se  
are m ore c o n s tan t th a n  th e  a c tiv ity  va lu es  for th e  ind iv idual en zy m es. W e 
consider it co rrect an d  co n stru c tiv e  to  s tu d y  P e t t e ’s c o n s ta n t-p ro p o rtio n  
g roup  system  an d  th e  tu rn o v e r ra te s  o f  th e  re le v a n t enzym es.

E v a lu a tin g  o u r exp erim en ta l re su lts , we m a y  p o in t to  th e  in te re s tin g  
coincidence of oppo site  tendencies a n d  g rea t co n cen tra tio n  d ifferences in  th e  
tw o  ty p es  of m uscles in  th e  case of sev e ra l p ro te in s . T he h ighest d ifferences w ere 
e x h ib ite d  by  m yoglob in , F  p ro te in  a n d  m yok inase . In  th e  in. g a s tro cn em iu s  
th e  m yoglobin  and  F  p ro te in  levels a re  low and  b o th  increased p ro g ress iv e ly  
on im m obiliza tion . In  th e  m . soleus, w hich  is rich in m yoglobin and  F  p ro te in , 
an d  disuse is follow ed by  a co n tin u o u s decrease in  th e  re la tive  a m o u n ts  of 
b o th  p ro te in s.

W e a ttr ib u te  g re a te r  im p o rtan ce  to  th e  p ro te in s  of th is p a r tic u la r  g roup . 
T h e  p ro te in s  chang ing  in  th e  sam e d irec tio n  in  b o th  muscles are  m a in ly  th e  
g lyco ly tic  enzym es th e  b iochem ical fu n c tio n s  o f w hich  are th e  sam e in  b o th  
m uscle ty p es , a lth o u g h  th e y  m ay  d iffe r in  a m o u n t. The opposite  ch an g es, 
re flec tin g  m etabolic  differences b e tw een  th e  tw o  m uscles, ev en tu a lly  le ad  to  
d isap p earan ce  of th e  b iochem ical d ifferences responsib le  for the  to n ic  o r  te ta n ic  
c h a ra c te r  of m uscles. A ccordingly , th e  opposite  tendenc ies ind ica te  d ed iffe ren 
t ia tio n  o f th e  m uscle cells.
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MEMBRANE ALTERATIONS IN THE SEMINAL VESICLE 
CELLS OF THE MOUSE DURING COOLING IN VITRO

S H O R T  C O M M U N IC A T IO N

J . K o v á c s  and A. K o v á c s

D EPA RTM EN T OF G EN ERA L ZOOT.OGY, EÖTVÖS L. U N IV ERSITY ,
BU DA PEST

(R eceived  1976 11— 11)

T he b in d ing  of ribosom es to  th e  m em b ran es of th e  endoplasm ic re tic u lu m  
has been  rep o rted  to  change sensitive ly  u n d e r  cond itions leading to  ce llu la r 
in ju ry  [3, 4 ]. In  th e  course of in  vitro  ex p erim en ts  perfo rm ed  in our la b o ra to ry , 
it was no ticed  th a t  cooling of th e  cells per se, w ith o u t add ition  of an y  in ju rio u s  
ag en t to  th e  in cu b a tio n  m edium , induces m orphologically  d e tec tab le  a l te ra 
tion  o f th e  rough-su rfaced  endop lasm ic re ticu lu m  (R E R ). The re su lts  o f an  
e x p e rim en t on th is  phenom enon  are p re sen ted  here.

Slices of th e  sem inal vesicles o f m ale C F L P  m ice were in c u b a te d  e ith e r  
in K re b s— R inger b ica rb o n a te  so lu tion  or in  m ed ium  199, th en  fix ed  in  0.1 M 
caco d y la te-b u ffe red  5 %  g lu ta ra ld eh y d e , p ostfixed  in  buffered  osm ium  te tro x -  
ide so lu tio n , and  em bedded  in A ra ld ite .

N o sig n ifican t d ifferences w ere found  in  th e  fine  s tru c tu re  b e tw een  th e  
cells in c u b a te d  in  vitro  for 2 h a t  22 °C an d  th e  contro ls fixed  im m e d ia te ly  
a fte r  k illing . T em p era tu res  over 22 °C w ere n o t used  in these  e x p e rim e n ts  
because au to p h ag ic  vacuoles w ere occasionally  d e tec ted  in cells in c u b a te d  a t
26— 37 °C.

C hanges o f th e  R E R  m em branes w ere observed  in th e  cells w hen  fresh ly  
cu t tissu e  pieces w ere p laced  in to  th e  m ed ium  a t  22 °C w hich was th e n  cooled 
to  6 — 8 °C w ith in  2 0 —25 m in. and  k e p t a t th is  te m p e ra tu re  for 9 5 — 100 m in . 
The m o st freq u en tly  en co u n te red  a lte ra tio n  o f th e  cooled cells was th e  absence 
of ribosom es in ce rta in  areas of m em branes o f R E R  cisternae . S om etim es, th e  
ribosom e-dep le ted  areas em erged only on one lea fle t of th e  m em b ran e  p a ir  
b o rd e rin g  th e  c iste rn . T he sm o o th  po rtio n s o f R E R  cisternae  o ften  becam e 
cu rved , or show ed a sp ira l p a tte rn  encircling  a p a r t  o f th e  cy to p lasm  (F ig . 1, 
2). T h e  com position  o f in cu b a tio n  m edia h a d  no effect on these m e m b ra n e  
a lte ra tio n s . T hey  equ a lly  developed in cells in c u b a te d  in K re b s—R in g e r so lu 
tion  o r in  m edium  199.

To d e te rm in e  th e  te m p e ra tu re  lim it below  w hich the  m em brane changes 
occur we cooled se p a ra te  tissu e  sam ples from  22 °C to  18, 17, 15, 13 o r  12 °C. 
M em brane a lte ra tio n s  o f R E R  w ere observed  in  th e  cells cooled below  15 °€ . 
W hen tissu e  sam ples cooled and  k e p t a t  6 —8 °C for 120 m in. were tra n s fe r re d
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in to  a w arm er m ed iu m  th e  cold-induced sm o o th  m em b ran e  areas d isap p eared  
w ith in  5— 8 m in  a t  te m p e ra tu re s  h igher th a n  17 °C.

I t  m ay  be co n c lu d ed  th a t  cooling of sem in a l vesicle cells in  vitro  induces 
d e ta c h m e n t of ribosom es from  certa in  areas o f  th e  R E R  and  fo ld ing o f th e  
re su ltin g  sm ooth  m e m b ra n e s  around  p a rts  o f th e  cy top lasm . The d a ta  av a ilab le  
a t  p re se n t are n o t su ff ic ie n t to  explain th e  m ech an ism  w hereby cooling changes 
th e  m em branes of R E R . Som e repo rts  of th e  l i te ra tu re , how ever, m ay  be re-

F ig . 1. E ncircled p o rtio n s  o f  th e  cytoplasm . T he b o rd e rin g  m em branes are connected  w ith
c is te rnae  of the  R E R . x  35,000

F ig . 2. A rea of the  c y to p la sm  su rro u n d ed  by  m em b ran es  de riv ed  from  a c is te rn  of th e  R E R
(arrow ) X 35,000

le v a n t  to  th is  p o in t. L ip id s  of artific ia l an d  b io m em b ran es have  been show n 
to  undergo  phase ch an g es  from  flu id  to  c ry s ta llin e  s ta te  d u ring  ch illing  [1, 
2 ]. T hese te m p e ra tu re -d e p e n d e n t phase tra n s it io n s  were rep o rted  to  ta k e  place 
in  R E R  m em branes a t  16 —22 °C [5, 8, 9]. E x a m in a tio n  o f freeze-e tched  
tissu es  revealed  th e  em ergence  of sm ooth a rea s , free of in tram em b ran o u s  p a r 
tic le s , in  th e  b io m em b ran es  of cooled cells w h ich  rap id ly  d isap p eared  u p o n  
rew arm in g  [6, 7, 8]. A lte ra tio n s  described  h e re  occurred  in  sem inal vesicle 
cells w ith in  a ran g e  o f  te m p e ra tu re  found  c h a ra c te ris tic  o f p h ase -tran s itio n s  
in  o th e r  cell ty p es . T h e  p re se n t d a ta  suggest t h a t  th e  m orphological changes 
o b se rv ed  m ay be re la te d  to  th e  cold-induced p h a se -tra n s itio n  even ts in  ce rta in  
p laces of th e  m em b ran es  o f  th e  R E R .
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A c t a  b i o l .  A c a d .  S e i .  h u n g . ,  2 8 ( 2 ) ,  2 3 5 — 238 (1977)

SEPTAL PROJECTION TO THE ARCUATE NUCLEUS OF 
THE HYPOTHALAMUS*

SHORT COMMUNICATION

N. H a g i n o , B. K o s a r a s  and B. F l e r k ó

T H E  U N IV ER SITY  O F TEX A S H EA LTH  SCIENCE CEN TER AT SAN A NTON IO ,
D EPA RTM EN T OF ANATOMY, SAN A NTONIO, TEXAS 

AND U N IV ER SITY  M EDICAL SCHOOL, D EPARTM ENT OF ANATOMY,
PÉCS, HUNGARY

(R ece iv ed  1 9 7 6 - 1 2 — 09)

The ven tra l  p a r t  o f  th e  s e p tu m  pro jec ts  its  fibres to  th e  m edia l forebrain  
bundle  which pass th ro u g h  th e  la te ra l  p reop tic  area an d  reach  th e  level of 
m idb ra in  in th e  r a t  [4]. Using th e  electron microscope it  was found  th a t  a 
b ila te ra l  cu t  along th e  a rc u a te  nucleus produced  degenera ting  axon  te rm inals  
in th e  a rcu a te  nucleus [1]. F u r th e rm o re ,  electrical s t im u la t io n  o f  th e  medial 
fo rebra in  bund le  a t  th e  level of th e  la te ra l  p reoptic  a rea  su p p ressed  bo th  
neura l ac t iv i ty  in  th e  a rc u a te  nucleus and  L H  release [2]. These fac ts  suggest 
t h a t  neura l fibres from th e  sep tum  m a y  pass th ro u g h  th e  m edia l forehra in  
bundle  to  reach th e  a rcu a te  nucleus of th e  h y p o th a lam u s .  Therefo re ,  th e  follow
ing experim en ts  were u n d e r ta k e n  in o rder to  exam ine th e  f ib re  connection 
be tw een  th e  sep tu m  and  th e  a rcu a te  nucleus.

E xperim en t 1. E lec tro ly t ic  lesion (2m A — 15 sec) was m ad e  u n i la te ra l ly  in 
the  m edial forehrain  bund le  a t  th e  level o f  th e  la tera l  preoptic  area. D eg en era t
ing axon  te rm ina ls  were exam ined  in two- or four-days-su rv iva l  r a t s  (3— 3 
animals).

E xperim en t 2. E lec tro ly t ic  lesion (2 m A —15 sec) was m ad e  un ila te ra l ly  
in th e  m edia l s e p tu m  in tw o  ra ts ,  in th e  dorso la tera l sep tu m  in one r a t ,  and  in 
the  dorso- and  ven tro la te ra l  area of  th e  s e p tu m  in th ree  ra ts .  D egenera t ing  
axon te rm ina ls  were ex am in ed  in  two- or four-days-su rv iva l  an im als .

T he  ra ts  (female ad u l t ,  W is ta r  S tra in)  were anes the tized  w ith  hexo- 
b a rb i ta l  (Y EB A rzne im it te lw erk , D resden , D D R ,  100 mg p r  k g  b o d y  weight) 
tw o or four days af te r  th e  o pera t ion  and perfused w ith  a f ix a t iv e  con ta in ing  
1%  p a ra fo rm a ld eh y d e ,  1 %  g lu ta ra ld eh y d e ,  1 %  po lyv iny lpyrro lidone  in 0.1 M  
p h o sp h a te  buffer  (pH  7.4 a t  20 °C). The bra in  was rem oved  th e  following day , 
and th e  areas of  th e  a rc u a te  nucleus and m edian  em inence were rem oved 
as sm all blocks. These blocks were washed w ith  0.1 M  p h o sp h a te  buffer  and 
post-f ixed  w ith  1 %  p h o sp h a te  buffered  osinic acid solution. T h e  blocks were

* T h is  w ork w a s su p p orted  b y  th e  N a tio n a l A ca d em y  o f  Scien ce , U .S .A .,  th e  H ungarian  
A ca d em y  o f  S cien ces and b y  P o p u la tio n  C ouncil G rant no. M. 74 .86 .
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F ig . l a  Axo-somatic  (arrow) a n d  a x o -d en d r i t ic  (arrow h ead )  synapses  in the  a rcu a te  nucleus
o f  th e  h y p o th a la m u s  of the i n ta c t  ra t

F ig . lb  Degenera ting  axon t e rm in a l  (D A T) in the a rcua te  nuc leus  of a four-days-survival  ra t  
w i th  a u n i la te ra l  electrolytic lesion in  th e  medial fo rebra in  b u n d le  a t  the level of  the  lateral

preoptic  area



S E P T A L  P R O J E C T I O N  T O  A R C U A T E  N U C L E U S X M

Fig. 2. Degenerating  axon te rm in a l  (DAT) in the a rcu a te  nucleus of tw o-days-su rv iva l  ra ts  
h av ing  a un ila tera l  e lectro ly tic  lesion in the  v en tro la te ra l  (a )  or in the  do rso la te ra l  ( b)  p a r t  
o f  the  sep tum . In Fig. 2b , an  astroglia l  process (AP) a t t a c h e s  to the  degenerat ing  a x o n  te rm inal
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g ra d u a l ly  deh y d ra ted  in a lcohol an d  em bedded  in  D u rc u p a n  (F luka).  Sections 
w ere  m a d e  w ith  th e  L K B  U ltram ic ro tom e  I I I .  T h e  sem ith ick  sections were 
s ta in e d  w ith  to luidine b lue for  histological exam in a t io n .  The u l t r a th in  sections 
w ere  co n tra s ted  w ith  u r a n y l  ace ta te  and  lead c i t ra te  for e x a m in a t io n  of 
u l t r a s t r u c tu r e  of th e  a rc u a te  nucleus w ith  th e  T E S L A  BS 242 elec tron  micros
cope. A f te r  rem oval o f  t h e  a rcua te -m ed ian  em inence  region, b ra ins  were 
f ro zen ;  serial fron ta l sec tions were cu t and  s ta in ed  w ith  to lu id ine  blue for 
h is to log ica l  localization o f  th e  lesions.

T w o types of synapses  can  be d istinguished  in  th e  a rcua te  nucleus of  the  
h y p o th a la m u s  in th e  i n t a c t  r a t  (Figure l a ) :  one is th e  axo-som atic  an d  the  
o th e r  is the  axo-dendrit ic  synapse . D egenera t ing  axon  te rm inals  from  the  
u n i la te r a l  lesion of do rso la te ra l  and /o r  v en t ro la te ra l  p a r ts  of th e  se p tu m  (Fig. 
2) a p p e a re d  in the  an te r io r  a n d  medial p a r t  of th e  a rcu a te  nucleus b ila terally . 
F u r th e rm o re ,  un ila te ra l  lesion of the  medial fo rebra in  bundle  a t  th e  level of 
th e  la te ra l  preoptic area  also p roduced  degenera t ing  axon  te rm ina ls  (Fig. 16) 
in  t h e  en tire  area of  th e  a rc u a te  nucleus b i la tera lly .  No degenera t ing  axon 
t e rm in a ls  were found in t h e  a rcu a te  nucleus a f te r  un ila te ra l  lesion of  the 
m e d ia l  sep tum . The h ip p o c a m p a l  p rojection  to  th e  m edial fo rehra in  bundle  
does n o t  en te r  the  a rc u a te  nuc leus  [3], b u t  only pos t-com m issura l  f ibres from 
th e  h ip p o cam p u s  te rm in a te  in  th is  nucleus [5]. T herefore ,  th e  p resen t  findings 
t o g e th e r  w ith  those of R a i s m a n  [4] infer t h a t  n e rv e  fibres which arise in  the 
d o rso la te ra l  and v e n t ro la te ra l  p a r ts  of th e  se p tu m  e n te r  th e  m edia l fo rebra in  
b u n d le  a n d  its fibres m a k e  a cross a t  th e  supra-  an d /o r  re tro -ch iasm atic  area 
a n d  reach  bila teral  sides of  th e  a rcu a te  nucleus of  th e  h y p o th a lam u s .  Consider
ing  th e  te rm ina tion ,  th is  se p ta l  p rojection  could be best n am ed  as septo- 
tu b e r a l  t r a c t .

R E F E R E N C E S

1. C u e l l o ,  A. C., W e i n e r ,  R . I . ,  G a n o n g ,  W . F. (1973) B ra in  R es., 59, 191.
2. H a g i n o ,  N., Y a m a o k a ,  S. (1976) In :  Septal  nuclei,  ed. J .  D e F r a n c e ,  P le n u m  Press, pp.

2 8 3 - 3 3 4 .
3. M a c L e a n ,  P. D. (1973) In :  H o rm o n e s  and  B ra in  F u n c t io n ,  ed. K. L i s s Á K .  Akadém iai

K iad ó ,  Budapest,  pp.  379 — 389.
4. R a i s m a n ,  G. (1966) B ra in , 8 9 , 317.
5. R a i s m a n ,  G. (1970) A m . J .  A n a l.,  12 9 , 197.

N o b u y o s h i  H a g i n o , 
B é l a  K osaras  
B é l a  F l e r k ó

S an A n to n io ,  Texas, 7703 F loyd  Curl D rive , USA 

H -7643 Pécs, Szigeti ú t  12.

Acta Biologica Academiae Scientiarum Hungaricae 28, 1977



RECENSIONES

The Pathology of Fishes

E d .  W illiam  E. R ib e l in  a n d  Ge o r g e  Mig a k i . The U n iv e rs i ty  of Wisconsin Press ,  1975. pp. 
1004.

T h o u g h  studies on fish diseases have s ta r te d  a lready  70 years ago in E u ro p e  a t  dif ferent  
V e ter inar ian  Highschools (M ünchen  1904, B u d a p es t  1905), a really no tew orthy  d ev e lo p m en t  
in th is  field has been reached only  during  the  las t  two decades.

There  has  been since 1962 with in  the f ram ew ork  of the  In te rna t iona l  B u reau  o f  Anim al 
H e a l th  a p e rm a n en t  C om m ittee  for fish patho logy .  T h is  Com mittee  has a l read y  organ ized  
several In te rn a t io n a l  Symposia .  In  1953, there  was in Am erica  the first Sy m p o s iu m  on Fish 
Diseases.

T h erea f te r ,  a team w o rk  s ta r te d  with  the  p a r t ic ip a t io n  of researchers o f  co m p a ra t iv e  
pa tho logy :  physicians, v e te r in a r ian s  and  biologists,  to work u p  the most im p o r t a n t  ques t ions  
o f  fish pa tho logy .  This t rem en d o u s  work has been pub l ished  in a large book e n t i t le d  “ The 
P a th o lo g y  of Fishes”  ed ited  b y  W. E. R ib e l i n  a n d  G. M ig a k i  with the co llabora t ion  of 57 
d ifferen t  au thors .

T h is  book contains several excellent p h o tographs .  S ta r t in g  with a general p re sen ta t io n  
of com prehens ive  fish p a tho logy ,  the  bulk of the  work  can  be divided into six m a in  sections.

P a r t  1 presents  specific fish diseases caused by  b ac te r ia ,  fungi and parasi tes .  A special 
c h a p te r  is devo ted  to viral f ish diseases from clinical, h istopatho log ical  and c o m p a ra t iv e  p a th o 
logical v iewpoints.

P a r t  2 contains the  m a in  diseases of im p o r t a n t  fish  species of the  S ta te s  as Channel 
catf ish  a n d  different  salmonids.

In  p a r t  3, the diseases o f  o rgan  systems: gills, h e a r t ,  muscles,  kidneys, eyes,  sk in ,  liver 
a n d  spleen are considered besides the  pathological  im p o r tan ce  of melanin fo rm at io n s .

In  p a r t  4, there is a discussion of the  chemical a n d  physical factors as r a d ia t io n ,  hea t ,  
am m o n ia ,  pesticides, m ercu ry ,  cad m iu m  and d rugs  noxious to the  heal th  of  fishes.

P a r t  5 is devoted  to  n u t r i t io n a l  diseases caused  by  fa ilures in feeding, s ta rv in g ,  v i ta m in  
C deficiency, nu tr i t ion  m y o p a th y ,  visceral g ran u lo m a  of th e  t ro u t  and  the calcif icat ion  o f  the  
kidneys .

I n  the  las t  (sixth) section, there  is a desc rip t ion  o f  tum ours ,  pa r t icu la r ly  concern ing  
co m p a ra t iv e  pathology.

Besides the  descrip t ive  p a r t s  supp lem en ted  w ith  an extensive  list of  l i t e r a tu re ,  th e re  is 
a v e ry  useful discussion of each  top ic  explain ing the  op in ions of well-known specia lis ts .  The 
work is com ple ted  by a list  of  the  p a r t ic ip an ts  a n d  o f  con ten ts .

This  excellent book, su pp ly ing  a g reat  w a n t  can be recom mended to in s t i t u t e s  and  
researchers  in the field o f  com prehens ive  pa thology.

L. B uza  (B u d a p es t)

Ma cd o n a l d , A. G.: Physiological Aspects of Deep-Sea Biology

Cam bridge  U niversi ty  Press ,  Cam bridge  (1975), pp. 450, 212 figures, 86 tables.

This  is the  first  book t h a t  dem o n s tra tes  th e  physica l  and  physiological p ro p e r t ie s  as 
well as the  ad ap tab i l i ty  of  deep-sea  animals in  deta il.  T he  a u th o r  writes a b o u t  th e  special 
fa u n a  o f  the  m ost  extensive  b io tope  in this world in seven chapters .  All the  c h a p te r s  con ta in  
the  m os t  recen t  results  of  researches.

C h ap te r  1 shows the  deep sea as b iotope a n d  its  characteris tic  animals ,  fo r  exam ple ,  
Porifera  living in a d ep th  o f  5378 m  and  fishes occurr ing  even  in 7000 in dep th .
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In Chapters  2 a n d  3 th e  a d ap ta t io n  of an im al cells a n d  tissues to h igh-pressure  is d is
cussed.

C h ap te r  4 t r e a ts  o f  th e  physiology of deep-sea anim als .
C h ap te r  5 d e m o n s tr a te s  t h e  function of the  sense o rgans  of various groups o f  an im als  

a n d  the  different ways o f  th e i r  m ovem ent.
In  C hap te r  6 the  n u t r i t i o n  of deep-sea an im als  is reviewed. There are some in te res t ing  

d a t a  on the  p r im ary  p ro d u c t io n .  In  the  sea and oceans,  ow ing  to  the  absence of l igh t ,  the  p r im a 
ry  p ro d u c t io n  th e  p l a n t  life — does n o t  e x te n t  in  genera l  beyond 30—50 m  d e p th ,  never  
b e y o n d  100 m.

C h ap te r  7 describes th e  m odern  equ ipm ents  su i tab le  for collecting deep-sea an im als  and  
t a k in g  p h o to g rap h s  of t h e m  a t  ocean deeps of several t h o u sa n d s  metres as well as th e  e q u ip 
m e n ts  ut i l izable  for the  in v es t ig a t io n  of the physical,  chem ica l  and  hydrobiological c h arac te r i s 
t ic s  of sea-water .  F u r th e r ,  th is  c h ap te r  refers to the  m an-con tro l led  submarines,  which  can be 
used  in deep-sea inves t iga t ions .

A t  the  end of th e  bo o k ,  there  is a com prehensive  enum era t io n  of references as well as 
an  a u th o r  and  sub jec t  index.

T h is  m onograph  can  be recom m ended  for ev ery o n e  who in tends to deal w i th  the  special 
b io logy of deep-sea an im als .

B. P é n ze s  (B u d ap es t)

M ar ine  mussels: the ir  ecology and  physiology

E d .  B a y n e , B. L. Cam bridge  U n iv e rs i ty  Press,  L on d o n  (1976), pp. 506, figs 142, tab l .  46, £ 22

T h is  comprehensive  rev iew  on m arine  mussels, m a in ly  on M ytilus  and  closely-rela ted 
species, w as composed to the  in i t ia t iv e  of the Marine P r o d u c t iv i ty  section of th e  In te rn a t io n a l  
Biological P rogram . The  boo k  is d ivided into ten c h ap te r s  discussing problems a t  r a th e r  differ
e n t  levels, w r i t ten  by  spec ia lis ts  o f  the field.

T he  firs t  c h ap te r  deals in short  with The “ m u sse l”  form  and h ab it  (Y o n g e , C. M.). 
T he  p a r t s  Ecology (Se e d , R .) ,  T he  biology of mussel la rv a e  (B a y n e , B. L.), Phys io logy  of 
feeding,  respirat ion , c ircu la t ion ,  excretion  and some o th e r  processes (Ba y n e , B. L.,  T h o m p so n , 
R. .1., W i d d o w s , J .) ,  E n e rg y  m e tab o lism  (Gabbott , P. A.) an d  Population  genetics (L e v i n t o n , 
J .  S., K o e h n , R. K.) give d e ta i le d  and critical in fo rm a t io n  ab o u t  recent results  a n d  earlier 
l i t e r a tu re ,  especially of  those  w h ich  were published in E ng lish .  The pa r ts  Mussels a n d  pollution 
( R o b e r t s , D.) and C u l t iv a t io n  (M a ro n , J .)  review i m p o r t a n t  practical questions b o th  f rom  the  
p o in t  of  view of mussel g ro w th ,  developm ent and  c u l t iv a t io n ,  and also of w a te r  pu r if icat ion .  
A m ore  deta i led  descrip t ion  o f  th is  l a t te r  problem w ould  h a v e  been significant,  besides ecology 
a n d  p ro d u c tio n ,  also for e n v iro n m en ta l  control.

T he  book gives a good in s ig h t  into the recen t  m e th o d s  an d  results  of m an y  labora tor ies ,  
especial ly  on the topics o f  energe tic s  and some p a r ts ,  o f  physiology, and calls a t t e n t io n  to 
a n u m b e r  of unsolved quest ions .  Nevertheless, there  is a feeling of deficiency because  of the  
n e a r ly  to ta l  omission of n eu ro m u scu la r  physiology a n d  neura l  regulation. This is the  more 
su rp r is ing  because the  a d d u c to r s  p lay  a key role in th e  func tion ing  of the mussels a n d  also 
n eu ra l  m echanism  can n o t  be re s t r ic ted  to the cil iary a n d  h e a r t  regulation.

T he  p resen ta tion  of th e  resu lts  is well d o c u m e n ted ,  each  chap ter  is based  on deta i led  
ex p e r im e n ta l  b a ckground  a n d  h igh  num ber  of re levan t  references.  The book can be re co m m e n d 
ed f i r s t  o f  all for m arine  b io logists  b u t  also for ecologists a n d  com parat ive  physio logis ts  i n te r 
e s ted  in fresh-water  life, w o rk in g  e ither in basic resea rch  o r  in water  m an ag em en t,  or  tak in g  
u n iv e r s i ty  courses.

J .  Sa l á n k i  (T ihany)

P u r c h o n , R. D.: The Biology o f  the Mollusca

P e rg a m o n  Press, Oxford  - N e w  Y o r k - T o r o n t o — S y d n e y — P a r is—F ra n k fu r t  (1977)

In tern a tio n a l series in  p u re  and  applied biology: Zoology d iv ision ;  V. 57. pp. 560, figs 185, 
tab le s  21, § 35.00

T h is  second edit ion  in co rp o ra te s  several new a sp ec ts  a n d  results achieved d u r in g  the  
p a s t  10 years .  Based on d iscoveries  of a ha lf  c en tu ry  resea rch ,  i t  containes 8 reviews of selected 
topics  o f  Molluscan Biology. T h ese  topics are: F o rm  a n d  func tion  of the m an t le  cav i ty  and
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associated organs; Feeding m e th o d s  a n d  adap t iv e  rad ia t io n  in the  Gastropoda ; Feeding m ethods 
and  evolut ion  in the B iv a lv ia ; A d a p t iv e  rad ia tion  in the  pollysyr ing ian  b ivalves; Digestion; 
R ep ro d u c t io n ;  D is t r ibu tion  o f  molluscs. The functions of the  ne rv o u s  sys tems in the  d ib ranch i-  
ate  Cephalopoda. In  an  A p p e n d ix  o f  ab o u t  100 pages also the  gross a n a to m y  of all molluscan 
classes is desribed.

The  papers are well c o n cen tra ted ,  comprehensive reviews w ith  s trong c o m p ara t iv e  
and  evo lu t ionary  aspects,  ren d er in g  primari ly  to u n d e rs tan d  n o t  single processes h u t  to e m p h a 
sise the  u n i ty  of  diversit ies an d  va r ia t io n s  for the same func tion  in different species.

All the  topics are based  on  a large num ber  of desc rip t ive  an d  exper im en ta l  reports  
(the references are given a t  th e  end  of each chapter) ,  and rich i l lus tra tion  is ta k e n  from the 
originals. However, as far  as the  reference l i terature  is based near ly  exclusively on publica tions 
ap peared  in English, a n u m b e r  o f  closely related and im p o r t a n t  earlier  and  recent  results  (and 
a u thors )  are neglected.

The  eight selected c h a p te r s  can n o t  fulfil the re q u ire m e n t  of  a general an d  full-scale 
review on biology of the  M ollusca , b u t  everybody  who is in te res ted  in the  included topics will 
find th is  book as a source o f  va lu ab le  general in form ation  a n d  e x ac t  d a ta  w ith  a ve ry  good 
c o m p ara t iv e  zoological ap p ro ach .

J .  Sa lánki  (T ihany)

D el u c c h i , V. L.: Studies in biological control

In terna tional Biological Program me 9.

C ambridge Universi ty  Press ,  C am b rid g e— London New Y o r k ■- Melbourne (1976), pp. 304. 
$ 13.00

This work has been done in the  f ram e of an in te rn a t io n a l  p ro g ram m e  in w hich  hundreds  
o f  entom ologis ts  and  more th a n  t h i r t y  countries are co llabora t ing .  Some studies  of the  book 
resum e in five p rogram m es the  resu l ts  of  7 8 years’ work. In the  f irs t  p a r t  of  the  book we
find a list of  collaborators,  followed by an in troduc tion  in which  D el u cch i  gives a su m m ary  
of the  five themes and a c h a p te r  en t i t led  “ Definition and  p lann ing  of the p ro jec t’’ (W ater-  
house).

The  first  project,  F ru i t  flies, is coordinated by M. A. B a tem a n . He sum m arizes  the 
results  in a large chap ter .  Sub-t i t le s :  Life-table studies and  p u p a l  m or ta l i ty .  Significance of 
fly m ark in g  of oviposition site. Response  to colour stimuli .  A d u l t s  m ovem ents .  Sexual b e h a v 
iour o f  pest  tephrit ids .  P o p u la t io n  a n d  ecological genetics.

The  second projec t  is co o rd in a ted  by M. Ma ch a u ek  an d  M. J .  W a y : M y zu s persicae  
Sulz.,  an  aphid  of world im p o r ta n ce .  The  results of the following sub jec ts  are discussed: General 
biology and  populat ion  d y n a m ic s  of M yzu s persicae. Biological m ethods  of ap h id  control.  
In teg ra te d  control of  M yzu s persicae.

The th ird  project,  Rice s tem -bore rs  is coordina ted  by  K . Y a sum atsu . S ubchap te rs :  
The  s tu d y  area: T ax o n o m y  an d  d is t r ib u t io n  of rice s tem -bore rs  a n d  their  n a tu ra l  enemies; 
The  rice ecosystem: Ecology o f  rice s tem-borers;  N a tu ra l  con tro l  of  rice stem -borers;  Feas ib il
i ty  o f  in teg ra ted  control;  Rice p ro d u c tio n  and stern-borer d am age .

The fou rth  pro jec t,  A rm o u re d  scale insects is co ord ina ted  by  P. de  B ach a n d  D. R o s e n . 
S ubchap te rs :  B ackground:  T he  n a tu r a l  enemies of a rm o u re d  scale insects;  Biological control 
a t t e m p t s  and their  consequences;  E xchange  of n a tu ra l  enem ies;  W orld list.

The  fift project:  Sp ider  m ites .  Coordinators:  N. W. H u ss ey  and  C. B. H u f f a k e r . 
C hapters :  Biology of sp ider  m ites;  Biology and ecology of n a tu ra l  enemies of sp ider  mites;  
Effect of pesticides on sp ider  m ites  an d  their  na tu ra l  enemies; Biological control of sp ider  mites 
of  va r ious  crops.

The  tit le  of the las t  c h a p te r  is Concluding rem arks ,  w r i t te n  by  iM. J .  W a y .
The book beau t i fu l ly  d e m o n s tra te s  t h a t  the new sy s tem  of defence needs the  p rofound 

knowledge o f  the ecology, e th o lo g y  and  physiology of the  species.  In our days ,  successful 
research needs central  in te rn a t io n a l  coordination.

T he  hook closes w ith  h u n d re d s  of l iterary  references,  in d ex  o f  an im al nam es a n d  sub ject
index.

G y . Sá rin g er  (Kesz the ly)
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K l a u s  F uchs-K i t t o w s k i : P ro b lem e des D eterm in ism u s und der K yb ern etik  in  der m ole- 
u la r e n  B iologie

V E B  G u s ta v  Fischer Verlag J e n a  (1976), Second revised a n d  enlarged ed it ion ,  pp. 491, figures 
31, D M  30,30.

T h e  au thor  has p ro d u c e d  a  pioneering work  w i th  th e  philosophical in ves t iga t ion  of 
m o le c u la r  biology, the newest ,  m o s t  rap id ly  developing field of biology. T he  book is divided 
in to  tw o  parts .  The f irs t  one in v o lv es  the  analysis of re la tionsh ips  be tw een  d e te rm in ism ,  tech 
n ica l  a u to m a tio n s  and liv ing o rgan ism s .  P a r t  2 analyses th e  cell as cyberne tic  sys tem ,  inves ti
g a te s  th e  problems of d e te rm in ism ,  th e  ways of regu la tion  in single cells an d  th e  evolut ion . On 
th e  bas is  o f  dialectic d e te rm in i sm  w i th  the  help of cyberne tic s  the  a u th o r  succeeds in finding 
n e w  so lu t ion  using the results  o f  m olecu lar  biology an d  o f  such old quest ions  as, e.g., w h a t  is 
t h e  rea l  relationship be tw een  th e  m achine  and th e  liv ing organism; w h a t  is th e  difference in 
th e  re g u la t io n  of the work  of b iological and  au to m a tic  m achines;  w h e th e r  a d a p ta t i o n  and  the 
c a p a c i ty  o f  learning are excu s iv e ly  the  living o rgan ism s’ own, etc. As Professors  L. R apaport  
a n d  H .  L e y  point o u t  in the  P re face  here the  ta sk  o f  the  philosopher is to ana lyse  an d  specify 
t h e  p ro b lem s  and conceptions a t  th e  p o in t  of in te rsec t ion  of in fo rm a t io n  th eo ry ,  regula tion  
t ec h n ic s ,  biology and psychology ,  a n d  th u s  con tr ibu te  to the  developm en t  of b o th  the  gnose- 
o lo g y  a n d  the specialized sciences. Professor Fu ch s-K it to w sk i  follows a new p a th  in m any  
r e sp ec ts ,  provides solutions o f  co m p lex  problem s and  successfully serves b o th  ph i losophy  and 
n a t u r a l  science.

L. K ovács (Debrecen)

A i n s w o r t h , G. C. : In trod u ction  to th e  h istory o f  M ycology

C a m b r id g e  University  Press ,  C a m b r id g e —L o n d o n — N ew  Y o rk —Melbourne, pp .  359, with  
106 f igu res  and 1 coloured p la te ,  £ 11.

D r .  A insworth  ( F o rm e r ly  D irec to r  of the  C om m onw ea l th  Mycological I n s t i tu te ,  Kew) 
g ives  a  s tra igh tfo rw ard  a cc o u n t  o f  the  m a in  views held a b o u t  fungi for the  p a s t  th ree  millennia 
a n d  t h e  developm ent for th e  l a s t  250 years.

A l though  much has  been  w r i t t e n  during  the  p a s t  200 years  on th e  h is to ry  o f  mycology 
in  g e n e ra l  and  of diverse special  a spec ts  of  the s tu d y  of fung i ,  th is  l i te ra tu re  is wide ly  sca ttered  
a n d  m u c h  of it difficult of access.  A n  a t t e m p t  is here m ade  to  b ring  to g e th e r ,  fo r  th e  f irs t  time 
in one  vo lum e,  a d o cu m en ted  o u t l in e  o f  the  deve lo p m en t  of  the  m ain  b ra n ch e s  o f  mycology, 
w i t h  e m p h as is  on the so lu t ion  o f  th e  m a jo r  problem s w hich  have  confron ted  s tu d e n ts  of  fungi 
a n d  no v e l  discoveries w hich  h a v e  g iven new insights . A n u m b e r  of i m p o r t a n t  th em e s  fo rm  the 
ba s is  o f  th e  account, each  one b e in g  t ra c e d  from ear ly  t im es  to the  p re sen t  days .  W ith  the  main 
e x c e p t io n  of the last  few decades ,  w hich  is t rea te d  more l ightly ,  the  d e v e lo p m en t  of mycology 
as re f le c te d  in the pub lished  re co rd  is covered as even ly  as possible, an d  while a knowledge of 
t h e  e ssen t ia ls  of m ycology is a ssu m e d ,  technicali t ies  h ave  been k ep t  to the  m in im u m  because, 
be s ides  mycologists,  o th e r  b io log is ts  an d  h is tor ians of science will f ind  in te re s t  in  the  h is to ry  
o f  t h e  s tu d y  of an im p o r t a n t  g ro u p  of organisms. T he  th em es  are a r ran g ed  in th e  chronology 
o f  t h e i r  appearance  in m ycolog ica l  studies .  Most c h ap te rs  are th u s  se lf-contained.

C hapte rs  deal w i th  the  s t a tu s  of  fungi,  the ir  m orpho logy ,  n u t r i t io n  a n d  sex u a li ty .  These 
a re  follows by  chapters covering  th e  re la tionships of  fungi  to h u m a n  affa irs as p a th o g e n s  and 
to x in s  fo r  m an ,  animals an d  p l a n t s  an d  the ir  use as food, an d  in medicine  a n d  in d u s t ry .  F in 
a l ly ,  fu n g a l  classification a n d  th e  o rgan izat ion  for m ycology  are considered. T here  are an 
e x te n s iv e  chronological b ib l io g ra p h y  a n d  names index.

G. B o hu s  (B udapes t)

F r a n k  F e n n e r : C lassification  an d  N om enclature o f  V iruses

S. K ra g e r . ,  Basel (Switzerland),  (1976), pp. 115. DM 15

T h is  book brings u p - to - d a t e  th e  second rep o r t  of th e  In te rn a t io n a l  C o m m it tee  on T a x 
o n o m y  o f  Viruses (ICTV), one o f  th e  m o s t  im p o r ta n t  ac t iv it ies  of  the  Virology Section  of the 
I n t e r n a t i o n a l  Association of Microbiological Societies. T he  book con ta ins  c h ap te rs  dealing
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with the  list  o f  officers a n d  m em bers  of the  ICTV, p re s id e n t ’s report  and  the  rules o f  n o m e n 
c la ture  o f  viruses. Of special in te res t  are the  c h a p te r s  on  several viruses,  and  the  m e a n in g s  of 
the sym bols  used  in the  v irus  c ryp togram .  T he  v i ru s  c r y p to g ra m  consists of four  se ts  o f  sym bols  
with  th e  following m eanings:

1st  pa ir :  Type  o f  nucle ic  acid /s t randedness  o f  nucleic acid
2 n d  pa ir :  Molecular w e igh t  of nucleic acid (in mil l ions)/percentage of nucle ic  acid in 

infective  particles
3rd  pair :  Outline  o f  partic le ,  presence of envelope  or occluding p ro te in /ou tl ine  o f  “ nu- 

c leocapsid”  ( the  nucleic acid plus the p ro te in  m o s t  closely in con tac t  with it)
4 th  set  (2 or  3 te rm s) :  K ind(s)  of host  in fec ted /m ode(s)  of t ransmiss ion/kind(s)  o f  vector .
In  th is  excellent book ,  there  is a m o d if ica t io n  in bo th  the th ird  pa ir  (or 3 rd  te rm ) ,  

which is the  inclusion (or omission) of th e  l e t te r  e, to  ind ica te  whether  or n o t  th e  v ir ion  is 
enveloped  a n d  the  le t te r  e to  indica te  virions occluded  in  a protein m a tr ix ;  and  th e  fo u r th  set  
(or l a s t  te rm ) ,  by  specifying w he ther  the  usua l  m o d e  o f  transmiss ion  is congen i ta l  (C), by  
in tes t ina l  t r a c t  (I), b y  c o n ta c t  (0 ) ,  by re sp ira to ry  t r a c t  (R )  or  via an in v er teb ra te  v e c to r  (Ve). 
C ry p to g ram s have  been  p rep ared ,  where possible, fo r  each  type  species a n d  fo r  t h e  h igher  
taxa .  T h e  book conta ins the  taxonom ic  s ta tu s ,  v e rn a c u la r  name, approved  n am e ,  c r y p to g r a m  
and  the  m a in  charac te ris tic  o f  the  viruses of  v e r te b ra te s ,  inver tebra tes ,  b ac te r ia  a n d  p lan ts ,  
w ith  t h e  m a in  references a n d  w ith  the sub jec t  in d e x  (families,  genera and  groups).

T h is  excellent book  is of  an  invaluable  he lp  to  virologists.
J .  H orváth  (B u d a p es t)

Mc l a r e n , A n n e : M am m al ian  Chimaeras 

D evelopm ental and Cell B io logy 4. Cambridge
£  8 . 00 .

U n iv e r s i ty Press, Cambridge (1976), pp. 154,

In  th e  p as t  few years  some exciting new a reas  o f  the  modern  biology h ave  b e en  e x p a n d 
ing v e ry  rap id ly .  One o f  t h e m  is the analysis of  c h im aer ic  animals. Chimaeras can  be  fo rm ed  by  
a ggrega ting  o r  combining cells from different  e m b ry o s  a t  a very  early  stage of d e v e lo p m en t ,  
or  can  arise spon taneous ly  a t  fertilization.

T h e  book  is m ain ly  concerned w ith  two ty p e s  o f  exper im en ta l  s tudy  for w h ich  ch im aera s  
p rov ide  un iq u e ly  suitable  m ate r ia l .  The f irs t  belongs to  th e  field of experim en ta l  em brio logy ,  
m ak in g  use of the  two cell populat ions  to  t race  the  or ig in  and  fate of tissues an d  cell l ineages 
in d ev e lo p m en t .  W h a t  is a ch im aera?  (Chap. 1), T ech n iq u es  (Chap. 2), E a r ly  d e v e lo p m en t  
(Chap. 3), Sexual deve lo p m en t  (Chap. 4).

T h e  second is an  a sp ec t  of  d ev e lo p m en ta l  genetics  and  seeks to analyze  h ow  g en e t ic 
ally d if fe ren t  cells co llabora te  to form an  a d u l t  an im a l.  P igm en t  p a t te rn s  (C hap t .  5), O th e r  
m orphological  charac te rs  (Chap. 6), Im m u n o lo g y  a n d  blood (Chap. 7), T u m o u rs  (Chap.  8), 
C him aeras  versus mosaics (Chap. 9), D is t r ib u t io n  o f  cell populat ions (Chap. 10), S p o n ta n eo u s  
ch im aeras  (Chap. 11), Perspec t ives  (Chap. 12).

Q u o ta t io n  from  th e  Preface: “ This  book  is on  a v e ry  specialized topic. T h e  few dozen 
people in  th e  world who h a v e  worked w ith  e x p e r im e n ta l  chimaeras will share m y  e n th u s ia sm  
for th e i r  b e a u ty ,  the ir  u n expec tedness ,  the  in s ig h t  t h a t  th ey  provide in to  old q u es t io n s ,  a n d  
above all for new quest ions  t h a t  th ey  c o n tin u a lly  ra ise,  questions t h a t  one n e v e r  d r e a m t  
exis ted  in th e  days when  a n  ind iv idual  h a d  tw o  p a r e n t s  only. I f  th is  book c o m m u n ica te s  
some p a r t  o f  th is  fascina tion  to  a few o th er  people in te re s ted  in m am m alian  d e v e lo p m e n t  (and  
who isn ’t? ) ,  I  shall be sa t is f ied .”

Y o u  m ay ,  Dr. Mclaren.
V. Cs á n y i  ( B u d a p e s t )

T r i b e , M. A., T allan , I.,  E r a u t , M. T. a n d  S n o o k , R . K.:  B asic B iology C ourse, V ol. 3 

Cam bridge  U n ivers i ty  Press ,  Cambridge (1976), pp. 119, figs. 41

T h is  volume is th e  t h i r d  p a r t  of th e  Biological Course, which is comple te ly  p ro g ra m m e d  
like th e  ear l ie r  ones, a n d  is com plem ented  w i th  fo u r  films.

T he  cytological p a r t  is closely reasoned:  a f te r  t h e  s tu d e n t  has got a cq u a in te d  w i th  th e  
light a n d  e lectron  microscopic m ethods a n d  w i th  th e  genera l  cellular and subce llu lar  s t ru c tu re
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(Vols 1 a n d  2), the  dynam ics  of cells using the  m eth o d s  of t issue  cult ivat ion  and p h a se -c o n t ra s t  
m ic ro sco p y  are to be learned. H ere  the  a u thors  m a in ly  t r e a t  of the  processes w h ich  util ize 
the  w hole  cell, e.g., m otion ,  c o n ta c t  inhib i t ion , mitosis  a n d  cell cycle. The process of  fe r t i l iz a 
t io n  a n d  the  meiosis as well as th e  genetical consequences of the  l a t te r  process, which  supplies  
t h e  m o d e rn  ex p la n a t io n  of M endel’s laws, cytogenetics ,  a n d  also its  methods,  each are  se p a r 
a te ly  discussed.

O f  course, th e  volume gives preference to th e  cell div is ion  and genetics, for these  p r o b 
lem s will n o t  be to u ch ed  upon  in the  following vo lum es.

T h e  u n u su a l ly  g rea t  n u m b e r  of schem atic  f igures ,  the  transmission — a n d  e lec tron  
m ic roscopic  pho tos  help on u n d e rs tan d in g  the  v e ry  d if f icu l t  sub ject  and learning i t  even  by 
oneself.  G. Csaba ( B u d a p e s t )

H u m a n  M alform ations

B r i t i sh  Medical Bulle t in ,  Vol. 32/1, L ondon (1976)

I n  sp i te  of  the  g rea t  a c tu a l i ty  of the p ro b lem  o f  h u m a n  malformations,  the  so lu t ion  
re m a in s  still  to  be found .  The  real n u m b e r  of h u m a n  m alfo rm a t io n s  is unknown, as th e  p r o b 
ab ly  n u m e ro u s  a b o r te d  cases are n o t  even tak e n  in to  a cco u n t .  This  volume involves th e  d iscus
sion o f  th e  m os t  t im e ly  p rob lem s of th is  subject.

A n ten a ta l detection o f  fe ta l abnorm ality — p h ysica l m ethods: J ohn  Mac V icar (Leicester) .  
T h is  p a p e r  ev a lu a te s  the  m ethods  of a n te n a ta l  d iagnos tic s  (radiology, sonar and  fe toscopy) .  
A u th o r  confirm s the  need of new  techniques  as ev en  th e  com bined  use of to d a y ’s m e th o d s  is 
u n sa t is fac to ry .

P renata l diagnosis o f  chromosome disorders: K .  M. L a u r e n c e  and P. Greg o ry  (Cardiff).  
A u th o r s  describe  th e i r  own cy togenetic  m ethod  app lied  in am n io t ic  cell cultures in e a r ly  p re g 
n a n cy .  T h e  m e th o d  has proved p a r t icu la r ly  successful in  cases of Down’s syndrom e.

P renata l diagnosis — chemical methods: D. J .  H . B ro ck  (Edinburgh).  The p a p e r  d is
cusses a n d  ev a lu a te s  chemical m e th o d s  used for e x am in in g  am nio t ic  fluid p u n c ta tes  in cases of 
sp ina  b i f id a  a n d  anencepha ly ,  these  are comple ted  by  th e  d e te rm ina tion  of the  f e to p ro te in  
c o n te n t  of  m a te rn a l  serum.

Genetics o f  common single m alform ations : C. O. Ca r t e r  (London). Based on fam ily  
s tu d ies  in E n g lan d ,  the  sex d is t r ib u t io n  of some m alfo rm a t io n s ,  such as cleft lip a n d  p a la te ,  
p y lo ru s ten o s is ,  neural  tu b e  m alfo rm at ions ,  congenita l  dis locat ion  of the hip a n d  card iac  
d e v e lo p m e n ta l  abnorm ali t ies .  These  studies  ind ica ted  a polygenic  aetiology of these  co m m o n  
single m alfo rm at ions .

E n viro n m en ta l teratogens o f  m a n :  R. W. Sm it iie l l s  (Leed). Steroid hormones ,  alcohol,  
sp a sm o ly t ic  drugs a n d  cer ta in  act iv it ies  re la ted  to  th e  o p e ra t in g  th ea t re  and anaes thes ia  m ig h t  
e x e r t  te ra to g e n ic  effects , b u t  in c o n tra s t  to l i te ra ry  d a ta ,  th e  a u th o r  a t t r ib u te s  no t e ra to g e n ic  
effects to  sex horm ones ,  sm u t ty  p o ta to es  and d r in k in g -w a te r  factors.

Som e rem ain ing  problems in  the reproductive. T o x ic ity  testing o f  drugs: C. L. B e r r y  
(L o n d o n ) .  R ecen t  developm en ts  in the  tes ting  of d ru g s  fo r  tera togenic  effect are su rv ey ed .  
The  i m p o r t a n c e  of precise se lection of anim al species a n d  s ta t is t ica l  survey need em phasiz ing .  
G enet ica l ly  de te rm in ed  factors p lay  a g rea te r  role t h a n  e n v iro n m en ta l  factors.

Surveillance o f  m alform ations : J o s e p h in e  A. C. W ea th er a ll  and J .  C. H a s k e  y  
(L ondon) .  F o r  f ind ing  the  factors  involved in m a l fo rm a t io n s  an d  for evaluat ion  of all  these ,  
m a l fo rm a t io n s  should be recognized a lready  a t  th e  t im e  o f  b i r th ,  including cases of  s t i lb i r th .  
The  im p o r ta n c e  a n d  the  possible modes of the precise reg is t ra t io n  is emphasized.

D escriptive epidemiology o f  common m alform ations (excluding central nervous system  
defects)  : I a n  L eck  (Manchester) .  C om mon m a lfo rm at io n s  a rc  discussed in two groups,  n am e ly ,  
(1) th o se  caused  by  chemical,  physical  or  biological fac to rs  a n d  (2) those designated as d e m 
o g ra p h ic  va r ie tie s ,  charac te rized  b y  t im e,  place,  sex, e th n ic  g roup  and  familial propert ies  in c lu d 
ing age a n d  social class of pa ren ts .

M odel system s in  teratology : F e l i x  B eck  (Leicester).  A u th o r  describes 3 groups o f  m odels  
used  in te ra to lo g y .  In  the  firs t  ty p e  th e  b las tocyst  is exposed  to tera togenic  fac to rs  before 
i m p la n ta t io n  an d  its deve lo p m en t  is observed th e rea f te r .  T h e  second type  involves an  ex p o su re  
of th e  fe tu s  a f te r  im p lan ta t io n .  I n  these  the  m othe r ,  fe tu s  o r  p lacen ta  m ay  be exposed, o r  the  
e m b ry o  is e x p la n te d  a n d  exam in ed  in v i tro .  The th i r d  g ro u p  involves inves tiga tions on  n o n 
m a m m a l i a n  em bryos ,  e.g., b ird  eggs. The  results of  these  s tud ies  m ay  be util ized in re la t io n  to 
h u m a n  beings.
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M echanism s and pathogenesis o f  malform ation : D a n id  P oswillo (K en t ) .  T h e  causal 
genesis , the  site affected by  th e  te ra togen ic  factor, the fu r th e r  consequences o f  th is  effect 
on the  cells, tissues and develop ing  organs,  fu r theron ,  the poss ih i’ities o f  inh ib i t ing  th is  process 
a n d  the  possible therapeu t ic  m eans  are discussed.

M echanism  o f  limb developm ent and m alform ation: L. W olpert (London) .  In  exper i 
m en ta l  embryology, the d ev e lo p m en t  of limbs has often been a sub jec t  of inves t iga t ion .  Limb 
regenera t ion ,  and the re la ted  cy tod if fe ren t ia t ion  display the  basic even ts  leading to a be tte r  
u n d e rs tan d in g  of limb m alfo rm at ion .  Po lydac ty l ia  and clubfoot  m ay  be caused by  m any  
d iffe ren t  agents.

Congenital postural deform ities : P.  M. D u nn  (Bristol) .  Congenital  m a l fo rm at io n s  may 
be d iv ided  into two large groups,  the  f irs t  results  from some sor t  of affect du r ing  em bryogene-  
sis — a result  of  error in m orphogenesis ,  the  second is the  resu lt  of a failure occurr ing  in the 
i n ta c t  s t ru c tu re ,  developing in a la te r  period of in trau te r in e  developm ent.  In  the  m a jo r i ty  of 
the  l a t t e r  g roup, the m usculosceletal  sys tem  is affected (so-called postura l  deformities) .  The 
significance of in traam nio tic  fac to rs  and  fetal m ovem en t  is also discussed.

Infective causes o f  h u m an  m alform ations : J .  A. D udg eo n  (London); C om parative aspects 
o f  infective m alformations : Cedric  Mims (London).  The firs t  p a p e r  reviews the  d iagnos t ic s  and 
pa thogenes is  of virus infections, rubella ,  cy tom egaly ,  herpes simplex, varicel la-zoster ,  in f lu 
enza a n d  m u m p s ,  those of en te r ic  infections and toxoplasm osis .  The  second p a p e r  discusses 
the  differences among infection a ffecting  the m other  a n d  those affecting the  p lac en ta  or 
the  fe tus .  A u thors  draw a t t e n t io n  to the  fac t  t h a t  af te r  recovery  from  an infectious d isease no 
sign in d ica t in g  the infective orig in  o f  th e  m alform ation  rem ains  dem ons trab le .

Legal responses and the right to com pensation: Go d fr ey  Carter (London) .  N um erous  
legal p rob lem s have arisen in re la t ion  to the  thal idomide t rag ed y .  The  pap er  is invo lved  with 
some o f  the  legal aspects o f  these problems.

The  many-s ided discussion o f  h u m a n  m alform ations will be of in te res t  for em bryolog ists ,  
cy to log is ts ,  biologists, p h a rm a ce u t is ts ,  paediatr icians,  obs te tr ic ians  and, in m y opinion,  to 
e v e ry b o d y  in teres ted  in em bryo logy  a n d  the  factors a ffecting  em bryonic  deve lo p m en t .

I. T örő (B u d ap es t)

British  Medical Bulletin,

Vol. 3 2 (3 ) .  0

E d .  J .  C. W eather all. L ondon  (1976).

This  issue deals with  the  s t ru c tu re ,  function  and syn thes is  of  haem oglob in .
In  the  first paper  by  M. F. P erutz , the  stereochemical s t ru c tu re  and  fu n c t io n  of the 

haem oglob in  molecule are an a lyzed  w ith  exac t  th e rm o d y n am ic  m ethods  on  the  basis of 
m a n y  y e a r s ’ works of the C am bridge  In s t i tu te  of Molecular Biology. The  l ig an d -b o n d  o f  the 
m onom er,  d im er  and t e t r a m e r  haem oglob ins and the im p o r tan ce  of their  con fo rm a tio n  are 
sep a ra te ly  discussed.

Idle oxygen-binding c ap a c i ty  of  haem oglobin  as well as the  way  how it  is influenced 
b y  2,3 - D P G , C 0 2 and H + are reviewed b y  J .  V. K ilm artin , while a coopera t ive  model of 
oxygen -b in d in g  is presented by J .  M. B a ld w in . The above tw o  articles give a de ta i led  e la b o ra 
tion a n d  application of P erutz’s theory .

The  following three  p u b l ica t io n s  t r e a t  of a highly s ignificant  group of th e  pathological  
haem oglob ins  each. J .  M. W h ite  gives a sho r t  review of the  l i te ra tu re  of labile haem oglobins ,  
A. May  an d  E. R. H u eh n s  deal w i th  the  H b S  disease, the  developm en t  of  sickle cells, the 
m ec h an ism  o f  polymerization  a n d  i ts  inhib i t ion  in chemical ways. The  a u th o r s  sum m arize  
the  d a ta  re la ting  to this su b jec t  in clinical and th e rap eu t ica l  respects. A. .1. B ellingham  
reviews the  pathological haem oglob ins  w ith  a lte red  a f f in i ty  to oxygen. H aem oglob ins  h a v 
ing su b n o rm a l  affinity  to oxygen  a n d  th e  I lbM  v a r ian ts  are n o t  deal t  w ith  in deta i l.

The  genetics of  h u m a n  haem oglob ins  is reviewed by  A. Lang a n d  P. A. Lo r k in , while 
th e  d irec t  m easu rem en t  of th e  n u m b e r  o f  globin genes is given by  R. W illiam son . T his  most 
im p o r t a n t  a n d  interesting new su b je c t  of  research has resu lted  in num erous  new f ind ings  con
cern ing  bo th  the  inheritance o f  haem oglob inopa th ies  and  th e  general genetics.

The  nucleotide sequence o f  the  globin messenger R N A  is deal t  w ith by  N. J .  P roud- 
foot a n d  G. G. B row nlee. T h e i r  u p - to -d a te  inves tiga tions  enable  th e  genes coding for the  
globin molecule and the  non-coder  nuc leotide  sequences to be identif ied and  th e i r  fu n c t io n  to 
he clarified.
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A review on m olecular  i n te r p r e t a t i o n  of the  d e v e lo p m en t  of  th a la ssaem ia  is p resen ted  
b y  J . B. Clegg and D. J .  W e a t h e r a l l . The pa tho logy ,  t h e r a p y  a n d  p re v en t io n  o f  thalassaem ia  
is d e a l t  w i th  by  B. Modell.

T h e  las t  two reviews o f  t h e  vo lum e t r e a t  o f  t h e  q u es t io n s  re la t ing  to  th e  synthesis  of 
h a e m o g lo b in  and cell d i f fe re n t ia t io n  (b y  J .  Paul) a n d  th e  p ro b lem s of th e  sy n th es is  of  h aem o 
g lo b in  d u r in g  the  fetal d e v e lo p m e n t .

T h e  articles have been  se lec te d  w i th  care, t h e y  su m m ar iz e  th e  m o s t  recen t  resu l ts  of the  
c o r re sp o n d in g  research fields v e r y  well.  The most  useful issue h as  a g re a t  im p o r ta n ce  n o t  only 
fo r  haem ato log is ts  and spec ia l is ts  in  haemoglobin  resea rches ,  b u t  also for a n y o n e  in te res ted  
in  t h e  p ro te in  synthesis,  gen e t ics  as well as in the  q u es t io n s  concerning the  re la tionsh ips  be 
t w e e n  s t ru c tu re  and func tion .

J u d it  Szelén y i (B u d a p e s t)

K o m p e n d iu m  der A llg em ein en  B io lo g ie

f  C om pendium  o f General B iologyJ

E d .  E .  L ibber t . VEB G u s ta v  F i s c h e r  Verlag, J e n a  (1976), pp .  175, figs 179, tab le s  12, M 18.

T h e  au thors  considered to  b e  v e ry  im p o r ta n t  a com p en d io u s  book of genera l  biology to 
be  i s su e d ,  as i t  can be used  b y  biologists,  biochem is ts ,  physic ians ,  p h a rm ac is t s ,  ve te r in a ry  
su rg e o n s  an d  agronomists a l ike  fo r  the ir  in tro d u c to ry  stud ies .  As a u n iv ers i ty  professor I 
w e lco m e  th is  idea.

T h e  book consists of  12 c h a p te r s :  Definition of l iv ing  sys tem s (H. P e n zlin ); Chemical 
c o n s t r u c t io n  (E. Libbert); Cell s t r u c tu r e  (E. Lib b e r t ); S u b s tan ce  an d  energy  m etabo lism  at 
c e l lu la r  level (E. Lib b e r t ; G e n e t ic  in form ation  (E. Gü n t h e r ); R eplicat ion  a n d  segregation 
(E .  G ü n t h e r ); Multicellular o r g a n is m s  (E. Libbert a n d  H . P e n zlin ); Metagenezis (H. P en zlin ); 
S t im u lu s ,  m ovem ent a n d  b e h a v i o u r  (H. Penzlin); In h e r i t a b le  a l te ra t ions  (E . Gü nth er ); 
E v o l u t i o n  (L. K ampfe an d  E .  G ü n t h e r ); E n v iro n m e n ta l  fac to rs  an d  the ir  in te r re la t ionsh ips  
(H . J . Müller).

T h e  most  im p o r ta n t  l i t e r a t u r e  is referred to in  eac h  c h ap te r .  The  com pos it ion  of the  
b o o k  is excellent,  clear s t ick ing  to  essentia ls w ith  d e m o n s tr a t iv e  figures a n d  tab les .  T h e  m odern  
w o r k  o f  h igh  level presents  a  re v ie w  m o s t  useful for a n y o n e  in te res ted  in biology. T he  detailed 
s u b j e c t  in d ex  makes the  boo k  e a s y  to  use.

I.  K árpáti (Kesz the ly)
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DIRECTIONS TO CONTRIBUTORS

A C TA B IO L O G IC A  A C A D E M IA E  S C IE N T IA R U M  H U N G A R IC A E  p u b l ish es  
orig inal  w orks  in  t h e  f ie ld  o f  experim ental  bio logy.

M anusc r ip ts  shou ld  be  addressed to  P ro f .  J ános Salánki E d i to r ,  ACTA B IO L O G IC A ,  
8237 T ih a n y ,  F ü rd ő te le p  56.,  H ungary .

T h e  m an u sc r ip ts  shou ld  no t  exceed 16 ty p e d ,  no rm al  pages (1250 letters).  T h e  m a n u 
sc r ip ts  shou ld  be  ty p e d  double-spaced, on  o n e  side o f  the  paper .  C on tr ibu to rs  a re  re q u e s te d  
to su b m i t  tw o  copies o f  t h e  m anuscr ip t ,  in c lu d in g  tab le s  a n d  figures.  E a c h  tab le  sh o u ld  be  
t y p e d  on  a  sepa ra te  shee t ,  num b ered  an d  p ro v id e d  w i th  a title. All figures,  e ither p h o to g r a p h s  
or d ra w in g s  o r  g raphs  sh o u ld  be num bered  consecu t ive ly .  P h o to g ra p h s  should be labe l led  n o t  
d i rec t ly ,  b u t  on  a t r a n s p a r e n t  sheet of  p a p e r  cover ing  the  ph o to .  M agnification sh o u ld  be  
in d ic a te d  b y  scale ba rs ,  w h ic h  remains c o rrec t  a t  r e d u c t io n  of th e  orig inal  p h o tograph .  F ig u re  
legends shou ld  be  t y p e d  in  sequence on a s e p a ra t e  sheet.

P a p e r s  should be  h e a d e d  w ith  the  t i t l e  o f  t h e  paper ,  the  n a m e s  o f  the  a u th o r s  (m ale  
a u th o r s  use  init ials,  f e m a le  a u th o rs  use one g iv en  n a m e  in full), d e p a r tm e n t ,  in s t i tu te  a n d  to w n  
w here  t h e  w o rk  was p e rfo rm ed .  An a b b re v ia te d  t i t l e  —  m ax. 40 l e t te r s  — should  be  g iv en  
a t  foot.

T h e  full p a p e r  sh o u ld  be divided in to  t h e  following p a r ts  in t h e  o rder  ind ica ted :
A bstract (no t  exceed ing  200 words)
Introduction
M ateria l and method
R esults
D iscussion
References. P a p e r s  —  th e  essential ones  o n ly  —  cited in th e  m a n u sc r ip t  should  be  l is ted  

in a lp h a b e t ica l  o rder a cco rd in g  to the  firs t  a u t h o r ’s su rnam e.  The  re ferences should be  n u m b e r e d  
so t h a t  e ac h  m ay  be re fe r re d  to in th e  t e x t  b y  i ts  n u m b e r  only. E x am p les :

1. B oas, N. F .  (1953) Method for d e te r m in a t io n  of hexosam ine  in tissue. J . biol. Chem ., 
204. 553— 563.

2. D e D u v e , C. (1959) Lysosomes,  a n e w  g ro u p  of cytoplasm ic  particles.  In  H a y a s h i , T 
Subcellu lar  pa r t ic le s .  Ronald  P ress ,  N . Y .

3. U m bkeit , W . E . ,  B u rbis , R. IL ,  S t a u f f e r , I. F.  (1957) M anom etr ic  tech n iq u es .  
B urgess  P u b l i sh in g  Co., Minneapolis.

F u l l  n a m e  a n d  p o s t a l  address of  th e  a u th o r s .
Short com m unication. Manuscripts ,  in  E n g l i sh ,  should n o t  exceed  8 ty p ed  pages in c lu d 

ing re ferences,  tab les  a n d /o r  figures. In  R eferences  t h e  t it le  of  p a p e rs  m u s t  be om it ted .  F ig u re s  
to be  p r in te d  in o r ig ina l  size, m u s t  be c o u n te d  w i th  double space in th e  m an u scr ip t .  S h o r t  
c o m m u n ica t io n s  will he  pub l ished  with in  s ix  m o n th s  following a p p ro v a l .  In  o rder  to  speed  
up  p u b l ic a t io n  no p ro o f  will  be sent to a u th o r s .

A u th o r s  will be  fu rn ished ,  free of c harge ,  w i th  100 reprin ts .  A dd i t iona l  rep r in ts  m a y  be 
o b ta in e d  a t  cost.
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I N  V I T R O  CARCINOGENESIS STUDIES 
ON MOUSE FIBROBLAST CELUS

K. L a p i s , G. F e r e n c z , B. S z e n d e , I l o n a  K o v a l s z k y  and A. J e n e y

1ST IN ST ITU TE O F PATHOLOGY, SEM M E LW E IS  MEDICAL UNIVERSITY 

(R ece iv ed  1976 —1 0 — 06)

Abstract

F ib ro b las t  cell lines were established f ro m  p u lm onary  e x p ian ts  d e r iv e d  from 
inbred  CBA T BT fi m ouse  embryos.  Cell lines con tro l led  for the absence o f  sp on taneous  
t ran s fo rm a t io n  were t r e a te d  with 2 0 = m e th y lc h o le n th r e n e  (0,1 / ig/ml).  T h e  altered 
biological charac te ris t ics  W'ere s tud ied  d u r in g  th e  process of the m a l ig n a n t  t r a n s fo rm a 
tion by  the  c om par ison  of the u n t r e a te d  a n d  20-m ethy lcho lan threne  p re t r e a te d  cell 
popula t ions:  the  loss of c o n tac t  inh ib i t ion  a n d  th e  connection be tw een  th e  m al ignan t  
t ran s fo rm a t io n  and  the  a ry l  hydrocarbon  h y d ro x y la s e  enzyme ac t iv ity  w'ere inves tiga ted .  
No changes in the  cell proliferation ra te  could  be  fo u n d  following m a l ig n a n t  t r a n s fo rm a 
tion ,  b u t  an  increased resistance agains t  a l t e re d  c ircumstances w'as o b se rv ed .  In  the 
course of passages,  a g rad u a l  decreases in a ry l  h y d ro c arb o n  hydroxylase  a c t iv i ty  of the 
u n t r e a te d  line was seen, which d isappeared  o r  s ignificantly  decreased following 20- 
m e th y lch o lan th ren e  t r e a tm e n t ,  compared to th e  controls.

In troduc tion

M alignant t ra n s fo rm a t io n  of t issue c u l tu re  cells can be in d u c e d  with 
var ious  carcinogenic  substances  [1, 2]. F o r  carcinogenesis studies th e  polycyclic 
h y d ro c a rb o n  m e th y lch o lan th ren e  (MC), 3-MC and 3-MC 11 o r  12-oxide, 
are usually  applied  for in  vitro inves t iga t ions .  T h e  adm inis tered  c o n cen tra t io n s  
a re  high in m os t  s tud ies ,  0.5— 10 /tg/ml [3]. T h e  effect of th e  carcinogenic  
com pounds  varies b y  th e  rou te  of a d m in is t r a t io n  (in  vivo or in  v itro ) an d  by 
th e  ex p e r im en ta l  an im al or cell type . The t r a n s fo rm a t io n  of th e  s tu d ie d  su b 
s tan ce  in to  an ac t ive  fo rm  is needed for its  carc inogenic  effect. F or  th is  process a 
suffic ien t q u a n t i t y  of  th e  microsomal a ry l  h y d ro c a rb o n  h y d ro x y la se  (А Н Н ) 
enzym e is essentia l.  The enzym  is p resen t  in  m am m alian  livers, b u t  i t  rna^ be 
a b sen t  in various o th e r  tissues (e.g., h u m a n  em bryon ic  fibroblasts) [7]. A no the r  
im p o r ta n t  fac to r  for th e  m a lignan t  t r a n s fo rm a t io n  induced b y  th e  chemical 
carcinogens is th e  presence of th e  cy to p la sm ic  H -protein  or l ig a n d in  which 
m ed ia tes  th e  in te ra c t io n  be tw een  th e  a c t iv e  com pound and D N A  [6]. The 
ev a lu a t io n  of the  in  vitro  ob ta ined  results  is m a d e  difficult by  th e  fa c t  t h a t  a 
sp on taneous  m a lig n an t  t ran s fo rm a tio n  o f  c u l tu r e d  cells — derived m o s t ly  from 
mice — can  be observed  a f te r  several passages  [9]. The in vitro m e th o d s  th a t  
have  been suggested  for p rov ing  the  m a l ig n a n t  t ransfo rm ation  are n o t  suffic ien t
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[10]; t h e  tum our-fo rm ing  c a p a c i ty  of the  r e p la n te d  cells is only a c c e p ted  as 
e v id e n c e  [4].

I n  o u r  studies th e  m a l ig n a n t  t ra n s fo rm a t io n  of  the  CBA T 6T 6 m o u se  
e m b r y o  f ib ro b la s t  cells was a t t e m p te d  w ith  re la t iv e ly  low doses of t h e  in f re 
q u e n t ly  u sed  carcinogen 20-MC. Com paring th e  t r e a t e d  and u n tre a te d  c u l tu re s  
we t r i e d  to  ob ta in  da ta  (1) on th e i r  a ltered  g ro w th  charac ters ,  (2) on th e  c o r re 
la t ion  o f  t h e  m alignant t r a n s fo rm a t io n  w ith  th e  А Н Н  activ ity  of t h e  cells,
(3) on  t h e  t ransfo rm ation  possib ili t ies  of the  iso la ted  CBA T 0T f) mouse e m b ry o  
cells a n d  (4) on the a l te ra t io n s  o f  th e  biological charac ter is t ics  a cco m p an y in g  
an d  in d ic a t in g  the t ra n s fo rm a t io n ,  with special r e g a rd  to  the  А Н Н  a c t iv i ty  of 
th e  cells.

Material and methods

E stab lishm ent o f tissue cultures

T o  e s tab lish  cell lines 20 clays old embryos of in b re d  CBA T (iT (i mice were used .  The  
lungs o f  t h e  embryos were sliced w i th  scissors under  s terile  conditions,  then  w ashed  in P B S ,  
a n d  d ig e s te d  w ith  0.25% try p s in  so lu t io n  for 20 min. Fo l low ing  fi l t ra tion  and s e p a ra t io n  by 
c e n t r i f u g a t io n  a t  1000 r .p.m.,  the  cells were incubated  in 10 m l  m edium  (Parker’s 199 +  10% 
calf  s e r u m )  in Falcon plastic f lasks a t  37 °C.

Sustenance o f  the cultures

F o r  th e  passage of the  c u l tu re s ,  0 .25% trypsin  so lu t ion ,  for their sus ta ining P a r k e r ’s 
199 c o n ta i n in g  10% calf serum w as used .  On the  first  occasions,  the  passages were car r ied  o u t  
a t  long  in te rv a l s ,  a lternately  w i th  o r  w ithou t  m ed ium  c h an g e ,  later,  stabil ized lines were 
t r a n s f e r r e d ,  generally, on every f i f th  d a y  (500,000 cells/10 ml).

Selection o f lines fo r  use

N o  stabil ized  cell lines could  be  e stablished from a g r e a t  p a r t  of the sta rted  cu ltu res .  Some 
of t h e  s t a b i l iz e d  lines showed signs o f  m al ig n an t  t ran s fo rm a t io n  before the 20th passage.

Cell  lines showing no ev idence  o f  m alignan t  t r a n s f o rm a t io n  even with r e im p la n ta t io n  
in to  a n im a l s  following the 20 th  p a ssag e  of u n t rea te d  c u l tu re s  were selected for o u r  stud ies .  
No b io lo g ica l  or morphological  ev id en ce  of m alignan t  t r a n s f o rm a t io n  could be p ro v e d  in th is  
cell line.

Treatments

F o r  t r e a tm e n t  with 20-MC 10,000 cells/flask were p la te d ,  then  20-MC dissolved in 
D M SO  w a s  a d d ed  to the m ed iu m  o f  t h e  cells up  to the  f in a l  DM SO concentra t ion  o f  0 .0 5 % .  
The  M C -c o n ta in in g  medium was k e p t  on  the  cells for 14 d a y s  w i th o u t  change. U n t r e a t e d  cul
tu res  a n d  those  with  0.05% DM SO in m edium  were used as controls.

D eterm ina tion  o f  cell density

T r e a t e d  and un trea ted  cells w ere  p la ted  in a c o n c e n t r a t io n  of 0.5 million cells/flask. 
The  t o t a l  cell num ber  and the  cell c o u n t  for  1 cm2 f lask  su rface  were daily d e te rm in ed  in a 
B u e r k e r  c h a m b e r  during the c u l tu re  pe r iod .  On the 5 th  d a y  th e  m edium  was changed ,  a n d  in 
th is  w a y  t h e  cell density could be  followed up to the 9 th  d ay .
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S tu d y  o f  serum  concentration dependence

The m e d iu m  conta in ing  10%  calf serum was d i lu ted  to 5, 3 and 1% serum c o n c e n tr a 
tions.  A t  passages low n u m b ers  of cells were plated.  In  th is  way the  colonies fo rm ed  from  
single cells could be s tud ied  separa te ly .  After the in cu b a t io n  t im e  (5th and 6 th  day) ,  the  cell 
n um bers  for  each colony were de term ined .

S tu d y  o f  the colony-forming capacity in  so ft agar medium

Five %  agar-agar  (D IF C O ) solution, k ep t  in h o t  b a t h ,  was gradually  ad d ed  to t h e  
cell suspensions to reach the  f inal concentra tion  of 0 .4 % .  Following this, 5 ml vo lum es o f  
the suspensions were d is t r ib u te d  in Falcon p las t ic  Pe tr i  d ishes o f  5 cm diameter a n d  were in c u 
ba ted  for 8 days in a t h e rm o s ta t  at 37 °C perfused w ith  a m ix tu re  of 5%  C 0 2 and  95 %  of a ir .  
A fte r  the incubation  period the  m ean  cell num bers for colonies were calculated.

Transplantation

The cells were rem oved  from  the b o t tom  of the f la sk  w i th  trypsin,  then  cen t r i fu g e d  
(1000 r.p .m.),  th ree  t imes w ashed  w ith  saline and re suspended  in saline, so th a t  the  f inal su s p e n 
sion con ta ined  4 x l 0 ,! cells in 0.1 ml. The  cells were in jec ted  in to  the  backs of new born  C B A  
T (iT f) mice su bcu taneously  (0.1 ml).  T h e  injected mice were obse rved  for 6 m onths  if no tu m o u r s  
developed. In  case of tu m o u r  fo rm a t io n ,  the tum ours  could  be  p a lp a ted  generally on  the  10 th  
day  af te r  the  injection, and  on the  20 th  day the tu m o u rs  reached  a d iam eter of 1— 1.5 cm. 
T h en  the  anim als  were killed, the  tu m o u rs  were p re p a re d  for morphological s tudies  a n d  th e  
cells were used for fu r th e r  in  vitro  cultures.

Biochemical studies

Cultures of  48 h  were used. E ach  sample c on ta ined  2 X 10“ cells. The А Н Н  a c t iv i ty  [5J 
was m easured  according to the  m eth o d  described by  N e b e b t  an d  G e l b o i n  [8| a n d  expressed  
in fluorescence in tens i ty  re la ted  to 1 mg cellular pro te in .  T h e  fluorescence of the  m etabo lic  
p roduc t  from  benzpyrene  (B P )  was compared with th a t  of  3 -О П -В Р  (kindly supplied by D r .
H .  W. G e l b o i n , N atio n a l  C ancer Ins t i tu te .  Bethesda, MD.)

Morphological studies

The m ono layer  cu l tu res  were fixed in e thanol ace tic  acid an d  sta ined with Giemsa  solu
tion. Histological p re p a ra t io n s  were fixed in 4 %  fo rm a ld eh y d e ,  em bedded in p a ra f f in  a n d  
s ta ined  with  h aem a to x y l in —eosin.

Results

Effect o f  methylcholenthrene treatment on growth characteristics o f  the fib ro b la st
cell lines

The selected cell line was stabilized fo llowing the 6th passage w ith  no  
signs of  m a lignan t  t ra n s fo rm a t io n ,  thus, it  was accep tab le  for t r e a tm e n t  w ith  
the  carcinogenic su b s tan ce .  T he  toxicity  of 20-MC on th e  m ult ip l ica t ion  o f  the? 
cell line was tes ted  a t  th e  8 th  passage. Cells were  in cuba ted  for 5 days  in th e  
presence of  0.1 //g/ml 20-MC (Table 1). This co n cen tra t io n ,  causing successful 
m a lignan t  t ra n s fo rm a t io n ,  had no toxic effect on th e  cells. The t r e a tm e n t  o f

1* Ada Biologien Acndvmiae Scientiarum Hungaricae 2H, 1977
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Table 1

The toxicity o f  20-methylcholanthrene on C.BA  7 ,7 ,  mouse fibroblast cells

Concentration of 1 Cell count/flask
20-methylcholanthrene ^

№ M

0.(11 

0.1 

1
10

50

Control

DMSO contro l

O r i g i n a l  cell number: 10* cells/flask 
T r e a t m e n t  period: 5 days
P a s s a g e  nu m b er :  8

t h e  c u l tu r e  was pe rfo rm ed  following th e  8 th  passage. After 14-day  t r e a tm e n t  
w i t h  0.1 ,Mg/ml 20-MC, s ig n if ican t  m orphological differences were fo u n d  be tw een  
t r e a t e d  a n d  un tre a te d  cells (Figs 1 and  2). No c o n ta c t  inhibition  was seen in the  
t r e a t e d  cultu res:  besides m ult id irec t iona l  g ro w th ,  more th a n  one cell layers 
w e re  fo rm ed .  Both the  t r e a t e d  and  the  u n t r e a te d  cultures were t h e n  su b jec ted

F ig .  1. U n t r e a t e d  CBA T (iT B m ouse  lung f ib rob lasts ,  13th  passage. W ell-defined c o n ta c t  
inhib i t ion:  on ly  one layer  is fo rm ed  b y  the  cells.

(Giemsa, X200)
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F ig. 2. MC-treated  (0.1 / ig /ml) CBA T (iT G mouse lung  f ib ro b la s t  cell line; 3rd passage  following 
t r e a tm e n t .  Suspended co n ta c t  inh ib i t ion :  the  cells are growing a t  some sites in severa l  layers.

(Giemsa, x 2 0 0 )

Table 2

Cell counts o f  the untreated and 20-methylcliolanthrene treated cell lines in the course o f  passages

Days

Control MC-treated

Passage No. Cell count/flask 
(X 10' )

Passage no. Cell count/flask 
(X10°)

0 ().() 0.6

l 0.6 0.6

2 0.9 1.0

13 3

3 1.6 1.6

4 2.1 2.3

5 2.2 2.3

0 0.5 0.5

1 0.4 0.4

2 0.7 0.8

18 8

3 1.1 1.1

4 1.5 1.6

5 2.1 2.1

6 2.3 2.3
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t o  se v e ra l  passages a n d  t h e  biological ch a rac te r is t ic s  o f  the  cells were com pared  
a g a in .  No differences in  t h e  proliferation cha rac te r is t ic s  of cell popu la t ions  
c o u ld  be  detected, while  t h e  t r e a te d  and th e  u n t r e a te d  lines were fu r th e r  p a s 
sa g e d  u n d e r  the u sua l  co n d i t io n s  w ithou t  c h a n g in g  the  m edium  d u r ing  the  
in c u b a t io n  of the  cu l tu re s  (Table  2).

Following a chan g e  o f  the  medium a f te r  th e  m onolayer had  developed, 
t h e  cell densities were c o m p a re d .  R em arkab le  differences were found  concern
in g  t h e  to ta l  cell n u m b e r s  in  the  various f la sks ,  and  betw een cell num bers  
p e r  sq u a re  unit. A fte r  c h a n g e  of the  m edium  on th e  5 th  day , the  cell n u m b e r  
p e r  c m 2 exceeded l x l O 4 o n ly  in the M C -transfo rm ed  culture  (Table 3).

Table 3

T h e  cell density and total cell coun t o f  untreated and 20-methylcholanthrene treated cell lines
before and after change o f  the m edium

Control pa ssage No. 15 M C-treated mssage No. 5

Days
Cell coun t Ce!l/cm2 Cell-count Cell/cm2

(x ioq (X 10‘) (X№) (X io‘)

0 0.5 0.2 0.5 0.2

l 0.4 0.16 0.45 0.18

2 0.7 0.28 0.8 0.32

3 1-1 0.44 1.3 0.52

4 1.8 0.72 1 .8 0.72

5 2.2 0.88 2.3 0.92

6 2.4 0.96 2.7 1.08

7 2.3 0.92 3.2 1.28

9 1.8 0.72 2.4 0.96

Cell c o u n t  a t  the s ta r t  of e x p e r im e n t :  0.5 million (flask/10 ml). Change of the m ed ium  on the 
5 t h  d a y

T h e  effect of th e  r e d u c e d  serum c o n c e n tra t io n  on the  cell p ro lifera tion  
was s tu d ie d  after the  14 th  (4 th  for the M C -trea ted  cells) passage. As it  is ind i
c a t e d  in  Table 4 the  m e a n  cell n um ber  per co lony  showed the  g rea tes t  d iffer
ences  in  th e  presence o f  3 %  s e ru m , i.e., the  u n t r e a t e d  cells were no t  capable  of 
d iv id in g  whereas th e  cells f rom  th e  M C-treated  p o p u la t io n s  form ed colonies of 
15 cells on the average.

A lthough  in small p e rc e n ta g e ,  only th e  cells from  the  M C-trea ted  p o p u 
la t io n s  were able to  fo rm  colonies in soft ag a r  (Table 5). Owing to  th e  low 
n u m b e r  of  cells per  co lony , th is  s tu d y  can be re g a rd e d  as an ex p lo ra to ry  one.
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Table 4

Serum  concentration dependence o f  the untreated and 20-methylcholanthrene treated cell lines

Serum Control MC-treated
concentra

tion, m ean cell count/colony 
5th dav 6th day

mean cell c 
5 th  day

ount/colony 
6th day

l 0 0 3 3

3 1.5 0 9.5 15

5 8.2 14 9.7 17

10 9.8 16 10 17

Cell count  a t  the s t a r t  of ex p er im en t :  5000 (f lask /10 ml) 
Passage num ber :  Control 14

M C-treated  4

Table 5

Colony fo rm in g  capacity o f  untreated and 20-methylcholanthrene treated cells in soft agar medium

Cell line Passage No. 2 cells pro colony 3 6 cells 
pro colony

7 -10  cells 
pro colony

Control 18 10% — —

MC-treated 8 12% 8% 2%

Agar concen tra t ion :  0 .4%
In c u b a t io n  period: 8 days
Cell c oun t  a t  the s ta r t  of ex p er im en t :  100/Petri dish/8 ml

M etabolic transform ation o f  benzpyrene

The microsom al А Н Н  enzym e ac t iv i ty  was s tud ied  a t  th e  13 th , 17th 
and  26th  passages of  th e  con tro l  cells and  a t  th e  3rd, 7 th , 16th passages follow
ing th e  M C -trea tm ent.  T he  fluorescence cha rac te r is t ic  of 3 -O H -B P  could be 
d e tec ted  in  the  case of  th e  u n t re a te d  popu la t ion  a t  the  13th and  17th  passages; 
in th e  case of  the  tran s fo rm ed  line a t  the  3rd passage  in a low in te n s i ty .  S im ul
taneously ,  a subs tance  w ith  new fluorescence cha rac te rs t ic s  (ex c ita t ion  m ax i
m u m  a t  370 nm , f luorescence m ax im um  a t  480 nm) was found in th e  N aO H - 
ex trac tab le  phase. F luorescence like this could n o t  he de tec ted  e i th e r  in the 
dissolved B P  or in th e  soluble phase o f  th e  hex an e  or in th e  N aO H -soluble  
phase  form ed by  th e  m icrosom al enzyme of th e  liver, th u s ,  it  is pos tu la ted  
th a t  a B P  t ra n s fo rm a t io n  p ro d u c t ,  unknow n to  us, was formed.

The differences be tw een  th e  two lines were th e  following: in  th e  1st 
and  2nd passages o f  th e  no rm al lines th e  f luorescence of b o th  th e  3-O H -B P 
and  th e  new p ro d u c t  could  be found; in the  3rd  passage of  the  t ra n s fo rm e d  line 
th e  fluorescence was w eaker  th a n  in the  no rm al.  The fluorescence o f  th e  new
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p r o d u c t  appeared  in th e  7 th  passage  of the m a l ig n a n t  line with a h igh in ten s i ty ,  
c o m p a re d  to  the norm al cells; s im ultaneously ,  th e  fluorescence cha rac te r is t ic  
o f  3 -O H -B P  disappeared. D u r in g  th e  16th passage , th e  fo rm ation  o f  th e  new 
s u b s t a n c e  decreased below t h e  q u a n t i ty  fo rm ed  b y  th e  norm al line.

Im p la n ta tio n  o f control and 20-m ethylcholanthrene treated cells into newborn mice

A t  each passage th e  cells o f  th e  u n t re a te d  a n d  t r e a te d  lines were  im 
p l a n t e d  in to  newborn CBA T yT 6 mice. The results  are  shown in T able  6. The re 
i m p la n ta t i o n s  have shown t h a t  the  cell line u n d e r  s tu d y  could not be regarded  
as a  t r a n s fo rm e d  one u n t i l  t h e  21st passage. Follow ing th is  passage, a s p o n ta n e 
ous t r a n s fo rm a t io n  of th e  line  ensued . The process ad v an ced  re la t ive ly  quickly, 
a n d  t h e  cells caused tu m o u rs  in  th e  animals, s im ila r ly  to  the  M C -trea ted  ones. 
F o l lo w in g  the  21st passage , t h e  cells of th e  u n t r e a te d  popu la t ion  lost  the ir  
c o n ta c t  inhibition  cap ac i ty  a n d  also o ther  biological charac ter is tics  showed 
th e  s igns  o f  m alignant t r a n s fo rm a t io n .

Morphologically , in  th e  su b cu tan eo u s  connec tive  tissue, th e  tu m o u rs  were 
f i rm ,  w ell  circumscribed n o d u le s  weighing 1— 4.2 g each. H isto logy revealed  
sp in d le  cell sarcoma in all cases  (Fig. 3). The cells o f  the  developed tu m o u r  
w ere  d ig es ted  with t ry p s in  a n d  exp lan ted  in  vitro. C u ltu r ing  was successful in

F ig. 3. L ig h t  micrograph of a t u m o u r  o f  a mouse inocula ted  w i th  M C-treated  f ib ro b la s t  cells 
(6 th  p a s sa g e  following t r e a tm e n t ) .  Spindle-cell sarcoma. (H a em a to x y l in —eosin, X 200)

Acta Biologica Academiae Scientiarum Hungaricae 28. 1977



I N  V I T R O  C A R C I N O G E N E S I S  O N  F I B R O B L A S T  C E L L S 255

Tabic 6

Replantation o f untreated and 20-methylcholanthrene treated cells into newborn C B A  T , T m i c e

Control

MC-treated

ïssage
No.

Body weight 
'  (g)

Tum our weight
(g)

Proliferation of 
tum our cells again 
in tissue culture

9

9

10 -
9 —

13 8

8

9 — —

16 11

18 7

18 10 —

11 —

19 10

8 —

9

21 7 i +

26 8 1.2 +

30 7 2 +

8 2.5 +

3 7.5 3.6 +
8 3.2 +
9 4 +

6 8 3.2 +

9 4 +

6.5 3.2 +

7 7.2 3.1 +

9

10

8

4.2
2

+

7.9 3.8 +

8.5 3.5 +

8 3 +

Cell co u n t:  4 X 10e/an im al,  subcu taneously  
E v a lu a t io n  on the 20th d a y  following im p la n ta t io n
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all cases. The light m icroscop ic  morphology a n d  in  vitro  proliferation  c h a ra c 
te r i s t ic s  o f  the  cell cu l tu re s  s ta r te d  from th e  e x p la n te d  tum ours ,  der ived  of 
M C -trc a te d  cells, were s im ila r  to  those of th e  M C -p re trea ted  and in  vitro  p a s 
sag ed  populations.

Discussion

M alignant t r a n s fo rm a t io n  o f  the CBA Т Г)Т 6 m ouse em bryo f ib rob las t  
l ine ,  a line established b y  us ,  can  he induced w i th  a re la t ive ly  low, 0.1 /ug/m\ 
c o n c e n tra t io n  of 20-MC. S e v e ra l  o ther  f ib rob las t  cell lines obta ined  from  the  
s a m e  m ouse  stra in could  n o t  be regarded as well de f in ed  non tran sfo rm ed  or 
m a l ig n a n t ly  tran sfo rm ed  lines .  In  some cases, th e  va r io u s  signs of m a lig n an t  
t r a n s fo rm a t io n  appeared  g ra d u a l ly ,  in d ep en d en t ly  of  each o ther, in o th e r  
c u l tu r e s  a sudden sp o n ta n e o u s  m alignant t r a n s fo rm a t io n  was observed. The 
sp eed  o f  the  m alignant t r a n s fo rm a t io n  can dep en d  on  ind iv idua l  charac ter is tics  
o f  t h e  donor  animals. A cco rd in g  to  our inves t iga t ions  th e  spontaneous m a lig 
n a n t  t ran s fo rm a tio n  of  th e  cell line used in th e  descr ibed  s tu d y  developed in a 
r e la t iv e ly  short period. T h e  slow decrease in th e  А Н Н  ac tiv i ty  ind ica tes  an 
a l t e r a t io n  of the cell m e ta b o l i s m  which h a d  s t a r t e d  before any m easurab le  
s ign  o f  m alignant t r a n s fo rm a t io n  could be de tec ted .  B y  a correct choice of  th e  
a d e q u a te  cell line it can  be ach iev ed  th a t  th e  b iological characteris tics  change 
in  one  s tep  following t r e a t m e n t  with the carcinogens. T he  direct effect o f  MC 
on  t h e  morphology o f single colonies has n o t  been  s tu d ied ,  since no sep a ra te  
colonies  were formed b y  th e  chosen  line a t th e  t im e  o f  th e  8 th  passage.

I t  can  be concluded f ro m  our residts t h a t  no change  in the prolifera tion  
r a t e  o f  th e  cell p opu la t ion  occu rred  while th e  v ia b i l i ty  an d  resistance of  the  
cells increased . This is in d ic a te d  by  the  re ta ined  g ro w th  capac ity  under  a l te red  
c ircu m stan ces  (low c o n c e n t ra t io n  o f  serum, soft agar) .  The loss of th e  co n tac t  
in h ib i t io n  capacity  can be p ro v e d  by the  h igher  cell dens i ty  following the  
ch a n g e  of medium. T he  s t u d y  on the  m icrosom al ox idase  ac t iv i ty  revealed  
q u a l i t a t iv e  and q u a n t i ta t iv e  differences in th e  m e tab o l ic  t ransfo rm ation  of  B P  
d u r in g  th e  course of  p a ssag es ,  and  also be tw een  th e  norm al and MC-trans- 
fo rm e d  lines. The m ost f r e q u e n t ly  m easured, and  f rom  l i te ra tu re  the best know n  
t r a n s fo rm a t io n  p roduc t  o f  t h e  B P , the  3 -O H -B P  could only he d e tec ted  in 
e a r ly  passages of b o th  lines (no rm al ,  13, 17; t r a n s fo rm e d ,  3). S im ultaneously , 
f luo rescence  of a still u n k n o w n  product could be found  (A) 370(480) which 
w as ,  s im ila r ly  to O l l -B P ,  p ro d u c e d  in smaller q u a n t i t ie s  during  fu r th e r  p a s 
sages.  I n  th e  M C-treated a n d  t ran s fo rm ed  cell line less 3 -O H -B P  was produced  
a n d  l a t e r  th is  p roduc tion  ceased .  S im ultaneously , th e  fluorescence of th e  new 
p r o d u c t  was seen, and  th e  i n te n s i ty  of this f luorescence  quickly  decreased in 
t h e  cou rse  of the  su b seq u en t  passages. After 10 passages ,  th e  q u a n t i ty  of  the  
s u b s ta n c e  produced in t im e  u n i t  h ad  decreased to  1/20 p a r t ,  while one-th ird
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of th e  previous ac t iv i ty  of  the  normal line could  be d e tec ted . A ccordingly 
m icrosomal ox idase  a c t iv i ty  required  for m a l ig n a n t  t ra n s fo rm a tio n  is decreas
ing during  the  process of  m a lignan t  t ra n s fo rm a t io n ,  which phenom enon  could 
he considered as an ind ica t ion  o f  the  reduction  in tlie n o n rep ro d u c t iv e  function 
o f  m alignan t  cells.
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Abstract

U lt ra s t ru c tu ra l  effects of 6 -h y d ro x y d o p am in e  and 5 ,6 -d ih y d ro x y t ry |) tam in e  
t r ea tm e n ts  were inves t iga ted  in the  centra l  nervous sys tem  of f re sh -w a te r  mussel. 
Two days a f te r  the  t r e a tm e n ts ,  th e  following characteris tic  f in e -s t ru c tu ra l  a lte ra t ions 
could be observed in the  neuropil  of  the  ganglia :  f req u en t  occurrence o f  m ult i lam el la r  
bodies, lysosom atic  s t ru c tu re s  a n d  e longated  tu b u la r  forms; sh r in k in g  o f  varicose 
axon  profiles w i th  an  e n h a n c em e n t  of the  dens i ty  o f  the  axoplasm  and  c lu m p in g  of its 
con ten t ;  a b n o rm a l  swelling of cer ta in  axons in the  neuropil .  This d e g en e ra t iv e  process 
was accom panied  by  an  in tense  phagocytosis .  The  dam ages  evoked b y  th e  employed 
“ false t r a n s m i t te r s ”  in the  mussel ganglia  were, in general,  s im dar  to th o se  found  in 
ver teb ra tes .  S ta t is t ica l  analysis of  the  vesicle populat ion  of ganglia  suggests  the 
in trag ran u la r  u p ta k e  of 6 -h y d ro x y d o p am in e  and  5 ,6 -d ih y d ro x y t ry p ta m in e  and,  in 
add it ion ,  the  role of  dense-core vesicles of dif ferent  ty p es  in the storage o f  b o th  serotonin 
and catecholam ines .  P e r ik a ry a  composing the  cortical layer of the g ang lia  were not 
affected by the  “ false t r a n s m i t te r s ” . This  shows t h a t  different  pa r ts  of  a m usse l  neuron 
are d ifferently  sensitive  to 6 -h y d ro x y d o p am in e  a n d  5 ,6 -d ih y d ro x y t ry p ta m in e .

Intro du ctioи

Fine s t ru c tu ra l  aspects  o f  th e  deg en e ra t iv e  effects o f  6 -h y d ro x y d o p am in e  
(6-OHDA) and 5 ,6 -d ih y d ro x y try p ta m in e  (5,6-1) I IT) have  been s tu d ie d  in 
de ta il  on th e  m onoam inerg ic  neu rons  of  v e r te b ra te s  [2, 3, 4, 7, 8, 17, 19, 26]. 
i t  has been show n t h a t  ca techo lam inerg ic  a n d  serotoninergic  te rm in a ls  are 
d am ag ed  by  these  p h a rm aco n s ,  p rev iously  t a k e n  up as “ false t r a n s m i t t e r s ” 
in to  the  te rm ina ls .  F in e -s tru c tu ra l  inves t iga t ions  dealing w ith  th e  in vivo 
effects o f  6 -O H D A  a n d  5 ,6 -D H T  in the  c e n tra l  nervous system  (CNS) o f  inver
te b ra te s  have n o t  y e t  been carried  ou t .  In  vitro  effects of 6 -O H D A  o n  an  iden
t if ied  dopam ine co n ta in ing  neuron  of P lanorbis cornons (G as tro p o d a ,  Mollusca) 
h ave  been stud ied  by  e lectron microscopical,  f luorescence-h is tochem ical and 
electrophysiological m e thods  [5]. I t  was es tab lished  th a t  6 -O H D A  is taken  
up  by  th e  nerve  cell and  th e  d en s i ty  of  th e  dense-core vesicles is en h an ced  in 
cer ta in  axons of  th e  neuropil .  Some axon  profiles showed deg en era t iv e  phen o m 
ena. In  add it ion , per iphera l d egenera t ive  effects o f  5 ,6 -D H T  [24] and 6-

Acta Biologica Academiae Scientiarum Hungaricac 28, 1977



2 6 0 К. ELEKES et al.

O H D A )  were observed in th e  Venus heart  an d  in th e  an te r io r  byssus re t ra c to r  
m u sc le  o f  M ytilus edulis  (Pe lecypoda , Mollusca), respectively .

T h e  main purpose  of  o u r  p resen t work was to  clear up  in detail th e  u ltra-  
s t r u c tu r a l  effects of th e  tw o  “ false t r a n s m i t te r s ”  in the  CNS of f resh-w ater  
m usse l ,  w ith  pa r t icu la r  re fe rence  to  the occurrence  of  the  m onoam ines in high 
a m o u n ts  in the  ganglia, w h ich  has been p roved  b y  b o th  biochem ical [12, 13] 
a n d  f luorescence-h is tochem ica l  [28] inves tiga tions.

M ateria l and m ethods

6 -O H D A  and 5 ,6 -D H T  were  administered  by in jec t in g  th e  substances d i lu ted  in Ano- 
donta  physiological saline [20], c o n ta in in g  0.1 ing/ml ascorbic  acid, into the  foot of experim ental  
an im a ls .  6 -O H D A  was p a r t l y  in je c te d  as a single dose of 25 m g/kg ,  while in o ther  cases, repea ted  
doses ( 1 x 1 0  mg/kg +  2 X 7.5 m g /k g )  were applied a t  tw o -d a y  intervals .  Ganglia were p repared  
for e le c t ro n  microscopy 2, 4, 12, 24, 48 h, and 5, 10 d a y s  a f te r  the  last  injection. 5 ,6-DHT 
was in je c te d  in 3 x 1 0  m g/kg  doses a t  two-day in te rvals .  Ganglia  were prepared  4, 10, 20 
a n d  30 d a y s  after  the last in jec tion .  In  addit ion, the fine s t r u c tu r e  of the  ganglia  was studied 
5h a f t e r  in jecting  1 x 1 0  m g/kg  5 ,6 -D H T  and 2 days a f te r  in jecting  2 x 1 0  mg/kg 5,6-DHT. 
B io ch em ica l  and behav ioural  in v es t ig a t io n s  [15, 16] were th e  basis for the  choice of these  time 
in te rva ls .

G anglia  were fixed in 3 %  g lu ta ra ldehyde  d i lu ted  in Anodonta  physiological saline 
[20] fo r  2 h  a t  room tem p e ra tu re .  A f te r  short  washing, ganglia  were postf ixed in 2 %  OsO, 
b u f fe re d  w i th  s-collidine for 30 m in  a t  4 °C. After d e h y d ra t io n ,  ganglia were e m bedded  in 
A ra ld i te  (D u rcu p an ,  ACM, F luka) .  Sections were cut on an  L K B  U ltro to m e  I I I  u l tram ic ro tom e 
a n d  in v es t ig a te d  in T E S L A  BS 413A a n d  T ESLA BS 500 e lec tron  microscopes. Sections were 
s ta in e d  w i th  u rany l  ace ta te  a n d  lead  citrate.

I n  o rde r  to analyze th e  genera l  s truc tura l  a p p e a ra n c e  of the  ganglia af te r  the  t r e a t 
m e n ts ,  l igh t  microscopic in v es t ig a t io n s  were also carried o u t .  F o r  this ,  1 — 2 //m th ick  sections 
were c u t  a n d  stained w ith  1% to lu id in e  blue.

T o  decide w he ther  there  is a n y  change in the  r a te  o f  th e  g ran u la r  and clear vesicles, 
л\е m a d e  in each t rea ted  a n d  c o n tro l  animal countings in 100 different  axon profiles chosen 
r a n d o m ly  in ganglia. For a n a ly z in g  th e  fu r ther  a lte ra t ions  poss ib ly  ensuing in the  dense-core 
vesicles, f requency  d is t r ibu t ion  h is to g ram s  of the d iam e te rs  o f  the  dense-core vesicles were 
c a lcu la te d .  T he  differences b e tw ee n  d is t r ibu t ion  h is tog ram s (T) of  control and t rea ted  anim als  
were d e te rm in e d  a t  each d ia m e te r  va lue  and represented  in a sys tem  of co-ordinates. For 
the  c a lcu la t io n  of the d is t r ibu t ion  h is togram s,  a final en la rg em e n t  of 42,000 was used.

Results

T w o  to five hours a f te r  6 -O H D A  and 5 ,6 -D H T  ad m in is t ra t io n ,  respec
t iv e ly ,  no f ine -s truc tu ra l  changes  were found in  th e  neuropil of the  ganglia, 
c o m p a re d  to  the control (Fig. 1). U ltra s tru c tu ra l  changes  appearing  consis ten tly  
in t h e  axons  of the neurop il  w ere  observed I — 2 d a y s  a f te r  6-O H D  A t re a tm e n ts  
and  2 d a y s  after  an in jec t io n  o f  2 x 1 0  mg/kg 5 ,6 -D H T . Similar degenera tive  
p h e n o m e n a  were seen a f te r  th e  ad m in is tra t ion  o f  t h e  tw o pharm acons  and  they  
can he su m m ed  up as follows.

(1) F req u en t  occu rrence  of m u lti lam ella r  bodies, m em brane-hound  
e lec tron -dense  s truc tu res  in  a n u m b e r  of axon p ro files  o f  the  neuropil, accom 
p an ied  b y  the  appearance  o f  elongated  c isterns, som etim es very  a b u n d a n t
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Fig. 1. D e ta il from  th e neurop il o f th e  p ed al ganglion  o f  a contro l an im al in je c ted  2 d ays  
before trea tm en t w ith  1 ml Anodonta sa lin e  co n ta in in g  0.1 m g ascorb ic acid . N o  sign  of

u ltra stru ctu ra l dam age. X 7000

(Fig. 2). Similar s t ru c tu re s  were sometimes seen in  controls  h u t  m u ch  less 
f req u en t ly  th a n  in cer ta in  areas of  the  neuropil  a f te r  the  ad m in is t ra t io n  of 
6 - 0 H D A  or 5,6-DHT.

(2) A ppearance  of  dense bodies in p re sy n ap t ic  te rm ina ls  (Fig. 3). These 
dense bodies were generally  su rrounded  by un i t  m em b ran e ,  som etim es  by
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d oub le -m em brane .  M icrovesicles were f req u en t ly  seen in th e  f ine ly  granu la ted  
m a t r i x  of the dense bod ies .

(3) The m ost c h a ra c te r is t ic ,  most f req u en t  an d  most f ina l form of the 
w h o le  degenerative p rocess  ensuing in th e  A nodonta  ganglia  a f te r  6-OHDA 
a n d  5 ,6 -D H T  t re a tm e n ts  is th e  axoplasm ic sh r ink ing  of varicosities  in the  
n e u ro p i l  (Fig. 4a, b a n d  c). The sh runken  s t ru c tu re s  are cha rac te r ized  by  a 
m a t r i x  of  high electron d e n s i ty  and  a great n u m b e r  of vesicu lar  e lem ents em
b e d d e d  in the m atr ix .  In a d d i t io n ,  the  whole s t ru c tu re  is f req u en t ly  vacuolized.

F ig . 2 . Degenerating axon  profi le  (outlined)  24 h  a f te r  1 x  25 mg 6 -O H D A  a d m in is t ra t io n .  
T h e  a b u n d an ce  of tu b u la r  fo rm s  a n d  m ulti lamellar  bodies (MB) is conspicuous. X 32,000

F r o m  th e  vesicle types  desc r ib ed  earlier in th e  CNS of f re sh -w a te r  mussel, 
A n o d o n ta  [10] preferab ly  sm a ll  and  large dense-core as well as eccentric  dense- 
core vesicles occurred in  th e  d eg en e ra ted  axon  profiles. The sh ru n k en  axoplasm  
is o f te n  separa ted  from th e  ax o lem m a by  an  e le c t ro n - t ran sp a re n t  halo. In 
o th e r  cases, however, m ore  d e g e n e ra ted  profiles were seen in th e  ex trace llu lar  
sp a c e ,  be ing  already engu lfed  b y  glial processes (Fig. 4c a n d  5).

(4) Axon d ila ta tions (F ig .  6) were found in th e  neurop il  a f te r  b o th  t r e a t 
m e n ts .  C om pared to the size o f  th e  surround ing  axons , th e  in ju red  axon  is a b 
n o r m a l ly  dilated, and th e  considerab le  abundance  o f  d ifferen t cellular c o m p a r t 
m e n ts  (m itochondria , dense-core  vesicles, m u lt ives icu la r  bodies) as well as the
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f req u en t  occurrence o f  d igestive  vacuoles and  lysosom es were ch a rac te r is t ic .  
Dense-core vesicles occu rr in g  in the  d ila ted  a x o n s  often  showed an e n h a n c e d  
density .

Fig. 3. D en se-b od ies (D B )  su rroun d ed  by m em branes a n d  con ta in in g  vesicu lar e le m e n ts  are 
sh ow n  in an axon  term in a l. (A rrow  ind icates th e  site o f  th e  sy n a p tic  con n ection .) 10 d a y s  after  

3 X 10 m g /k g  5 ,6 -D H T  a d m in is tra tio n . X 16,000

(5) D egenera tive  processes were acco m p an ied  b y  an intense glial d igestion  
and  appeared  m ain ly  a f te r  prolonged t r e a tm e n t  ( 2 ,4 ,5 ,  10 and 20 days)  w ith  
6-O H D A  or 5 ,6-D H T. T h e  whole process of th e  phagocytosis  can well be t ra c e d ,  
since b o th  degenera ted  ax o n  profiles a lready  engu lfed  by  glial processes in  the  
neuropil  and d egenera ted  axons being a lready  in  th e  cytoplasm of t h e  glia cell 
could be observed (Fig. 4c and 7). Gliosomes in  r a th e r  great n u m b er  a p p e a re d  
in th e  glia cells nea r  th e  degenera ted  axons (F ig . 7).

The tim e curves o f  th e  degenerative processes  evoked hy 6 -O H D A  and
5,6 -D H T , were no t q u ite  similar.  While on th e  1 0 th  d ay  after in jecting  6 -O H D A , 
degenera ted  axon profiles were rarely found  in  th e  neuropil, in th e  case of
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F ig . 4. a )  E lectron m icroscopic  picture of  a degenerated  axon profile in  th e  
n e u ro p i l  of  the  pedal ganglion  5 days  a f te r  1 X 25 m g/kg  6-OHDA. The  s h r u n k e n  
a x o p la s m  with high e lectron d en s i ty  contains,  f i r s t  of  all, middle- sized (700— 960Â) 

dense-core vesicles. X 28,000
b )  D egenera ted  axon in th e  neuropil  of  the  p edal  ganglion 20 days a f te r  3 X 10 
m g /k g  5 ,6-DHT injection. E ccen tr ic  dense-core vesicles with  wide range  in  size

occur  exclusively. X 28,000
c )  G ro u p  of degenerated a x o n  being a lready  to ta l ly  engulfed by glial p rocesses 
( G P )  in  the  neuropil of the  v iscera l  ganglion 2 d a y s  a f te r  2 x 1 0  mg/kg 5 ,6 -D H T  a d 
m in i s t r a t io n .  One of the  d e g en e ra ted  axon  profiles (Aj) contains only eccentric  d e n 
se -co re  vesicles with larger d iam e te r ,  while in a n o th e r  (A 2) middle-sized no rm al  dense-

core vesicles are p resen t .  X 24,500
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Fig. 5. E lectron  m ic rograph  from  the pedal  ganglion 10 days  a f te r  3 X 10 m g/kg 
5 ,6-DHT t rea tm e n t .  N o te  the  degenerated  axons (arrows) in this area  of 

the  neuropil .  X9600
Fig. 6. Abnormally d i la ted  axon  profile with a n u m b er  o f  m ito ch o n d r ia  (Mi) 
and  dense-core (m ain ly  eccentric  dense-core) vesicles (DCV) showing high 
electron density . Arrow  indicates  a neighbouring axon in which dense-core 
vesicles with conspicuous high density  and  filling o u t  is also well seen, com 
pared  to the vesicular e lem ents  of o th e r  axons of the p icture.  10 d a y s  af te r  

3 x  10 m g/kg 5 ,6 -D H T  trea tm e n t .  X 13,000
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Fig. 7. Detail  from  a glia  cell 20 days af te r  in jecting  3 x 1 0  m g/kg 5,6-DHT. 
N o te  the abundance  of gliosomes and the  axon  profiles (asterisks) which had 

degenerated a n d  t h e n  phagocytosed by  the  glia cell. X 22,500 
F ig . 8. Detail f rom  the  neurop il  of the cerebral ganglion 10 days  af te r  in jec t
ing  3 x 1 0  mg/kg 5 ,6 -D H T .  N ote  the  axon te rm in a l  in th e  cen tre  containing 
dense-core vesicles w i th  e n h an ced  density a n d  filling out. In  spite  of the 
to ta l  filling out, th e  eccen tr ic  localization of th e  dense-core is well seen in 

som e vesicles. X 22,500
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5 ,6 -D H T  ad m in is t ra t io n  dam aged  te rm ina ls  were f requen tly  seen even  a f te r  
20 days.  H ow ever, com paring  to  th e  to ta l  n u m b e r  of  th e  axons v iew ed  in  th e  
sections, th e  occurrence o f  degenera tive  p h e n o m e n a  does no t show  a high 
f req u en cy  a f te r  a n y  t r e a tm e n t .

W e failed to  observe general increase in  th e  density  of th e  dense-core  
vesicles described as “ sho r t- te rm  effect” of th e  false t ran sm it te rs  in v e r t e b r a t e  
|4, 9] and  in v e r te b ra te  [24] per iphera l nerves 2, 4 and 5 after  th e  t r e a tm e n t s .  
On th e  o th e r  h a n d ,  1— 2 days a f te r  6 -O H D A  ad m in is tra t ion  in ta c t  a x o n s

AT (mm2)

Fig. 9. F req u en cy  d istr ib u tio n  h istogram s o b ta in ed  a fter  different 6 -O H D A  tr e a tm e n ts  on  
th e  b asis o f  the  d iam eters o f  th e  dense-core o f  v e s ic le s , com pared  to the c o n tro l (0 p o in t  
on th e  ord inate); (1) 4 h a fter  1 x 1 0  m g/kg  6 -O H D A  a d m in istra tion . (2) 2 d a y s a fte r  l x 2 S

m g/kg  6 -O H D A .

con ta in in g  dense-core vesicles w ith  increased  electron density  were  found  
in th e  v ic in i ty  of  th e  degenera ted  profiles. F o u r  to  ten  days a f te r  in jec t in g  
3 x 1 0  m g/kg 5 ,6-D H T, eccentric  dense-core vesicles being m uch m ore  filled 
o u t  th a n  usual and  showing ex trem ely  h igh e lectron density  cou ld  be seen 
in ce r ta in  te rm ina ls  of the  neuropil  (Fig. 8).

S ta t is t ica l  analysis of the  a l te ra t ions  ensu ing  in the  vesicle p o p u la t io n  
a f te r  th e  t r e a tm e n ts  did no t reveal any  change  in the  n u m b er  o f  g r a n u la r  
(dense-core) and clear vesicles. A fte r  b o th  sh o r t  and  long-term  t r e a tm e n t s  
o f  6-O H D A  an d  5 ,6-D H T, the  percen tage  d is t r ib u t io n  of g ranu la r  a n d  c lear 
vesicles showed a va lue  of  70— 75/30—25, being also cha rac te r is t ic  o f  th e  
contro l.  H ow ever,  a lte ra t ions  were observed  in th e  d iam eter  o f  t h e  dense- 
cores of th e  vesicles 4 and 48 h a f te r  in jec t in g  25 m g/kg 6-O H D A  a n d  5 and  
48 h and  10 days a f te r  in jec ting  th ree  d iffe ren t  doses of  5 ,6-DHT (1 X 10 m g/kg , 
2 x 1 0  mg/kg, 3 x 1 0  mg/kg) (Figs 9 and 10). O bviously  th e  size of  dense-cores  
o f  th e  vesicles is influenced by  6-O H D A  a n d  5 ,6-D H T a lready  w i th in  th e  
sh o r t  in tervals  following th e  injection(s). F o u r  hours a f te r  in jec ting  25 m g/kg  
6 -O H D A  into  th e  foot, bo th  th e  small (700 Â) and  large (1 2 0 0 —1400 Â) 
dense-cores decreased, and  at the  same t im e  dense-cores with 1000 Â d ia m e te r
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in c rea sed  in n u m b e r  (Fig. 9). N evertheless , th e  form er a l te ra t io n  show ing 
a d o u b le  cha rac te r  in sh if t ing  direction h a d  d isappeared  by  th e  48 h  af te r  
t h e  a d m in is t ra t io n  an d  th e  long lasting  effect o f  6-O H D A  on th e  dense-cores 
is re f le c ted  by  a m ass ive  decrease in sm all dense-cores (500 —900 Â) and  by  
a s im u ltan eo u s  considerab le  increase in  th e  la rge  ones (1200 —1400 Â) (Fig. 9). 
As co m p ared  w ith  th e  con tro l ,  h is togram s o b ta in e d  after  5 ,6-D H T t r e a tm e n ts  
sh o w e d  shifting in on ly  one d irection in th e  co-ordinate  sys tem  e i th e r  at 
e a r l ie r  (5 h) or la te r  (2 a n d  10 days) po in ts  o f  t im e  (Fig. 10). F ive hou rs  a f te r

ДТ (mm2)
1200-

-1000

-1200

250 500 700 950 1200U 00  16001900 d ( Â)

F ig . 10. F requency  d is t r ib u t io n  h is togram s ob tained  a f te r  different 5 ,6-D HT t r e a tm e n ts  on 
th e  bas is  o f  the d iam eters  of the  dense-core of vesicles, c o m p ared  to the  contro l (0 point  on 
th e  o rd in a te ) ;  (1) 5 h a f te r  1 X 10 m g/kg 5 ,6-DHT a d m in is t ra t io n ,  (2) 2 days a f te r  2 x 1 0  mg/kg 

5 ,6 -D HT, (3) 10 days after  3 x  10 m g /k g  5,6-DHT

in je c t in g  1 X 10 m g/kg 5 ,6 -D H T , the n u m b e r  o f  large dense-cores (1200 —1400 
A) dec reased ,  while la te r  (2 days af te r  2 x 1 0  m g /k g  and 10 days a f te r  3 x 1 0  
m g /k g  5 ,6-D H T) a considerab le  decrease in th e  sm all (500—700 A) dense -cores 
is ch a rac te r is t ic .

I n  th e  pe r ika rya  com posing  the cortica l lay e r  of the  ganglia, n e i th e r  
s t r u c t u r a l  nor fine s t ru c tu ra l  changes were d e te c te d  after th e  t r e a tm e n ts .

Discussion

O n  th e  basis o f  o ur resu lts ,  it  m ay be s t a t e d  t h a t  fine s t ru c tu ra l  changes 
in  t h e  neuropil  o f  th e  gang lia  of f re sh -w a te r  m ussel are evoked b y  b o th  
6 -O H D A  and  5 ,6-D H T. On th e  one hand ,  deg en era t iv e  p henom ena  a p p e a r
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in th e  axons, on th e  o th e r ,  a l te ra t ions  ta k e  place in  the  size of  th e  dense-corcs 
o f  th e  g ran u la r  vesicles. Following 6-O H D A  and  5 ,6-D H T t r e a tm e n t s ,  early 
effects o f  th e  “ false t r a n s m i t t e r s ”  (loading of vesicles, signs o f  degenera t ion )  
were absen t .  This p a r t ly  corresponds to  t h a t  found  in the  CNS o f  v e r te b ra te s  
a f te r  chemical sy m p a th e c to m y  [22], however, u l t r a s t ru c tu ra l  d a m a g e  of 
cen tra l  m onoam inerg ic  neu rons  of  v e r teb ra tes  was a lready  seen as e a r ly  as a 
few hours  af te r  6 -O H D A  [7] or 5 ,6-DHT [6] ad m in is tra t ion .

T he  u l t r a s t ru c tu ra l  app ea ran ce  of th e  degenera t ive  p h e n o m e n a  evoked 
b y  6 -O H D A  and 5 ,6 -D H T  did n o t  differ from each  o th e r  and  th is  is in  agree
m e n t  w ith  o the r  resu lts ,  v iz ., s im ilar  degenera tive  phenom ena  h a d  b een  caused 
b y  5 ,6 -D H T  in the  a n te r io r  hyssus re trac to r  muscle [24] and  b y  6 -O H D A  in 
V enus  h e a r t  [25]. In  general,  th e  degenera tive  p henom ena  o b se rv ed  b y  us 
in A nodonta  ganglia resem bled  those  described in  v e r teb ra tes  [2, 3, 7, 17, 22]. 
A xon profiles d ila ted  a b n o rm a lly ,  as it  h ad  been  suggested b y  B a r t h o l in i  
e t al. [1], R ichards  [22] and  H ö k felt  and  U n g e r st e d t  [17], co rrespond  
to  th e  u l t r a s t ru c tu ra l  p ic tu re  observed a t  axona l  s tum ps a f te r  c u t t in g  of 
sy m p a th e t ic  nerves [18], a n d ,  p resum ably , po in ts  to  the  stop of  th e  cen tr ifuga l 
axop lasm ic  flow. Axons showing similar u l t r a s t ru c tu re  were d esc r ib ed  in 
A nodonta  a f te r  cu t t in g  o f  th e  cerebrovisceral connective  [8].

The re la tive  ra re  occurrence  of degenera t ive  p henom ena  fo u n d  after 
e i th e r  6-O H D A  or 5 ,6 -D H T  t re a tm e n ts  is in  good agreem ent w i th  findings 
in  v e r te b ra te s  [17, 22]. T he  in tense  glial phagocytosis ,  observed  d u r in g  the 
inves t iga t ions  and a p p ea r in g  a lm ost s im u ltaneously  w ith  th e  d eg enera t ing  
processes in the  ganglia , could p a r t ia l ly  exp la in  th e  ra re  occu rrence  of 
d egenera ted  profiles. T he  qu ick  d isappearance  of  degenera ted  s t ru c tu re s  in 
th e  ra t  CNS was also ex p la in ed  by  an in tense  phagocytosis  a f t e r  6-O H D A  
t r e a tm e n t  [7, 17].

Presen t results  show  t h a t  dense-core vesicles are responsib le  for the 
s to ra g e  of  b o th  ca techo lam ines  and  serotonin  in th e  Anodonta  gang lia ,  su p p o r t 
ing form er dens i ty -g rad ien t  cen tr ifuga tion  results  [14], versus ea r l ie r  electron 
microscopic findings [28] suggesting  t h a t  dense-core vesicles w o u ld  p lay  a 
role only in the  sto rage  of  dopam ine.

According to  b iochem ical analysis [15, 16], ca techo lam ine  as we] I as 
se ro ton in  con ten t  of th e  A nodonta  ganglia were selectively red u ced  b y  6-OHDA 
an d  5,6-DHT. We failed to  d ifferen tia te  be tw een  serotonin- and  ca techo lam ine-  
con ta in ing  term inals  as well as betw een  sero ton in- and  c a tech o lam in e-co n ta in 
ing dense-core vesicles on th e  basis of axon profiles being a lread y  degenera ted  
o r  showing early signs of  degenera tion . A fter  b o th  t r e a tm e n ts ,  t h e  dam age 
of sim ilar  te rm inals  con ta in in g  similar types o f  vesicles were seen. T h is  finding 
suggests two possibilities. F irs t ,  a f ter  a com m ercial g lu ta ra ld eh y d e-o sm iu m  
double  f ixa t ion  sero ton inerg ic  and catecholam inerg ic  te rm in a ls  a n d  axons 
do no t  ap p ea r  to  he d ifferen t. Second, th e  s to rage  of a c e r ta in  t r a n s m i t te r
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c o u ld  b e  connected to  a x o n s  w i th  vesicle p o p u la t io n  differing m orphologically  
f ro m  each  other. The o c c u r re n ce  of different dense-core  vesicles in  different 
a x o n  profiles as well as t h e i r  presence in one a x o n  profile have  a lread y  been 
d e sc r ib e d  in fresh w a te r  m u sse l  ganglia [11].

T h e  effect of 6 -O H D A  a n d  5,6-DHT on th e  whole vesicle p o p u la t io n  of 
den se -co re  vesicles seem s to  b e  proved by the  s e m iq u a n t i ta t iv e  m easu rem en ts .  
A few  hours (4— 5) a f t e r  t h e  t rea tm en ts  w ith  th e  “ false t r a n s m i t t e r s ” , the  
c h a n g e s  of the h is togram s, c o m p a re d  to the  co n tro l ,  p o in t  to  an in tense  m obiliza
t io n  o f  th e  m o n o am in e -s to r in g  structures. T h is  fa s t  t r a n s m i t te r  m obiliza tion  
c o u ld ,  in both cases, well b e  connected to  th e  increased  ac t iv i ty  appear ing  
in t h e  behaviour ( rh y th m ic  ac tiv ity )  of th e  ex p e r im e n ta l  animals [15, 16]. 
in  s p i te  of this, the  in c re a se  o f  the d iam eters o f  dense-cores observed  af te r  
2— 10 days  is in good a g r e e m e n t  with the  cons ide rab le  and long-lasting  deple
t io n  o f  catecholamine a n d  se ro to n in  levels o f  t h e  ganglia  [15, 16]. P resu m ab ly ,  
th is  d ia m e te r  increase re f le c ts  an in trag ran u la r  u p ta k e  of these “ false t r a n s 
m i t t e r s ”  being a lready  g e n e ra l  a t these po in ts  o f  t im e .  This seems to  he also 
s u p p o r t e d  by the e lec tron  microscopic o b se rv a t io n ,  viz., dense-core vesicles 
w i th  enhanced  density  a p p e a r e d  in certain ax o n  profiles  only la te r  a f te r  t r e a t 
m e n t .  I t  is rem arkable  t h a t  eccentric dense-core  vesicles showed enhanced  
e le c t ro n  density  and f illing  o u t  4 — 10 days a f te r  5 ,6 -D H T  injection. Occurrence 
o f  ec c e n tr ic  dense-core ves ic les  in  sero ton in -con ta in ing  neurons of in v e r teb ra tes  
has  b e e n  described [10, 21, 22, 27].

In  the course of o u r  inves t iga t ions ,  we fa iled  to  f ind  any light or electron 
m ic roscop ic  alterations in  t h e  perikarya of n e rv e  cells of the  ganglia  e i ther  
a f t e r  6 -O H D A  or 5 ,6 -D H T  a d m in is t ra t io n ,  a l th o u g h  dense-core vesicles occurred 
f r e q u e n t ly  in them. T h e  s a m e  was found b y  B e r r y  et al. [5] in th e  d o p 
am in e -co n ta in in g  g ian t  n e u r o n  of Plannrbis corneas  a f te r  in vitro incu b a t io n  
w i th  6-O H D A . In our case, th i s  fact could be ex p la in e d  so th a t  d ifferen t p a r ts  
o f  a m usse l  neuron are d i f f e r e n t ly  sensitive to  6 -O H D A  and 5,6-D H T. Fluor- 
escence-his tochem ical in v e s t ig a t io n s  are in p re p a ra t io n  to check th e  v a lid i ty  
o f  th i s  postu lation .
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Abstract

The DNA u p ta k e  and  t ran s fo rm a t io n  of inositol-requiring rec ip ien t  Neurospora  
s tra ins were inves t iga ted .  E x p o n en t ia l ly  growing cultures  can  a cc u m u la te  5 -10-fold 
quanti t ies  of  donor  D N A  th a n  older ones. The ra te  of D N A  u p ta k e  d epends  on the 
physiological s ta te  of  the  recipient cell, and on the m olecular  w eigh t  o f  donor  DNA. 
The  exocellular DN ase  ac t iv i ty  of the  recipient culture  may influence  th e  DN A  uptake  
and  the  t ran s fo rm a t io n  process. “ Y o u n g ” inositol-requiring N eurospora crassa cul
tures  can be t r a n s fo rm e d  by wild type  DN A  reprnducibly ,  b u t  w i th  low efficiency.

In troduction

The possibility  of  th e  t ra n s fo rm a t io n  of b iochem ically  m u t a n t  Neuro
spora  s tra ins  by  D N A  or R N A  p rep a ra t io n s  from wild ty p e  cu l tu re s  has been 
d ea l t  w ith  by  m a n y  a u th o rs  [6, 13, 14, 15, 20, 21]. D esp ite  pos i t ive  results, 
th e  conditions of rep ro d u c ib i l i ty  o f  th e  t ra n s fo rm a tio n  e x p e r im e n ts  h av e  not 
been  de term ined  yet.

In  th e  p resen t  p a p e r ,  th e  conditions of D N A  u p ta k e  b y  Neurospora  
crassa, the  d e te rm in a t io n  and a m a in ten an ce  of  com petence-like  physiological 
s ta te  o f  th e  rec ip ient cu l tu re ,  th e  reversion ra te  o f  inositol locus a f te r  t re a tm e n t  
w ith  D N A  from wild ty p e  (allo-DNA) and  DNA from  m u ta n t  s t r a in  (iso-DNA) 
u n d e r  o p tim um  ex p e r im en ta l  conditions were inves t iga ted .

Material and methods

Strains

Wild type  (R L -3 — 8 A) and  inositol-requiring ( ini- ), colonially g row ing  ( rg ~ ) aconidial 
(R  2506 5 101 a, and  R  2506 8— 12 A) m u ta n t  N . crassa s t ra ins  o b ta in e d  from  the Rocke
feller collection were used. T h e  condit ions of cu l t ivat ion  |2 2 |  and  the  genetic  characteris tics 
of  th e  stra ins have been p u b l ished  [4, 5, 16]. The inositol locus was chosen to  he investigated 
because of its  low reversion r a te  [8|,  whereas s t ra ins  carry ing multiple  m u ta t io n s  were applied 
to exclude con tam ina tion .  Neurospora  s t ra ins  were m ain ta in ed  a n d  in cu b a te d  on V o g e l ’s 
m ed iu m  [24] with and  w i th o u t  inositol supp lem en t  (100 /ig/ml).
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Preparation o f D N A s

:i2P-labelled  and un labe lled  d o n o r  DNAs were p re p a re d  from  24-h submerged culture  
of  w i ld  t y p e  and  56— 60-h inos i to l - req u ir in g  mycelia. To d e te rm in e  d ry  weight,  definite volumes 
of c u l tu r e s  were washed five t im e s  w i t h  d  H 20 .  dried a t  105 °C for 18 h, th en  the  weight was 
m e a su re d .  I ly p h ae  were d is in te g ra te d  by  X-press (Biotech. Inc . ,  USA) a n d  D N A  was e x trac ted  
by Ma r m u r ’s method [12]. T h e  D N A  prepara tions  were f ib rous ,  b u t  polydisperse  in size. 
To  s t u d y  th e  effect of m olecular  w e ig h t  of donor ;52P-D N A  on th e i r  ow n u p tak e ,  we used DNA 
p r e p a r a t i o n s  of different m olecu la r  w e ig h ts  viz. 5— l O x l O 6 a n d  1 X 106 daltons,  and  DNase- 
d ig e s te d  D N A  samples. Fo r  t r a n s f o r m a t i o n  experiments ,  we app lied  D N A  samples collected 
f ro m  t h e  excluding [17] vo lu m e  o f  Sepharose-2  В column to  reduce  th e i r  polydispers ity  [2]. 
M o le cu la r  weight was d e te rm in e d  b y  densi ty -grad ien t  cen t r i fu g a t io n  (in 5— 20% sucrose 
a n d  by  gel electrophoresis (in 0 .7%  a g a ro se  (1) ). L am da  b 2 p h a g e  genom e was used as reference. 
T h e  D N A  c o n ten t  and RN A  c o n ta m in a t i o n  were de term ined  b y  d ipheny lam ine  [7] and orcinol 
[19] re a c t io n s ,  respectively. T h e  q u a n t i t y  of protein was m e a su re d  by L owry’s m eth o d  [11].

T h e  D N A  prepara tions f r o m  wild  ty p e  N . crassa s t ra in s  a n d  those  from in i -  m u ta n t  
s t r a in s  h a v e  been designated as a l lo -D N A ,  and iso-DNA, respec tive ly .

C ultivation  a n d  treatment o f recipient cultures

F o r  D N A  uptake  [22] a n d  t r a n s fo rm a t io n  experim en ts ,  rec ip ien t  colonies were grown 
in a r o t a t o r y  shaking m achine (N e w  Brunswick) a t  27 °C a t  240 rev/m in.  After  a suitable 
i n c u b a t i o n  t im e, the cultures were  h a r v e s t e d  and washed im m e d ia te ly  with Vogel’s m edium  by 
c e n t r i f u g a t io n  a t  5000 g for 5 m in .  W e  applied D N ase-t rea ted  D N A  contro ls  in o rder  to check 
th e  sp ec if ic i ty  of h igh-m olecu lar-w eigh t  D N A .  The DN A  sam ples  were digested w ith  pancreatic  
D N a s e  (W o rth in g to n )  of 30 f ig /m l in 5 X 10~ 3 M  MgCl., a t  37 °C for 30 min. The morphological 
c h a r a c t e r i s t i c s  of the cu ltu res  w ere  ex am in ed  by ph a se -c o n t ras t  microscopy.

T h e  ac t iv i ty  of ex tra ce l lu la r  nuc leases  of the cu ltu res  was de te rm in ed  w ith  denatured  
D N A  as  su b s tra te ,  by the UV a b s o r p t io n  changes of the acid-soluble  f rac t ion  [10]. T ran s fo rm a
t io n  e x p e r im e n ts  were carried o u t  u n d e r  conditions ap p ro p r ia te  fo r  D N A  u p tak e  [22]. Colonies 
(18— 22-h)  w ith  characteris tic  m o rp h o lo g y  were washed in V ogel’s m ed iu m  a t  27 °C, i. e., a t  
the  o p t i m u m  tem pera ture .  T he  r e c ip ie n t  colonies were re su sp e n d ed  in inositol-supplemented 
m e d i u m  of  th e  starting vo lum e,  t h e n  were trea ted  w ith  10 / /g /m l  n a t iv e  or DNase-digested 
D N A  p re p a ra t io n s  a t  27 °C. T h e  s a m p le s  were incubated  a t  110 re v /m in  shaking ra te  for 60 
m in .  T h e  unadsorbed  DNA m olecu le s  were  digested by  D N ase  t r e a tm e n t  and,  a f te r  washing 
tw ice ,  t h e  colonies were cut  in to  s h o r t  f ragm ents  in a W ar in g  B len d o r  [23]. The  n u m b er  of 
h y p h a e  w as  determined in a h e m o c y t o m e te r  and by their  v iab le  coun t .  The  n u m b er  of nuclei 
in h v p h a  frag m en ts  was c a lcu la te d  f ro m  the ir  DNA con ten t .

T h e  colony-forming c a p a c i ty  o f  h y p h a  suspensions w as d e te rm in e d  in Pe tr i  dishes on 
solid V o g el’s medium su p p le m e n ted  w i th  inositol. The n u m b e r  an d  appearance  of re v er tan ts  
to  w ild  t y p e  were determined on  d a y s  5, 7 an d  10 of incuba t ion  a f te r  p la t ing  on minim al medium. 
R e v e r t a n t s  were transferred to m in im a l  m edium  for b iochem ical  a n d  genetic  studies.

R esu l ts  and discussion

F ig u re  1 shows the  c h a n g e s  in d ry  weight a n d  D N A  c o n te n t  as well as the  
D N A  u p ta k e  in various p e r io d s  o f  the  vege ta t ive  g ro w th  cycle in subm erged 
c u l tu r e  o f  Neurospora crassa  ( rg  ). I t  is shown th a t  th e  D N A  u p ta k e  of “ y o u n g ” 
18— 22-h  cultures is 5— 10-fold h igher  th an  t h a t  o f  th e  older cultures. The 
r a te  o f  g ro w th  of recipient c u l tu r e s  of  different ages w as d e te rm ined  by  m easu r
ing  t h e  concentra tion  o f  D N A  a n d  the  d ry  w eight o f  mycelia, whereas the 
u p t a k e  o f  exogenous D N A  w a s  de te rm ined  by  m easu r in g  the  q u a n t i ty  of 
32P - la b e l le d  DNA accu m u la ted  d u r in g  60 min of in c u b a t io n .  The D N A  up tak e  
o f  18 — 22-h cultures sugges ted  a reciprocal re la t ion  be tw een  the  molecular 
w e ig h t  o f  th e  donor D N A  a n d  th e  length  of the  t im e  o f  th e  up take .
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Fig. 1. The dry  weight.  D N A  co n te n t  an d  the DNA u p ta k e  in subm erged  cultures of Neurospora  
crassa (rg~), in va r ious  per iods of the vegetat ive  g row th-cyc le .  Columns represent th e  q u a n t i ty  

of  DN A  ta k e n  u p  by the  hyphae ,  given in / /g  p e r  mg dry  weight

As shown in Fig. 2 th e  u p ta k e  of la rger m o lecu la r  weight D N A  p re p a ra 
tion requires less t im e  th a n  of th e  same a m o u n t  o f  D N A  of lower m olecular  
weight. P rep a ra t io n s  exposed  to  DNase d iges tion  lost th e  ability  to  p e n e t ra te  
th e  cells. The D N A  u p ta k e  was highly in f lu en ced  even by  s light changes in 
th e  physiological s ta te  o f  cells.

Fig. 2. Effect of  the m olecu la r  weight of the do n o r  D N A  samples on their  t im e-d ep en d en t  
u p tak e .  Symbols:  (J)  na t iv e  32P  DNA (M.w. ab o u t  5 x 1 0 “ daltons);  (2) low mol weight  32P 
DN A  (M. w. a b o u t  1 x 1 0 “ da ltons) ;  (3) digested 32P  D N A . D N A t DINA u p ta k e  a t  different  

t ime in te rv a ls  (min); Ü N A 0 = DNA u p t a k e  a t  “ O”  time (min)
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T h e  ra te  of D N A  u p t a k e  can be d im in ished  b y  lowering th e  t e m p e r a tu r e  
a n d  chan g in g  the  p H  or o x y g e n  supp ly  [22]. I t  is therefore  suggested  t h a t  the  
com pe tence- l ike  s ta te  o f  N eurospora  cells m a y  he due to  a sens i t ive  “ endo- 
c y t o t i c ”  ac t iv i ty  d ep en d in g  on th e  life cycle. Colonially-growing N eurospora  
s t r a in s  possess a large n u m b e r  of h y p h a  b ran ch es .  The m etabolic  a c t iv i ty  of 
th e  h y p h a e  is m ost p ro n o u n c e d  on th e  tips. Microscopic studies h a v e  revealed  
t h a t  o rganelle  accu m u la t io n  is m ark ed  b y  an  increased  refrac tion  in  th e  zone 
b e h in d  growing tips, w h e re a s  excessive vés icu la t ion  of the  cy to p la sm  refers 
to  t h e  secretion  of enzym es necessary  to  cell w'all synthesis  and d e g ra d a t io n .  
S ligh t env iro n m en ta l  effects  result in th e  s t ru c tu ra l  changes of  h y p h a  tips
[3] a n d  th e  loss o f  a b i l i ty  o f  D N A  u p ta k e .  A life cycle d ep en d en t  nuclease 
a c t iv i t y  can  also be d e m o n s t r a te d  [9, 10, 18].

T h e  failure of t r a n s fo rm a t io n  in  some ex per im en ts  m ay  be d ue  to  the  
h ig h  D N a se  ac tiv ity  as well. Nucleases h a d  to  be rem oved  or in a c t iv a te d  
to  e n s u re  th e  in teg r i ty  o f  D N A  samples d u r ing  incu b a t io n  w ith  t h e  rec ip ien t 
cells. A ccord ing  to resu lts  sh o w n  in Fig. 3, th e  D N ase  ac t iv i ty  of  th e  m ed ium  
was s ign if ican tly  decreased  in the  presence o f  p ro tam in e  su lp h a te ,  and the  
c o n t in u in g  u p tak e  of  D N A  increased  by  a b o u t  100%  (not shown in t h e  F igure). 
D N a se  a c t iv i ty  can be dec reased  b y  re p e a te d  wrashing, too, b u t  th e  D N A  
u p t a k e  o f  hyphae  is r e d u c e d  b y  th is  p rocedure  significantly . The a d v a n ta g e  
o f  t h e  use  of p ro tam ine  su lp h a te ,  besides its  D N ase- inh ib ito ry  effect,  is t h a t  
in i ts  p resence  it  is enough  to  wash th e  m ycelia  once.

Fig. 3. D N a s e  act iv ity  of th e  22-h c u l tu re  m ed ium  (A), of  th e  f i r s t  (B), the  second (C) a n d  the  
t h i r d  (D ) w ash ing  medium, an d  of a f i r s t  washing m ed iu m  (E)  con ta in ing  25 ft g per m l p ro ta m in e

sulphate
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Table I

E ffect o f  native and DNase-digested D N A  on the reversion o f  inl~ locus in N. c rassa

Number of
Treatm ent

N um ber of inl+ revertants 
X 10 7 viable count R ate of

experiments
native DNA

1 )Nase trea t
ed DNA

increase*

A. 1 allo-DNA (inl + ) 5 l 5

2 allo-DNA (inl+) 12 l 12

3 allo-DNA (inl + ) 8 i 8

B. 1 iso-DNA (ini ) 3 3 —

2 iso-DNA (ini ) 1 2 -
3 iso-DNA in i“ ) 0 1 —

. T__ . No. of re v e r ta n t s  a f te r  a llo-DN A trea tm e n t
* K a te  ot increase ——-------—

No. ol sp o n tan eo u s  re v er tan ts

T h e  o p tim um  conditions for D N A  u p ta k e  were used in s tu d y in g  the  
reversion  ra te  o f  th e  rec ip ient s tra in .  Ten  ^g /m l allo-DNA of 2-3 X  107 da ltons  
m olecu la r  w eight increased th e  ini ' reversion  ra te  hy  abou t an  o rd e r  o f  m a g 
n i tu d e  in a cu ltu re  defic ient in m y o in o s i to l- l -P -sy n th e ta se  enzym e. T h e  results  
o f  th e  t ra n s fo rm a t io n  experim ents  are show n in Table  1. These d a t a  suggest 
t h a t  th e  t r e a tm e n t  w ith  n a t iv e  a llo-DNA resid ts  in a reproduc ib le  t r a n s fo r 
m a tio n  effect com pared  to  th e  d igested  D N A  prepara t ion , h u t  th e  ra te  of 
th e  D N A -induced  reversion of  th e  in i” locus is ve ry  low. The n a t iv e  iso-D N A  
does n o t  influence th e  in l+ reversion ra te  o f  th e  inos i to l-requiring  s tra in .  
This ind ica tes  t h a t  D N A  molecules by  them selves  do no t cause a nonspecif ic  
increase  of  the  reversion in th is  p a r t  o f  th e  genom e (Table IB ) .  Colonies t h a t  
grew o u t  af te r  D N ase-digested  allo-DNA or a f te r  n a t ive  iso-DNA a n d  digested  
iso -D N A  t r e a tm e n t  are looked up o n  as sp on taneous  rev e r tan ts .

U nder  ou r  experim en ta l  conditions,  th e  frequency o f sp o n tan eo u s  
reversion  belongs to  th e  10” 7 o rder o f  m ag n i tu d e ,  re la ted  to  th e  v ia b le  coun t.  
B u t  ca lcu la ted  from  th e  n u m b e r  o f  nuclei, t h e  spon taneous reve rs ion  ra te  
m a y  be e s t im a ted  a t  10” 111— 10 9, which is exceedingly low in th e  case o f  th e  
in i” locus [8].

Conclusions

W e have  p resen ted  d a ta  a b o u t  th e  conditions of DNA u p ta k e  a n d  allo- 
D N A -m ed ia tcd  genetic change in N . crassa. F u r th e r  ex am ina tion  o f  t r a n s fo r 
m a tio n  by  DN A , pa r t icu la r ly  the  deta iled  genetic  analysis t h a t  is possible in
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th is  e u k a ry o t ic  m icroorgan ism , would be v a lu a b le  in  e lucidating th e  m e c h a 
n ism s o f  in teg ra t ion  and  expression  of genetic in fo rm a tio n  carried b y  th e  allo- 
D N A . [t seems p robab le  t h a t  in fo rm ation  o b ta in e d  in a re la tive ly  sim ple 
o rg a n is m ,  will be p e r t in e n t  to  similar s tud ies  w i th  m ore complex e u k a ry o t ic  
cells a n d  organisms.
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Abstract

The inosi to l-dependent  m u ta n t  of A eurospora crassa lacks inosi to l-1-p h o sp h a te  
sy n th e ta se  act iv i ty .  This  defect can he r ev o rted  b y  the addition of h igh -m o lecu la r  
D N A  isolated from  the  wild type.  To  e lucidate  the  biochemical b a ckground  o f  inositol 
dependence ,  inos i to l - l -phospha te  sy n th e ta se  was s tud ied .  A m ethod has been  developed  
for the  isolation of the  enzym e from  the  wild ty p e  s t ra in  in 10 mg scale b y  sa l t  f rac t io n 
a tion ,  gel f i l t ra t ion  and  ion-exchange c h ro m a to g ra p h y .  The specific a c t iv i t y  o f  the  
purif ied  enzym e is 4750 U /m g p ro te in  an d  its  p u r i ty  has increased a b o u t  100-fold. 
Po lyacry lam ide  gel e lectrophoresis ind ica ted  th a t ,  in add it ion  to the  m ain  en zy m a t ica l ly  
active  b and ,  several accom pany ing  pro te ins  occur in v e ry  small am oun t .  T h e  m olecu la r  
weight  of the enzym e is 225,000 daltons.  P ro b a b ly  i t  consists of four su b u n i t s ,  tw o  w ith  
a m olecular  weight of 64,000 da ltons  and  a n o th e r  tw o  of 50,000 daltons.

A n  enzym atica l ly  inac t ive  p ro te in  has been isolated from the m u t a n t  w i th  the  
same procedure  as t h a t  of the  enzym e; i t  m ig ra ted  a t  gel electrophoresis s im ila r ly  to 
the  enzym e. I t  m ay  be supposed t h a t  the  iso lated  protein  is the defec tive  enzym e 
molecule.

Introduction

An inosi to l-dependen t m u ta n t  o f  N eurospora crassa has been  applied  
as rec ip ien t  to  s tu d y  th e  conditions o f  t ra n s fo rm a t io n  in eu k a ry o te s .  I t  has 
been  found  th a t  th e  D N A  ex tra c te d  carefully  from  th e  cu ltu re  o f  t h e  wild 
ty p e  increased signif ican tly  th e  reversion ra te  o f  the  ino s i to l-d ep en d en t  
m u ta n t  [12, 21].

T he  wild ty p e  s tra in  synthesizes m yo-inosito l from g lucose-6 -phospha te  
by  th e  enzym e m y o - inos i to l- l-phospha te  sy n th a se  (MIPS; [E.C. 5 .5.1.4.]) ,  
while th e  m u ta n t  s tra in  requires added  inositol for its growth. In  o rd e r  to  
u n d e r s ta n d  th e  process of  reversion, we h ave  s tu d ied  th e  c h a rac te r is t ic s  of 
th e  enzym e from th e  wild ty p e  s t ra in  a n d  com pared  them  to  t h e  defec tive  
p ro te in  o f  th e  inositolless m u ta n t ,  if  it  has any.

M IP S  h ad  been found in several biological objects [8]. T he  p ro p e r t ie s  
o f  th e  N . crassa enzym e were described by  P i n a  and T atum [18] a n d  o thers  
[4, 13, 15, 16, 17].
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In  this paper ,  we describe a p rocedure  for the  pu rif ica t ion  of M IPS  
f ro m  th e  wild ty p e  s t r a in  in  a q u a n t i ty  of  a b o u t  10 mg and ch a rac te r ize  its 
m o lecu la r  p roperties .  I n  addition , app ly ing  th e  sam e procedure, we m ade  
effo r ts  to  d e m o n s t ra te  w h e th e r  a homologous, b u t  defective p ro te in  is s y n th e 
sized  b y  th e  m u t a n t  a n d  w he the r  it  can  be iso la ted  by  the  sam e m e th o d .

Material and m ethods

M aterials

Glucose-6-p h o s p h a te - N a 2, d i th ioerythrol ,  pheny line thy l-su lphonylfluoride ,  bovine  serum 
a lb u m in  (BSA), o v a lb u m in  a n d  pro tam ine  su lpha te  were  p u rchased  from SE R V A  (Heidelberg,  
G F R )  a n d  im m unoglobulin  G (IgG) from HU M A N  (B u d a p e s t ,  Hungary).  Im m u n o g lo b u l in  A 
( Ig A )  was isolated from  th e  s e ru m  of a pa tien t  w i th  m u lt ip le  myeloma. BSA, ova lb u m in ,  IgG  
a n d  Ig A  were purified by c h ro m a to g ra p h y  to h o m ogene i ty .  T h e  o ther  reagents were of analy t ica l  
g rad e .

N eurospora crassa strains and  cultivation

T he  RL-3— 8 A wild  t y p e  s tra in  and the R  2506— 8— 12 A inosi to l-dependent  m u ta n t  
jwere c u l t iv a ted  and m a in ta in e d  on  V ogel’s minim al m e d iu m  w i th  and w ithout  inositol supple
m e n t  (100 ^g/ml),  in a sh ak in g  a p p a r a tu s  a t  27 °C. A f te r  24 h  incubation ,  the  wild ty p e  cu ltu re  
was h a rv e s te d  and the m y ce l ia  were washed three  t im e s  w i th  0.15 M  NaCl, 0.001 M  E D T A  
( p H  8.0). A 48 h  p re in o cu lu m  w as prepared w ith  the  inositolless m u ta n t  and th e  inocu la ted  
c u l tu re s  were incuba ted  for 55 to 60 h.

Iso la tion  o f  the M I P S  enzym e

(1) P reparation  o f  crude m ycelia l extract

Mass of cells of a b o u t  20 g wet  weight was su sp en d e d  in  40 ml 0.1 M  Tris-HCl,  5 m M  
E D T A  buffer  (pH  7.7), a n d  it  w as  passed th rough  an  X -p re ss ,  a t  — 30 °C. T h en  40 ml buffer  
a n d  p h en y lm e th y lsu lp h o n y l f lu o r id e  to 1 m M  c o n c e n tr a t io n  were added. The suspens ion  was 
ho m o g en ized ,  and cen tr ifuged  fo r  20 min a t  5000 g.

(2) 100,000  g supernatant

T h e  crude e x tra c t  w as  centr ifuged  for 1 h  a t  2 °C in a B eckm an p re p a ra t iv e  u l t r a 
cen tr ifuge ,  and  the s u p e r n a t a n t  w as  dialysed twice for 3 h  aga ins t  3000 ml 25 m M  Tris-HCl,  
5 m M  E D T A , 2 m M  m e rc a p to -e th a n o l  buffer (pH  7.7).

(3) P rotam ine sulphate fra c tio n a tio n

To the  dialysed s u p e r n a t a n t  a 2%  p ro tam in e  s u lp h a te  solution was a d d e d  to give 
th e  ra t io  of nucleic acid to p ro ta m in e  sulphate  equal  to 1 (w/w). The pH  was a d ju s te d  to 7.7 
w i th  4 N  N H 4O H  and th e  m ix tu r e  was allowed to s t a n d  fo r  10 m in  a t  0 °C, th en  was centrifuged 
for 20 m in  a t  5000 g.

(4) A m m o n iu m  sulphate fra c tio n a tio n

T h e  pro te in  c o n c e n tra t io n  o f  the  su p e rn a tan t  w as  d i lu te d  to 15 ing/ml a n d  solid a m m o 
n iu m  su lp h a te  was added  to 5 0 %  sa turat ion  at 0 °C (31.0 g to  100 ml); the  p H  was ad ju s ted  
to 7.7. T h e  suspension was a llowed to s tand for 15 m in  a n d  was centrifuged for 20 m in  a t  
5000 g. To  the  su p e rn a ta n t ,  a m m o n iu m  sulphate  w as a d d e d  up  to 67% sa tu ra t io n  (11.5 g to 
100 m l)  a n d  the  p H  was co r re c te d  to 7.7 After s ta n d in g  fo r  30 m in  a t  0 °C the p rec ip i ta te  was 
c e n t r i fu g e d  and dissolved in 3 — 4 ml 50 m M  Tris -H C l,  0.25 m M  EDTA, 5 m M  inercapto- 
e th a n o l  buffer  (pH  7.7). T h e  so lu t io n  was dialysed o v e rn ig h t  aga ins t  500 ml of the  sam e  buffer. 
T h e  b u f fe r  was changed once, a f te r  2 h dialysis.
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(5) Sephadex G-200 chromatography

T he  dialysed solu tion  (6 —7 ml, 55 60 mg pro te in /m l)  was applied  upo n  a 6 0 x 2 . 5  cm
colum n an d  was eluted w ith  T ris -HC l buffer of the same com pos it ion  as used for th e  dialysis. 
F rac tions  of 5 ml were collected a t  a flow ra te  of 0.13 m l/m in .  P ro te in  con ten t  a n d  enzyme 
ac t iv i ty  were de term ined  and  the  frac t ions containing the en zy m e  were combined.

(6) D E A E -S ep h a d ex  A -25  chromatography

T h e  combined act ive  f rac t ions  were applied upon  a 2 5 x 1 . 2  cm column equil ib ra ted  
w ith  25 m M  Tris-HCl, 0.25 mlVf E D T A , 5 m M  m ercap to -e th an o l  buffer, p H  7.7, a n d  it  was 
washed with the same buffer  u n t i l  the A.J80 of the e lua te  w as less th a n  0.05. The  M IP S  was 
e lu ted  w i th  a l inear c o n ce n tra t io n  g rad ien t  of 0.05 and  0.5 M  T ris-HCl buffer (150 ml 50 m M  
Tris-HCl +  150 ml 0.5 M  T r is -HC l p H  7.7, bo th  solutions c on ta ined  0.25 m M  E D T A  and 
5 m M  m ercap toe thanol) .  F rac t io n s  of 5 ml were collected a t  0.25 m l/m in  flow ra te .  T he  active 
frac t ions were combined and  c o n ce n tra ted  by vacuum  dialysis to 2 mg/ml pro te in  co ncen tra t ion  
and  stored  a t  - 30 °C or a t  70 °C. All procedure was car r ied  o u t  a t  0 - 5  °C, if  not indi
ca ted  otherwise.

E nzym e activity  was de te rm in ed  by  measuring P, released by  per ioda te  o x ida t ion  of 
inositol-1-phosphate [2]. One ml reac t ion  m ixture  p repared  accord ing  to P ina  and  T atum  [18] 
con ta ined  1 m M  dith io -e ry th ro l  to p ro tec t  the sulfhydril  g roups  of the enzym e [14]. After  
one-hour incubation  a t  30 °C, 0.3 ml of 20%  trichloroacetic  acid was added ,  th en  the p re c ip i ta te  
was rem oved  by cen tr ifuga t ion  a n d  P, was measured [7] in 0.5 ml a liquo ts  d irec tly  an d  af te r  
per ioda te  oxidation. One u n i t  of  a c t iv i ty  is expressed as 1 nmol P, released per one h o u r  incuba
tion.

Protein content was de te rm in ed  by ihe b iu re t  m e th o d  as well as by m easur ing  the 
ab so rbancy  a t  280 nm. BSA was used as reference.

Polyacrylamide gel electrophoresis was carried o u t  in 7 .5%  acry lam id e  gel ( 0 .6 x 1 0  cm 
tubes) a t  5 °C according to M a u r e r ’s [111 gel system No. 1. T he  samples (50 //g protein/0.05 ml) 
were applied directly to the  gel surface. An initial cu r re n t  o f  2 m A /tu b e  was m a in ta in ed  for 
30 min, followed by 4 m A /tu b e  for 150 min. Prote in b a n d s  were s ta ined  with  Amido Black 
10 B. Regions corresponding to the  s ta ined  areas were recovered  from parallel, unsta ined ,  
gels and  homogenized gen tly  in 1.2 ml 50 m M  Tris -HC l buffer ,  p H  7.7. using a glass 
hoinogenizer. The suspension was centrifuged, and the  s u p e r n a t a n t  was tes ted  for enzyme 
activity .

D etermination o f  molecular weight was perform ed on  Sep h ad ex  G-200 co lum n ( 6 0 x 2 .5  
cm) by  gel fi l t ra tion , according to A n d r e w s  [1]. R ibonucléase  I, ova lbum in ,  BSA, IgG and 
IgA were used as reference proteins.

Sedim entation constant was de term ined  with an  en zy m e  solution of 2 mg pro te in /m l 
in MOM G 120 ana ly t ical  u l tracen tr ifu g e  (42,800 r .p .m .,  at 20 °C), applying Ph ilpot-Svensson 
optics.

Subun it analysis was perform ed  by trea ting  the en zy m e  w ith  sodium dodecylsulphate ,  
and  the  subunits  were s e p a ra ted  by  polyacrylam ide gel e lectrophoresis in the  presence of 
sodium  dodecylsulphate  as described by W eb e r  and O s born  [22]. BSA, IgG a n d  ovalbum in  
were used as reference prote ins.

Results and discussion

Isolation o f  inosito l-1-phosphate synthase fro m  w ild  type stra in

The charac ter is t ics  o f  th e  M IPS enzym e p re p a ra t io n s  are show n in 
T able  1. S ta r t in g  from  m ycelia  o f  20 g wet weight, th e  c rude  e x t ra c t  con ta ined  
4200 mg pro te in . F rom  tin* 186,000 enzyme un its  m easu red  in th e  100,000 g 
s u p e rn a ta n t  af te r  cen tr i fu g a t io n ,  57,000 un its ,  i.e. a b o u t  30% , was found in 
12 mg final p ro d u c t ,  th e  specific ac t iv i ty  of  which is a b o u t  4-800 un its /m g 
p ro te in ,  i.e. nearly  80 fold th e  ac t iv i ty  of the  100,000 g s u p e rn a ta n t .  P ina  and
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Table 1

P urifica tion  o f  inosito l-l-phosphate  synthetase fro m  w ild  type  N eurospora  crassa

Purification, steps
T otal protein 

(n,g)
Total* activity ,

(U>
Specific activity 
(U/mg protein)

Recovery, 
per cent

Purifica
tion**

degree

(1) C ru d e  ex trac t 4200

(2) 100,000 X g  supernant 3040 186,000 60 100 l

(3) P ro t a m in e  sulphate super
n a t a n t

2630 200,000 76 108 1.3

(4) A m m o n iu m  sulphate frac
t io n  (0.5 to  0.67 saturation) 370 99.000 268 53 4.5

(5) S e p h a d e x  G-200 ch rom a
t o g r a p h y  (fractions 23 — 28) 110 85,000 773 46 13

(6) D E A E -S e p h ad e x  A-25 
c h ro m a to g ra p h y  (frac
t io n s  19 — 23) 13 59,500 4580 32 77

(7) F in a l  p roduc t  after concen
t r a t i o n  a n d  dialysis 12 57,000 4750 30 80

* 1 ac t iv ity  un i t  (U): 1 n m o l  P, released per  h our  per  ml assay m ix tu re .  Activ i ty  was 
c a l c u l a te d  b y  measuring the  a m o u n t  of  inorganic  p h o sp h a te  released from  in o s i to l - l -p h o sp h a te  
a f te r  p e r io d a te  oxidation  (2)

* * I t  is expressed on the hasis  of  increase in specific ac t iv i ty  as com p ared  to the  100.000 g 
s u p e r n a t a n t

T a t u m  [18] obta ined  5 .5%  o f  th e  to ta l  ac t iv i ty  in th e  final p ro d u c t ,  h u t  the ir  
d a t a  on  specific ac t iv i ty  a p p e a r  to  he su rp ris ing ly  high (1,195,000 units /m g  
p ro te in ) .  O ur results accord  well w ith  the d a ta  ob ta ined  w ith  th e  enzym e 
f ro m  y e a s t  [5, 6] (specific a c t iv i ty  1600 un its /m g  pro te in)  and  w ith  an  enzym e 
o f  p la n t  origin [9, 10].

I n  accordance with L o e w u s  and  L o e w u s  [9] we observed th a t  in the  
cou rse  o f  sa l t  frac tiona tion , red isso lv ing  and  dialysis, 50%  of th e  to t a l  ac t iv i ty  
w as lo s t .  The bulk of  th e  a c t iv i ty  can  be found  in the  frac t ion  o b ta in e d  at 
50 to  6 7 %  am m onium  s u lp h a te  sa tu ra t io n .  T he  loss of a c t iv i ty  m a y  p a r t ly  
be d u e  to  inac tiva t ion . In  th e  su b seq u en t  s teps, however, the  loss was negli
gible, w h ereas  the  specific a c t iv i ty  increased sign if ican tly . T he  enzym e assays 
gave  rep roduc ib le  results .  In  t h e  crude  e x t ra c t ,  however, th is  m e th o d  could 
n o t  be  applied  because o f  t h e  high inorganic  p h o sp h a te  c o n cen tra t io n .  In  
s teps  2, 3 and  4 of th e  p u r i f ic a t io n  procedure 5 n tM E D T A  was ad d e d  to  the 
re a c t io n  m ix tu re ,  t h a t  a lm o s t  com plete ly  in h ib i ted  p h o sp h a tases .  E D T A  
a t  th i s  concen tra t ion  has h a r d ly  any  influence on M IPS a c t iv i ty ,  whereas 
its h ig h e r  concentra tions are  s t ro n g ly  inh ib ito ry  [13].

Gel f i l t ra t ion  on S e p h a d e x  G-200 column sub seq u en t  to  sa l t  f rac t io n a 
t io n  a p p e a re d  to be ve ry  su i ta b le  to  rem ove phospha tases  (Fig. 1). T he  M IPS 
a c t iv i ty  can  be found in f rac t io n s  e lu ted  im m ed ia te ly  a f te r  th e  exclusion 
v o lu m e  (fractions 23 to  29), w hereas  phospha tases  are found in th e  following

Acta Biologica Academiae Scientiarum Hungaricae 28, 1977



MYO-IISOSlTOL-1-PHOSPHATASE FROM N EU RO SPO RA 2H 5

f rac tions.  M IPS e x t ra c te d  from y e a s t  could no t he well sep a ra ted  f rom  phos
p h a ta se s  b y  gel f i l t ra t io n  [6].

The eluted frac tions which  con ta ined  m ost o f  t h e  enzym e a c t iv i ty  were 
com bined  and were purif ied  fu r th e r  b y  ion-exchange c h ro m a to g ra p h y  on 
D E A E -S ep h ad ex  co lum n, app ly ing  linear g rad ien t  e lu tion  (Fig. 2). The

F ig . 1. Gel f i l t ra tion  on S ephadex  G-200 column of protein  frac t ion  prec ip i ta ted  by a m m o n iu m  
su lp h a te  from the  e x t r a c t  of  wild type  Neurospora crnssa. (Column size: 2 . 5 x 6 0  cm , frac t ion  
volum e: 5 ml, flow ra te :  0.13 m l/m in ,  elution: 50 m M  Tris-HCl — 0.25 m M  E D T A  —  5 m M  
m ercap to -e thano l ,  p H  7.7.) (1): mg protein/fraction; (2): inos i to l - l -phospha te  sy n th e ta se  

act iv ity  (//g P ;/fraction),  (3): phospha tase  a c t iv i ty  (fig  P,/fraction)

F ig . 2. F rac t io n a t io n  of in os i to l - l -phospha te  syn the tase  ac t iv i ty  ob ta ined  by  gel f i l t ra t ion  on 
D E A E -S ep h ad ex  A-25 co lum n by linear g rad ien t  elu tion (pH  7.7). (Column size: 1 . 2 x 2 5  cm, 
f rac t ion  volume: 5 ml, flow ra te :  0.25 ml/min, g rad ien t  e lu t ion:  150 ml 50 u\M  T ris -HCl + 1 5 0  
ml 0.5 M  Tris-HCl, p H ,  7.7, b o th  solutions con ta ined  0.25 m M  E D T A  an d  5 m M  m ercap to-  
e thanol .)  (1): mg p ro te in /frac tion :  (2): enzym e a c t iv i ty  (//g P ,/frac tion);  (3): buffer  con

cen tra t ion
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M I P S  was recovered in  t h e  th i r d  peak, be tw een  0.15 and  0.25 M  Tris-HCl 
c o n c e n tra t io n .  S im ilar  cond it ions  were re p o r te d  b y  P in a  and  T at um  [18] 
a n d  L o e w u s  and L o e w u s  [9], who had  e lu ted  th e  sy n th e ta se  from D E A E - 
ce llu lose  column b y  0.15 a n d  0.125 M  NaCl solutions, respec tive ly .  Ch e n  
a n d  Ch a r a l a m po u s  [6] app lied  D E A E -S e p h a d e x  colum n a n d  used Tris- 
H Cl b u f fe r  as e luen t. T h e i r  enzym e was e lu ted  w ith  0 .4 —0.5 M  Tris-HCl.

Molecular characteristics o f  the inosito l-1-phosphate synthase

T h e  molecular c h a ra c te r is t ic s  of th e  M IP S  arc  listed in Tab le  2. A ccord
ing  to  th e  da ta  of P in a  e t  al. 117] M IPS has a m olecular  w e igh t  o f  150,000. 
T h e  so m ew h a t  h igher v a lu e  225,000, o b ta in ed  b y  us b y  gel f i l t r a t io n  (1) is 
s u p p o r t e d  by  the s im u l ta n e o u s  d e te rm in a t io n  of  th e  sed im en ta t io n  co n s tan t  
(8.0 S) an d  by the  su b u n i t  analysis.

Table 2

Molecular characteristics o f  p u rified  m yo-inosito l-l -phosphate synthase

Sedimentation coefficient 
Molecular weight 
Subunit  composition f

l
Specific act iv ity  
Michaelis con s tan t  ( K M)

8.0 S
225,000 da ltons +  5%

2 X 64,000 da ltons
2 X 50,000 da ltons
4750 U /m g pro te in
1.82 m M  (for glucose-6-phosphate)

T h e  high m olecular  w e ig h t  and  the  m olecu la r  s t ru c tu re  of  M IP S  ob ta ined  
f ro m  o th e r  sources [19, 2 0 ] suggested  th a t  th e  N . crassa enzym e is of oligo
m er ic  s t ru c tu re .  The p u r if ied  enzym e was t r e a te d  w ith  dodecyl su lp h a te  and 
was s u b je c te d  to gel e lec trophores is  [22]. Two p ro te in  bands  were ob ta ined , 
w i th  m o lecu la r  weights o f  6 4 ,0 0 0  and 50,000 , respec tive ly .  Since th e  molecular 
w e ig h t  o f  the  native en zy m e  was found to  be 2 2 5 ,0 0 0 , it  seems p robab le  th a t  
i t  c o n s is ts  of four su b u n i ts ,  and  th e y  are com posed  of two iden t ica l  pairs.

T h e  molecular w eig h t  o f  the  enzym e iso la ted  from ra t  tes tis  [19] was 
found  to  be 215,000, in acco rdance  w ith  B a r n e t t  et al. [3]. I t  consists of 
tw o  id e n t ic a l  pairs o f  su b u n i ts .  R ecen tly  i t  has  been  d e m o n s t ra te d  t h a t  the  
e n z y m e  isolated from bull te s t i s  [20] is an  o ligomer, too, and  it  consists of 
fo u r  id e n t ic a l  subun its  and  i ts  molecular w e igh t  is 218,000 . T he m olecular 
w e ig h t  o f  M IPS o b ta in ed  f ro m  o th e r  sources can  be e i ther  h igher  or lower. 
F o r  e x a m p le ,  L o e w u s  a n d  L o e w u s  [9] iso la ted  an enzym e from  p lan ts  of 
1 5 0 ,0 0 0 . On the  o th e r  h a n d ,  N a cca ra to  e t  al. [14] found t h a t  th e  enzym e 
from  r a t  m a m m a ry  g lands  is o f  290,000  m olecu la r  weight. T he  su b u n i t  com 
p o s i t io n  of  these enzym es has  not ye t  been inves t iga ted .
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A ttem p ts to isolate inosito l-1-phosphate synthase fro m  the inositol-dependent
m utant

W ith  th e  m ethod  app lied  w ith  th e  wild ty p e  s tra in , we o b ta in ed  a p ro te in  
f rac t ion  from  the  inos i to l-dependen t m u ta n t .  This behaved  id e n t ic a l ly  w ith  
th e  ac tive  enzym e d u r ing  f ra c t io n a t io n  th o u g h ,  showed no enzym e a c t iv i ty .  
Care was ta k e n  of th e  id e n t i ty  in every  s tep  o f  th e  isolation p ro c e d u re .  By 
ion-exchange c h ro m a to g rap h y ,  only one d o m in a n t  p ro te in  peak  w i th  a shou lder  
on th e  descending side was o b ta in e d  (Fig. 3). T he  pro te in  sh ou lde r  co incided

Fig. 3. P u r i f ica t ion  of pro te in  f rac t ions  (23— 28, see Fig. 1) o b ta in e d  from the  in o s i to l -d ep en d en t  
m u t a n t  by  gel f i l t ra tion  on D E A F,-Sephadex  A-25 co lum n, applying linear g ra d ie n t  e lu t ion  
(p H  7.7). (E xper im en ta l  condit ions as in Figure 2.) (1): mg p ro te in /frac tion ;  (2): buffer

concen tra t ion

w ith  th e  fractions in w hich  th e  active  enzym e was detected  w ith  th e  wild 
ty p e  s t ra in .  These fractions were ana lyzed  by  gel electrophoresis, s im u ltan eo u s ly  
w ith  th e  wild ty p e  M IPS (Fig. 4).

T h e  purified  M IPS o b ta in ed  from  the  wild ty p e  is no t com p le te ly  h o m o 
geneous (gels 1 and 12). A p a r t  from  the  sh a rp ly  separa ted  m a in  h a n d ,  it  
co n ta in s  several p roteins in  v e ry  small am o u n ts .  Only the  in ten s iv e ly  s ta ined  
th i rd  b a n d  has proved  to  h av e  enzym e ac tiv i ty .  More th a n  90%  of t h e  ac t iv i ty  
app lied  to  th e  gels was rega ined  in  th is  h a n d .  L o ew u s  and  L o e w u s  [10] 
d e m o n s t ra te d  8 to 10 p ro te in  b a n d s  in M IPS p rep a ra t io n s  ob ta ined  f ro m  p lan ts .  
T h ey  found  two enzym atica l ly  ac tive  pro te in  b a n d s ,  one of th e m  in  a sim ilar 
position on th e  gel as our enzym e.

Pro te ins  isolated from the  inos i to l-dependen t m u ta n t  (gels 2 to  11 in 
Fig. 4) were also composed of several,  well-defined, bands in gel e lec trophores is .  
I n  som e of th e  fractions e lu ted  a t  th e  same sa l t  concen tra tions as t h e  enzym e
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F ig  4. Gel electrophoretic  ana lys is  of purified in o s i to l - l -p h o sp h a te  syn the tase  a n d  of p rote in  
f ra c t io n s  ob ta ined  in the  sam e  w a y  from  the inos i to l -dependen t  m u ta n t .  (These f rac t ions  were 
e lu te d  f ro m  D E A E -S ep h ad ex  A-25 column.) (R u n  on  7 .5 %  polyacrylamide gel, a t  p H  8.9 
a n d  5 °C, init ial  curren t  2 m A / tu b e  for 30 min, followed by 4 m A /tube  for 150 m in ;  staining 
w i th  A m id o  Black 10 B; sam p le :  50— 100 /<g p ro te in  p e r  tu b e . )  No. 1 Purified syn the tase  
e n z y m e  f ro m  wild type  N eurospora  crassa; No. 2 D E A E -S e p h a d e x  fraction 14 f rom  inositol- 
d e p e n d e n t  m u ta n t ;  Nos 3— 9 D E A E -S e p h ad e x  f rac t io n s  16— 22 from inos i to l-dependent  
m u t a n t ;  No. 10 purified s y n th e ta s e  enzyme (an o th e r  p r e p a r a t io n  then  shown by  No. 1)

a pa le  b a n d  appeared  a t  th e  same position on  th e  gel as the ac t ive  enzym e. 
T h is  p ro te in  band , s ta in e d  so m ew h a t  s tronger  t h a n  th e  others in frac t ion  20, 
cou ld  consis ten tly  he d e m o n s t ra te d  in seve ra l  experim ents .  I t s  identical 
p o s i t io n  w ith  th a t  o f  th e  M IP S  can be seen on d en s i to g ram s from o th e r  ex p e r i
m e n ts ,  to o  (Fig. 5). A ssu m in g  th a t  there is no s ign if ican t  difference in charge 
a n d  m olecu la r  size, we e x p e c t  t h a t  this is th e  defec tive  enzyme p ro te in .

In  fu r th e r  e x p e r im e n ts ,  we w ant to  go on frac t io n a t in g  these  pro te ins  
for ana lys is .  The id e n t i f ic a t io n  of the supposed  defective  enzym e p ro te in  re
q u ires  com plex s tud ies ,  how ever ,  in p re l im in a ry  experim ents  some of the  
p ro te in  fractions iso la ted  f ro m  th e  ino s i to l-d ep en d en t  m u ta n t  resu lted  in  a 
p o s i t iv e  reaction w ith  im m u n e  sera p roduced  a g a in s t  the  purif ied  M IPS.
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Fig. 5. Densi togram s of p rote ins sep a ra ted  by  gel electrophoresis. (E x p e r im e n ta l  conditions 
see in Fig. 4.) a) Purified sy n th e ta se  enzym e from  wild ty p e  Neurospora crassa 1 : b) protein 
frac t ion  ob ta ined  in the  same w ay  from  inosi to l-dependent  m u ta n t  (e lu ted  f rom  D E A E - 

Sep h ad ex  co lum n in the  sam e position)
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Abstract

A h is tochem ica l  techn ique  for d e m o n s t r a t in g  leucocyte alkaline p h o sp h a tase  
ac t iv i ty  (LAP),  based  on d irec t  precip ita tion  of lead  p h o sp h a te  a t  p H  9.5, is described. 
The  effect of  f ixat ive ,  tem p e ra tu re  and  s tab il i ty  of  th e  m edium  on the  a c t iv i ty  of the 
enzym e and  stab il i ty  of th e  colour reaction  was th o ro u g h ly  studied. Pe r iphera l  blood 
sm ears  ob ta ined  from  b o th  norm al h u m an s  a n d  pa thologica l  cases were s tu d ied  and 
the  results  were com p ared  w ith  these ob ta ined  by  th e  azo-dye m ethod.

In troduction

The cy tochem ical techn iques  for v isu a l iza t io n  of leucocyte  alkaline 
p h o sp h a ta se  (LAP) in c u r re n t  use are m o d if ica t io n s  of  e i ther  th e  original 
Gomori- T a k a m a t su  m e th o d  [4, 15], which is ba sed  on indirect p re c ip i ta t io n  
of heavy  m eta ls , or th e  azo-dye coupling te c h n iq u e  described by K a p l o w  
[7, 8] an d  H a y h o e  and Q uaglino  [5].

The principle on w hich  th e  Gomori- T a k a m a t s u  techn ique  was based  is 
to  in cu b a te  fixed sm ears  in buffered m ed iu m  co n ta in ing  /1-glycerophosphate 
in presence of calcium  chloride and Mg2+; th e  l a t t e r  ac t as a c t iv a to r .  The liber
a ted  p h o sp h a te  ions are th e n  p rec ip i ta ted  as ca lc ium  phospha te ,  which can  be 
converted  th ro u g h  a soluble cobalt salt in to  th e  corresponding insoluble 
cobalt  phospha te .  The  l a t t e r  is th e n  converted  to  d a rk  b row n coba lt  su lp h a te  by 
ad d in g  am m o n iu m  sulphide .

H ow ever,  m a n y  inves t iga to rs  [2, 10, 11, 12, 13, 14, 16] h av e  shown 
t h a t  th is  p rocedure  m a y  produce  false s ta in in g  o f  nuclei and  o th e r  s t ru c tu re s  
and  th e  long incu b a t io n  period  th a t  is usua lly  req u ired  results in an  u n fav o u r
able diffusion p a t t e r n  o f  s ta in ing .

In  th e  p resen t  p a p e r ,  we describe th e  app l ica t io n  of a sim ple and  rap id  
lead m e th o d  developed  b y  E l-A aser  and  H a s s a n e i n  [3] for d e m o n s t ra t in g  
th e  L A P  ac tiv i ty .  The m e th o d  is based on d irec t  p rec ip ita tion  o f  lead  phos-
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p h a t e  a t  p H  9.5, the  o p t im u m  p H  for the  e n z y m e  activ i ty ,  th e n  convert ing  
i t  to  d a r k  brown p rec ip i ta te  o f  lead sulphide.

M ateria l  and methods

P e r ip h e ra l  blood sm ears  were  ob ta in ed  from  40 h e a l th y  controls (12 fem ales  an d  28 
m ales )  a n d  17 pa tients w ith  v a r io u s  pa thologica l  disorders.

T h e  smears obtained f rom  e a c h  sub jec t  were s u b m i t t e d  to  the  present  lead m e th o d  and 
th e  a zo -d y e  m ethod  of H ayhoe  a n d  Quaglino [5], l a t te r  s l igh tly  modified.

T h e  effect of f ixative,  t e m p e r a t u r e  and  stab il i ty  of  th e  m edium  on the  a c t iv i ty  of the 
e n z y m e ,  in  addit ion  to the s ta b i l i ty  of  th e  colour s ta in ,  was tho rough ly  studied.

The lead method

T h e  lead method developed  b y  E l-Aaser and  H a ssa nein  [3] for t issue sec tions was 
used .  I t  is based on using t r is  as buffer ,  L - ta r ta r a te  as che la t ing  agent  for lead  ion and  
/1-g lycerophosphate  as su b s tra te .

Stock b u ffe r  substrate solution

I t  consists of 150 ml of 0.2 M  t r is  buffer; 25 ml of 0.05 M  sodium /1-glycerophosphate; 
50 m l  o f  distil led water  and  6 m l o f  l°/0 L - ta r ta r ic  acid. Th is  solution has a p H  of 9.5 a n d  is 
s t a b l e  a t  4 °C for months.

Ifo r k in g  substrate solution

T h e  medium  for im m ed ia te  use  was p repared  by a dd ing  4.5— 5 ml 1% lead  n i t ra te  
d ro p  wise,  while stirred, to 45 m l o f  th e  s tock buffer su b s t r a te  solution; then  2.0 m l of 0.1 M  
m a g n e s iu m  chloride was ad d ed  to se rve  as ac t iva tor .  F i l t ra t io n  was carried o u t  w h en  necessary.  
To  ch ec k  fo r  the  presence of e n o u g h  lead  in solution we a d d e d  several drops of d i lu te d  solution 
o f  d i so d iu m  hydrogen p hospha te  to  a b o u t  one ml of the  m edium . Im m edia te  ap p ea ran c e  of 
w h i te  t u r b id i t y  indicates the  p resence  o f  sufficient a m o u n t  of lead in the  m edium .

T echnique

F r e s h  dried smears were f ixed  according to K aplov a n d  B urstone [9] a t  ro o m  t e m 
p e r a t u r e  in  acetone-citrate  f ix a t iv e  for one min, w ashed  w ith  distilled water ,  a n d  air-dried. 
T h e  d r ie d  slides were in cuba ted  in th e  working su b s tra te  so lu t ion  a t  37 °C for 30 m in . Afte r  
in c u b a t io n ,  th e  smears were w a sh e d  w i th  distilled w a ter ,  t h e n  immersed for 1 m in  in freshly 
p r e p a r e d  w eak ly  alkaline a m m o n iu m  sulphide solution. Slides were th en  w ashed  in distil led 
w a te r  a n d  countersta ined  in 2 %  m e th y l  green for 10 min. Lead  phospha te  p ro d u c ed  by  the 
r e a c t io n  w a s  visualized as d a rk  b r o w n  lead sulphide g ranu les .  In  control sm ears  e i th e r  heated  
in b o i l ing  w a te r  for five min or i n c u b a te d  in subs tra te -free  m edia ,  no s ta ining wras observed 
a f te r  in cu b a t io n .

The azo-dye method

T h e  incub ation  medium a modification of H ayhoe  and Quaglino  [5]. It consisted of  

S o lu tio n  A  :

40 m g  so d iu m  a lp h a -n ap h th y l -p h o sp h a te  dissolved in 60 ml of 0.5 M  2 -am ino-2 -m ethy lp ropane  
1,3 dio l  ( p H  9.7) to which 2 ml o f  0.1 M  MgCL solution was added.

S o lu tio n  B :

40 m g  o f  f a s t  blue BB salt dissolved in 20 ml distil led w a te r .  Fo r  imm edia te  use  so lu tion  A 
an d  В w e re  mixed in the ra tio  of  3 : 1 .
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Technique : F ixed  smears in ace tone-c it ra te  were  incuba ted  in the m e d iu m  for 20 min, 
then  coun te rs ta ined  w ith  2 %  m ethy l  green.

Scoring o f  stained smears

Slides s ta ined  by e ithe r  technique were scored in  the  same way as described by K a p l o w  
[7] and  H a y h o e  e t  al. [6].

Results und discussion

In  th e  p resen t  investiga tion  th e  lead  m e th o d  developed b y  E l -A a s e r  
and  H a s s a n e i n  [3] on tissue sections was used for eva lua ting  th e  v a l id i ty  
of  th e  m e thod  in dem o n s tra t in g  leucocy te  alkaline pho sp h a tase  in  blood 
sm ears. C om parable  studies were carried  o u t  b y  the  azo-dye m e th o d .  The 
effect o f  f ix a t iv e ,  m agnesium  ions and  te m p e ra tu re  on the a c t iv i ty  o f  the 
enzym e as well as th e  s tab il i ty  of in c u b a t io n  m edium  and colour s ta in  were 
inves t iga ted . Resu lts  expressed in b o th  m e th o d s  as to ta l score are  p resen ted  
in Tables  1— 5.

Studies  on th e  choice of f ix a t iv e  show ed  th a t  acetone b u ffe red  w ith  
c i t ra te  (pH 4.2) was a b e t te r  f ixa tive  t h a n  fo rm alin  vapour  or fo rm o -m eth an o l .  
B e t te r  m orphological details w ith  high level o f  enzym e ac tiv ity  were  o b ta in ed .

T ab le  1 p resen ts  the  to ta l  score o b ta in e d  from  reactions ca rr ied  o u t  w ith  
incu b a t io n  m edia  p repared  1/2, 1, 2, 14 a n d  48 h before use. In  th e  azo-dye 
m e th o d ,  no reac tion  could be ob ta ined  ex c e p t  w ith  freshly p re p a re d  m edium . 
On th e  o th e r  h an d ,  w ith  the  lead m e th o d ,  th o u g h  there  was a p a r t ia l  drop 
in th e  reac tion  a f te r  1/2 h and  over, a reac t io n  could be o b ta ined  ev en  w ith  
the  m ed ium  p repared  24 h before use.

Mg2+, 5 m Vi, was found to  a c t iv a te  t h e  enzym e by abou t 6 0 %  in  e i ther  
o f  th e  m e thods  in sm ears  ob ta ined  from m ale  or female subjects.

Tab le  2 presen ts  scores o b ta ined  from  a reaction carried o u t  a t  b o th  
20 °C and  37 °C for th e  sam e sm ears, b y  u s ing  th e  lead m ethod . I t  is obvious 
t h a t  in c u b a t io n  a t  37 °C gave h igher scores t h a n  w hen the  re a c t io n  was per-

ТаЫе 1
Stability o f  the incubation medium

Method
No. of
eases

T otal score

used
immediately

Age of the medium before use (1tours)

'/г 1 2 24 48

Lead 2 1 40 1 3 2 1 2 5 123 9 2 0

(1 3 5  145 1 3 0  1 3 0 ) ( 1 1 8  1 2 8 ) (1 1 8  1 2 8 ) ( 7 8  1 0 6 ) 0

Azo-dye 2 9 8 .5 0 0 0 0 0

(9 8  9 9 ) 0 0 0 0 0
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fo rm ed  a t  room te m p e ra tu re .  T ota l scores o b ta in e d  a t  37 °C were b y  5 1 %  
to  7 1 %  higher th a n  th o se  ob ta in ed  a t  20 °C.

T h e  s tab i l i ty  of  th e  colour sta in  o b ta in ed  b y  bo th  m ethods expressed  
as t o t a l  scores is p re sen ted  in  Table  3. Scoring was carried out im m e d ia te ly ,

Table 2

Effect o f  tem perature on total score o f  L A  P . Lead method

No. of cases
20 °C (room temperature) 37°C

to ta l score per cent I to ta l score Í per cent

3 60 100 94 156
( 2 1 - 1 0 9 ) (36 165) (1 5 1 -  171)

Table 3

Colour stab ility  o f  L A P  slain in lead and  azo-dye methods

Period of storage

M ethod Storage in No. of cases 0
score

2 days 
score

4 days 
score

6 days 
score

dark 2 134.5 133.5 132.5 133.0
(8 4 - 1 8 5 ) (83 184) (8 3 -1 8 2 ) ( 8 3 - 1 8 3 )

Lead light 2 134.5 133.5 132.5 133.0
(8 4 - 1 8 5 ) (83 184) (8 2 -1 8 3 ) ( 8 3 - 1 8 3 )

dark 2 155.3 95.0 49.0 21.0
(6 8 - 1 6 3 ) (58 132) (32 - 6 0 ) (8 34)

Azo-dye light 2 155.5 62.5 23.0 6.0
(6 8 - 1 6 3 ) (36 89) ( 2 2 - 2 4 ) (2 10)

a n d  a f t e r  2, 4 and  6 d ay s  o f  storage. The effect o f  da rk  and l igh t  on th e  
to t a l  scores is also p re sen ted .  Using the  azo-dye m e th o d ,  scores ra p id ly  d i 
m in ish ed  w hen  sm ears were k ep t  in light. W h en  s ta in e d  smears were s to red  
in t h e  d a rk ,  the  loss o f  co lour sta in  was less m a rk e d .  W ith  the lead m e th o d  
h o w ev e r ,  scores rem ain ed  a lm o st  the  same th r o u g h o u t  and  scoring could  be 
ca rr ied  o u t  a f te r  any  per iod  of  time. In  th e  l a t t e r  m e th o d ,  the  colour s ta in  
was e q u a l ly  s tab le  in b o th  l igh t  and  dark .

T a b le  4 presen ts  d a ta  o b ta in ed  from 12 n o rm a l  hea lthy  female and  28 
m ale  su b je c ts  be tw een  20 a n d  50 years of age. Scores for the  norm al fem ale  
s u b je c ts  ran g ed  be tw een  th e  45 and  100 w ith  an  average  of 73.5 w hen  th e  
lead m e th o d  was used. W i th  th e  azo-dye m e th o d ,  th e  scores for th e  sam e 
su b je c ts  ra n g ed  be tw een  36 and  80 w ith  an av e rag e  o f  61.3.
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T he scores for th e  norm al h ea l th y  m ales ranged between 32 a n d  114 
w ith  an average  of 58.3 when th e  lead m e th o d  was used and be tw een  20 an d  
96 w ith  an  average  of 43.1 w ith  th e  azo-dye m e thod .

Scoring d a ta  obta ined  by  b o th  lead a n d  azo-dye m ethod  on 18 cases 
w ith  various pathological disorders are p re sen ted  in Table 5. T h e  h ighes t 
score was ob ta in ed  for a p a t ie n t  w ith  chron ic  lym pha tic  leukaem ia , v iz ., 228 
w ith  th e  lead m e th o d  and 196 w ith  th e  azo-dye m ethod. The lo w es t  scores 
were o b ta ined  in two cases of chronic g ran u lo cy t ic  leukaemia. T h e  f i r s t  case 
gave score of 6 w hen th e  lead m e th o d  was used  and zero w ith  t h e  azo-dye 
m e th o d ;  the  second case gave a to ta l  score of 40 with th e  le a d  m e th o d  
and  3 w ith  the  azo-dye m ethod . W e have  show n t h a t  one of th e  d i s a d v a n ta g e s

Table 4

Scoring data fo r  L A P . Blood smears fro m  norm al healthy subjects

Sex
Age,
years

No. of
cases

Total count 
X1000

Method
used

0

Grade of score 

percentage of neutrophils

1 1 2 3

T otal score

Fem ale 20 SO 12 4.8 - 7 .5 Lead 35.75 61.66 5.91 0 73.5

( 1 0 - 6 0 ) (34 36) (0 10) (45 100)

Azo-dye 41.25 56.16 2.58 0 61.3

(20 60) (28 85) (0 5) (36 80)

Male 2 0 - 5 0 28 4 . 0 - 1 0 0 Lead 52.5 38.75 7.46 1.28 58.39

(24 72) (21 76) (0 22) ( 0 - 1 0 ) (32 114)

Azo-dye 58.7 39.07 1.5 0.35 43.14

(8 80) (20 88) ( 0 - 1 0 ) ( 0 - 6 ) (20 -96)

of th e  azo-dye m e thod  is the  in s ta b i l i ty  o f  th e  m edium  and in s ta b i l i ty  
of  th e  colour reac tion  and , unless th e  sm ears  are s tained im m e d ia te ly  a f te r  
p re p a ra t io n  o f  th e  incuba tion  m edium  and  scoring carried ou t  im m e d ia te ly  
a f te r  in cu b a t io n ,  th e  results ob ta ined  c a n n o t  be considered reliable . F u r t h e r 
more, using th is  m e th o d  for rou tine  in v es t ig a t io n  may expose th e  person  
to  th e  haza rds  of  a possible carcinogenic effect of substances as n a p h th o l  
and  d iazon ium  salts.

T h e  m ain  p roblem  in using lead for d i re c t  visualization o f  a lka line  p hos
p h a ta se  in tissues is th e  d iff icu lty  in keep ing  i t  in  solution a t  p H  9.5, t h e  p H  
o p t im u m  of th e  enzym e ac tiv i ty .  A ccord ing  to  B a r k a  and A n d e r s o n  [1], 
th e  m a lea te  com pounds  allows a su ff ic ien t  a m o u n t  of lead ions to  rem ain  
in  solution. H ow ever,  a t  p H  9.0 lead h y d ro x id e  is formed which has  re la t iv e ly  
low solubili ty .
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Table 5

Scoring data fo r  L A P  on blood smears fro m  p a tie n ts  w ith  various diseases

Diagnosis No.of oases M ethod Total score

Lead 72.7
1 ( 6 0 -1 0 4 )

Cancer-Bladder 3 Azo-dye 71.3
(5 4 - 1 0 0 )

Lead 123.0
(9 2 - 1 4 0 )

Lym phosarcom a 3 Azo-dye 102.0
3 Azo-dye (8 4 -1 1 8 )

R e ticu lum  cell sar- 4 Lead 110.75
coma (8 8 - 1 7 0 )

Azo-dye 88.25
(6 5 - 1 3 6 )

H odgk in ’s ly m p h o m a 1 Lead 98.0
Azo-dye 70.0

Acute  lym p h a t ic 1 Lead 170.0
leukaemia Azo-dye 125.0

Chronic lym pha t ic 1 Lead 228.0
leukaemia Azo-dye 196.0

Monocytic  leukaem ia 1 Lead 170.0
Azo-dye 158.0

L ead 23.0
Chronic granul- 2 ( 6 - 4 0 )

ocytic leukaem ia Azo-dye 1.5
( 0 - 3 )

Ulcer of the  foot 1 Lead 131.0
with infection Azo-dye 110.0

E l -A a s e r  an d  H a s s a n e i n  [3] found  t a r t a r a t e  to  be more e ff ic ien t  
t h a n  m a le a te  as a c h e la t in g  agen t  for lead . T h is  m akes it possible to  w ork  
a t  p H  o p t im u m  of th e  enzym e (pH  9.5), a v o id in g  th e  p rec ip ita tion  o f  lead  
f rom  t h e  m ed ium . U sing a su b s t ra te  o ther  t h a n  /З-glycerophosphate  gave less 
s ta b le  m ed iu m .

P i tfa l ls  caused  b y  th e  tran s fo rm a tio n  o f  ca lc ium  phosphate  in to  coba lt  
o r  l e a d  p h o sp h a te  are avo id ed  by  the d irec t m e th o d .  Since the  re a c t io n  is 
ca r r ied  o u t  a t  o p t im u m  p H ,  th e  possib ility  o f  false localization as cau sed  by  
th e  a c t iv i t y  o f  o th e r  enzym es is reduced.

O ne  of th e  a d v a n ta g e s  of  th e  p resen t  t e c h n iq u e  is the  s tab il i ty  of  th e  
in c u b a t io n  m ed ium , w h ich  can  be stored in s to c k  solution ready  for use for 
m a n y  m o n th s .  M oreover, th e  s tab i l i ty  of th e  co lou r  s ta in  permits th e  possib il
i ty  o f  c a r ry in g  o u t  scoring a f te r  an y  period o f  t im e .  N e i th e r  light nor d a rk  h a d  
a n y  e f fec t  on th e  f in a l  resu lts .  The presen t le ad  m e th o d  gave a well-localized
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F ig. 1. Neutrophil  alkaline p h o sp h a tase  reaction d e m o n s tra ted  by the  lead m e th o d  from 
a p a t ie n t  with lym phosarcom a.  N ote  the  va r ia t ion  in the in tensi ty  of the s ta in  which is well 

localized in the cy top lasm ic  granules  of  neutrophils;  nuclear s la in  is a b sen t .  X2100

Fig. 2. Neutrophil  alkaline p h o sp h a tase  reac tion  dem o n s tra ted  by the  azo-dye m e th o d  from  the
sam e p a t ie n t  as in Fig. 1 X2100
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s t a in  in the  cy top lasm ic  granules  w ith  d iffe ren t  degrees of  in ten s i ty  and  the  
n u c le a r  s ta in  is c o m p le te ly  absen t as shown in Fig. 1 (com pare  w ith  azo-dye 
m e th o d  Fig. 2).

I t  is of im p o r ta n c e  t h a t  in all cases, b o th  no rm al and  pathological,  
t h e  lead m ethod re su l te d  in higher scores t h a n  th e  azo-dye m e thod ,  th u s ,  
co n f irm in g  the  su ff ic ien t  sens i t iv i ty  of th e  lead m e th o d .  M oreover, th e  a d a p ta 
t io n  of  the lead m e th o d  for electron m icroscope studies  can  be achieved.
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Abstract

The g ian t  neurosecre to ry  cells in the  thorac ic  ganglion of the adu lt  a n d  ju v en i le  
c rab , Potam on m agnum  m agnum  (P re tzm an )  were his tochem ically  inves t iga ted .  The  
secre t ion  is m ain ly  prote inaceous in n a tu re ,  con ta in in g  considerable a m o u n ts  o f  acid 
m ucosubstances ,  su lpha te  esters, lipids a n d  a l i t t le  c a rb o h y d ra te  b u t  no glycogen. 
The  deta i led  n a tu re  of the  p ro te inaceous  neurosec re to ry  materia l  in the  a d u l t  c rab  
was fu r th e r  tes ted .  I t  appears  t h a t  th e  neurosec re to ry  m ate ria l  of these cells con ta ins  
m o d e ra te  am o u n ts  of su lfhydryl  groups a n d  few of disulphide bonds.  No t race  of 
ty rosine  could be observed. The neurosecre to ry  granu les  were associated w i th  consider
able  a m o u n ts  of  cy top lasm ic  R N A . In  general,  s t ronger  reactions were o b ta in e d  in 
su m m er  and w in ter  t h a n  in o th e r  seasons.

Introduction

In  decapod  Crustacea, th e  p h en o m en o n  of neurosecretion  has  been 
widely s tu d ied ;  b o th  m orphological and  physiological inves t iga t ions  h av e  
been  carr ied  ou t on th e  neu rosecre to ry  sy s tem s of these  a r th ro p o d s .  T he  
m orpho logy  of th e  neu rosec re to ry  sys tem s o f  Decapoda  has been descr ibed  
[3, 4, 17, 25, 26], however, few h is tochem ical s tud ies  have been m ad e  on th e i r  
neu ro sec re to ry  m a te r ia l  [13, 14, 21, 22, 26, 27, 28, 29, 36, 37, 38. 40].

The m orpho logy  o f the  g ian t neu ro sec re to ry  cells in th e  thorac ic  gang lion  
of Potam on m agnum  m agnum  (P re tzm an ) ,  a f resh -w ater  crab, has been  d e 
scribed b y  B a id  et al. [3, 4]. These cells, des ig n a ted  as A -type  cell, occu rred  
w ith  and  w ith o u t  axons. We u n d e r to o k  th e  p re sen t  work to  reveal,  f i r s t ly ,  
th e  h istochem ical n a tu re  o f  th e  n eu ro sec re to ry  m ater ia l  in juven ile  c rabs 
and  secondly , th e  deta iled  h istochem ical n a tu re  of  the  pro te in  rep re se n t in g  
th e  m a jo r  p a r t  o f  th e  secre tory  m a te r ia l  in th e  a d u l t  crabs.

Material and inclbods

Ju v en i le  a n d  a d u l t  crabs,  Potamon m agnum  m agnum  (P re tzm an)  were collected  from  
the  su b u rb s  of Mosid, a to w n  in N or the rn  Iraq .  The  thorac ic  ganglia were excised an d  fixed 
in ap p ro p r ia te  f ixat ives .  Horizonta l  paraff in  sections of 8-//m thickness were o b ta in e d .  All
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t h e  h is to ch em ica l  tes ts  were pe rfo rm ed  as described in t h e  m onographs of P e a r s e  [33] and  
G u r r  [18].

T h e  following s ta in ing  reac t ions  and  h is tochem ica l  techniques were em ployed  fo r  the 
j u v e n i l e  crabs:

(1) Cameron and  St elee ’s [18] m odificat ion  of Ga b e ’s aldehyde fuchsin  (A F )  tech 
n ique .

(2) B argmann’s [5] m od if ica t ion  of Go m o r i’s ch ro m a lu m  h aem a to x y l in —phlox ine  
(C I I P )  techn ique .

(3) Mallory- H e id e n h a in  stain [18].
(4) Acrolein-Schiff techn ique  for protein  h a v in g  N H ,  NH.,, SH and imidazole reac t ive  

g ro u p s  (Va n  D u i j n , [35]).
(5) Alloxan-Schiff  tech n iq u e  for p ro te in -b o u n d  a m in o  groups [33].
(6) Perform ic  acid-alc ian blue (PF A A B ) t ec h n iq u e  for disulfide groups (A dams a n d  Slo- 

p e r ) [35].
(7) M ethy l  g reen -p y ro n in e  technique  for R N A  ( B rachet [35]).
(8) Periodic  acid -Sch iff  (PA S) techn ique  fo r  hexose-containing m u co su b s tan ces  

(M cM a n u s , [35]). Two series of serial  sections were t r e a te d ,  one for each of th e  following 
te s ts :

a) t h e  s ta n d a rd  m eth o d  for PA S reaction;
b )  d ias tase  diges tion  (30 m in  a t  32 °C).
(9) Alcian blue techn ique  (AB) for acid m ucopo lysaccharides  or  acid m ucosubstances  

(S t e e d m a n , [35]).
(10) Acriflavine technique for sulphate esters (L i l l e , [35]).
[11] S u d an  b lack  B (SBB) techn ique  for l ip ids  (MCMANUS, [35]).
M ost  of  the  sections o b ta in e d  from  adu lt  c rab s  were  exam ined  by h is tochem ical  te c h 

n iq u e s  s im ila r  to those  carr ied  o u t  for  the  juven ile  crabs.  T es ts  Nos 4, 5, 6 and  7 are com m on 
for  b o t h  stages. In  add it ion ,  the  following th ree  t e s ts  were  carried ou t  in a d u l t  crabs:

1. ) D D D  techn ique  for su lfhydr i l  and  disulphide  g ro u p s  (B a rrnett  and  Se l ig m a n , [35]).
2. ) Modified gallocyanine c h ro m a lu m  tec h n iq u e  for nucleic acids (B e r u b e  e t  al.. [35]).
3 .  ) Millon’s reac tion  for ty ros ine  (B ensley  a n d  Ge r s h , [35]).
T h e  read ing  of the  tes ts  was subjective,  an d  th e  responses  were scored on a scale rang ing  

r o m  0 (negative )  th ro u g h  +  to  + +  (positive) to  +  +  +  (strongly positive).

Results

T h e  results  for juven ile  crabs are su m m a r iz e d  in Table 1, those  for ad u lt  
c rab s  in  Tables 2 and  3, in w hich  are in d ic a te d  th e  responses of b o th  ty p es  of 
th e  g ia n t  neu rosecre to ry  cells to  these te c h n iq u e s .

The staining reactions and histochemical tests for juvenile and adult crabs

(1) A ldehyde  fuchsin (AF) techn ique . B o th  types of the n eu rosec re to ry  
cells, w i th  and w ith o u t  axon ,  showed deep  p u rp le  granules while th e  c y to 
p la s m ,  nucleus and  nucleoli rem ained  u n s ta in e d .  The cy top lasm  was light 
g reen -pos it ive ,  while th e  nucleoli were orange  G-positive.

(2) C hro m -h aem a to x y l in —phloxine  (C H P ) techn ique .  The neu ro sec re to ry  
g ra n u le s  in bo th  cell ty p es  s ta in  da rk  or deep  purp le .  In  th e  fa in t ly  s ta in ed  
n u c le u s ,  th e  nucleoli ap p ea red  darker.

(3) M allory’s tr ip le  s ta in .  The n eu ro se c re to ry  granules in  b o th  cell 
ty p e s  s ta in  purp le ,  th e  c y to p la sm  redd ish -b row n . The nucleus a p p ea red  pale 
p u rp le ,  th e  nucleoli red.

(4) Acrolein-Schiff  te ch n iq u e .  The n eu ro sec re to ry  granules in b o th  
cell ty p e s  s ta in  m ag en ta ,  ind ica t ing  th e  p re sen ce  of significant a m o u n ts  of
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Table 1

S ta in in g  reaction and histochemical tests in the neurosecretory material o f  the g ian t neurosecretory  
cells o f  the ju ven ile  crab, P o ta m o n  m a g n u m  m agnum  ( Pretzm an)

Technique used Fixative
G iant neuro
secretory cells 

w ith  axon

Giant neuro
secretory cells 

w ithout axon
In te rp re ta tio n

A F Bouin deep purple deep purple Neurosecre t ion
C H P Bouin deep purple deep purple N eurosecre t ion
Mallory triple stain Zenker purple purple Histo logy
Acrolein-Schiff Ca-formol. Bouin Pro te in  with .  INK. 

N H 2, S H  a n d  im id
azo le-react ive  
groups

Alloxan-Schiff 
Performic acid-alc ian

Ca-formol, Bouin +  4" + + + P ro te in -b o u n d  N H 2

blue Ca-formol, Bouin + Disulphide bonds
Methyl g reen-pyron ine  
Periodic acid-Schiff

Formol (10%) + + + + + + RÍVA

(PAS) Ilelly, Ca-formol + + + + Polysaccharides
(PAS diastase) Kelly, Ca-formol + + + + Glycogen (control)
Alcian blue (AB) Helly, Ca-formol + + + + + Acid m ucosub-  

s tances
Acriflavine Helly, Ca-formol + + + + + + S u lp h a te  esters
Sudan  black B (SBB) Ca-formol + + + + + + Lipids

Scoring: 0 =  negative;  -j- to -f- +  =  positive  a n d  -J—|—j— =  strongly posi t ive ,  reac tion

Table 2

H istochem ical reactions o f  the neurosecretory m aterial in  the g ian t neurosecretory cells o f  the adult 
crab, P o tam o n  m ag n u m  m a g n u m  (P retzm an)

Technique used Fixatives
Reactions in giant 

summer au tum n
cells with 

w inter
axons

spring In te rp re ta tio n

Acrolein-Schiff Ca-formol, Bouin +  + +  +  + +  +  + +  + P ro te in  h av in g  NH, 
N H 2, S H  an d  imid
azole reac t ive  groups

DD D
OD D  (N-ethyl

Ca-formol, ethanol +  + + + + S u l fh y d ry l  groups

maleimide) Ca-formol, ethanol + + + + D isulphide  bonds
Ninhydrin-Schiff Ca-formol, Bouin -f + +  +  + + Pro te in -b o u n d  NH.,
PF A A B Ca-formol, Bouin + + + D isu lph ide  bonds
Millon’s reaction 
Gallocyanin-

Ca-formol. Bouin 0 0 0 0 T yrosine

chrom alum  
Methyl green-

Form ol (10%) +  -b + + +  +  + + Nucleic acids

pyronine Form ol (10%) + + + + + +  + +  + UNA

See footnote  of Table  1
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Table 3

H islochem ical reactions o f  the neurosecretory material in  the g ia n t neurosecretory cells o f  the adult 
crab, P o t a m o n  m agnum  m a g n u m  ( P retzm an)

T echnique used Fixatives
Reactions
summer

in giant 
au tum n

cells w ithout 
w in te r

axons
spring In te rp re ta tion

Acrolein-Schiff Ca-formol, B ouin +  +  + +  + +  +  + +  + Protein  h a v in g  N H ,

D U D Ca-formol, e thanol +  + + +

N H 2,SH  a n d  im id 
azole reac tive  
groups
Sulfhydryl  g roups

DDD (N -e thy l
m ale im ide) Ca-formol, e thanol + - f + -j- Disulphide g ro u p s

IN in h y d r in -
Schiff Ca-formol, Bouin + -j- +  +  + + Pro te in -bound  N I I 2

P F A A B Ca-formol, Bouin + + + + Disulphide groups
Millon’s reac-

t ion Ca-formol. Bouin 0 0 0 0 Tyrosine
G allocyan in—

c h ro m a lu m Formol (10%) +  + + +  +  + + + Nucleic acids
M ethy l  g reen—

p y ro n in e Formol (10% ) + + + + + +  + 1 Г RXA

See fo o tn o te  of Tab le  1

p ro te in  w i th  N H , N H .„  SH  and imidazole r e a c t iv e  groups. The sec re to ry  
g ra n u le s  w ere  sc a t te re d  th ro u g h o u t  the p e r ik a ry o n  and  showed large ag g re 
g a t io n s  a t  th e  pe r inuc lea r  zone and the cell p e r ip h e ry  (Fig. 1). In a d u l t  c rab s ,  
th e  n e u ro se c re to ry  g ranu les ,  in b o th  cell ty p e s ,  were  accum ulated  a ro u n d  
th e  n u c le u s ,  tow ard s  th e  p e r ip h e ry  and, as dense  m asses ,  around th e  v acuo les .  
In  s u m m e r ,  a u tu m n  a n d  w in te r ,  these cells sh o w ed  m ore pronounced po s i t iv e  
re a c t io n  th a n  in spring  (Figs 4 —11).

(5) A lloxan-Schiff .  This is a general p ro te in  s ta in .  The secretory  g ranu les  
in b o th  cell types s ta in  fa in t  p ink  to  red, in d ic a t in g  the  presence o f  l i t t le  
to  m o d e r a te  am o u n ts  o f  p ro te in -bound  am ino  g roups . In  adult c rab ,  th e  
n e u ro se c re to ry  granules in b o th  cells p roduced  f a in t  p in k  to  red colour i n d i c a t 
ing th e  p resence  of l im ited  a m o u n t  of p ro te in -b o u n d  am ino  groups.

I n  w in te r ,  s ign if ican t  am o u n ts  of p r o te in -b o u n d  amino groups  were 
fo u n d  to  be associated  w i th  th e  neurosecre to ry  m a te r ia l  in bo th  ty p e s  of 
cells, w h e re a s ,  in sp r ing  a n d  sum m er, th e  a m o u n t  of  p ro te in -bound  am ino  
groups  con s id e rab ly  decreased . In  au tu m n , th e  cells were positive for p ro te in -  
h o u n d  a m in o  groups. In th e  g ian t  cells, th e  c o n c e n t ra t io n  of reactive  g ro u p s  
was h igh  d u r ing  w in te r ,  progressively  declined in  spring  and su m m er ,  b u t  
aga in  showred an upwfard  t r e n d  in au tu m n . T h e  p ro te in -b o u n d  am ino groups  
of t h e  n eu ro se c re to ry  m a te r ia l  were thus  fo u n d  to  undergo  seasonal changes .

(6) Perform ic  a c id -a lc ian  blue (PFA A B ) te c h n iq u e  for disulphide bonds .  
In  b o t h  juven ile  and a d u l t  c rabs, the  n e u ro se c re to ry  granules of b o th  cell
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fr ig. 1. Horizontal  section  th ro u g h  the thorac ic  ganglion of a juven i le  c rab ,  
Potamon m agnum  m a g n u m , showing a g ian t  neurosecretory cell w i th o u t  
axon. Arrows ind ica te  Acrolein-Schiff-posit ive neurosecretory m ate r ia l .  

Acrolein-Schiff X 444
Fig. 2. Horizon ta l  section  th rough  the thorac ic  ganglion of a juven i le  c rab ,  
Potamon magnum  m a g n u m , showing a g ian t  neurosecretory cell w i th o u t  
ачоп. Note the  fine g ran u la r  sudanophilic  neurosecretory  m a te r i a l  

t h ro u g h o u t  the  perikaryon. S u d a n  b lack  В X 444 
/ ig. 3. H orizon ta l  section th rough  the thorac ic  ganglion of a juven i le  c rab ,  
Potamon m agnum  m agnum , showing a g ian t  neurosecretory cell w i th o u t  
axon. Arrows ind ica te  alc ian b luepositive  neurosecretory  m ateria l .  A lc ian

blue X 444
Figs 4 —7. H or izon ta l  sections th rough  the  thoracic  ganglion o f  a d u l t  
crabs, Potamon m agnum  m agnum , showing g ian t  neurosecretory cells w i th  
axon. N nucleus. Specimens collected in su m m er  (F ig . 4 ) ,  a u t u m n  

(F ig . 5 ) ,  w in ter  (F ig . 6) a n d  spring (F ig . 7)
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F ig s  8 — 11. Horizontal sections t h r o u g h  the  thoracic ganglion  o f  a d u l t  crabs,  Potamon m agnum  
m a g n u m , showing giant n e u ro se c re to ry  cells w ithou t  ax o n s .  Arrow s indicate acrolein-Schiff 
p o s i t iv e  neurosecretory  m ate r ia l .  Spec im ens  collected in  s u m m e r  (F ig . 8 ) ,  a u tu m n  (F ig . 9 ), 

winter (F ig . 10) a n d  spring (F ig . 11). Acro le in -Sch iff  X 400 
F ig s  12— 13. Horizontal sec t ions  t h r o u g h  the thorac ic  g ang lion  of an  adu lt  crab  Potamon  
m a g n u m  m agnum  collected in w in te r .  A giant neu rosecre to ry  cell w ith  axon (F ig . 12) and 
a n o t h e r  w i th o u t  axon (F ig . 1 3 ) .  A rrow s indicate  g a l lo cy an in —chromaluin-posi t ive  n e u ro 

secre tory  m a te r i a l .  G a l locyan in-chrom alum  X 400

t y p e s  s ta in  pale blue, in d ic a t in g  the  presence o f  l i t t le  am oun ts  o f  cystine . 
In  a d u l t  crabs, the c o n c e n t r a t io n  of cystine in t h e  neurosecre to ry  m ater ia l  
did n o t  show seasonal ch an g es .

(7) Methyl g re e n -p y ro n in e  technique for th e  d e m o n s tra t io n  o f  R N A . 
In  t h e  juvenile  crab, b o th  cell types  stain d a rk  red ,  ind ica t ing  th e  presence 
o f  s ig n i f ic a n t  am ounts  o f  R N A -p o s i t iv e  m ater ia l .  T h e  RNA -positive  m a te r ia l  
is d i s t r i b u t e d  all over th e  c y to p la sm .  In  ad u lt  c rab ,  too , th e  colls s ta in ed  da rk  
re d ,  in d ic a t in g  the  p resence  o f  significant a m o u n ts  o f  RNA -positive  m ater ia l  
in all seasons. The c h r o m a t in  m ateria l s ta ins red ,  while the  nucleoli dark  
b lack ish - red .  The R N A -p o s i t iv e  material was d i s t r ib u te d  all over th e  cyto-
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Figs 14— 17. H or izon ta l  sections th ro u g h  the  thorac ic  ganglion of a d u l t  
crabs, Potam on m agnum  m agnum , showing g ian t  neurosecretory cells 
with  axons.  Specimens collected in su m m er  (F ig . 14), a u tu m n  (F ig . 1 5 ), 
winter  (F ig . 16) an d  spring (F ig . 1 7 ). Arrows indicate  R N A -positive  

neurosecre to ry  materia l.  M e thy l-green-pyron ine .  X 400 
Figs 18 21. H orizon ta l  sections th rough  the  thoracic  ganglion o f  a d u l t
crabs, Potamon m agnum  m agnum , showing g ian t  neurosecre tory  cell w i th o u t  
axons. Specimens collected in sum m er ( F ig. 18), a u tu m n  ( Fig. 19), w in ter  
(F ig . 20) an d  spring (F ig . 21). Arrows ind ica te  RNA-positive n eurosec 

re to ry  materia l.  M e thy lgreen-pyron ine .  X 400
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p la sm  (Figs 14— 21). I n  a u tu m n ,  g iant cells were more a b u n d a n t  in  R N A  
th a n  in  o th e r  seasons.

(8) Periodic ac id -Sch iff  (PAS) techn ique .  This te s t  d e m o n s t ra te s  the  
p re se n c e  of  ca rb o h y d ra tes  a n d  a n um ber  o f  re la te d  substances,  such  as, 
n e u t r a l  polysaccharides , glycolipids and g lycopro te ins .  The n eu rosec re to ry  
g ra n u le s  in bo th  cell ty p e s  s ta in  fa in t  pu rp l ish -red ,  ind ica ting  th e  ca rb o 
h y d r a t e  m oiety. A fte r  d ia s ta se  t r e a tm e n t ,  th e  secre to ry  granules  s ta ined  
p u rp l ish - re d ,  it  gives an  in d ica t io n  of the  absence  of  glycogen in  b o th  cell 
ty p e s .

(9) Alcian blue (AB) tech n iq u e  for acid m ucosubstances .  B o th  cell 
ty p e s  show ed  an in tense  reac t io n .  The n eu ro sec re to ry  granules are  c lear  blue- 
g reen , ind ica t in g  the  presence  o f  large am ounts  o f  acid  m ucosubstances  (Fig. 2).

(10) Acriflavine t e s t  fo r  su lpha te  esters  (su lphom ucosuhstances  and 
su lpho lip id s) .  The n eu ro se c re to ry  granules s ta in  reddish-brow n, in d ica t in g  
th e  p re sen ce  of s ign if ican t a m o u n ts  of su lp h a te  esters .

(11) S udan  b lack B (SB B ) techn ique  for lipids and  l ipop ro te in s .  The 
s e c re to ry  granules in b o th  cell types  are s ta in e d  d a rk  black. This ind ica tes  
th e  p re se n c e  of s ign if ican t a m o u n ts  of lipids and  l ipopro te ins  (Fig. 3).

T he results o f the three additional tests app lied  in adult crabs only

(1) D D D  techn ique . This  techn ique  is considered  to he specific for the  
d e m o n s t r a t io n  of su lfh y d ry l  g roups by  b locking th e  free su lfh y d ry l  groups, 
followed b y  reduction of  d isu lph ide  to  su lfhyd ry l .  The reaction  was pos itive  
in b o th  cell types. The se c re to ry  granules s ta ined  purp lish  to red. A f te r  b lock 
ing t h e  su lfh y d ry l  g roups, t h e  neurosecre tory  granules  s ta ined  fa in t  p ink , 
in d ic a t in g  a weak positive  reac tion .

(2) Modified ga llocyan in—chrom alum  tech n iq u e .  B oth  cell types s ta in ed  
fa in t  b lu e ,  indica ting  th e  p resence  of  small to  m o d e ra te  am oun ts  o f  nucleic 
acids in  spring , a u tu m n  and  su m m er .  The nucleoli are s ta ined  deep b lue  to  
b lack ,  b u t  the  nuclei a p p e a re d  very  faint. T he  per inuc lear  region in  b o th  
cell ty p e s  showed co n c e n tra t io n  o f  nucleic acids. In  w in te r ,  the  neu ro sec re to ry  
m a te r ia l  o f  b o th  cell ty p e s  s ta in e d  more or less deep  blue, ind ica ting  th e  p re s 
ence o f  s ign if ican t  am o u n ts  o f  nucleic acids (Figs 12, 13).

(3) M illon’s reac tion . T h e  secre to ry  granules  in b o th  cells s ta in  greyish  
to  b la c k ,  ind ica ting  th e  absence  of ty ros ine -con ta in ing  proteins in all th e  
seasons.

Discussion

T h e  results  of th e  p re s e n t  histochem ical te s ts  carr ied  ou t on th e  g ian t  
n e u ro se c re to ry  cells of ju v en i le  crabs clearly in d ic a te  t h a t  th e  n eu ro sec re to ry
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m a te r ia l  in these  cells is proteinaceous in n a tu r e .  I t  contains s ign if ican t  a m o u n ts  
o f  p ro te ins  hav in g  N H , NH.„ imidazole re a c t iv e  groups and li t t le  a m o u n ts  of 
d isu lph ide  groups. T here  are considerable  a m o u n ts  of lipids and lipopro te ins ,  
an d  l i t t le  am o u n ts  o f  acid m ucosubstances  a n d  sulphate  esters h a v e  been 
re p o r te d  b u t  no glycogen could be d e te c te d .  The neurosecre to ry  m ater ia l  
is associated  w ith  significant am ounts  o f  R N A . T he  histochemical te s ts  carried 
ou t  in  th e  g ian t  neu rosecre to ry  cells o f  a d u l t  c rabs  have shown t h a t  th e  n e u ro 
sec re to ry  m a te r ia l  is p roteinaceous in n a tu r e ,  w ith  considerable a m o u n ts  of 
p ro te in s  hav ing  N H , N H .„  imidazole g roups , m o d e ra te  am oun t o f  su lfh y d ry l  
g roups and  a small a m o u n t  of  disulphide bonds .  However, p ro te ins  con ta in in g  
ty ro s in e  p roved  to  be absen t .  The n eu ro se c re to ry  granules were  associa ted  
with sign if ican t am o u n ts  of nucleic acids.

B a r n e s  and  C o n o r  [6] and R e h m  [40] repo r ted  little or no s ta in ing  
o f  neu rosec re to ry  m a te r ia l  in c rus taceans  w i th  Sudan b lack B . H ow ever,  
M cG r e g o r  [24] found  th a t  th e  n eu ro sec re to ry  m ateria l  reacted  in  a n u m b e r  
o f  species o f  barnac les  only w ith  S udan  b lack  В and Luxol fa s t  b lue. L a k e  
[22] found  n e i th e r  phospholip id  nor l ipop ro te in  in  the  neu rosec re to ry  m a te r ia l  
o f  Chirocephalus d iaphanus. S ignificant a m o u n ts  of lipids and  phospho lip ids  
[37] h ave  been rep o r ted  in th e  g ian t n eu ro sec re to ry  cells of th e  a d u l t  crab . 
P otom on m agnum  m agnum .

On th e  co n tra ry ,  th e  neu rosecre to ry  m a te r ia l  in the  g ian t  n eu ro sec re to ry  
cells o f  th e  juven ile  crab , Potom on m agnum  m agnum  showed s t ro n g  posit iv i ty  
to  S u d an  b lack  B, ind ica t ing  th e  presence  o f  considerable a m o u n ts  o f  lipids 
an d  l ipopro te ins .  This difference m ay  be d ue  to  species of seasonal var ia t io n s .

I t  appears  t h a t  th e  Gom ori-positive m a te r ia l  in the  g ian t  cells o f  the  
juven ile  crab , Potom on m agnum  m agnum , m a y  con ta in  a PA S-positive  frac tion . 
The presence of  PAS-positive com ponen ts  in  th e  neurosecre tory  m a te r ia l  of 
c ru s taceans  has a lread y  been reported  [13, 14, 22, 28, 29, 30, 38, 40].

The presence o f  d ia s ta se -res is tan t  PA S-posit ive  and am ylase-d iges tib le  
PA S-positive  [6] neurosecre to ry  m a te r ia l  has  also been rep o r ted  [22, 25, 26, 
38] in  Pollicipes polym erus.

In  th e  p resen t  s tu d y ,  w eakly to  m o d e ra te ly  PAS-positive n eu ro sec re to ry  
m a te r ia l  was d e tec ted ,  in add it ion  to  th e  d ias tase  resis tan t PA S-posit ive  
neu rosec re to ry  substance . This m ay  in d ic a te  th e  absence of g lycogen.

Aleianophilic  an d  acriflavine — posit ive  neurosecre tory  m a te r ia l  was 
observed  in th e  g ian t  cells of th e  juven ile  c rabs ,  Polamon m agnum  m agnum , 
in d ica t ing  th e  presence of s ignificant a m o u n ts  o f  acid m u co su b s tan ces  and 
su lphom ucosubstances .  R e h m  [39] r e p o r te d  th e  presence o f  ale ianophilic  
n eu rosec re to ry  m a te r ia l  in Carcinus m eanas.

In  a r th ro p o d s ,  several workers h a v e  re p o r te d  the p resence  of  neu ro 
sec re to ry  m a te r ia l  r ich  in d isulphide b o n d s .  R e h m  [40] repo r ted  th e  presence 
of ax o n  ending  con ta in ing  neu rosec re to ry  m a te r ia l  rich in d isu lp h id e  bonds
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in t h e  s inus  gland of th e  c rab ,  Carcinus m eanas. Using electrophoresis  and 
p a p e r  c h ro m a to g ra p h y ,  O t s u  [31] and O t s u  and  S o n o b e  [32] found  chroni-  
a c t iv a t in g  substances  e x t r a c te d  from th e  th o ra c ic  ganglion of th e  c rah  Erio- 
cheir ja p o n ic u s  to  con ta in  cys t ine  and suggested  t h a t  these su b s tan ces  are 
p o ly p e p t id e s  w ith  S S bonds .

A cco rd in g  to  th e  t h e o r y  of  neurosecre tion , t h e  s ta inable  n eu ro sec re to ry  
m a te r ia l  w hich  occurs th ro u g h o u t  the  n e u ro se c re to ry  system is b e l iev ed  to  
he e i th e r  th e  histological re p re se n ta t io n  of  th e  horm ones  or of som e ca rr ie r  
s u b s ta n c e  to  which ho rm ones  are a t tach ed .  In  insec ts ,  there  is som e c o r re la 
t io n  b e tw e e n  th e  n a tu re  o f  t h e  neu rosec re to ry  m a te r ia l  as deduced b y  h is to 
logical te ch n iq u es  and  th e  k n o w n  com position  of  th e  hormones [19, 20, 41]. 
On t h e  o th e r  hand ,  some re su l ts  suggest t h a t  th e  s ta in ab le  com ponen ts  o f  th e  
n e u ro s e c re to ry  m ateria l  are  ca rr ie r  substances f rom  w hich  th e  active h o rm ones ,  
in  so m e  w a y  or o ther ,  are re leased  [1, 2, 44]. H orm ones  from th e  th o ra c ic  
gang lion ic  m ass of crabs (p ro b ab ly  g iant cells) h a v e  been reported  to  con tro l  
the  m ig r a t io n  of w a te r  from  th e  h aem olym ph  in to  the  gu t [7, 23]. S h a r k e r  

[42], on  th e  basis of e lec tron  microscopical s tu d ie s ,  has shown t h a t  th e  b ra in  
h o rm o n e s  o f  insects and  th e  con ten t  of t h e  in tr in s ic  secretory cells o f  th e  
co rp o ra  ca rd iaca  are p ro te in aceo u s  in  n a tu re .

H ig h  con ten t  of cy to p lasm ic  nucleic acids in  the  neurosecre to ry  cells 
has b e e n  n o ted  [30, 15, 34]. I t  is well known t h a t  th e  basiophilia o f  t h e  e x t ra -  
n u c le a r  basoph il ic  m a te r ia l  and  o f the  Nissl bodies  is due to RNA [10, 16,43]. 
The s i te s  o f  active p ro te in  syn thes is  are also a b u n d a n t  in RNA [9, 12, 35] 
an d  t h e  R N A  seems to  be invo lved  in th e  p ro d u c t io n  of n eu ro sec re to ry  
m a te r ia l  [43]. This ap p ea red  to  be true  for th e  g ia n t  neurosecre tory  cells of 
P o tam on  m agnum  m agnum  as revealed  b y  th e  p re se n t  s tudy, w here  large  
a m o u n t  o f  R N A -positive  m a te r ia l  has  been  fo u n d  in  th e  sites of n eu ro sec 
re to ry  m a te r ia l .

I n  genera l,  th e  var ious  h istochem ical reac t io n s  were s tronger in  s u m m e r  
an d  w in te r  t h a n  in  spring. C l a r k  [11] th u s  p o s tu la te d  th a t  “ th e  p resence  
of  s t a in a b le  m ateria l  in anne lid  neu rosecre to ry  cells indicates only  t h a t  th e  
ra te  o f  sy n th es is  has o u tp a c e d  i ts  ra te  o f  release a n d  th a t  the  accu m u la t io n  
of  i t  in  t h e  cell m ay  be cau sed  b y  a change in  e i th e r  ra te ” . In  sp r ing  an d  
a u tu m n ,  t h e  physiological d e m a n d  of the  an im al  seems to  be more t h a n  in 
o th e r  sea so n s  and , there fo re ,  i t  m a y  be reasonab le  to  assume th a t  d u r in g  th e se  
seasons , th e r e  occurs a dep le t io n  of n eu ro se c re to ry  m ateria l in th e  cells.
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Abstract

In  the  defective p las t id s  of Tradescantia a lb iflora  cv. aureo -v i t ta ta ,  a C3 p lan t ,  
the  m u ta t io n  (localized w i th  high probab il i ty  in t h e  p las tom ) increases th e  q u a n t i ty  
of the  per ipheral  re t icu lu m  (PR ) .  The e n h an c em e n t  of  P R  may be connec ted  w i th  the  
m u ta t io n  of a repressive gene or w ith  some m etab o lic  change caused by th e  m u ta t io n .  
In  th e  early  phase  of th e  p las tid  destruct ion ,  th e  P R  can  be d is tinguished f rom  the 
thy lako id  der iva tives on  the  basis of its D A B -n eg a t iv i ty .  The positive D A B -reac t ion  
in the  th y lak o id  m em b ran e s  is explained by  th e i r  P S  I activity.

Introduction

The per iphera l  re t icu lu m  (PR ), in its  m o s t  conspicuous form , c h a r a c te r 
izes ch loroplasts  o f  th e  C 4 p lan ts  [9], h u t  less p ro m in e n t ly  it  occurs in  several 

p lan ts ,  too  [4]. Concerning its function i t  is su p p o sed  to  increase t h e  inner  
surface of  th e  p las t id  envelope and, co n seq u en t ly ,  to  be in co rre la t ion  w ith  
the  in te n s i ty  of  ce r ta in  t r a n s p o r t  processes. H o w  it  is genetically con tro lled , 
th is  is an  open question . O ur  investiga tions ca rr ied  o u t  on Tradescantia  ch lo ro 
p lasts  d e m o n s t ra te d  th e  effect o f  a p lastid  m u ta t io n  on the  P R ;  th is  is r e p o r te d  
in th e  p resen t  paper.

Material and methods

N o rm a l  (green) an d  m u ta n t  (pale green or colourless) segm ents  from  v a r ie g a te d  leaves 
of Tradescantia albiflora  cv. a u reo -v i t ta ta  K u n th  em. B ri ickn .  [3] were used.

F o r  m orphology, leaf  pieces were fixed in 1% g lu ta ra ld e h y d e  (cacodylate  buffer ,  p H  
7.2) for  1/2— 1 h on ice. The  f ixed samples were w ashed  in  the  same buffer for 2 h ,  pos tf ixed  
in 1% OsO, for 2 h  th en  r insed  in distil led w a ter  for 10 m in .  D ehydra t ion  was car r ied  o u t  in 
an e th an o l  series, em bedd ing  in Araldite. Sections were  m ad e  by Reichert  u l tra m ic ro to m e ,  
s ta ined  w i th  u ra n y l  ace ta te  a n d  lead c itrate ,  ex am in ed  in  Siemens electron microscope.

For  cy tochem is try ,  th e  p rep ara t io n  described by  N u t  and  P ease  [11] w as applied.  
Material  was f ixed in 4 %  freshly depolymerized p a ra fo rm a ld e h y d e  (0.05 M  К  — N a  p h o sp h a te  
buffer, p H  7.5) for  30 m in  in darkness .  The fixed samples were  washed in buffer  con ta in in g  5%  
sucrose for 30 min in th e  da rk .  Incu b a t io n  was carr ied  o u t  in buffer con ta in ing  1 m g/nd  
d iam inobenzidine  (DA B ) for 60 m in  under  s trong  i l lum ina t ion ,  then  for 30 m in  in darkness 
in buffer  con ta in ing  also sucrose. ( P a r t  of each group  w as  k e p t  as a control w i th o u t  i l lu m in a 
tion.) In c u b a t io n  was followed by osmification in 1% OsO , (0.05 M  K —Na p h o sp h a te  buffer, 
p H  7.0) for 60 min. D e h y d ra t io n  a n d  fu r ther  steps were  th e  same as in the  p r e p a r a t io n  for 
m orphology ,  excep t  t h a t  sections were no t  stained.
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Results

T h e  light and  e le c tro n  microscopic s t ru c tu re  of norm al a n d  m u ta n t  
p la s t id s  of Tradescantia a lb iflora  cv. a u re o -v i t t a t a  and th e  chan g e  of this 
s t r u c t u r e  during ageing o f  leaves has been  described [6, 8]. H o w ev e r ,  th e  
KM nO.j f ixa t ion  used in  e lec tro n  microscopy p re v e n te d  the  e x a m in a t io n  of P R .

I n  th in  sections f ro m  norm al Tradescantia  chloroplasts on ly  m inu te  
q u a n t i t i e s  of P R  could he  observed  even a f te r  g lu ta ra ldehyde  -)- 0 s 0 4 f ix a 
t io n ,  n o t  more th a n  t h a t  seen in Fig. 1.

P las t ids  w ith  m a c ro g ra n a  from th e  y o u n g  m u ta n t  leaf s eg m en ts  (Figs 
2 a n d  3) contain  m u ch  m o re  P R  th a n  th e  n o rm a l  chloroplasts. T h e  profiles 
o f  in v a g in a t io n  do no t d if fe r  from  the  u su a l  sh a p e ;  round vesicles o r  tubu les  
o f  d i f fe re n t  length can  be observed  in sections.

In  those  p lastids ,  h o w ev er ,  which co n ta in  d i la ted  or f rag m en ted  th y lak o -  
ids ,  t h e  P R  is ha rd  to  recognize  as th e  whole organelle is filled w i th  vesicles 
o f  d i f fe re n t  size (Fig. 4).

It is known f rom  ea r l ie r  inves tiga tions  t h a t  th e  p lastids o f  t h e  pale 
g re e n  le a f  segments —  a l th o u g h  incapable  o f  p roduc ing  0., —  do perfo rm  
PS I a c t iv i ty  (a reversib le  ph o to -o x id a t io n  of P 700) [7]. There is no  evidence , 
o n  th e  o th e r  hand , su g g es t in g  any  p h o to sy n th e t ic  ac t iv i ty  in th e  m e m b ra n e s  
o f  P R .  Therefore we m ad e  a n  a t te m p t  to  d is t in g u ish  between vesicles o r ig in a t 
in g  f ro m  destroyed th y la k o id s  and  the  P R  by  D A R-reaction . As Figs 5 and  
6 sh o w  th is  is possible in  t h e  early  phase  o f  p la s t id  des truc tion ;  d e r iv a t iv e s  
o f  th y la k o id s  oxidize D A B  w hen  i l lum ina ted  while P R  is u n ab le  to  do so. 
I n  t h e  s tage  of progressed  p las t id  d es truc tion ,  however, this d ifference  dis
a p p e a r s ;  all the p lastid  vesicles are D A B -nega tive  (Fig. 6).

Discussion

V i g i l  et al. [13] fo u n d  bo th  p h o to sy s tem s  to  pa r t ic ipa te  in DAB- 
r e a c t io n  in Chlam ydom onas. Seeing positive D A B -reaction  in Tradescantia  
p l a s t id  m em branes  k n o w n  to  be PS I l -d e f ic ie n t  [7], PS I m us t  be considered  
s u f f ic ie n t  to  pho to -o x id a t io n  of DAB. On th e  basis  of the  presen t resu lts  we 
c a n n o t  exclude th e  p o ss ib i l i ty  t h a t  PS I I  also ac ts  in the  p h o to -o x id a t io n  
o f  D A B  in norm al ch lo rop las ts ,  h u t  its  role does no t seem to  be essentia l  
b e s id e s  an  active PS I.

In  those instances w h e n  P R  could be observed  in C3 p lan ts ,  a t t e m p ts  
w e re  m a d e  to  re la te  i t  to  t h e  t r a n s p o r t  or accu m u la t io n  of some m e tab o l i te s .  
So H i l l i a r d  and W e s t  [5] fo u n d  low ra tes  o f  pho to re sp ira t io n  in  P R -c o n ta in -  
ing  va r ie t ie s  of D actylis glom erata  and high ra tes  in varieties w i th o u t  P R .  
L a e t s c h  [10], however, does no t  regard  th is  difference in th e  q u a n t i t y  of 
P R  as a constan t  and s ig n if ican t  one.
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F ig. 1. Norm al Tradescantia  chloroplast.  A rrow s p o in t  to the  peripheral r e t i c u lu m
(PR ),  X  16,000

F ig . 2. M u tan t  p las tid  w i th  m acrograna  (M) a n d  f re t  m em branes  (F).  A rrow s m a r k  
P R  tubules cut lo n g i tu d in a l ly .  X  14,000
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F ig . 3. M u tan t  p las t id  w i th  m acrograna and  f re t  m em b ran e s .  (For labelling see Fig.
2.) X 24,000

F ig . 4. D e s t ru c t iv e  m u ta n t  plas tids  w i th  vesicles (V). X 20,500
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F ig . 5. D A B -reac t ion  in a m u ta n t  plastic!. The  s t rong  osmiophilic reaction p ro d u c t  
m ark s  the  thy lako id  m em branes,  while th e  P R  (arrow) a n d  the  p lastid  envelope (double  

arrow ) are of m uch  lower c o n tra s t .  X 26,000 
F ig . 6. DA B -reac t ion  in m u ta n t  plastids. P t =  D A B -positive  p las tid  with  th y lak o id  

m em branes;  P 2 DAB-negative p las tid  w ith  vesicu lar  inner s tructure .  X 13,000
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R ep o r ts  on th e  presence  of P R  in g u a rd  cell chloroplasts  (b u t  no t  in 
m e s o p h y l l  chloroplasts) o f  V icia  faba  an d  A lliu m  porrum  [2, 12] seem to  
b e  m o re  equivocal [10]. A n  in te res t ing  obse rv a t io n  in th is  re sp ec t  is t h a t  
m a l a t e  accum ulates  in  g u a rd  cells o f  V icia  fa b a  during s to m a ta l  open ing  [1].

T h e  question  arises, w ith  w h a t  th e  en h an cem en t  of P R  in th e  m u ta n t  
p la s t id s  o f  our C3 p la n t  can  be b ro u g h t  in to  connection. The s im ples t  supposi
t i o n  is t h a t  th e  m u ta t io n  sw itched  off a rep ress ive  gene. As in th is  Tradescantia  
spec ies ,  a p lastom  m u ta t io n  was rendered  p ro b ab le  on the  basis o f  th e  occur
r in g  m ix e d  cells [6], so th e  gene in ques t ion  shou ld  be localized in th e  p las tom . 
A l te rn a t iv e ly ,  it  is possible t h a t  th e  P R  was no t d irec tly  a ffec ted  b y  the  
m u t a t e d  gene b u t  r a th e r  b y  a m etabolic  consequence  of th e  m u ta t io n .
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THE EFFECT OF SOME PESTICIDES ON THE RHYTHMIC 
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Abstract

The effect of  some pesticides on  th e  r h y t h m i c  and  tonic activity  of  a d d u c to r  
muscle of  f resh -w ate r  mussel ( Anodonla cygnea) l a r v a e  was investigated in s h o r t - t e rm  
experim ents .  In  the  exam in ed  concen tra t ion  ran g e ,  Dimecron-50 does n o t  influence  
the rh y th m ic  ac t iv i ty  o f  ad d u c to r  muscles,  while h ig h  concentra tions of G ra m o x o n e  
( >  1 ml/1), T h im et-10  G ( >  5 х Ю -1 g/1) a n d  H u n g á r i a  L-7 ( >  10-1 g/1) cause  a s light 
increase in it.  These  subs tances  also induce  a p ro lo n g ed  tonic  contract ion  o f  a sm all  
p ropor t ion  (1 0 % ) o f  larvae.  Hungária  L-7 m ak es  a n  exception , causing considerab le  
con trac tu re  (30% ).  The  concen tra t ions inh ib i t ing  th e  T A  act ivat ion  b y  50 %  are: 
6 x 1 0 “ ' ml/1 Dimecron-50; 2.5 X l 0 _1 ml/1 G ra m o x o n e ;  1 0 ~ ’ g/1 H u n g á r ia  L-7 a n d  
8 x l 0 -2 g/1 Thim et-10  G, while the 50 %  inh ib i t ion  o f  the  nonspecific ÁCh a c t iv a t io n  
is resulted  by  2 x 1 0  1 ml/1 D-50. I t  is concluded  t h a t  con tam ina tion  of e n v i ro n m e n ta l  
waters w i th  Dimecron-50, Thimet-10 G or H u n g á r i a  L-7 m ay  be in jurious also for 
Pelecypoda larvae,  t h a t  m ay  con tr ibu te  to the  u n b a la n c in g  of the water  eco sy s tem .

Introduction

Owing to their wide-spread occurrence, bivalve molluscs participate 
almost in every water ecosystem. They have been used for a long time to in
vestigate the pollution of the environmental water by different chemicals 
(heavy metal salts, pesticides, surface-active agents) as they have filtering 
and accumulative function [1]. The resistance of different species are not the 
same, nevertheless, they seem to be suitable for these investigations because 
of their high sensitivity to some agents, and an extraordinary resistance 
against others.

The majority of the earlier examinations have been performed on marine 
species, mainly on adult specimens, but a few observations have been made 
on their eggs, larvae and juvenile forms. As an indicator of the effect the mor
tality [2—9], the development of eggs [2, 5, 10, 11], the growth of the larvae 
and juvenile forms [5, 11] or the change in body weight [12] have been used. 
Furthermore, under the influence of the toxic substances other physiological 
alterations may also occur, e.g. the byssus formation is decreased [13], the 
movement of shells is changed [14, 15], tissue swelling of the adductor occurs 
[16] or the rate of heart beat declines [17].
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In our earlier publications, the change in the duration of active periods 
of the adult fresh-water mussels were considered as indicator of heavy metals 
and pesticides [18, 19]. The present experiments were carried out on larvae 
of the fresh-water mussel, Anodonta cygnea, and the changes in rhythmic 
activity of adductor muscles were used as an indicator.

Glochidiae manifest a period of the larval development of Anodonta 
cygnea L., they are bounded by two shells coupled by larval adductor muscles. 
The rhythmic motor activity of glochidiae is due to an alteration of phasic 
contraction and relaxation, while the steady closure is the consequence of a 
tonic contraction. The nervous elements are in an early state of differentiation 
[20, 21 ].

KC1 and tryptamine (TA) significantly increase the rhythmic activity 
of glochidiae [22, 23], and the sensitivity to TA shows a decreasing tend
ency with the age. In addition, a number of salts of alkali metals and alkali 
earth metals, bioactive substances and pharmacons have been tested on the 
rhythmic activity of adductor muscles of glochidiae [24—27]. Some of them 
proved to be effective.

Considering that the mussel larvae live in the environmental water, 
they are exposed to different injurious factors, like other organisms. The 
present short-term investigations were intended at clearing up the sensitivity 
of Anodonta cygnea L. larvae to some pesticides, which may contaminate 
water by human activity.

Material and methods

T h e  exper im en ts  were perform ed  on the  glochidiae  of fresh-water m ussel ,  A nodonta  
cygnea  L .,  in the m o n th s  M arch  to May. The lam ellae  of the gill containing glochidiae  were 
d i ssec ted  from  the animals ,  th e n  the  larvae  were w ash e d  o u t  from the gills. T he  f rag m e n ts  of 
gill a n d  th e  mucous m a te r ia l  were rem oved  by  r e p e a te d  washing. The la rv ae  o r ig ina t ing  
f ro m  d i f fe ren t  p a ren ts  were sep a ra ted  an d  were also s to red  separately. The  glochidiae  were 
k e p t  in B a la to n  w a te r  a t  - |-3------1-5 °C un t i l  used. T h e  w a te r  was refreshed every  second day.

B efore  the  exper im en ts ,  th e  larvae  were se lectively  grouped into 25 in d iv id u a ls  a n d  
e a c h  g ro u p  was placed in a pe rsp ex  cell of 8 m m  d ia m e te r  containing 0.15 m l f i l te red  B a la to n  
w a te r .  T herea f te r ,  the  la rv ae  were  allowed to s t a y  u n d e r  binocular microscope fo r  30 m in  a t  
r o o m  t e m p e ra tu r e  (20— 23 °C) i l lum ina ted  w ith  a  15-W  wolfram lamp th ro u g h  BC-17 in f ra 
f i l te r .  T h is  was necessary the  glochidiae to a d a p t  to l ig h t  a n d  tem pera ture  [24].

Fo llowing  this , in the  f irs t  cell the f requency  o f  spontaneous  contract ion  a n d  th e  n u m b er  
of to n ic  co n trac t ions  were n o ted  in every m in u te  fo r  5 m in ,  then  the w a te r  w as  ch an g e d  for 
a s o lu t io n  conta in ing th e  given concen tra t ion  of su b s ta n c es  to be tested, a n d  c o u n t in g  was 
c o n t in u e d  fo r  25 m in  w ith  th e  sam e  m ethod .  A f te rw ard s ,  ano th e r  concen tra t ion  w as  te s te d  on 
th e  l a r v a e  of the nex t  cell as above.  So, the  effect of th e  same substances w as e x am in ed  in 
in c re a s in g  a n d  decreasing concen tra t ions ,  re spec tive ly .  E a c h  concentra tion  w as  te s te d  on 
200— 300 specimens o r ig ina ted  a t  least  from  4— 5 d ifferen t  parents.

T h e  control e x p er im en ts  showed t h a t  th e  sp o n tan eo u s  rhy thm ical  a c t iv i ty  of  gloch
id iae  w a s  inhib i ted  by  low concen tra t ions  of m o s t  of t h e  substances. As th e  f req u e n c y  of 
th e  sp o n ta n e o u s  con tract ions  of the  tem p era tu re -  a n d  l ig h t-ad ap ted  larvae was in t h e  0 —0.02 
c p m  ra n g e ,  the  inhib i tory  effect of substances w as also inves tigated  on la rvae  a c t iv a t e d  by  
100 mg/1 t ry p ta m in e .  The  con tro l  group was only t r e a te d  b y  TA, while the o th e r  g ro u p s  received 
th e  g iv en  co ncen tra t ion  of th e  t e s t  substances in a d d i t io n  to  TA.
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In some cases, the  age-dependent  TA -sensi t iv i ty  [23] influenced also the effect of  the 
tes t  substances,  there fo re ,  in such cases the  effect of  chem ica ls  was exam ined se p a ra te ly  in 
two groups (TA-sensitive  and insensitive).

On one occasion, the inhibition of the  nonspecif ic A C h-activat ion  [23] was ex am in ed  
besides th a t  of T A -ac t iv a t io n ,  when ACh was applied  in 200 mg/1 concentra t ion .

For e v a lu a t io n  of the  results  in one respec t  the  n u m b e r  of con tract ions  of 100 la rvae  
per m in  (а/min) was calcula ted , and  the  p e rcen tage  of those  being in tonic co n trac t ions  was 
given (C%). The  re su l ts  obtained are graphical ly  p resented .

According to  a n o th e r  method, th e  n u m b e r  of c o n trac t io n s  of 100 larvae per  25 m in  was 
sum m arized  and th e  inhib i t ion  caused by  the  different  su b s tan ces  was expressed in the  p e r 
cen tage  of ТА- or ACh-induced act iv ity .  T h is  va lue  was given as a func tion  of the c o n cen tra t io n ,  
an d  the  concen tra t io n  required to an inh ib i t ion  of 50%  was calcu la ted  from  this curve.

The chemicals used  were as follows: t r y p ta m in e  hydroch lor ide  (F luka);  acetylcholine  
chloride (Sigma); H u n g á r ia  L-7 con ta in ing  7 .8%  l indane  m ad e  by H u n g a r ian  Chemical I n 
d u s t ry ,  B ud ap es t ;  Dimecron-60 (fluid pes t -des troy ing  sp ray  con ta in ing  50% p h o sp h am id o n  
m ad e  by N I K E  f ro m  CIBA-Geigy effective agen t) ;  Th im et-10  G (g ran u lá tu m  c o n ta in in g l0 %  
p h o ra te ,  Am erican C yanam id  Co. USA a n d  W erff t  Chemie, A us tr ia )  and G ram oxone  (fluid 
pest-des troying sp ra y  contain ing 25%  paraq u a t-d ich lo r id e  m ad e  by Alkaloida, B u d a p es t ,  
f rom  effective a g e n t  m ad e  in England, ICI P la n t  P ro t .  Div.).

The solu t ions were prepared in f i ltered  B a la to n  w a ter .  T he  p H  of the solutions: B a la to n  
и a te r  8.4: H u n g á r ia  L-7 in 10“ 1 — 10 — c o n cen tra t io n  8.3; D im ecion-50  in 1 ml/1 8.0: 10 - 1 -  10 1 
ml/1 8.3; T h im e t  -  10 G 10+ 1— 10° g/1, 8.1 ; 1 0 _l g/1, 8.2; 1 0 -2 g/1, 8.3; 10_:* g/1 8.4; G ram oxone  
in 10 ml/1 8.3; 10 “ 1— 10~3 ml/1, 8.4.

Results

H ungária  L-7

In concentrations higher than 10“ 1 g/1, this preparation has an excita
tory effect on the rhythmic activity of adductor muscles (Fig. 1). The effect 
is concentration-dependent, and shows a maximum in the early phase. In

F ig . 1. Effect of  d i f fe ren t  concentra t ions of H u n g á r ia  1,-7 on the  rh y th m ic  and tonic  ac t iv i ty  
of  adducto r  muscle of  glochidiae; а/m in  n u m b er  of co n trac t ions  of 100 larvae/inin; C %  =  

percentage of larvae  being in tonic con trac t ion
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addition, tonic contraction of several minutes duration was also observed 
on some of the glochidiae. This latter effect is also depending on concentra
tion, and its maximum is somewhat delayed as compared to that of the excita
tion of contractile activity.

10 2 g/1 or less concentrations of HL-7 caused practically no effect on 
the spontaneous activity. Thus, the next step was to examine the character 
and degree of its influence on the excitation induced by 100 mg/1 TA. Figure 2 
shows the effect of 100 mg/1 TA on a TA-sensitive and a TA-insensitive group 
of glochidiae, further, the influence of this excitation by 5x10 1 g/1 HL-7. 
As to the number of contractions, the excitatory effect of TA was highly differ
ent in the two different groups. This difference is equalized in the presence 
of HL-7; only a small difference remained in the time-distribution of contrac
tions. In the TA-sensitive group, the maximum of contraction was reached 
in the 9th min, while in insensitive group it was reached within the first 5 min. 
In Fig. 3, the inhibition of TA activation by different concentrations of HL-7

a /min

5 0 0 -

B

4 0 0 -

3 0 0 -

10’’ g/1 
ТД

c%
F ig . 2. E x c i ta t io n  induced b y  100 mg/1 t ry p ta m in e  a n d  inhibi t ion  on  it  caused by 5 X 10 _1 g/1 
H u n g á r i a  L-7. TA-sensitive (A) a n d  TA-insensitive  (B) glochidia populat ion .  T h e  va lues of 

C %  refer to  th e  s im ultaneous  app lica t io n  of T A  and HL-7
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is p resen ted  in th e  case o f  a g roup  of var iab le  sen s i t iv i ty .  I t  is show n th a t  
an  increase  in th e  c o n c e n tra t io n  of HL-7 is followed n o t  only b y  a decrease 
in th e  m ax im um  T A  a c t iv a t io n ,  besides, th e  m a x im u m  ac t iv a t io n  occurs 
earlier.

F igu re  4 shows t h e  in h ib it ion  of TA ac t iv a t io n  as a func tion  of  th e  HL-7 
concen tra t io n ,  considering  th e  con trac tions of  100 glochidiae per  25 min 
t r e a tm e n t .  As H L -7  co n ta in s  7 .8%  lindane as effective agen t ,  th e  c o n c e n tra 
t io n  of  th e  la t te r  is also d em o n s tra ted .  I t  shou ld  be no ted  t h a t  th e  effect of 
7.8 X  10~2 g/1 and 3.9 X 10~2 g/1 l indane  som ew hat differs, th o u g h  its so lub ili ty  
is a b o u t  1 .2 x 1 0  2 g/1, consequen tly ,  in the  above  concen tra t ions  p a r t  o f  the

Fig. 3. Inh ib i t ion  of T A  a c t iv a t io n  by  different co n cen tra t io n s  of H u ngár ia  L-7 in a populat ion  
o f  variable  T A -sensi t iv i ty ;  a  : TA; b, c, d: effect of  T A  -j- 10-2, 10“ 1 and  1 g/1 HL-7,

respectively
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Fig. 4. I n h ib i t io n  of ТА a c t iv a t io n  in  p e r  cent  as a fun c tio n  of concen tra t ion  of H u n g á r ia  L-7 
a n d  t h e  effective ingredient l in d a n e  considering the  to ta l  con trac t ion  n u m b er  of 100 larvae

per 25 min

l in d a n e  is p resen t in suspension . A 5 0 %  inh ib it ion  of  th e  Т А  a c t iv a t io n  requ ired  
8 x l 0 “ '! g / l  lindane in th e  case  o f  th e  p o p u la t io n  of v a r iab le  sens i t iv i ty .  
C o n s id e r in g  th e  slope of th e  m id d le  section of th e  curve  the  effect c an  be realized 
in a n a r r o w  interval.

A s  H L -7  contains a la rg e  a m o u n t  — 92 .2 %  —  of fine  g ra n u la te d  iner t  
w a te r - in so lu b le  m ateria l ,  i ts  in f lu en ce  on the  Т А  ac t iv a t io n  was also exam ined . 
F o l lo w in g  sed im enta tion  o f  t h e  insoluble  iner t  m a te r ia l  the re  was no s ign if ican t 
d i f fe ren ce  in  the degree of  in h ib i t io n  of ТА  ac t iv a t io n  ( the d ifference was 
less t h a n  10%  for each c o n c e n tra t io n ) .

D im ecron-50  was te s te d  in  th e  1— 1 0 ' 4 ml/1 co n cen tra t ion  range . W ith in  
th is  r a n g e  i t  practically  does n o t  affected  the  sp o n taneous  ac t iv i ty  of  glochidiae,
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hut decreases th e  TA ac t iv a t io n ,  the  t im e  course  of which is d e m o n s t r a te d  
in Fig. 5 for a p o p u la t io n  of  var iab le  sen s i t iv i ty .  In  more t h a n  10“ 2 ml/1 
concen tra t io n ,  th is  su b s tan ce  decreases th e  t im e  course of TA a c t iv a t io n  and 
the  degree  of  t h a t  is considerab ly  decreased , to o ,  because in th e  case  o f  some 
glochidiae a tonic  c o n trac t io n  occurs.

F igu re  6 shows th e  inh ib it ion  of TA a c t iv a t io n  as a function o f  c o n c e n t r a 
t ion  o f  D-50 and  its effective agen t  (phospham idon) .  The re la t iv e ly  gently  
sloping curve  includes a wide co n cen tra t ion  range . A 50%  inh ib i t io n  requires  
6 x 1 0  1 ml/1 co n cen tra t ion  of D-50, i.e. 3 x 1 0  1 ml/1 p h o sp h am id o n .  No 
difference in the  effect can  be found  be tw een  th e  TA-sensitive a n d  insens i t ive  
groups.

а/min -I

10-

C% C

Tïg. 5. Inh ib i t ion  of ТА a c t iv a t io n  by different c o n cen tra t io n s  of Dimecron-50 in a glochidia 
p o p u la t io n  of var iab le  sens i t iv i ty ;  a : ТА; b, c, d: effect of Т А  +  10-2, 10-1 a n d  1 ml/1 D-50,

respectively

Acta Biologica Academicte Scientiarum Hungaricae 28, 1977



3 2 4 I. VARANKA

Considering t h a t  th e  influence of  D-50 is m ain ly  realized th r o u g h  a 
cho l in es te rase  blockage, i t  seemed to he n ecessa ry  to  examine its e ffect on 
th e  A C h-induced  a d d u c to r  ac t iva t ion ,  too. Th is  effect is shown in  F ig . 6 as a 
f u n c t io n  o f  th e  c o n c e n tra t io n  of th e  effective ag e n t .  The inh ib ition  has  a very

Fig. 6. In h ib i t io n  of TA a n d  ACh act iva t ion  as a fu n c t io n  o f  concen tra t ion  of D im ecron-50 
a n d  t h e  effective  ingredient p h o sp h a m id o n  in a popu la t ion  o f  va r iab le  TA-sensitivity. ( I )  I n h i 

bition of ACh a c t iva t ion :  (2) inh ib i t ion  o f  T A -ac t iva t ion

wide s p e c t ru m :  in a c o n c e n tra t io n  of 5 x l 0 “ 5 m l/l inh ib ition  of 25%, in  a 
h igher  c o n cen tra t io n  o f  5 x l 0 ~ ] ml/1 72% is o b ta in e d .  A 50% in h ib i t io n  of 
th e  A C h-ex c i ta t io n  is fo u n d  a t  2 x l 0 ~ ] ml/l D-50, i.e. 8 . 5 x l 0 _2ml/l p h o s 
p h a m id o n .

T h im et-10  G was e x a m in e d  in the  9 x  l O " 1— 1 0 ^ 4 g/1 concen tra tion  range .  
I t  h a s  a sligh t own effect o n ly  a t  a concen tra t ion  o f  5 X 10 1 g/1 or m ore , w hich
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is a b o u t 3—4%  of th a t  o f TA . An inh ib itio n  o f TA  a c tiv a tio n  re q u ire s  a con
c e n tra tio n  exceeding 1 0 ^ 2 g/1 (F ig . 7.).

T he effect seem s to  be th e  sam e b o th  fo r th e  T A -sensitive a n d  th e  in 
sen sitiv e  group; th e  d ifference  in  th e  degree o f in h ib itio n  did n o t exceed  10% .

a /min — 

600 -

a /min a /min -

Fig. 7. Inh ib it ion  of T A  a c t iv a t io n  by  different concen tra t ions  of Thiinet-10 G in a TA-sensitive 
populat ion ;  а: ТА; Ь, c, d: effect of  TA -f- 5 X 10~2, 10“ 1 a n d  5 X 10“ 1 g/1 T h im e t ,  respectively

In  Fig. 8, th e  in h ib itio n  o f TA ac tiv a tio n  is p resen ted  as a fu n c tio n  of th e  
co n cen tra tio n  of T h im e t an d  th e  effective ag en t p h o ra te . T he cu rv e  is quite  
s teep , viz., a 50%  in h ib itio n  is caused by  8 X 10“ 2 g/1 T h im et, i.e ., 8 X 10 g/1
p h o ra te .
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T him et-10  G ap p lied  in  a 5 x l 0 _ 1 g/l or h ig h e r  co n cen tra tio n  con sid er
a b ly  p ro longs both th e  c o n tra c tio n  and th e  re la x a tio n  o f th e  a d d u c to r  m uscle, 
so m e tim e s  by more th a n  1 m in .

Gramoxone was te s te d  in  th e  10-1 — 10~4 ml/1 co n cen tra tio n  ran g e . In  
c o n c e n tra tio n s  of 1— 10 ml/1 i t  has an own e x c ita to ry  effect on th e  a c tiv ity  of

Phorate  g/l

F ig . 8 . In h ib i t io n  of TA a c t iv a t io n  as a function  of the  c o n c e n tr a t io n  of T him et-10 G a n d  the 
effective in g re d ie n t  phora te  in a TA-sensi t ive  populat ion

g lo c liid ia e , though, th is  does n o t  exceed a few p e r c en t o f T A -induced  a c tiv ity . 
O n th e  o th e r  hand, in  th e  f i r s t  10 m in a ton ic  c losure  o f 2 0 —35%  o f th e  larvae  
w as e v o k e d . In  a c o n c e n tra tio n  o f  less th a n  10 2 ml/I it is ineffec tive  on th e  
T A -in d u c e d  ac tiv ity , b u t  in  h ig h e r co n cen tra tio n s  i t  shows an  in h ib itio n . 
In  F ig . 9, the  inh ib ition  o f  T A  ac tiv a tio n  is p re se n te d  as a fu n c tio n  o f  th e  
c o n c e n tra t io n  of G ram oxone  an d  its effective a g e n t (p araq u a te -d ich lo rid e )
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co n ta in ed  in 25% . A 50%  in h ib itio n  req u ired  2 .5 x 1 0  1 inl/1 G ram o x o n e , 
i.e., 6.5 X 10 2 p a raq u a te -d ich lo rid e .

As to  th e  tim e  course o f th e  effect, in  p resence  of h ig h -co n cen tra tio n  o f  
G ram oxone th e  TA  a c tiv a tio n  is only  in d u ced  in  th e  f irs t few m in u te s ; a t  
the  sam e tim e , an  im m ed ia te  to n ic  closure o f  som e glochidiae ensues (F ig . 10), 
w hich does n o t s ig n ifican tly  differ from  th e  ow n effect of G ram oxone.

Paiaquate  - Cl2 g/l

Fig. 9. Inh ib i t ion  of TA ac t iva t ion  as a func tion  of th e  concen tra t ion  of G ram o x o n e  a n d  the  
effective ingred ien t  paraqua te -d ich lo r ide  in  a TA-sensitive populat ion

In  th e  case o f G ram oxone, no d ifference can  he found be tw een  th e  TA - 
sen sitiv e  and  in sensitive  popu la tio n s.

In  ad d itio n  it  is n o tab le  th a t  in  th e  case o f 1 ml/1 or h igher c o n c e n tra 
tio n  o f G ram oxone, app lied  in  itse lf  or to g e th e r  w ith  TA, a fte r  1 0 —15 m in 
t r e a tm e n t  a w ith ish  colour ap p eared  su rro u n d in g  th e  ganglion an lag e  o f 
g lochid iae.
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F ig . 10. Effect of d i f fe ren t  concen tra t ions  of G ram o x o n e  on  TA ac t ivat ion  in a TA-sensi t ive  
population; a: T A  a c t iv a t io n ;  b, c, d: T A  +  1 0 -1 , 1 and 10 ml/1 G ram oxone

Discussion

In  th e  sh o r t- te rm  ex p erim en ts , am o n g  th e  exam ined  su b stan ces , th e  
h ig h  co n cen tra tio n s o f  H L -7  ( > 1 0 _ 1 g/l), G ram o x o n e  ( > 1 0  ml) an d  T h im et- 
10 G ( > 5 x 1 0  1 g/1) e x h ib ite d  an  own e x c ita to ry  effect on th e  rh y th m ic  
a c t iv i ty  of th e  a d d u c to r  m uscle. C oncerning e ffec tiv ity , th e  G r > T h > H L - 7  
seq u en ce  can be g iv en , w h ich  does n o t show  a n y  change w hen th e  c o n c e n tra 
tio n s  o f the effective a g e n ts  are considered.

In  add ition  to  th e se  ow n effects, th e  in flu en ce  on the TA  a c tiv a tio n  was 
ex am in ed . In  o rd e r to  e v a lu a te  an d  co m p are  th e  la t te r  in fluences we h ad  
to  d e te rm in e  th e  c o n c e n tra tio n s  w hich caused  a 50%  decrease in th e  n u m b e r
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o f co n trac tio n s  o f 100 la rv ae  per 25 m in in  th e  presence o f  100 mg/1 TA. 
T hese co n cen tra tio n s  are  as follows: H L -7: 10-1  g/1; D -50: 6 x 1 0  1 ml/1; 
Th-10 G: 8 x 1 0  2 g/1; G r: 2 . 5 x 1 0  1 ml/1. On th e  basis o f th e  effec tiveness 
on TA  a c tiv a tio n , th e  D -50< /G r< (H L -7<7T h-10  G sequence w as o b ta in e d , 
w hich rem ains th e  sam e w hen th e  co n cen tra tio n s  of th e  effec tive  ag en ts  are 
considered .

F u r th e r , th e  efficacy  o f th e  exam ined  su b stan ces can he ch a ra c te riz e d  
by  th e ir  th re sh o ld  c o n cen tra tio n s  w hich cause a 10%  in h ib itio n  o f  T A  a c tiv a 
tion . T hese co n cen tra tio n s  a re : G r: 6 x 1 0  2 ml/1 (p a ra q u a te : 1.5 X  1 0 ^ 3 ml/1); 
D-50: 3 x 1 0  : ,m l/l (p h o sp h am id o n : 1.5 X 10 3 ml/1); Th-10 G: 2 x  10 2 g/1 
(jih o ra te : 2 x 1 0  3 g/1) an d  H L -7: 10 2 g/1 (lin d an e : 8 x 1 0  ' g/1).

T he effect of TA on g lochidiae appears to  be specific and also th e  presence 
of TA  has been suggested  [28]. The fu n c tio n in g  of an ad ren erg ic  e x c ita to ry  
system  [27], as well as occurrence  of ad renerg ic  n eu ro m u scu la r sy n ap ses  [21] 
have  been  m ade p ro b ab le . A t th e  sam e tim e , th e  slight e x c ita to ry  effect of 
ACh on th e  rh y th m ic  a c tiv ity  of glochidiae has been considered  to  be n o n 
specific [23, 25]. In  recen t in v estig a tio n s D -50, con ta in ing  p h o sp h am id o n , 
w hich considered  to  be a cho linesterase  b locking  agen t, p roved  to  be som ew hat 
m ore effective in h ib ito r  o f A C h-induced e x c ita tio n  as com pared  to  th e  TA- 
induced  one.

W hen  th e  su b stan ces  w ere app lied  to g e th e r  w ith  TA th e y  som etim es 
caused a to n ic  c o n tra c tio n  of la rv ae . This effect was in s ig n ifican t in  th e  case 
of Th-10 G and  D -50, n o t m ore th a n  10%  o f th e  la rv ae  w ere in v o lv ed  even 
a t th e  h ig h est c o n cen tra tio n s  (Figs 5 and  7), h u t  in th e  case o f G r used in 
a h igh co n c e n tra tio n  (10 ml/1) it  som etim es exceeded 20%  (F ig . 10). E ven  
m ore  p ro n o u n ced  increase  in  th e  ton ic  co n tra c tio n  was caused  b y  H L -7 of 
5 x l 0 -1 g/1 or h ig h er co n cen tra tio n s  app lied  e ith e r  by itse lf  o r to g e th e r  w ith  
TA (Figs 1 and  2). T his effect was especially  sign ifican t on th e  T A -scnsitive  
p o p u la tio n s , th a t  is, it  m ay he m ore dangerous in  an earlie r s ta g e  o f o n to 
genesis.

L in d an e  is a h a lo g en a ted  h y d ro ca rb o n , w hose y -isom er is th e  m ost 
ac tiv e  as insectic ide . A ccord ing  to  B ut l er  [30], b ivalve  m olluscs are  able 
to  accu m u la te  th is  chem ical following its  u p ta k e  from  d ilu ted  so lu tio n . D avis 
[2] d e m o n s tra te d  a n o rm al deve lopm en t of 60%  of Venus m ercenaria  eggs 
and  o f 43 %  of Crussostrea virgin ica  eggs in lin d an e  so lu tion  o f 10 mg/1 con
c e n tra tio n . F o r th e  eggs of clam s, th e  48-h  to le rance  m a x im u m  (TLm) 
exceeds 10 p p m , fo r th e  eggs of o y s te r it  is 9.1 ppm , and  th e  12 d ay s  T L m 
for clam  la rv ae  also exceeds 10 ppm  [5]. T he T L m is defined  as th e  c o n c e n tra 
tio n  w hich does n o t cause an y  dam age on 50 %  of th e  eggs or la rv a e . F o r 50%  
in h ib itio n  o f T A -a c tiv a tio n  o f A nodonta  la rv ae  we m easured  8 p p m , a value 
close to  th e  above v a lu es . L indane  has an  insectic ide effect as n eu ro to x ic  
su b stan ce  affec ting  m ain ly  th e  cen tra l neu rones [30]. In  th e  case o f  glochidiae
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i t  m a y  ex ert an  in flu en ce  on  th e  neurones o f th e  ganglion  anlage, w hich  is in  
s y n a p t ic  con tac t w ith  th e  a d d u c to r  m uscles, o r  th e  neurones o f th e  diffuse 
n e u ro n a l  netw ork . E v e n  a d ire c t influence on th e  a d d u c to r  m uscle c a n n o t be 
e x c lu d e d .

P a ra q u a te  is a d im e th y l-b ip y rid y l h erb ic id e , w hich  causes a m em b ran e  
d a m a g e  and, as a co n seq u en ce , increases m e m b ra n e  p e rm eab ility  [31]. B otli 
i ts  ow n  effect and  th e  in h ib itio n  of TA a c tiv a tio n  m ig h t be realized  th ro u g h  
th is  m echanism .

P hospham idon  an d  p h o ra te  are noncyclic o rg an ic  p h o sp h a te  d e riv a tiv e s  
w h ic h  have an in sectic ide  e ffec t as cho linesterase  in h ib ito rs  [32]. T he a c tiv ity  
o f  cho lineste rase  in  g lo ch id iae  appears to  be low , fu r th e r , th e  role o f  th e  ch o lin 
e rg ic  system  in th e  re g u la tio n  o f ad d u c to r c o n tra c tio n  is no t p ro b ab le  [21, 
23 , 26 ]. N evertheless, on th e  basis of recen t f in d in g s , th is  m echan ism  can n o t 
b e  e n tire ly  excluded, th o u g h , th e  values o f e ffec tiv e  co n cen tra tio n s ra th e r  
s u g g e s t a nonspecific in flu en ce .

I t  should be ta k e n  in to  considera tion  t h a t  th e  tre a tm e n t o f  la rv ae  
la s te d  a lto g e th e r 25 m in . I t  is ev iden t th a t  in th e  case o f a long-term  exposure  
th e  in jo u rious effects s im ila r  to  those o b ta in e d  here  would be in d u ced  b y  
lo w e r concen tra tions.

T h e  effects o f p e s tic id e s  m ay  be le th a l p a r t ly  owing to  th e ir  d irec t 
to x ic i ty ,  p a rtly  as a re s u lt  o f  inh ib itio n  o f th e  fu n c tio n a l o p p o rtu n itie s  re 
q u ire d  fo r th e  fu r th e r  d ev e lo p m en t. F or in s ta n c e , b o th  the in h ib itio n  of 
rh y th m ic  ac tiv ity  and  th e  in itia tio n  of a to n ic  c o n tra c tio n  h inder th e  o n to 
g enesis  o f th e  glochidiae, as one o f the co n d itions o f deve lopm en t is th e  s tic k 
in g  to  th e  skin of fishes. F o r  th is  purpose, th e  rh y th m ic  m ovem ent o f th e  shells 
a n d , follow ing th e  c o n ta c t w ith  th e  skin of fish , th e  m an ifes ta tio n  of th e  ton ic  
c o n tra c tio n  is needed. In  th e  absence of s tick in g , th e  ontogenesis is b roken  
o ff  a n d  th e  larvae  p e rish . T h e  th in n in g  o f Pelecypoda  fau n a  in  th e  en v iro n 
m e n ta l  w a te r occasionally  m a y  well be hack  to  th is  m echanism . T he d im in u 
t io n  o f  th e  num ber o f in d iv id u a ls  has a h a rm fu l in flu en ce  on th e  n a tu ra l  c lea r
an c e  o f  w ater.

O n th e  basis o f th e  p re s e n t results th e  g loch id iae  can be considered  to  
be  s u ita b le  te s t ob jec ts fo r  in v es tig a tin g  th e  p es tic id e  po llu tion  of th e  fresh 
w a te r ,  so th e y  can co m p le te  th e  series of th e  species used  a t  p resen t ro u tin e ly  
fo r th is  purpose.
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Abstract

I so la ted  rem oval  of the  m edian  eminence (M E) and p i tu i tary  s ta lk  (PS )  of 
female  r a t s  was pe rfo rm ed  u n d e r  visual control,  u s ing  a new in s t ru m en t  to open  up 
the 3rd  ventricle .  A t ro p h y  of the  u te rus ,  the follicles an d  the  in tersti tia l  t issue  in the  
ovar ies  was accom pan ied  by  persis tent  corpora  lu te a  a n d  persis tent  d ies trous  vag ina l  
sm ears  in ra ts  w hich  h ad  undergone  a successful r em o v a l  of ME and PS. No change  
was,  however,  de tec ted  in th e  weight of the  th y ro id  a n d  adrenal  glands a t  th e  e n d  of 
the six weeks e x p er im e n ta l  period. An a d en o h y p o p h y s is  im p lan ted  in the  place  o f  the 
ME a t  the  t im e of the  surgery ,  could n o t  p re v en t  these  changes. In an im als ,  in which 
the  rem o v a l  of  th e  M E was no t  complete ,  the  changes  of the gonadal sy s te m  were 
less p ronounced .

Im m u n o c y to lo g y  of the  p i tu i ta ry  L H -,  F S H - ,  T S H -  and prolactin-cells in a n im a ls  
w i th  com ple te ly  rem oved  M E and PS showed inac t ive  LH- and FSII-cells  b o th  in the  
g ra f ted  an d  in  situ  p i tu i ta r ies ,  while the  T S H - an d  prolactin-cells ap p ea red  to be in 
a s t im u la te d  s ta te .  In anim als  w ith  ME r e m n a n t ,  LH R H  axon te rm in a l s  were 
localized only on the  blood vessels of the  r e m n a n t .  T h e  p a r t  of the p i tu i t a r y  g ra f t  in 
c o n ta c t  w i th  these blood vessels, as well as some areas  of the in situ  p i tu i t a r y  g land ,  
c o n ta in ed  active  L H  cells as judged  from  their  size a n d  immunohistological a p p ea ran ce .  
Since in the  absence of the  ME, the  h y p o p h y s io t ro p h ic  area  is not able to  e x e r t  its 
r e g u la to ry  effect on the  g o nado trophs  of the  p i tu i t a r y  im p la n t  in this area ,  th e  a u th o r s  
suggest  t h a t  th is  effect is m ed ia ted  by the  blood c ircu la t ion  of the ME w hich  is rich 
in re leasing  h o rm ones  a n d  is dra ined tow ard  b o th  th e  an te r io r  p i tu i ta ry  a n d  the  medial 
basal  h y p o th a la m u s .

Introduction

In immunocytological studies on anterior pituitary homografts [38, 39] 
we substantiated the earlier findings of H alász  et al. [18, 20], K n ig g e  [26] 
and F l a m e n t - D u h a n d  [ I I ,  12] on the hypophysiotrophic effect of the medial

+ This  w ork  was su p p o r ted  in p a r t  by  the H u n g a r ia n  A cadem y of Sciences a n d  P o p u la 
tion Council  G ra n t  No. M74.86, a n d  in p a r t  by the V e terans  A d m in is tra t io n  and U S P H  research  
g ran ts  HD-06555 and  AM 07467.
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basal hypothalamus (MBH). Although we found hormone-containing cells 
in all pituitary transplants irrespective of their location, cytological character
istics of the grafts were closely correlated with their location. Hypertrophied 
gonadotrophic cells were found exclusively in grafts located in the HTA. 
The relatively low hormone content in these hypertrophied gonadotrophs 
suggested an increased release of the hormones synthesized by the cells, while 
the small gonadotrophs in grafts located outside the HTA or under the renal 
capsule appeared to be in an inactive storing stage. These immunohistological 
observations are in accordance with the findings of H a lá sz  et al. [18, 20] 
that only pituitary grafts located in the HTA were able to maintain the func
tions of the target glands.

In our studies mentioned above, we questioned the so-called “diffusion 
theory” [18, 20] as a possible explanation of the hypophysiotrophic effect 
of the HTA. According to this theory, the HTA can regulate the anterior 
pituitary because it contains the neurons synthesizing the hypophysiotrophic 
hormones. Consequently, a pituitary graft located in the HTA would have 
access to the hypophysiotrophic hormones by simple diffusion. Our objection 
was based on the following observations: (1) luteinizing hormone releasing 
hormone (LH—RH) synthesizing and/or—containing neuronal elements are 
located also outside the HTA, however, without exerting hypophysiotrophic 
effect [38, 39, 40]. (2) In serial sections of hypothalami bearing pituitary 
grafts and stained alternately for gonadotrophic cells and LH—11H, no 
correlation Mas found between the presence of LH—RH-positive neuronal 
elements and active, hypertrophied gonadotroph cells of the grafts [38, 39]. 
This finding appears to be indicative that the presence of, and direct contact 
with the LH— RII-containing structures of the HTA could not be the essential 
factors for the maintenance of the secretory activity of the gonadotroph cells 
in the grafts. (3) We have also demonstrated that in the rat (in contrast M'itli 
earlier findings of other investigators) the MBH cannot maintain the tonic 
secretion of the gonadotrophic hormones if it is completely isolated from the 
rest of the hypothalamus. Female rats with successfully deafferented MBH 
show persistent diestrous vaginal smears, and atrophic uteri and ovaries. 
Disappearance of LH—RH from the hypothalamic island has been demon
strated both with immunohistochemistry [39, 40] and by radioimmunoassay 
methods [6].

The possible participation of the cerebrospinal fluid (SCF) and ependymal 
cells in conveying hypophysiotrophic hormones to the grafts has already been 
ruled out by the observation of H alász  et al. [18] that pituitary grafts in 
the HTA but surrounded by ependymal cells, or grafts outside the HTA but 
in contact Mrith the CSF, had not maintained normal histological structure 
and function. Our immunocytological studies [38, 39] substantiated these 
observations.
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As an alternative explanation for the hypophysiotrophic effect of the 
HTA, we suggested [38, 39] that this effect is mediated by a vascular link 
existing between the capillary loops of the ME and the vascular bed nourishing 
the MBH. T ö r ö k  [43, 44] and A k m a y e v  [1] have already described this 
vascular connection, and T ö r ö k  has demonstrated in vivo in dogs that the 
blood flow in this vascular system was directed upwards, i.e., from the ME 
toward the MBH. Recently, A m b a c h  et al. [2], using an elegant ink-infusion 
technique, have demonstrated that the MBH is supplied by blood vessels 
emerging nearly exclusively from the pituitary circulation. Since the nerve 
terminals of the parvicellular neurosecretory system release their neurohormo- 
nal substances into the capillary loops of the ME, both the pars distalis and 
MBH is irrigated by blood rich in hypophysiotrophic hormones. Although 
the functional significance of this circulation of the MBH is unknown, we 
suggested that it might be the anatomical basis of an ultra-short feedback 
mechanism |9, 22, 38, 39]. Nevertheless, the special vascularizationofthe MBH 
offers an explanation for the hypophysiotrophic effect of the HTA, based on 
blood circulation.

The aim of the present experiments was to study the immunocytology 
of anterior pituitary implants grafted into the HTA of female rats having 
no ME and PS. Well-maintained, hypertrophied gonadotrophs in such grafts 
would he in favour of the “diffusion theory”, while inactive, small gonado
trophs would indicate that in the absence of the ME and PS — the grafts 
could not be in contact with the LH—RH present in neuronal elements of 
the surrounding brain areas.

Material and methods

A d u lt  female  r a t s  (from our  inbred s t ra in ,  der ived  from  a W is ta r  stock) w i th  regu lar  
vag ina l  cycle were used. T h ey  h ad  free access to s t a n d a r d  labora to ry  diet  and  w a te r  d u r in g  the 
whole exp er im en ta l  period.

Vaginal  sm ears  were ta k e n  and  recorded ev ery  m o rn in g  except  Sunday .  T he  an im als  
were d iv ided  in to  th ree  groups.  T he  3rd ven tr ic le  of  th e  an im als  in each group w as  exposed 
by  m eans  of a device designed by SÉTÁ LÓ  a n d  m ad e  in our  d e p a r tm e n ta l  w orkshop .  
T he  device (Fig. 1) could  be  a t ta ch e d  to  a s te reo tax ic  in s t ru m en t .  In  the  b o d y  o f  the  
in s t ru m e n t  (a), two L -sh a p ed  su p p o r ts  (a, a n d  a™) cou ld  be synchronously m oved  to  e ither 
d irection  from  the  midline in a groove by  tu rn in g  a n y  o f  the  two knobs (h, and b.,). E x c h a n g e 
able blades (c, and  c 2) could be a t ta ch e d  to s u p p o r t s  a ,  and a ,  w ith  small screws. The 
b lades were cu t  f rom  a b rass-p la te ,  0.5 m m  in th ickness ,  a n d  individually  shaped for an im als  
w ith  different  b o d y  weights .  F o r  th e  anim als  used  in th is  ex per im en t  (200 g b o d y  weight) ,  
blades w ith  3 m m  w id th  a n d  15 m m  leng th  were used. A port ion  of the  skull o f  th e  a n a e s th e 
tized an im als ,  a p p ro x im a te ly  6 x 6  m m  in size, was r e m o v e d  toge the r  with the  sag i t ta l  sinus. 
The  blades,  while closed, were th en  lowered in to  the  b ra in  in the  midline, j u s t  beh ind  
the  a n te r io r  comm issure .  Special care was t a k e n  n o t  to  press the  sh a rp en e d  edges 
of the  b lades aga ins t  th e  M E ,  b u t  to get close to i t  as m u ch  as possible. Using k n o b  b ,  or b 2, 
the  b lades were th en  s e p a ra ted  from each o th e r  un t i l  the  walls of the 3rd ventricle  w ere  ab o u t  
1 m m  off  from each o th e r  (Fig. 2). A t th is  phase  of the  exper im en t ,  animals belonging  to the 
different  ex p er im en ta l  g roups  were t rea ted  d ifferently .  I n  group A, a whole ad en o h y p o p h y s is  
f rom  a 3 weeks old donor  was placed onto the  floor of  the  3rd ventricle . This g ro u p  served  as
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F ig . 1. D evice  for the  ex p lo ra tio n  o f th e  3rd ven tric le , a) B ody  w ith  th e  b lad e -su p p o rts  (a t and  
a 2); (b 2 a n d  b 2) tu rn in g  kn o b s to  m ove th e  b lad e -su p p o rts . T he blades (cx and c.,) a re  closed 

Fig. 2. T he sam e as Fig. 1, b u t  w ith  open  blades

c o n tro l  in  th e  experim ent.  In  g roup  B, the  M E a n d  th e  P S  were removed u n d e r  the  contro l 
o f  a d issec t ion  microscope, using a 22 gauge needle, conically  shaped a t  the  t ip ,  an d  a t t a c h e d  
to a v a c u u m  asp ira to r .  In  group  C (and  also D), a whole  adenohypophysis  was rep laced  in 
the  s i te  of  th e  rem oved  ME. (G ro u p  D was t re a te d  like g ro u p  C, and was separa ted  from  Group 
C a t  e v a lu a t in g  the  completeness o f  M E -ec to m y  in serial sections.)

41 — 44 days after the  o p e ra t io n ,  the  anim als  were sacrificed. Under sodium p e n to b a rb i ta l  
a n a e s th e s ia ,  a cannula  was in se r ted  in to  the  ascending a o r ta  a n d  the  animal was pe rfused  w ith  
100 m l p h o s p h a te  buffered saline (P B S )  followed by 100 ml picric ac id -form aldeliyde  solu tion  
[45]. B efo re  the  perfusion was s t a r te d ,  a l igature  was p la c e d  a t  the  beginning of the  descending 
a o r ta ,  so t h a t  only the p i tu i t a ry  a n d  th e  th y ro id  am o n g  th e  endocrine glands were perfused.  
All e n d o cr in e  glands were dissected and  weighed. B ra in s  a n d  the  pitu i taries  were d e h y d ra te d  
in g ra d e d  alcohols,  em bedded  in to  Po lyw achs  1000 (Chemische Werke, Hüls) and  processed for 
im m u n o h is to lo g y .  The res t  of the  endocrine  glands were f ixed  in 10% form aldehyde  solution. 
F ro z e n  sec t ions  were cut  f rom  th e  ovaries and s ta ined  w i th  Scharlach-R -hem atoxylin .  The  
u te r i ,  th y r o id s  an d  adrena ls  were e m b e d d ed  into celloidine—paraffin .  A series of coronal  b ra in  
sec t io n s  w as  sta ined  w ith  h e m a to x y lin -eo s in .

A n t i  h u m an /?  L H  (rabb i t ;  Calbiochem), anti  r a t  F S H  (rabb i t ;  N IA M D D -A -R at  FSH S-6).  
a n t i  h u m a n  /?TSH (rabbit ;  Calbiochem) and  an ti  r a t  p ro lac t in  ( rabb i t ;  No. 221; a gift f ro m  P . K. 
N a k a n e ) an tibod ies  were used a t  dif ferent  d i lutions to  d e te c t  the  respective cells b o th  in the 
g r a f t e d  a n d  in situ  p i tuitaries .  L I l - R H - c o n ta in in g  n e u ro n a l  elements were located  in serial 
sec t ions  o f  the  hy p o th a lam i  using a n t i - L H —R H  No. 442 antibodies  raised agains t  sy n th e t ic  
L H - R H  in ra b b i t s  by  A. A r im u r a . A nti  r a b b i t  g a m m a  globulin (sheep; Serono) a n tibod ies  
were  u se d  in the  s ta in ing  p rocedure  as bridging an tibod ies ,  and horseradish  p e ro x id ase— 
a n t ih o r s e ra d i s h  peroxidase ( rab b i t ;  P A P  Dako  Im m unog lobu l ins )  complex served as th e  label 
in t h e  s y s te m .  In cu b a ted  sections were  developed for pe rox idase ,  using H 20 2 as a s u b s t r a t e  a n d  
d iam in o b en z id in e  (free base, Sigma) as the  c ap tu r ing  agen t .

S tu d e n t ’s i- te s t was used  fo r th e  s ta tis tic a l e v a lu a tio n  of th e  results .

R esults

Changes in the vaginal smears and in the weight of the target glands are 
summarized in Table 1.

In group A, irregularity of the estrous cycle followed the surgery, however, 
weight data of the endocrine glands remained within the limits characteristic 
of intact females of the same age at the end of the six weeks experimental 
period.
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Fig. 3. C oronal section  of th e  h y p o th a la m u s  of a r a t  from  group  C w ith  a p i tu i ta ry  im p lan t 
a n d  M E an d  PS  rem oved . T he p i tu i ta ry  g ra f t  (PG ) occupies th e  low est p a r t  of th e  3 rd  ven tricle . 
L H -I1 H  sta in ing . L H —H H  fib res can  be seen close to th e  surface of th e  h y p o th a la m u s  (arrow s) 

a n d  in  the  v ic in ity  o f th e  g ra ft (a rrow  heads). A sterisks in d ica te  th e  a rc u a te  nuclei

In  g roup  B, rem o v al o f th e  M E and  th e  PS was follow ed b y  p e rs is te n t 
d iestro u s sm ears and  b y  changes in  th e  w eight an d  h isto logy  o f  som e en d o 
crine g lands. T he u te ru s  w eight w as 70%  less in group В th a n  in  g roup  A 
(P  <7 0.001). T he a n te rio r  p i tu i ta ry  g lands show ed ab o u t 35%  re d u c tio n  in 
w eig h t (P  < 0 .0 5 ). D ecrease o f th e  w eigh t o f th e  ovaries (20% ) a n d  th y ro id s  
(15%,) was found  to  be n o t s ig n if ican t. No change was o b se rv ed  reg a rd in g  
th e  w eight o f th e  ad ren a ls . In  th e  ovaries, severe a tro p h y  o f th e  follicles and  
o f  th e  in te rs ti t ia l  tissue  w as accom pan ied  by th e  presence o f m u ltip le  p e rs is te n t 
co rp o ra  lu tea .

In  g roup  C, w here th e  rem oved  ME and PS were rep laced  b y  a w hole 
ad en o h y p o p h y sis , p e rs is te n t d iestro u s sm ears were recorded  d u rin g  th e  whole 
ex p e rim en ta l period . W eigh t changes o f th e  endocrine g lands an d  h isto logy  
o f th e  ovaries w ere th e  sam e as in  g roup  B.

T he m a jo rity  o f an im als be long ing  to  group  D show ed p e rs is te n t d iestrous 
sm ears. P e rs is te n t d iestro u s sm ears w ere in te r ru p te d  b y  occasional estrous 
sm ears only  in  tw o cases. T he u te rin e  w eigh t in  th is  group show ed a b o u t 50%  
red u c tio n  com pared  w ith  d a ta  o f  th e  group A. This w eight re d u c tio n  was 
h igh ly  s ig n ifican t (P < 0 .0 0 1 ) . T he ovaries of these  an im als show ed  som e sign 
o f a re ta rd e d  follicle d ev e lo p m en t, and  m odera te  a tro p h y  o f th e  in te rs titia l 
tissu e . W ith  on ly  one ex cep tio n , a n te r io r  p itu ita ry  w eights w ere g re a te r  in 
th is  g roup  th a n  e ith e r  in  g roup  В o r C. B egard ing  th e  w eigh ts o f  th e  th y ro id s , 
ovaries and  ad ren a ls , no changes could  be de tec ted  if  com pared  w ith  th e  respec
tiv e  d a ta  o f g roup  A.
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F ig . 4. W ell  preserved L H - R H  ax o n s  and  axon term inals  in  t h e  OYLT of  an  anim al from  group 
C. A s te r isks  in d ic a te  cells contain ing L H - R H .  XlSO

In v e s tig a tin g  th e  se ria l sections of th e  b ra in s  s ta in e d  w ith  h e m a to x y lin -  
eosin , we could conclude  th a t  rem oval o f ME an d  PS w as com plete  in th e  
a n im a ls  of groups В a n d  C. In  th e  brains from  g ro u p  D , sm aller or la rger 
re m n a n ts  of th e  ME w ere fo u n d . In  all an im als h a v in g  su rg e ry , th e  a rcu a te  
n u c le i w ere found to  he an a to m ica lly  in tac t an d  in  m o st cases th e  ependym al 
cell la y e rs  did n o t a d h e re  to  each  o th er. A n te rio r  p i tu i ta ry  g rafts  in  group A 
w ere fo u n d  to  be in f irm  c o n ta c t w ith  th e  floor o f  th e  3rd ven tric le . W ith  
o n ly  one excep tion , in  w h ich  th e  g ra fted  p itu i ta ry  w as found in  th e  th a la m u s , 
p i tu i ta r y  g rafts in g roups C a n d  D had  v a sc u la r  co n n ec tio n  w ith  th e  re s t of 
th e  M B H .

In  th e  serial sec tions o f  h y p o th a lam i re p re se n tin g  g roups В an d  C sta in ed  
fo r L H — B H , no axon  te rm in a ls  could be id en tified . F ib res  co n ta in in g  L H — B H
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Fig. 5. Coronal section of the  h y p o th a la m u s  of a r a t  f rom  group  1) w ith  rem oved  M E  and  PS 
an d  with p i tu i ta ry  im plan t ,  a)  LI1 R H  staining. The M E was comple te ly  removed from  the  left 
side. On the  r igh t  side, th e  la te ra l  th ird  of the ME rem ained  in tac t .  Bundle  of L H - R I I  fibres 
is indica ted  by th e  a rrow . D a rk  spots  in the  p i tu i ta ry  g ra f t  (PG) are red blood cells. X95. 
b) Adjoining section  to the  one i l lu s t ra ted  in ( a) ,  s ta ined  for L H  cells. Squares su rrounded  
by solid or  b roken  lines are also shown in (c )  and (e )  w i th  h igher  power. x 9 5 .  c) L H  cells 
o f  the  area  su rrounded  by solid lines in  (b ) .  The cells above  th e  solid line are sm aller  t h a n  those 
show n in (e ) .  X 240. d )  E n la rg ed  view of the  L H - R H  fibre b u n d le  shown in (a ) .  N ote  L H - R H  
a xon  term inals  a p p ro ac h in g  blood vessels (arrows). X 240. e) L H  cells of the a rea  su rrounded  
by broken  lines in (b ) .  T h e  cells a re  larger th a n  those  show n  in (c ).  X 240. F o r  de ta i ls  see

also tex t
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Table 1

D a ily  vaginal smears, body and organ weights o f  rats w ith anterior p itu ita ry  gra ft in  the H T  A 1
gra ft in the H T  A

Label of .
an im al j Daily vaginal smears

G ro u p  A
528 о о о • • о о о • • о о • о о • • • • • • • • о • о • • • • •
529 о о о • о о о • • о о • • о о • • о о о о о о о о • • • • о •
530 о о о о о • • • • о о о • • • • • • • о • • • о о • • • • •
531 о о о • о о о о • о о о о о о о о о о • о о о о о • о о о • о

G ro u p В
519 о о о о о о о о о о о о о о о о о о о о о о
520 о о о о о о о о о о о о о о о о о о о о О о о
521 о о о о о о о о о о о о о о о о о о о о о о о о
523 о о о о о о о о о о о о о о о о о о о о о о о о о о
524 о о О о о о о о о о о о о о о о о о о о о о о о о

G ro u p c
526 о о О о о о о о о о о о о о о о о о о о о о о о о о о о о
527 о о о о о о о о о о о о о о о о о о о о о о о о о о о о
532 о о о о о о о о о о о о о о о о о о о о о о о о о о о о о о о
553 о о о о о о о о о о о о о о о о о о о о о
570 о о о о о о о о о о о о о о о о о о о о о о
572 о о о о о о о о о о о о о о о о о о о о о о о о о о
573 о о о о о о о о о о о о о о о о о о о о о о о о
574 о о о о о о о о о о о о о о о о о о о о о

G ro u p 1)
554 о о о о о о о о о о о о о о о о о о о о о о о о о
555 о о о о о о о о о о о о о о о о о о о о о о о о о о о о
556 о о о о о о о о о о о о о о о о о о о о о о о о о о о о
571 о о о о о о о • о о о о о о о о о • о о о о о о о о
575 о о о о • о о о о о о • о о о о о о о о • о • о • •
533 о о о о о о о о о о о о о о о о о о о о о о о о о о о о о о о

O :  diestrous smear 
•  : estrous smear

w ere  p re se n t all along th e  b ase  o f th e  h y p o th a la m u s  and in  th e  a rc u a te  region. 
L H — R H  fibres w ere also p re se n t a ro u n d  th e  p itu i ta ry  g ra fts , b u t  th e re  were 
no s ig n s  to  in d ica te  t h a t  th e y  h a d  a te n d e n c y  to  form  new  ax o n  te rm ina ls 
in  th e  v ic in ity  of th e  g ra f ts . N o L H — R H  cell bodies could be d e te c te d  in  the  
M B H  (F ig . 3). W ell p re se rv e d  L H — R H  fib re  system  w as d e te c ta b le  in  th e  
v a s c u la r  organ of th e  la m in a  te rm in á lis  (OVLT) (F ig . 4) o f each ex p e rim en ta l 
g ro u p . In a few cases, cell b od ies co n ta in in g  L H  R H  could  be d e tec ted  in 
th e  m e d ia l p reop tic  a rea  o f  th e  M E -ectom ized  g roups. In  th e  an im als  in  group 
D , sm a lle r  or la rger p o r tio n s  o f th e  ME w ere found  to  be in ta c t  (F ig. 5a). 
T ru e  a x o n  te rm ina ls a p p ro a c h in g  blood  vessels could  be recogn ized  in  these 
a re a s  (F ig . 5d).
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(group A  ) .  with M E 2 and P S 3 removed (g ro u p  В  ) ,  w ith  M E  and P S  removed and  w ith p itu ita ry  
( groups C a n d  D )

D uration of 
survival after 
the opera

tion 
(days)

Body 
weight 

a t autopsy
<g)

Organ weights (mg)

uterus ovary
adenohy
pophysis adrenal thyroid

4 3 3 0 1 6 1 7 5 0 14 4 5 2 5
4 3 3 8 2 6 5 8 6 3 12 5 2 21
4 3 4 3 1 5 9 2 4 0 9 5 2 17
4 3 2 6 8 5 2 8 5 3 7 3 4 16

41 2 9 3 152 4 0 7 6 4 16
41 2 4 5 2 4 2 3 7 7 4 3 17
4 2 2 9 6 150 4 0 8 4 5 14
4 2 3 0 8 96 3 9 7 2 5 21
4 2 3 1 6 199 4 9 7 3 8 16

4 4 3 6 3 197 4 2 8 31 18
4 4 3 8 6 163 3 4 9 4 3 19
4 4 3 0 9 148 4 6 5 6 2 15
4 2 3 8 9 9 4 19 7 2 9 2 3
4 2 .375 173 52 9 5 0 10
4.3 2 8 8 1 74 6 0 7 3 0 15
4 3 2 4 0 1 33 3 3 7 3 8 15
4 3 2 8 5 107 2 7 7 3 3 16

4 4 3 0 2 4 5 5 4 7 12 8 7 13
4 4 2 9 3 2 8 2 5 2 11 4 8 18
4 4 3 2 9 201 3 5 12 51 19
4 2 2 5 8 192 3 2 10 35 13
4 3 2 4 8 221 5 2 10 4 5 22
4 4 3 8 9 345 3 9 7 6 3 13

1 h y p o p h y s io t ro p h ic  a rea  of the h y p o th a la m u s
2 m ed ian  em inence
3 p i tu i t a ry  s ta lk

T he g ra fted  p itu ita r io s  of th e  an im als  in  group C co n ta in ed  o n ly  sm all 
(8.4 ^ m ) g o n a d o tro p h  cells (Figs 6a and  7a). S uch  sm all d iam ete r is c h a ra c te r is 
tic  o f th e  L H  cells o f all p itu i ta ry  g ra fts  im p la n te d  outside th e  H T A  (nonpub lis- 
hed o b se rv a tio n ). B o th  th e  LH  and  F S H  cells w ere  sm all also in th e  in  situ  p itu i
ta ry  g lands of th is  g roup  (Figs 6c and  7c). (L H  an d  FSH  cells re m a in e d  sm all in 
th e  p i tu i ta ry  g ra fts  o f  th e  ME- and  P S -a b la te d  ra ts  even if  th e  in  s itu  p i tu i ta ry  
was rem oved . W e h ad  th re e  such cases, h o w ev e r, th e  d a ta  of th e se  an im als  are 
no t in c lu d ed  in  th is  p ap e r). On th e  o th e r h a n d ,T S H  cells in g roup  C h a d  norm al 
size in  a few cases b o th  in th e  g ra fted  (F ig . 6b) an d  the  in  situ  p i tu i ta r y  glands 
(F ig . 6 d ).P ro la c tin  cells were well p re se rv ed  b o th  in th e  g ra fte d  a n d /o r  th e  
in  situ  p itu ita r ie s  o f  all anim als w ith  re m o v ed  ME and PS (F igs 7b and  d).
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Fig . 6. L H  cells of the  g ra ft (a )  a n d  th e  in situ  p itu ita ry  ( c )  from  th e  an im al shown in F ig . 3. 
N o te  t h a t  th e  cells are sm all an d  lo ad ed  w ith  L H . X 240. T S H  cells of the  g raft (b)  a n d  th e  
in s i tu  p i tu i t a r y  (d )  of th e  sam e a n im a l. N ote  th a t  T S H  cells a re  larger th a n  LH  cells. X 240
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Fig. 7. F S H  cells of  th e  g ra f t  (a )  and the  in situ  p i tu i t a r y  (c )  from the anim al show n in F ig .  3. 
N ote  t h a t  the  cells a re  small  and loaded w ith  F S H .  X 240. Pro lac t in  cells of the  g ra f t  ( b)  an d  
the  in  situ  p i tu i t a ry  (d )  of th e  same anim al.  N o te  t h e  large  a m o u n ts  of pro lac tin  cells. X 240
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F ig . 8 .  L H  cells fro m  th e  in  s itu  p itu ita ry  of th e  an im a l illu s tra te d  in Fig. 5. a)  L H  cells w ith  
n o rm a l size from  an  a rea  o f th e  g land, b) Sm all L H  cells represen ting  th e  g en era l tro p h ic  

s ta te  of th e  L H  cells in th e  g lan d . F o r  d e ta ils  see also tex t.

In  th e  g ra fts  in  an im als be longing  to  g ro u p  D , th e  L H  cells had  a la rg e r  d ia m 
e te r  (10.8 fun) a t  th o se  regions and  on  t h a t  side w here th e  M E rem ain ed  
p a r t ia l ly  in ta c t  (F ig . 5b, c and e). H ow ever, th e  p o rtio n  of th e  g raft in  c o n ta c t 
w ith  th e  h a lf  o f th e  h y p o th a la m u s  w ith  co m p le te ly  rem oved ME c o n ta in e d  
o n ly  sm all L H  cells (8.4 p m )  also in th e se  cases (F ig. 5b, c and  e). I n  th e  in  
s itu  p i tu i ta ry  g lands o f such  an im als, is lan d s  c o n ta in in g  larger L H  cells (12.7 
p m )  cou ld  he seen am ong  th e  generally  sm all (8.4 p m )  LH  cells (Fig. 8a a n d  b). 
S m all nec ro tic  a rea  w as d e tec ted  only  in  one in  situ  p itu ita ry  gland.

D iscussion

T h e  m ost sp e c ta c u la r  observa tions o f th e  p re sen t experim en t w ere  th e  
fo llow ing . (1) R em oval o f M E and PS re su lte d  in  th e  iso lated  a tro p h y  o f th e  
g o n ad  system  o f fem ale ra ts , while th e  w e ig h t o f th e  th y ro id  an d  a d re n a l 
g lan d s  rem ained  u n ch an g ed  a t  th e  end o f th e  six  wreeks ex p erim en ta l p erio d . 
A tro p h ic  change of ovaries w ere d e tec ted  o n ly  by  h isto logical e x a m in a tio n , 
b e cau se  p e rs is te n t corpora lutea m a in ta in e d  th e  w eigh t of th e  ovaries. (2) A n 
a n te r io r  p i tu i ta ry  g ra fte d  in to  th e  HTA o f th e  anim als w ith  rem o v ed  ME 
a n d  P S  w'as n o t ab le to  enhance  th e  w eigh t o f  th e  u te ru s  re la tive  to  th e  u te r in e  
w e ig h t o f  ra ts  w hich  h av e  undergone o n ly  a rem o v a l of ME and  PS . N e ith e r
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was it  alilc to  in itia te  follicle d ev e lo p m en t in th e  ovaries and to  in d u ce  cyclic 
change o f  v ag in a l sm ears. Im m u n o cy to lo g y  o f th e  in  situ  p itu ita r ie s  show ed 
th a t  th e  g o n ad o tro p h  cells becam e in a c tiv e  and  w ere ch arac terized  b y  sm all 
cell size and  re la tive ly  dense s ta in in g . W hile th e  L H  cells in con tro l p itu ita r ie s  
have  13 fj.tr1 m ean d iam ete r, in th e  M E- and  P S -ab la ted  an im als th is  v a lue  
was o n ly  8.4 /jm . L H  cells o f  p itu ita r ie s  g ra fted  in th e  Н ТЛ  o f th e  M E- and 
P S -a b la te d  an im als also had  a m ean  d ia m e te r  o f 8.4 fin i , and were n o t  la rg e r 
even if  th e  in  situ  p itu ita ry  was rem oved . L H  cells of p itu ita r ie s  g ra f te d  in 
th e  H T A  o f hypophy sec to m ized  an im als h ad  16.4 /um m ean d iam ete r (u n p u b lish 
ed d a ta ) . (3) The presence o f L H — R H -co n ta in in g  neu ronal e lem en ts  in  th e  
v ic in ity  o f th e  p itu ita ry  g ra fts  w as n o t enough to  supp ly  th e  g o n a d o tro p h  
cells o f  th e  g rafts  w ith  th a t  h o rm o n e . In  o th e r  w ords, L H  R H  did n o t  d iffuse 
o u t from  th e  nerve  cell bodies sy n th es iz in g  it ,  o r from  tin* nerve fib res t r a n s p o r t 
ing  it. W e h av e  a lready  p u b lish ed  s im ila r o b serv a tio n s [38, 39].

T h ere  are  some co n trad ic tio n s  betw een  ou r p resen t fin d in g s a n d  th e  
re su lts  p u b lish ed  earlier up o n  p i tu i ta ry  changes follow ing PS section  o r  e lec tro 
ly tic  lesion  o f  th e  ME an d  PS. I t  has been  show n th a t  th e  tra n s e c tio n  o f  th e  
PS re su lte d  in p itu ita ry  and  t  a rg e t g land a tro p h y  if  regeneration  o f th e  p o rta l 
vessels w as p rev en ted  by  in se rtin g  a b a rr ie r  b e tw een  th e  h y p o th a la m u s  and 
th e  p i tu i ta ry  [14]. S im ilarly , e lec tro ly tic  lesion o f th e  ME and PS in  th e  r a t  
re su lte d  in  th e  a tro p h y  o f th e  ovaries [8, 10, 13], th e  th y ro id  g lan d s  [41] 
an d  th e  ad ren a ls  [4, 17, 27, 29, 30, 31, 41]. In  th e  ex p erim en t o f  H alász  
e t al. [19], sign ifican t a tro p h y  o f th e  p i tu i ta ry  g land and th e  ta r g e t  g lands 
w as d e te c te d  w ith in  th re e  w eeks, if  th e  PS was com pletely  severed  b y  th e  
lesion.

In  o u r ex p erim en t, rem o v a l o f th e  ME an d  PS by v acu u m  a sp ira tio n  
re su lte d  in th e  iso lated  a tro p h y  o f th e  gonadal system . P e rs is te n t co rpora  
lu te a  found  in th e  ME- and  P S -ectom ized  an im als were m ost p ro b a b ly  due 
to  e lev a ted  p ro lac tin  secre tio n . K a n e m a t s u  and  Sa w y e r  [23] h av e  described  
an  im m e d ia te  and  pro longed e lev a tio n  in  p lasm a p ro lac tin  levels o f  r a ts  w ith  
PS  sec tio n . Increase  o f th e  p ro la c tin  secre tion  was also d e te c te d  in  ra ts  
t r e a te d  w ith  drugs b locking  dopam inerg ic  fib res [36]. Since d o p am in erg ic  
fib res  o f tu b e ra l origin te rm in a te  in th e  ME [21], rem oval o f th e  M E m ay  
cause s im ila r effect. A lth o u g h  th e  red u c tio n  o f  th e  w eight o f th e  a n te r io r  
p i tu i ta ry  g land  was only m o d e ra te , it  w as, how ever, h igh ly  s ig n ifican t. D ecrease 
o f th e  w eigh t of th e  adeno h y p o p h y sis  m ig h t h av e  been caused by  th e  in a c tiv a 
tio n  o f th e  g o n ad o tro p h  cells accom pan ied  b y  th e  decrease o f th e i r  size. No 
s ig n if ican t change could be d e tec ted  reg a rd in g  th e  w eight o f th e  th y ro id  and  
a d re n a l g lands. Since m a in ta in e d  ta rg e t  g land w eights can n o t be  exp la ined  
w ith o u t th e  effect of th e  re sp ec tiv e  h y p o p h y sio tro p h  horm ones, w e h av e  to  
assum e th a t  in some w ay  C R H  and  T R H  can  reach  the  in  situ  p i tu i ta r y  in  a 
h igh  c o n c e n tra tio n  even in  th e  absence o f th e  ME and the  PS.
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T he degree o f a tro p h y  of th e  end o crin e  g lands of an im als w ith  ME- 
lesions or section o f PS  n e v e r  reaches th e  degree one can  observe in hypophysec- 
to m iz e d  anim als [32, 42 ]. S uch  observations a lre a d y  ind ica ted  th a t  th e  in  situ  
p i tu i ta r y  gland w as ab le  to  release lim ited  a m o u n ts  o f tro p h ic  horm ones even 
i f  its  no rm al co n n ec tio n  w ith  th e  MB 11 was d is ru p te d . To som e e x te n t, th e  
m a in ta in e d  a n te r io r  p i tu i ta r y  functions could be  exp lained  by th e  possible 
re v ascu la riza tio n  o f th e  a n te r io r  lobe w ith  th e  p o r ta l  vessels. O ther ex p erim en ts , 
h o w ev er, in d ica ted  t h a t  th e  h y p o p h y sio tro p h  horm ones are av a ilab le  for 
p itu i ta r ie s  from  th e  g e n e ra l c ircu lation , even  i f  th e y  are g ra fted  to  rem ote  
s ite s  o f th e  body  [16, 25, 29]. D etec tab le  C R H  [5], gonad o tro p h in  releasing  
h o rm o n e  [7, 15, 34, 45, 37] an d  G H —R H  a c t iv i ty  [28, 33] were d e m o n s tra te d  
in  th e  p lasm a of h y p o p h y sec to m ized  ra ts . F u r th e rm o re , exp erim en ts , in  w hich 
se v e ra l p itu ita ry  g lands w ere  grafted  in to  th e  a b d o m in a l wall of h y p o p h y sec 
to m iz e d  ra ts , show ed t h a t  a lth o u g h  the  w eigh t d a ta  o f th e  endocrine g lands of 
th e se  anim als w ere fa r  fro m  th e  norm al, th e y  w ere  h ig h  above th e  h y p o p h y sec 
to m iz e d  values [3 ] .F o llo w in g  th e  elec tro ly tic  le s io n o f th e M E o f  h y p o p h y sec to m 
ized  ra ts  bearing  10 e c to p ic  p itu ita ry  g ra fts , th e  w eigh t gain of th e  testic les  
w as d im in ished , h o w ev er, th e re  was no change in  th e  w eight of th e  th y ro id s , 
a n d  th e  adrenal g lands becam e even la rg e r [3]. K e n d a l l  and  A lle n  [24] 
h a v e  rep o rted  th a t  e le c tro ly tic  lesion of th e  M E o f hypophy sec to m ized  ra ts  
b e a r in g  p itu ita ry  im p la n ts  d id  no t decrease th e  A CTH  secretion  m a in ta in e d  
b y  th e  g rafts.

A ll th e  o b se rv a tio n s  lis ted  above in d ic a te  th a t  T R H  and  C R H  are 
re lae sed  in to  th e  g enera l c ircu la tio n  even if  th e  M E is lacking, a lth o u g h , a t a 
re d u c e d  ra te . This is re f le c te d  by  th e  th y ro id  a n d  ad ren a l w eights m a in ta in e d  
ab o v e  hy p o p h y sec to m ized  level in  anim als h av in g  e ith e r  in ta c t in  situ  p i tu i ta ry  
g lan d  b u t e lec tro ly tica lly  d estro y ed  M E, o r ec to p ic  p itu ita ry  h om ograft(s) 
a n d  d estro y ed  M E. O u r an im als  were d iffe ren t from  those  ju s t m en tio n ed  
in  tw o  respects. (1) T h e ir  ME and  PS w ere n o t e lec tro ly tica lly  d estro y ed , 
b u t  rem oved . (2) T h ey  h a d  an  adenohypophysis  g ra fte d  in to  th e  H T A  an d /o r 
an in  situ  p itu ita ry  g land .

T h a t fu n c tiona l rev ascu la riza tio n  of th e  in  situ  p itu ita ry  g land  is im 
p o ssib le , or, a t leas t, is re s tr ic te d  following th e  e lec tro ly tic  lesion o f th e  M E 
is in d ic a te d  by th e  o b se rv a tio n s  th a t  th e  fu n c tio n a l cap ac ity  of such p itu i ta ry  
g lan d s rem ains p e rm a n e n tly  im paired , and  th a t  la rg e  areas of such p itu i ta ry  
g lan d s  becom e nec ro tic . T h is  is p robab ly  cau sed  b y  th e  scar tissu e  form ed 
a f te r  th e  lesion, w hich  seem s to  be im p e n e tra b le  fo r th e  reg en era tin g  blood 
vessels. In  our e x p e rim e n ts , th e  com plete lack  o f  p i tu i ta ry  necrosis in d ica tes  
th a t ,  e ith e r  the  few  su p ra tu b e ra l  vessels su rv iv in g  th e  su rgery , and  th e  
p o s te r io r  p itu ita ry  a rte rie s  cou ld  provide th e  p i tu i ta r y  w ith  su ffic ien t am o u n ts  
o f  b lo o d , or, in th e  absence  o f  scar tissue, re g e n e ra tio n  o f th e  p itu ita ry  c ircu la 
tio n  cou ld  he co m p le ted  v e ry  rap id ly . Since th e  p i tu i ta ry  gland rem ains in
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I lie sella, an d  is th e  an im al’s own p i tu i ta ry ,  h azardous even ts, like  physica l 
an d  chem ical in ju ries  and im m unologic  reac tio n s  will no t in te rfe re  w ith  th e  
chances o f  th e  in  situ  p itu ita ry  to  re c o v e r to  a possible u tm o s t e x te n t .  W h at 
these  p itu ita r ie s  will lack , is th e  M E as a specialized s tru c tu re  to  convey 
h y p o th a lam ic  neu rohorm ones to  th e  p i tu i ta ry  gland. From  o u r re su lts  it  
is obvious th a t  g o n ad o tro p h in  re leasing  horm one(s) are no t a v a ila b le  fo r such  
p itu ita r ie s  in  th e  am o u n ts  necessary  to  m a in ta in  follicle d e v e lo p m e n t. The 
o b se rv a tio n  th a t  in  th e  p resen t e x p e rim e n t th e  an te rio r p i tu i ta ry  g ra f te d  in to  
th e  H T  A w as n o t able to  p re v e n t th e  a tro p h y  o f th e  u terus an d  g o n ad s , even 
in p resence of th e  in  situ  p itu i ta ry , in d ic a te s  t h a t  in th e  absence o f  th e  M E, 
the  H TA  can n o t ex e rt its  h y p o p h y sio tro p h ic  effect on th e  g o n a d o tro p h  cells. 
S ince L H  R H -co n ta in in g  nerve  fib e rs  are  p re se n t in the MBIT o f th e  an im als 
w ith  ME a n d  PS rem oved , th e  absence  o f th e  h y p o p h y sio tro p h ic  e ffec t on th e  
g o n ad o tro p h  cells could n o t he cau sed  b y  th e  general lack o f g o n a d o tro p h  
re leasing  horm ones. In  th e  know ledge o f  th e  pecu lia r blood c irc u la tio n  o f th e  
M B H  described  in  th e  in tro d u c tio n , th e  m ost obvious e x p la n a tio n  o f  th is 
fin d in g  is th a t  w ith o u t th is  c ircu la tio n  L H — R H  is no t av a ilab le  e ith e r  to 
th e  g ra ft o r to  th e  in  situ  p i tu i ta ry . T h is is so, because L H — R H  is p ro b a b ly  
n o t re leased  from  th e  axons w hich h a d  lo st th e ir  term inals w hen  th e  M E was 
rem o v ed . W e can  also assum e th a t  th e  L H — R H  axons c a n n o t fo rm  new , 
fu n c tio n a l te rm in a ls , no t a t  least w ith in  th e  six  weeks e x p e rim e n ta l period . 
T his w ould again  su p p o rt our ea rlie r su p p o sitio n  th a t  th e  h y p o p h y s io tro p h ic  
effect o f th e  HTA on g o n ado troph  cells is p ro v id ed  hy th e  v a sc u la r  sy s tem  of 
th e  M BH .

On th e  o th e r  h an d , th is  e x p e rim e n t show ed th a t  C R H  a n d  T R H  do 
reach  th e  in  situ  p itu ita ry  in a c o n c e n tra tio n  enough to  m a in ta in  norm al 
ad ren a l an d  th y ro id  w eights even in  th e  absence of th e  M E a n d  P S . This 
was in d ica ted  also by  th e  T S H  cells h a v in g  n o rm al size and cy to lo g ica l c h a ra c 
te ris tic s  b o th  in th e  g ra fted  and  in  s itu  p itu ita r ie s  of ra ts  w ith  M E and  PS 
rem oved . F u n c tio n a l c a p ac ity  o f th e se  ad ren a l and th y ro id  g lan d s  w as no t 
te s te d  in  th e  p resen t ex p e rim en t, i t  has to  he investig a ted  in  th e  fu tu re . 
N everth e less , we have  to  suppose t h a t  C R H  an d  T R H  can be re lea sed  no t 
o n ly  in to  th e  cap illa ry  loops o f th e  M E , b u t  also in to  o th e r cap illa r ie s  hav in g  
connec tion  w ith  th e  p o rta l c ircu la tio n . A lte rn a tiv e ly , th e  possib le  fu n c tio n a l 
reg en era tio n  o f th e  nerve  fib res t r a n s p o r t in g  these  horm ones o n to  th e  re
g en e ra tin g  cap illaries has to  he ta k e n  in to  consideration . Im m u n o h is to lo g y  
w ould c e rta in ly  help  us to  exp la in  th e se  ob se rv a tio n s, how ever, in  th e  lack 
o f specific  an tib o d ies  ag a in st those h y p o th a la m ic  horm ones, th e se  in v e s tig a 
tions h av e  to  be postponed .
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T he m echanism  o f ac tio n  of th e  physio log ica l a c tiv ity  o f b o ro n  in  p la n ts  
has n o t been e lu c id a ted  so fa r. R ecen tly  i t  has been proposed th a t  th e  p h y s io 
logical role of boron  in  p lan ts  m ay  be asso c ia ted  w ith  th e  process o f  p h o sp h o ry 
la tio n . P lan ts  m ade d efic ien t in  boron  w ere observed  to  h av e  a decreased  
A TP c o n te n t [1, 2]. This fac t led to  th e  su p p o sitio n  th a t  b o ron  m ig h t affect 
th e  en erg y  m etabo lism  of th e  cell. To ensu re  th e  no rm al course o f b io sy n th e tic a l 
reac tio n s  d u rin g  cell g row th  and  d iv ision , th e  cell has to  be su ff ic ie n tly  su p 
p lied  w ith  energy . In  cells, A T P serves as a un iv ersa l c a rrie r o f  en e rg y  and  
m ito ch o n d ria  have proved  to  be th e  m ain  p lace o f A TP sy n th e s is . T h e  re la 
tio n sh ip  betw een  boron  and  A TP to g e th e r  w ith  th e  fac t th a t  ATI* sy n th es is  
occurs in  m ito ch o n d ria , p ro m p ted  us to  s tu d y  th e  re la tion  o f b o ro n  to  m ito 
ch o n d ria l d iffe ren tia tio n .

P la n ts  o f V icia  fa b a  L. cv. P o v azsk ÿ  w ere grow n in a h a lf-c o n c en tra te d  
K n o p ’s so lu tion  w ith  ad d itio n  o f boric  ac id  in doses of 100 a n d  500 mg/1. 
R oo t tip s  fixed  in p e rm an g an a te  an d  osm ium  were used for e lec tronm icro - 
scopic stud ies.

T he m ito ch o n d ria  in  m eris tem a tic  cells o f Vicia faba  ro o t t ip s , as in 
o th e r  p la n t cells, a re  oval-shaped  (F ig . 1), and  th e  cristae  in  th e m  ap p ear 
to  he w ell-developed. A fte r ap p lica tio n  o f  b o ron , changes in  m ito ch o n d ria l 
d iffe re n tia tio n  w ere observed . In  th e  c y to p la sm , a p a rt from  ty p ic a l  oval
sh ap ed  form s we observed  a ty p ica l m ito ch o n d ria  (Figs 2 —3), n a m e ly , e lo n g a t
ed, d iffe ren tly  b ran ch ed  an d , in  som e cases, T -shaped  ones. In  th e  e longated  
m ito ch o n d ria  we could observe c o n str ic tio n s , h u t no m ito ch o n d ria l d iv ision  
by  co n stric tio n  a fte r  ap p lica tio n  o f b o ron . T he division seem s to  be  in h ib ited  
b y  bo ron  tre a tm e n t, w hich resu lts  in  d iffe re n tia tio n  of various a ty p ic a l m ito 
ch o n d ria . W e h av e  nev er observed  an y  a ty p ica l m ito ch o n d ria l c r is tae  to  
d iffe re n tia te  follow ing bo ron  tre a tm e n t. T h e  changes as to  sh ap e  an d  size 
o f  m ito ch o n d ria  observed  a fte r  a p p lica tio n  o f boron  suggest t h a t  b o ro n  affects 
m ito ch o n d ria l m orphogenesis an d , m o st likely , m ito ch o n d ria l d iv ision  as 
w ell. A tte n tio n  is d raw n to  th e  fa c t th a t  a f te r  boron  a p p lica tio n  b o th  norm al
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Fig. 1 .M itochondria  in control.  X  25,000
Figs 2— 3. A typ ica l  shape of the  m ito ch o n d r ia  after  th e  48-h t r e a tm e n t  with boron  (100 a n d

500 mg/1). X 24,000 X  28,000
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an d  a ty p ica lly -sh ap ed  m ito ch o n d ria  were observed . T hus, b o ro n  d id  n o t 
a ffec t all o f th e  m ito ch o n d ria  av ailab le . W e assum e th is  p h en o m en o n  to  he 
co n d itio n ed  by  th e  on to g en e tica l cycle o f m ito ch o n d ria . O n to g en e tica lly  
o lder m ito ch o n d ria , w hich  d iffe ren tia ted  p rio r to  boron  tre a tm e n t ,  p rese rv ed  
th e ir  ty p ica l shape . T he y o u n g er m ito ch o n d ria , w hich had  dev e lo p ed  in  the  
presence of th e  added  b o ro n , w ere a ty p ica l in shape .

K E E E R E N C E S

1. K i b a l e n k o , A. P. (1955) D a n  Ussr, 9, 1231 — 1235.
2. S h k o l ’n i k , M . Y a . ,  M a e v s k a y a , A. N. (1962) D an  Ussr, 145, 1 — 9.

B ra tis la v a  886 04, O dborárske  nám . 12., C zechoslovak ia

Acta liiologica Academiae Scientiarum Hungaricae 28, 1977





A c t a  b io l .  A c a d .  S e i .  h u n g . ,  28 (3), 3 5 5 - 3 6 0  (1 9 7 7 )

PHYSIOLOGICAL AND ULTRASTRUCTURAL INVESTI
GATIONS OF AN IDENTIFIED NEUROSECRETORY CELL 

OF L Y M N A E A  S T A G N A L I S

S H O R T  C O M M U N IC A T IO N  

I. K iss and I. B e n e d e c z k y

BIOLOGICAL RESEA R C H  IN ST ITU TE OF TH E  H U N G A R IA N  ACADEMY OF SCIENCES, T IH A N Y

(Received 1977—05 — 09)

In  th e  CNS o f G astropoda , n e u ro se c re to ry  cells w idely occu r (c it. in
[1 ] ). C erta in  ty p e s  o f  th e m  are involved in  th e  reg u la tio n  of th e  se x u a l cycle
[2] , w hile o thers ta k e  p a r t  in th e  o sm o reg u la tio n . The ex am in a tio n  o f  th e ir  
e lectrophysio log ical p ro p ertie s  s ta rte d  on ly  in  th e  last decade [3, 4 , 5, 6 ], 
and  up  to  now  ju s t  a few neu rosecre to ry  cells h a v e  been iden tified  in d iv id u a lly
[5, 6, 7].

In  th e  p a s t y ea rs  a num ber o f n eu ro n es  producing  sec re to ry  m a te r ia l  
h a v e  been d iscovered  in th e  CNS o f L y m n a ea  stagnalis [1, 3, 6], h o w ev e r, 
th e y  have n o t been  id en tified  except th e  so -ca lled  C anopy cells [6].

N eurone A10 located  in th e  visceral g an g lio n  [8] p ro b ab ly  co rre sp o n d s  
to  th e  VD1 neu ro n e  o f B e n ja m in  and  I ngs  [9 ], w h ich  can be well d is tin g u ish e d  
from  th e  su rro u n d in g  yellow -orange, p ig m en ted  neurones owing to  its  w h iten ess . 
U sually , th is  p ro p e r ty  is ch a rac te ris tic  o f th e  n eu ro sec re to ry  cells. O ur in v e s tig a 
tio n s w ere aim ed a t  c learing  up th e  n e u ro se c re to ry  ch arac ter o f th is  n eu ro n e  
in  a m orphological w ay  an d , a t th e  sam e t im e , to  analyze its  e le c tro p h y s io 
logical p ro p e rtie s . W e w ished to  answ er th e  q u e s tio n  if th ere  is a n y  sp e c ia lity  
in  th e  p o te n tia l g en e ra tio n  of th is n e u ro se c re to ry  cell.

T he ex p e rim en ta l an im als were co llec ted  in  d ifferent seasons a n d  w ere 
k e p t in  aq u a riu m  in  co n tinuously  ru n n in g  B a la to n  w a te r u n til  u sed . F o r 
loca liza tion  o f th e  cell and  d em o n stra tio n  th e  m ain  axonal b ra n c h e s  in t r a 
ce llu lar CoCl., in jec tio n  w as perform ed w ith o u t any  in ten s if ica tio n  m e th o d  
[10]. T he e lec tron  m icroscopic ex am in a tio n s w ere carried  ou t in  sp r in g  an d  
a u tu m n , a lto g e th e r  on 12 anim als. Cell A 10 w as iso lated  w ith  a f in e  fo rceps, 
th e n  w as fix ed  in  a so lu tio n  conta in ing  2 .5 %  g lu ta ra ld eh y d e  and  su b se q u e n tly  
in  2 %  OsO ,. T he re s tin g  and  ac tion  p o te n tia l  o f  th e  cell was re c o rd e d  w ith  
m icroelec trodes [8]. T he m icrop ipettes u sed  fo r in jection  o f th e  m e d ia to r  
su b stan ces w ere filled  w ith  IM A C h  or 0.1 M  5 -H T  and dopam ine, re sp e c tiv e ly . 
T he electrophysio log ica l m esurem ents w ere  perform ed w ith in  a f iv e -y e a r  
period  on 100 an im als.
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F ig . 1. a )  Neurone  A10 m ark e d  w i th  in trace l lu la r  CoCl., staining, b) A l ight microscopic  
sec tion  o f  neurone  A10. The  nucleus (N) is poor in  c h ro m a tin .  Note the piles of d a rk -s ta in e d  
n e u ro sec re to ry  m ate ria l  (NS) in t h e  cytoplasm. T he  cell is h ighly  vacuolated. To lu id ine  blue 
s ta in ing .  X 330 c) E lectron  m ic rograph  tak en  from  cell A10. In  the  surface of nuc leu s  (N), 
th e re  a re  a n u m b er  of invag ina t ions .  In  the  im m ed ia te  v ic in i ty ,  a large am o u n t  o f  sec re to ry  
g ra n u le s  (SG) of variable  a p p ea ran c e  can  be seen. T h e  cy to p la sm  is rich in ro u g h -su rfaced  
e n d o p la sm ic  re t icu lum  (rEr) .  Besides, a couple of  m i to c h o n d r ia  (M), lipid d roplets  (L i)  and  
p ig m e n t  g ranu les  (P) occur in t h e  cell. X 8000 d )  H ig h -p o w e r  electron m ic rograph  shows, 
t h a t  t h e  g ranu les  are variable  in shape ,  their  f in e -g ra n u la ted  inner content  is b o u n d e d  by  a

u n i t  m em brane  X 72,000
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T he neu ro n e  A10 as filled up w ith  c o b a lt p roved  to  be u n ip o la r , w ith  
b ra n c h in g  axon  (F ig . la ) .  T he prox im al reg ion  o f  th e  axon is th ic k e n e d  to  a 
h igh degree and  severa l d en d ritic  spines are  o rig in a ted  from  it. T h e  longer 
axonal b ran ch  runs in to  th e  righ t p a rie ta l gan g lio n , while th e  sh o r te r  one  is 
te rm in a te d  in  th e  v isceral ganglion show ing a sw elling  like th a t  d esc rib ed  as 
c h a ra c te r is tic  o f  som e n eu ro sec re to ry  cells.

In sem ith ick  sec tions, neurone A10 has a sphero id  appearance  (F ig . lb .)  
T he cy to p lasm  is v acu o la ted  to  a high degree , on th e  surface m em b ran e  glial 
processes can be seen. A fte r s ta in ing  w ith  to lu id in e  blue th ere  are  c o h e re n t, 
co m p ac t areas in th e  som a show ing th e  p resence  o f  th e  neu rosecre to ry  m a te r ia l. 
T he la rg est d ia m e te r  o f th e  cell is 150 //m . In  th e  e lec tron  m icrographs (F ig . lc ) , 
a g rea t n u m b e r o f sec re to ry  granules and  ro u g h -su rfaced  endoplasm ic re tic u lu m  
can be found  in  th e  im m ed ia te  v ic in ity  o f th e  nuc leu s. The sec re to ry  g ran u les  
are  em bedded  in  a f in e -g ran u la ted  m a trix , th e y  h av e  spheroid or ovo id  fo rm , 
w ith  an  in n e r c o n te n t o f v a ry in g  e lectron  d e n s ity .

In ad d itio n , tu b u le s  and  c isternae o f  endo p lasm ic  re ticu lum , a n u m b e r 
o f  m ito ch o n d ria , lipid d rop le ts  and p ig m en t g ran u les  can also be seen  in  th e  
som a. H igh -pow er m agn ifica tion  (Fig. Id ) show ed  th a t  the  n u m b er o f  sec re 
to ry  g ranu les o f reg u la r spherical form  is re la tiv e ly  sm all, granules o f  ovoid , 
d ro p -lik e  and  irre g u la r  appearance  occur m ore  frequen tly . T he m e m b ra n e  
su rro u n d in g  th e  g ran ides p roved  to  be u n it  m em b ran e  in every case. U su a lly  
th e  g ranu les of high e lectron  d ensity  occur m o st freq u en tly  in th e  n e u ro p la sm , 
besides, th e re  are  m an y  m edium  dense or e le c tro n  tra n sp a re n t g ran u le s  too. 
H ere and  th e re  in th e  som a, fusion of n eu ro se c re to ry  granules o f  ir re g u la r  
form  can also be fo und . C rinophagy was n o t  observed in th e  cy to p la sm .

On m easu ring  500 g ranules, th e ir  av e rag e  d iam eter a p p e a re d  to  
be 1600Â.

Cell A10 is a sp o n tan eo u sly  ac tiv e  n e u ro n e , its ac tiv ity  is g e n e ra te d  
in an endogenous m an n er. C oncerning th e  f ir in g  p a tte rn , th ree  m a in  a c tiv i ty  
ty p es  can  be d is tin g u ish ed  (F ig. 2). a )  F re q u e n c y  o f continuous re g u la r  d is tr i
b u tio n , b) b u rs t a c tiv ity , c) frequency  o f c o n tin u o u s  irregu lar d is tr ib u tio n . 
F ro m  early  sp rin g  u n til a u tu m n  th e  p ro p o rtio n  o f ty p e  c was c o n tin u o u s ly  
decreasing , a t  th e  sam e tim e  th a t  o f ty p e  a a n d  b was increasing. So, to w a rd  
th e  a u tu m n  m o n th s, th e  significance o f th e  exogenous sy n ap tic  in flu en ce  
was declin ing , w hile th a t  o f the  endogenous p o te n tia l genera tio n  w as in 
creasing.

S everal e x c ita to ry  in p u ts  and  one in h ib ito ry  in p u t resu lted  in  an  in h i
b itio n  o f long d u ra tio n  (IL D ) converge o n to  th e  neurone A10 [12]. S ero to n in  
an d  dop am in e  app lied  e ith e r  on perfusion  o r  w ith  m icro ion tophoresis  can 
m im ic ex c ita tio n  and  in h ib itio n , re sp ec tiv e ly  (F ig. 2d — h). A ce ty lch o lin e  
seem s to  be less im p o r ta n t, nevertheless, i t  m a y  p lay  a role as a m o d u la to r  
d epend ing  on th e  fu n c tiona l s ta te . This is b ecau se  o f th e  equ ilib rium  p o te n tia l
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o f  th e  ACh effect e s tim a te d  is equal to  th e  re s tin g  p o ten tia l (see in  T ah ié  1). 
Q u a lita tiv e ly  i t  is d e m o n s tra te d  in  th e  F ig . 2 f— h.

T h e  resu lts  suggest t h a t  neurone A10 m a y  be  a peptidergic n eu ro sec re to ry  
ce ll o f  ty p e  “ C” [13]. A ccord ing  to  th e  w orks o f  R oubos et al. [3] a n d  B e n j a 
m i n  a n d  Sw in d a l e  [14] as well as th e  u l t r a s t ru c tu ra l  and e lec trophysio log ica l

20  mV

F ig . 2a, b, c) S pontaneous a c t iv ity  p a tte rn s  of cell A10. d )  E ffe c t of 5-HT. e) E ffect o f d o p am in e . 
f ,  g , h )  E ffe c t o f ACh a t d iffe ren t m em b ran e  p o ten tia l leve ls. T h e  values of m em brane  p o te n tia l:  
f )  40 m V  =  restin g  p o te n tia l ,  g )  50 mV (— 10 mV a rtif ic ia l  h y p erpo lariza tion ), h )  30 mV 
( +  10 m V  a rtific ia l d ep o la riza tio n ). A rrow s m ark  th e  m o m e n t o f th e  app lication  of su b s ta n c es
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Table 1

Resting
membrane
potential

(mV)

Frequency of 
spontaneous 

activity  
(cp»)

Amplitude 
of action 
potential 

(mV)

Overshoot
и

Spike duration  
(msec)

37.9 +  6.9* 1.15 +  06. 72.9 +  9.7 33.9 +  12.5 12.5 +  3.3

* SD

p ro p ertie s  found in  th e  recen t w ork n eu rone  A 10 is qu ite  s im ila r to  th e  “ dark  
g reen ”  cells w hich are  invo lved  in  th e  o sm oregu la tion  [3]. C oncern ing  th e  
e lec trophysio logical p ro p e rtie s , th e re  is a c ru c ia l p o in t w here n e u ro n e  A10 
d iffers from  th e  “ d a rk  g reen”  cells: i t  receives a ra th e r  c h a ra c te r is tic  ILD  
in p u t, and can be d e fin ed  as C ILD A  cell. F rom  m orphological p o in t  of view , 
th e  m ost p ronounced  d ifference is in th e  d ia m e te r  o f th e  som a. W hile  “ dark  
g reen ”  cells are n o t m ore a 100 fim  in d ia m e te r , cell A10 is a g ia n t  neurone 
w hose d iam eter exceeds 100 /m i.

C om paring o u r d a ta  to  those  d esc rib ed  fo r th e  g ian t n eu ro sec re to ry  
cells iden tified  in  o th e r  gastropods [5, 6, 7] a n u m b e r of s im ila ritie s  can  also 
be found  concern ing  th e  average d iam e te r o f g ranu les and  th e ir  v a r ia b le  form , 
th e  irreg u la r shape  o f  nucleus, th e  h igh degree o f  vacu o liza tio n  o f  th e  cy to 
p lasm , and  th e  som a su rface , w hich is rich  in  glial processes. A cco rd in g  to  th e  
pharm aco log ical c lass ifica tio n , som e of th e  g ian t n eu ro sec re to ry  neurones 
p roved  to  be o f C IL D A  ty p e  cell like n eu ro n e  A10. M ost of th e m  exh ib it 
b u rs t  a c tiv ity  o f endogenous n a tu re , in  c e r ta in  periods of y e a r  su ch  a b u rs t 
a c tiv ity  can be reco rd ed  from  neurone A 10, how ever, u su a lly  th is  does no t 
show  a high re g u la r ity  like th a t  of ty p ic a l “ B r”  cells.

No axonal p rocess o f neurone A10 w as d em o n stra ted  ru n n in g  in to  any 
n e rv e  o rig in a tin g  from  th e  v iscero p arie ta l gang lion  com plex [8]. W h en  record
ing its  in tra c e llu la r  a c tiv ity  in  p a ir w ith  a n u m b e r of o th e r  n eu ro n es  it  could 
n o t be observed u p  to  now , th a t  A10 w ould d riv e  th e  firing  o f a n y  exam ined 
cell w ith  m o n o sy n ap tic  tran sm issio n . T he o n ly  cell connected  w ith  A10 by 
e lec trical coupling  is a sensory  cell m a rk ed  as P I  in th e  p a r ie ta l  ganglion. 
C om paring  th e  above find ings w ith  th e  m orphological ones o b ta in e d  in the  
p resen t w ork we suggest th a t  th e  efferen t fu n c tio n  id' th is  cell m a y  be realized 
in  a hum oral w ay .
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R ECENSIONES

Tbc E volution of R ep ro d u ctio n

E ds: C. R. Au s t i n , R . V. S h o r t , Cam bridge U n iv e rs ity  Press, C am bridge (1976). p p . 189,

£ 6.50 (H/C) £ 2 .5 0 (P /B )

T he E v o lu tio n  of R ep ro d u ctio n  is th e  six th  v o lu m e  in the  series of R e p ro d u c tio n  in 
M am m als. L ike th e  p rev io u s vo lu m e it is a clear, re a d a b le  a n d  inform ative  sm all ho o k  a im ing  
the  needs o f u n d e rg ra d u a te s  read in g  Biology, M edicine o r  A gricu ltu re  and V e te r in a ry  Science. 
T he co n ten ts  is th e  follow ing:

1. T he D ev elo p m en t o f  Sexual R ep ro d u ctio n  (S . O h n o )
2. E v o lu tio n  of V iv ip a r ity  in M am m als (G. B. Sh arm an)
3. Selection fo r R ep ro d u c tiv e  Success (P . A. J e w e l l )
4. T he O rigin of Species (R . V. S h ort)
5. S pecia lization  of G am etes (C. R. A u s t i n )
E a c h  of th e  five c h a p te rs  is a respectab le  v e n tu re  in to  an  im p o rtan t a rea  o f b io logical 

th in k in g . A succ inc t t r e a tm e n t  of topics in the  field o f  ev o lu tio n  of m am m alian  re p ro d u c tio n .

V. Cs á n y i  (A lsógöd)

Calcium  in B iological S ystem s

E d. C. J .  D u n c a n , C am bridge U n iv ersity  P re ss  (1976), pp. 485, £ 180.

T he volum e co n ta in s th e  papers p resen ted  a t  th e  3 0 th  Sym posium  of th e  S o c ie ty  for 
E x p e rim en ta l Biology (9 12 Sep. 1975). In  20 c h a p te rs ,  th e  au tho rs give a co m p reh en s iv e
review  of Ca ch em istry , d iscussing  also the  m eth o d ica l p ro b lem s of Ca d e m o n s tra tio n , its  first 
and  second m essenger p ro p e rtie s  and , to a sm aller e x te n t ,  its  role p layed in m in e ra liza tio n . 
T he c h ap te rs  are  w ritte n  by  th e  d istingu ished  sc ien tis ts  o f  th is  field of research.

In  his in tro d u c to ry  p a p e r, W illiams  discusses th e  p ro te in  binding of Ca a n d  Mg w hich 
is im p o rta n t for m em b ran e  s tab iliza tio n . T he c h a p te rs  con cern ed  w ith the chem ica l s tru c tu re  
of n a tu ra l and sy n th e tic  Ca ionophores (Tr u t e r ), w ith  th e  possible ap p lica tio n  of a eq u o rin  
Ca lum inescence (S i i im om ura  a n d  J ohn son ), as well as w ith  laser m easurem ents ( P i d d i n g t o n ) 
a re  o f p a r tic u la r  in te res t. T hese  techniques render th e  v isu a liz a tio n  and reco rd ing  o f in tra c e l
lu la r m o v em en ts  o f Ca possib le. T he m ost exciting , th o u g h  m ost skeptical, c h a p te r  is th e  one 
e n title d  Ca ions and  m ito c h o n d ria  (Carafoli  an d  C r o m p t o n ). A t first the  re a d e r  th in k s  
th a t  m ito ch o n d ria l Ca t ra n s p o r t  m ay play  a re g u la tin g  ro le, b u t the  a u th o r’s o p in io n  is not 
q u ite  ex p lic it in th is  re sp ec t w hich is wholly ju s tif ie d  by  th e  vary ing  resu lts  o b ta in e d  from  
m ito ch o n d ria  o rig in a tin g  from  d ifferen t tissues. As re g a rd s  the  evaluation  o f tran sce llu la r  
Ca tra n sp o r t  v a lu ab le  d a ta  can  be ob ta ined  from  v a r io u s  m odel experim ents, su c h  as those 
using  ch orioa llan to ic  m em b ran e  (Te r e pk a  e t al.) an d  c o m p u te r  models (B erle  a n d  A n d e r s o n ).
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O ne o f  th e  m u ch  d eb ated  p ro b lem s is th e  co rre la tio n  b e tw ee n  in trace llu la r Ca a n d  c o n tro l of 
m e m b ra n e  p e rm eab ility  (Me e c h ). A ccording to a c e r ta in  re g u la rity , increase o f th e  q u a n ti ty  
o f in tr a c e l lu la r  Ca enhances К  co n d u c tan ce  and  dep resses th e  perm eability  of th e  m em b ran e  
to  N a  a n d  Ca. T his m ay be a f ir s t  m essenger role p re se n t, fo r exam ple, in the  m uscle , n eu rons 
a n d  se n so ry  organs. T he o th e r  co n tro l m ay be ca lc iu m -m e d ia ted  potassium  a c t iv a t io n . The 
seco n d  m essen g er role o f Ca is d iscussed  in severa l c h a p te rs . F oreman et al. d e sc rib e  the  
ro le  o f  Ca in  secretory  processes b y  m eans of m odel s tu d ie s  in  m ast cells. No an tig e n -in d u c ed  
h is ta m in e  re lease  occurs in  th e  ab sence  of calcium . A sim ila r  second m essenger role is a t t r ib u te d  
to  Ca b y  B e r r i d g e  w hen he su g g ests th a t th ere  is an  a p p a re n t  involvem ent o f th e  in creased  
in tr a c e l lu la r  level of Ca and  cyclic  GM P in th e  co n tro l o f  cell division. A ccording to  E ck ert  
e t  a l., Ca p lay s  a role in  re g u la tin g  ciliary freq u en cy  in  th e  Paramecium. F u r th e r  c h ap te rs  
a re  c o n c e rn e d  w ith  the  second m essenger role of Ca in  m uscle  activ ity , co m prising  s tu d ies 
on th e  s t r u c tu r e  o f C a-binding tro p o n in  C (Co llin s), o n  Ca reg u la tio n  of m uscles in  m am m als  
(Sz e n t -G y ö r g y i ), on th e  re g u la tio n  o f co n trac tio n  o f sm o o th  and stria ted  m uscle  ( E ba siii  
e t a l.) , o n  th e  co rre la tio n  b e tw een  Ca m essenger re lease  a n d  co n trac tio n , on the  ro le o f  e x te rn a l 
(e x tra c e l lu la r )  an d  in te rn a l ( te rm in a l c istern) reserv o ir o f Ca (T aylor  and Go d t ; N i e d e r g e r k e  
e t  a l.;  A s h l e y  e t ah). M in era liza tio n  is discussed in  tw o  ch ap te rs . Simkiss  gives a  d e ta iled  
d e sc r ip t io n  o f in trace llu la r Ca g ran u les  p re sen t in  a la rg e  nu m b er of in v e r te b ra te  tissues. 
T e r e p k a  discusses th e  possib le  m echan ism s of a c tiv e  tra n sc e llu la r  Ca tran sp o rt.

T h is  excellen t vo lum e offers rich  in fo rm a tio n  o n  th e  ro le  of Ca in th e  phy sio lo g y  o f the  
cell. I t  m a y  be of in te re s t fo r in v es tig a to rs  in te re s ted  in  Ca m etabolism  or m em b ran e  p e rm e
a b il i ty ,  a n d  fo r those dealing  w ith  prob lem s of cy to lo g y , im m unology and m in e ra liza tio n .

I. F öldes

N e u ra l P rin c ip les  in  V is io n

E d . F . Z e t t l e r , R. W e i l e r . S p ringer—V erlag, B e rlin -H e id e lb e rg -N ew  Y o rk , (1976)
430 p p , 293 figs, $ 39.40. IS B N  3— 540— 07839— 8.

T h e  b o o k  is a p a r t  o f th e  series of P roceed ings in  L ife Sciences and co n ta in s th e  p ap ers  
p re se n te d  a t  a sym posium  held  in  M unich in S ep tem b er, 1975. T he sym posium  w as o rg an ized  
w ith  th e  in te n tio n  to encourage dialogues betw een s e p a ra te  research  groups en g ag ed  in the  
s tu d y  o f  th e  v e r te b ra te  and  th e  in v e rte b ra te  re tin a . A cco rd in g ly , the  book con sis ts  o f  th ree  
m a in  c h a p te rs .  T he f irs t c h a p te r  (9 co n trib u tio n s) d ea ls  w ith  th e  v e rteb ra te  re tin a  fro m  fish 
to  m a m m a ls  inclusive. A g en era l fe a tu re  of th e  w o rk  p re se n te d  is th a t m ost of th e m  em ploy  
a c o m b in a tio n  of various m orpho log ical an d  p h y sio log ica l techn iques in order to  ach iev e  an 
u n a m b ig u o u s  id en tifica tio n  of th e  re tin a l e lem en t u n d e r  investiga tion . F rom  th is  k in d  of 
co m p le x  a p p ro a c h , a n u m b er o f fa sc in a tin g  resu lts  a re  d esc rib ed  on the  wiring d ia g ra m  of th e  
r e t in a  a n d  on th e  prob lem s of in fo rm a tio n  processing  in  th e  re tin a , including s y n a p tic  t r a n s 
m issio n  fro m  recep to rs to  neu ro n s, an d  in te rac tio n s  b e tw e e n  d ifferen t types of re c e p to rs  and 
n e u ro n s . T h e  second c h ap te r  c o n ta in s  9 papers on  th e  r e tin a  of a rth ropods. T h e  re su lts  of 
th e se  w o rk s  w ere ob ta in ed  m ain ly  from  physio log ical ex p erim en ts, b u t v a rio u s labe lling  
te c h n iq u e s  w ere freq u en tly  used  fo r th e  iden tifica tio n  of th e  n eu ro n  studied. D iscussing  sim ilar 
p ro b le m s as w ith  the  v e r te b ra te  re tin a ,  th e  a u th o rs  m ak e  sev era l references to th e  s im ila rity  
o f th e  n e u ro n a l processing of v isu a l in form ation  in th e  len s eye and com pound eye. T h e  las t 
p a p e r  in  th is  series offers an  in te re s tin g  com parison b e tw ee n  th e  function  of these tw o s t r u c tu r 
a lly  d if fe re n t  eyes. The th ird  c h a p te r  gives an  a c c o u n t o f investiga tions p e rfo rm ed  on  the
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re tin a  o f m olluscs (4 co n trib u tio n s). T h ere  are several in te re s tin g  m orphological an d  physio log
ical d a ta  o b ta ined  from  stu d ies  o f th is  p rim itiv e  lens eye.

T he book tru ly  re flec ts  th e  success of a sym posium  w hich  p rov ided  an  o p p o rtu n ity  
to  several o u ts tan d in g  sc ien tis ts  to  exp lo re  the  com m on princip les in  the  n e u ra l m echanism s 
of s tru c tu ra lly  different eyes. It is u n fo r tu n a te  th a t  d iscussions and  com m en ts to  th e  in d iv idua l 
pap ers  a re  no t published. T h e  bo o k  is p roduced  by p h o to p r in t p rocessing  of ex ce llen t q u a lity . 
I t  is o f special value to th e  s tu d e n ts  o f neurobiology, sensory  physio logy an d  op h th alm o lo g y .

G. Székely  (D ebrecen)
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ANNOUNCEMENT

European pineal study group

An association of European scientists working on, or interested in, the 
vertebrate pineal organ has been formed. The aims of the European Pineal 
Study Group are to promote the development of pineal research in Europe, 
and to facilitate the teams. It will do so especially by organizing small colloquia 
on pineal research.

Application forms and further information can be obtained from:

D r .  P .  P e v e t ,

S ecretary  of th e  E .P .S .G .,
T he N e th e rlan d s  In s t i tu te  for B ra in  R esearch  
I.Id ijk  28, A m ste rd am -O .,
The N e th erlands.
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DIRECTIONS TO CONTRIBUTORS

ACTA B IO L O G IC A  A C A D E M IA E  S C IE N T IA R U M  H U N G A R IC A E  p u b lish es  
o rig in a l works in th e  f ie ld  o f ex p e rim e n ta l biology.

M anuscrip ts sh o u ld  be addressed  to  D r. J ános Sa l á n k i , E d ito r ,  ACTA B IO L O G IC A , 
H -8237 T ih an y , H u n g a ry .

T he m an u scrip ts  sh o u ld  no t exceed 16 ty p ed  pages in  g e n e ra l. T h e  m anu scrip ts  sh o u ld  
he  ty p e d  doub le-spaced , on  one side o f th e  p ap er. In  o rder to  a ssu re  ra p id  pu b lica tio n , c o n 
tr ib u to rs  are req uested  to  su b m it two cop ies o f th e  m an u scrip t in c lu d in g  an  a b s trac t (m ax . 200 
w ords), tab les and f ig u re s . E ach tab le  sh o u ld  be ty p ed  on a se p a ra te  shee t, num bered  an d  
p ro v id ed  w ith  a t itle . A ll figures, e ith e r p h o to g ra p h s  or d raw in g s o r g rap h s, should be n u m 
bered  consecutively . P h o to g ra p h s  should  b e  labelled  n o t d irec tly , b u t  on  a tran sp a re n t sh e e t o f 
p a p e r  covering th e  p h o to .  F igure legends sh o u ld  be ty p ed  in seq u en ce  on a sep ara te  sh e e t.

P ap ers should b e  h eaded  w ith  th e  t i t le  o f th e  p ap er, th e  n a m e s  of th e  a u th o rs  (m ale  
a u th o rs  use in itials, fe m a le  au th o rs  use one  g iven  nam e in full), d e p a r tm e n t ,  in s titu te  an d  to w n  
w here  th e  w ork was p e rfo rm e d .

T he fu ll  paper sh o u ld  be d iv ided in to  th e  follow ing p a r ts  in th e  o rd er ind ica ted :
1. Abstract
2. Introduction
3. M aterial a n d  method
4. Results
5. D iscussion
6. References. P a p e rs  — the e sse n tia l ones only —  c ited  in  th e  m an u scrip t sho u ld  be 

lis ted  on  a separa te  s h e e t in  a lp h abetica l o rd e r according to th e  f i r s t  a u th o r’s su rnam e. T h e  
references should be n u m b e re d  so th a t  e ac h  m ay  be re ferred  to  in th e  te x t  by its n u m b er o n ly . 
E x am p les :

1. B oas, N. F . (1953) M ethod for d e te rm in a tio n  of h e x o sam in e  in  tissue. J . biol. Chem.
204, 5 5 3 -5 6 3 .
2. D e  D u v e , C. Lysosom es, a new  g ro u p  of cy top lasm ic  p a rtic le s . I I a ya shi , T. (ed .)

S u b ce lln lar Partic les . R o n a ld  P ress , N . Y. 1959.
3. U m breit , W . E., B u rris , R. H ., St a u f f e r , I. F . M an o m etric  T echniques. B u rg ess

P u b lish in g  Co., M inneapolis 1957.
Short com m unication . M anuscrip ts, in  E nglish , should  n o t ex ceed  1 000 words (4 ty p e d  

pag es) including re fe ren ces . The te x t  o f m an u sc rip ts  co n ta in in g  ta b le s  and /o r figures m u s t 
b e  correspondingly  sh o r te r . A ccepted s h o r t  com m u n ica tio n s w ill be published w ith in  six 
m o n th s  a fte r  su bm ission  o f  m an uscrip ts. In  o rd e r to  speed up  p u b lic a tio n , no p roof will be 
se n t to  au tho rs .

a u th o r s  will b e  fu rn ish ed , free o f c h a rg e , w ith  100 re p rin ts . A d d itio n a l rep rin ts  m ay  be 
o b ta in e d  a t  cost.
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INFLUENCE OF CHRONIC DOSES OF MERCURIC 
ACETATE AND LEAD ACETATE ON THE NUMBER AND 
ACTIVITY OF GOMORI-POSITIVE GLIAL CELLS IN THE

MOUSE BRAIN

H.  L a c h , К .  D z i u b e k , S. K h a w c z y k  and W . S z a r o m a

DEPARTMENT OF ANIMAL PHYSIOLOGY, TEACHER TRAINING COLLEGE, KRAKÓW, POLAND

(Received 1 9 7 7 - 0 2 —25)

Abstract

In tra p e r ito n e a l in jec tions of m e rc u ric  a c e ta te  o r lead ace ta te  in  doses o f 0.2 mg 
daily  during  14 a n d  21 d a y s  caused s ta tis t ic a l ly  s ig n ifican t rise in  th e  n u m b er o f  G om ori- 
p ositive  glial cells a ro u n d  th e  th ird  c e re b ra l v en tric le  o f mice. In  ad d itio n , th e  nuclei 
o f th e  G om ori-positive  glial cells m a rk e d ly  in creased  in volum e.

Introduction

In  th e  b ra in  o f  m am m als an d  som e o th e r  v e rteb ra tes , glial cells o f  a 
sp ec ia l ty p e  are p re se n t a round  the  c e re b ra l v en tric les  [6, 8, 13, 15, 16, 26, 27]. 
T h ese  cells differ fro m  ty p ic a l glia cells b y  th e  presence of large n u m b e rs  of 
cy to p la sm ic  g ranu les w ith  strong a f f in i ty  to  G om ori’s chrom e h a e m a to x y lin  
a n d  aldehyde fuchsin  a f te r  ox idation  w ith  po tassiu m  p e rm a n g a n a te .

T he G om ori-positive cy top lasm ic g ra n u la tio n  in  th e  p e r iv e n tr ic u la r  glia 
is u n u su a lly  rich in  cy ste in e  and c y s tin e  d e te c ta b le  by  h istochem ica l m e th o d s 
[17, 18]. The glial G om ori-positive g ran u le s  are  large, perox isom e-like  c y to 
p lasm ic  organelles [18]. The G o m ori-positive  glial (Gpg) cells a ro u n d  the 
v e n tr ic le s  m ark ed ly  increase in n u m b e r  a f te r  w hole-body X -ir ra d ia tio n s  in 
r a t s  [17]. T heir p ro n o u n ced  increase in  n u m b e r  w as observed a f te r  ir ra d ia tio n  
o f  th e  r a t ’s head  w ith  h igh doses o f  X  ra y s , an d  in  m ice a f te r  U V -irrad i- 
a tio n  [19, 20, 21, 22].

I t  is well e s ta b lish e d  th a t  lead  a n d  m ercu ry  read ily  c u m u la te  in  th e  
CNS [1, 3, 7, 25], cau sin g  a special ty p e  o f degenera tion  in  n e rv e  a n d  glial 
cells [4, 12]. D esp ite  num erous s tu d ies  on th e  in fluence  of m ercu ry  a n d  lead  
co m p o u n d s on th e  CN S, there  is no  p rec ise  in fo rm atio n  a b o u t th e  e ffec t of 
th e s e  elem ents on th e  q u a n tita tiv e  an d  q u a lita tiv e  changes in  G om ori-positive  
g lia l cells.

T he p resen t s tu d y  was th e re fo re  concerned  w ith  th e  e ffec t o f ch ron ic  
doses o f lead  a c e ta te  an d  m ercury  a c e ta te  on th e  n u m b er and  a c tiv ity  o f G om ori- 
p o s itiv e  glial cells in  th e  mouse b ra in .

1 Acta liiologica Academiae Scienliarum Hungaricae 28, 1977
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M aterials and m ethods

T w enty -five  m ale  w h ite  m ice aged 4 m o n th s , av e rag e  w eigh t 25 g, w ere d iv id ed  in to  
a  co n tro l group an d  tw o  ex p erim en ta l groups. T h e  co n tro l g roup  consisted of fiv e  m ice, a n d  
e ach  of th e  e x p e rim e n ta l g ro u p s of 10 mice.

E ac h  e x p e rim e n ta l g ro u p  was d iv ided  in to  tw o  su b g ro u p s of five mice each. T he m ice 
o f th e  f ir s t  sub g ro u p  w ere  in je c te d  i.p. w ith  0.2 m g of lead  a c e ta te  daily  for 14 days (g ro u p  1) 
a n d  21 days (g roup  2). Mice o f th e  second sub g ro u p  w ere  in je c te d  w ith  th e  sam e da ily  doses 
o f m ercu ry  a ce ta te , fo r 14 an d  21 days, respec tive ly .

VIII CO

F ig . 1. Schem atic  d ra w in g  of a  cross section  of a  m ouse  b ra in  a t  th e  level o f th e  a n te r io r  
h y p o th a la m u s . T he G o m o ri-p o sitiv e  glial cells were c o u n te d  in  th e  h a tch ed  area ; V I I I  — th ird  

v e n tric le , CO — optic  ch iasm , TO — o p tic  t r a c t

L ead  ace ta te  a n d  m ercu ry  ace ta te  w ere d isso lved  in  0.5 ml saline, and  i.p . in jec tio n s  
w ere  m ad e  a lw ays a t  th e  sam e tim e  of day . A fter th e  la s t  in jec tio n , th e  mice w ere k illed  b y  
d e c a p ita tio n . The b ra in s  w ere f ix ed  for 24 h  in B o u in  f lu id . T h e  p a raffin  em bedded  m a te ria l 
w as c u t  in to  com plete  series of 7 /urn th ick  sections. G o m o ri’s chrom e h a e m a to x y lin -p h lo x in  
m e th o d  in  B a rgm a nn ’s m o d ific a tio n  [14], and  a ld eh y d e  fu ch sin  s ta in  w ere used th ro u g h o u t [9]. 
T h e  G om ori-positive  g lia l cells w ere  iden tified  by  th e  p resence  of stro n g ly  chrom e h a em a to x y lin  
a n d  a ld eh y d e  fu ch sin -p o sitiv e  cy to p lasm ic  granules. T he cells w hich  possessed in  th e ir  ax ons 
o r cy to p la sm  c o n ce n tra tio n s  2 o r m ore d is tin c t g ran u le s  1 — 2 /um  in  d iam eter, sta in ed  w ith  
G o m o r i’s chrom e h a e m a to x y lin  m eth o d , w ere reg ard ed  as G pg cells. T his g ran u la tio n  is c h a ra c 
te r iz e d  b y  m ore in te n siv e  d a rk  b lu e  colour th a n  th a t  o f th e  n eu rosecre to ry  m ate ria l an d  b y  
a ty p ic a l  a rran g em en t o f g ran u les . The Gpg cells w ere c o u n te d  in  a field  of 0.125 m m 2 in each  
se c tio n  in  a series of a d ja c e n t  sections, in th e  left and  r ig h t h a lf  o f th e  b ra in . The p e r iv e n tr ic u la r  
zone o f th e  a n te rio r h y p o th a la m u s  w as chosen for e x p e rim e n t. T he volum e of th e  nuclei o f th e  
G o m o ri-p o sitiv e  glial cells w as ca lcu la ted  w ith  th e  fo rm u la  V =  л / 6 LS2, where L is th e  long  
a n d  S is th e  sh o rt ax is. N uclei o f  100 G om ori-positive glial cells w ere m easured  in  each  b ra in . 
A lto g e th e r  2500 cells w ere c o u n te d  and  th e ir  nuclei m easu red . T he area  w hich was ta k e n  u n d e r  
sc ru tin y  is show n in  F ig . 1. T he a rith m e tic a l m eans fo r each  group  were calcu la ted  an d  com 
p a re d  w ith  a tw o-sided  “ t ”  te s t.

Acta Biologica Academiae Scientiarum Hungaricae 28, 1977
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Résulte

F igures 2 an d  3— 5 rep resen t th e  n u m b ers  an d  volum e of th e  n u c le i of 
G om ori-positive g lial cells from  th e  n e ig h b o u rh o o d  of th e  th ird  ce reb ra l 
v e n tr ic le  in con tro l m ale  mice and  th o se  in je c te d  w ith  0.2 m g of lead  a c e ta te . 
I t  is ev id en t th a t  ch ron ic  doses o f le ad  a c e ta te  ind u ce  s ta tis tic a lly  s ig n if ic a n t 
in c rease  in the  n u m b ers  of G om ori-positive glial cells around  th e  th ird  v e n tr ic le , 
a f te r  14 as well as 21 days of in je c tio n s , co m p ared  w ith th e  c o n tro l g roup .

LEAD MERCURIC LEAD MERCURIC
ACETATE ACETATE ACETATE ACETATE

F ig . 2. M ean n u m b ers o f G om ori-positive glial cells (A), an d  m ean volum e o f nucle i o f th e  
G om ori-positive  glial cells (B) in th e  n e ig h b o u rh o o d  of th e  th ird  ventricle  in  m ale  m ice in jec ted  
d a ily  w ith  0.2 m g of lead  ace ta te  or m ercu ric  a c e ta te  fo r 14 and  21 days. C — c o n tro l group , 
I — f irs t  ex p erim en ta l group (14 d a y s) , I I  — second experim en tal g ro u p  (21 days)

Sign ifican t increase  in th e  v o lu m e  o f th e  nuclei of G om ori-positive  glial 
cells w as n o ted  a f te r  14 daily in je c tio n s  o f lead  ace ta te . P ro lo n g a tio n  o f th e  
in jec tio n s to  21 d a y s  caused a d ro p  in  th e  n u c lea r  volum es in  th e se  cells n ea rly  
to  th e  contro l level (F ig. 2). I. p . in je c tio n s  of 0.2 mg daily  doses o f  m ercuric  
a c e ta te  for 14 a n d  21 days also cau sed  s ta tis t ic a lly  sign ifican t in c rea se  in  th e  
n u m b e r  of G om ori-positive glial cells a ro u n d  th e  th ird  v en tric le  co m p ared  
w ith  th e  con tro l va lues (Figs 2 , 6— 7). M oreover, m ercuric a c e ta te  in jec ted  
i.p . fo r 14 days cau sed  s ign ifican t increase  in  th e  volum es of G om ori-positive  
g lia l cells, b u t no s ign ifican t increase  w as observed  w hen th e  period  o f in jec tio n s 
w as prolonged to  21 days (Fig. 2).

1* Ada Biologica Academiae Scientiarum Hungaricae 28, 1977
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F ig . 3. G om ori-positive  g lia l cells in  th e  region of th e  th ir d  cereb ral ven tricle  in  co n tro l m ice. 
C hrom e h em ato x y lin  — p h lo x in e . x 5 3 5

F ig s 4 , 5. In c rease  in  n u m b ers  o f G om ori-positive glial cells in  th e  region of th e  th ird  v e n tric le  
in  m ale  m ice  in jec ted  w ith  0.2 m g o f  lead  ace ta te  da ily  fo r 14 d ay s (Fig. 4) and  21 d ay s w ith  

0.2 m g/d ay  (F ig . 5). Chrom e h e m a to x y lin  — phlox ine. x535

Discussion

T h e  find ings in d ic a te  t h a t  i.p . in jec tio n  o f lead  ace ta te  or m ercu ric  
a c e ta te  in  da ily  doses o f  0.2 m g during  a p e rio d  o f  14 and  21 day s caused  
s ta t is t ic a l ly  s ign ifican t in c rease  in th e  n u m b e r o f G om ori-positive glial cells 
s i tu a te d  a ro u n d  th e  th i r d  v en tr ic le  of th e  b ra in s  o f m ale mice.

Acta Biologica Academiae Scientiarum Hungaricae 28, 1977
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Figs 6, 7. In c reased  n u m b ers  of G om ori-positive glial cells d is tr ib u te d  around  th e  th i r d  cereb ra l 
v en tric le  in  th e  b ra in s  o f m ale mice in jec ted  w ith  0.2 m g  d a ily  doses of m ercu ric  a c e ta te  for 

14 d ay s (F ig . 6) or 21 days (F ig. 7). C hrom e h e m a to x y lin  — phlox ine x 5 3 5

Sim ilar, s ta tis tic a lly  sig n ifican t in crease  in  th e  n um ber o f  G om ori- 
positive  glial cells h a d  been observed  in  th e  b ra in s  of ra ts  in jec ted  w ith  400 
m g/kg  b o d y  w eig h t o f sa licy l-q u in in e -lith iu m  (Togal) for 17 d a y s  [23]. 
H  ow ever, th e  b io log ical role of th is  cell ty p e  m a y  be m uch m ore g en era l, an d  
n o t re s tr ic te d  to  pero x id e  rem oval. F o r  in s ta n c e , i t  has been o b se rv ed  th a t  
these  cells increase in  n u m b er a fte r p ro longed  a d m in is tra tio n  of som e d ru g s  [23] 
and  e th e r  narcosis (unpub lished  o b se rv a tio n s) . T h u s , th e  G om ori-positive  glia 
rep re sen ts  som e k in d  o f chem ical p ro te c tio n  sy s tem  of th e  b ra in  d isp o sin g  of 
x enob io tics an d  to x in s  of endogenous or exogenous origin. I t  w as re p o r te d  
b y  W is l o c k i  and  L e d u c  [27] t h a t  ch ron ic  a d m in is tra tio n  of s ilv e r n i tr a te  
to  ra ts  causes s ilver granule accu m u la tio n  in  th e  G om ori-positive g lia . I t  is 
there fo re  p ro b ab le  t h a t  th e  G om ori-positive g lia  serves a p ro te c tiv e  fu n c tio n  
in  th e  b ra in . A p a r tic u la r ly  dense c o a t of G om ori-positive  glial cells is p re se n t 
a ro u n d  th o se  sites in th e  nervous sy stem  w here  th e  b lo o d -b ra in  b a r r ie r  is 
ab sen t, n am ely , th e  subforn ical o rg an  an d  th e  a rea  postrem a [16].

I t  seem s t h a t  th e  increase in n u m b e r o f  G om ori-positive glial cells in  th e  
m ouse b ra in s  u n d e r  th e  p resen t co n d itio n s w as assoc ia ted  w ith  th e  d eco m p o si
tio n  of organic p erox ides form ed in  ce reb ra l o x id a tiv e  m etabolism .

Acta Biologica Academiae Scientiarum Hungaricae 28, 1977
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I .p . in jec tio n s o f  lead  a ce ta te  an d  m ercu ric  ace ta te  fo r 14 d ay s  also 
c a u se d  s ta tis tic a lly  s ig n if ic a n t increase in  th e  vo lum e of nuclei o f G om ori- 
p o s it iv e  glial cells, h u t  th e  sam e was n o t  o b se rv ed  when th e  in je c tio n s  were 
p ro lo n g e d  to  21 days.

T h e  increased  vo lu m e o f th e  cell nucle i a f te r  14 days of in jec tio n s in d ic a te s  
an  in c rea sed  a c tiv ity  of th is  form  of glia a n d  consequen tly , an  en h an ced  
p ro te in  syn thesis  in  th e se  cells.

S t e i n w a l l  an d  O l s s o n  [24] d e m o n s tra te d  t h a t  high doses o f  m e th y l- 
m e rc u ric  chloride can  d is ru p t th e  b ra in —b lo o d  b a rrie r. A ccording to  these  
a u th o rs ,  an  increased  in c o rp o ra tio n  of lab e lled  am ino  acids in  b ra in  p ro te in s  
in  v ivo  u n d e r th e  in flu en ce  of m ethy l m ercu ric  chloride m ay be a re su lt  of 
d y s fu n c tio n  of th e  b ra in —blood  barrier.

N i k l o v it z  an d  Y e a g e r  [11] re p o rte d  th e  in te re s tin g  o b se rv a tio n  th a t  
p ro lo n g e d  a d m in is tra tio n  o f  te tra e th y l lead  low ers th e  Cu, Fe an d  Zn levels 
in  b ra in  cells. T he low ered  level of co p p er f i r s t  p ro b ab ly  low ers th e  levels 
o f A T P  an d  cy to ch ro m e ox idase in th e  m ito c h o n d ria  [12]. G lial cells p lay  
an  e sse n tia l role u n d e r  physio logical co n d itio n s an d  are p ro b ab ly  f i r s t  to  be 
in te n s e ly  para ly sed  in  lead  poisoning as a re su lt o f d isrup tion  of th e  b lo o d - 
b ra in  b a r r ie r  [5, 10], an d  th e y  con ta in  co p p er [12]. Presence of co p p er in  glia 
cells su g g est th a t  co p p er co n ta in in g  enzym es, such  as cy tochrom e o x id ase , 
a re  d ep re ssed  du ring  p ro lo n g ed  ad m in is tra tio n  o f  lead  and , as a re su lt, p h o sp h o 
lip id  sy n th es is  is p ro b a b ly  in h ib ited  [2].

I t  seems likely  t h a t  th e  lowered a c tiv i ty  o f G om ori-positive glial cells 
w h en  lead  ace ta te  or m ercu ric  ace ta te  w as in je c te d  for 21 days, co m p ared  
w ith  14 days, m ay h av e  been  due to  g rad u a l re d u c tio n  of a c tiv ity  o f th is  form  
o f g lia .
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Abstract

C om puter d a ta  d e riv ed  from  th eo re tica l tr e a tm e n ts  o f th e  o rien ta tio n  o f e llipso idal 
p a rtic les  in a lte rn a tin g  fields is com pared  w ith  e x p e rim e n ta l d a ta  from  m icroscopic  
s tu d ies  on Euglena gracilis , an  e longated  free-liv ing  flag e lla te . C om puted  d a ta  based  
upo n  a th eo re tic a l t r e a tm e n t  b y  S a i t o , S c h w a n  a n d  S c h w a r z  show ed good ag reem en t 
w ith  e x p erim en ta l re su lts ,  p red ic tin g  th e  re la tio n sh ip  b e tw een  cellu lar o r ie n ta tio n , 
th e  frequency  o f th e  im p ressed  field , an d  th e  c o n d u c tiv ity  o f th e  suspending  m ed iu m .

Introduction

The b io p hysica l effec ts o f a lte rn a tin g  e lec trical fie lds include h ea t g en e ra 
tio n , exem plified  b y  a fa ta l  h u m an  exposure to  r a d a r  [8], and  n o n th e rm a l 
effec ts, such as p a rtic le  tra n s lo c a tio n , agg regation , a n d  o rien ta tio n  [3, 4, 5, 13, 
14, 16]. W hile th e  e x p e rim e n ta l conditions u sed  fo r s tu d y  of n o n th e rm a l 
effects are a d ju s te d  to  m in im ize increases in  te m p e ra tu re , all ac fields p ro d u ce  
h e a t. I t  is d ifficu lt to  ru le  o u t possible local f ie ld  foci (h o t spots) in  causing  
su ch  “ n o n th e rm a l”  e ffec ts  as th e  cy togenetic  changes rep o rted  b y  H e l l e r  
a n d  T e i x e i r a -P in t o  [7]. A lthough  som e h e a t is d o u b tless  p roduced , i t  does 
n o t  a p p ea r t h a t  h e a t is d ire c tly  involved  in causing  th e  p a rtic le  tra n s lo c a tio n , 
ag g rega tion , or o r ie n ta tio n  observed  in  ac fields.

F re q u en cy -in d ep en d en t fie ld  effects on p a rtic le s  have  been recogn ized  
since 1927 and  in c lude  tra n s lo c a tio n  and  ag g reg a tio n  to  form  p earl cha ins. 
S h e r  [13, 14] su m m arized  earlie r w ork and  p re se n te d  ex tensive  ex p e rim en ta l 
a n d  th eo re tica l re su lts  d escrib ing  tran s lo ca tio n , d ie lec trophoresis , an d  co n v en 
tio n a l p ea rl chains (row s o f partic les  aligned w ith  th e  fie ld). Sh e r  [13] co n 
c lu d ed  th a t  each p a rtic le  h a d  a dipole induced  b y  th e  fie ld  an d  th a t  a p ea rl 
chain  d is to rted  th e  im p ressed  fie ld  less th a n  d id  th e  co m p o n en t pa rtic le s  w hen  
se p a ra te . G r i f f i n  an d  F e r r is  [5] m ixed liv ing  a n d  non liv ing  p a rtic le s  in 
suspension  and  fo u n d  t h a t  p ea rl chains fo rm ed  across fie lds w hen a d ja c e n t 
pa rtic le s  w ere un lik e . W h en  like p artic les w ere a d ja c e n t, on ly  co n v en tio n a l 
chains w ith  th e  fie ld  fo rm ed . W hile th e y  could n o t  a p p ly  a rigorous th e o re tic a l
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t e s t ,  G r i f f i n  and  F e r r is  [5] p o s tu la te d  t h a t  fie ld  d is to rtio n  m in im ized  w hen 
lo ssy  dielectrics (liv ing  cells) w ere a d ja c e n t eq u a to ria lly  to  good dielectrics 
(p la s tic  spheres), b y  an a lo g y  to  th e  d e ta iled  tre a tm e n t of c o n v en tio n a l pearl 
c h a in s  [13]. W hile p ea rl ch a in s  fo rm ed  b o th  w ith  an d  across fie ld s, th e  n a tu re  
o f  th e  partic les d e te rm in ed  th e  o rie n ta tio n  and  th is  o rie n ta tio n  w as th e  sam e 
a t  a ll te s te d  frequencies.

T e i x e i r a -P int o  e t al. [16] f ir s t  re p o rte d  a freq u en cy -re la ted  n o n th e rm a l 
re sp o n se , th a t  e longate  liv in g  cells w ould , a t  d iffe ren t frequencies , o rien t b o th  
w ith  a n d  across r f  fie ld s, w hile n on liv ing  pa rtic le s  o rien ted  o n ly  w ith  th e  field . 
G r i f f i n  and  St o w e l l  [3] a n d  Gr i f f i n  [4] w orked  w ith  suspensions of living 
cells in  m icroscope ch am b ers  an d  fo u n d  th a t ,  for a given p o p u la tio n  of cells, 
th e  v a riab le s  con tro lling  o r ie n ta tio n  w ere th e  frequency  o f th e  fie ld  and  the  
c o n d u c tiv i ty  of th e  su sp en d in g  m edium . O rie n ta tio n -freq u e n c y  re la tio n sh ip s  
c o u ld  be changed b y  osm o tica lly  sw elling  red  cells [4].

In  our p re lim in a ry  co n sid e ra tio n s o f  th e  o rien ta tio n  of E uglena , a m otile 
f la g e lla te , i t  seem ed possib le  t h a t  th e  d irec tio n  of sw im m ing w as o rien ted  
in  re sp o n se  to  an e n v iro n m e n ta l signal, as in  th e  well know n tro p h ic  responses 
to  l ig h t, g rav ity , o r chem ical g rad ien ts . F o r th e  p resen t an a ly sis , trop ism s 
seem ed  un like ly , since n o n m o tile  b a c te r ia  (unpub lished ), red  cells [4], and 
E u g len a  unab le  to  sw im  [3], could  all he o rien ted  b o th  w ith  an d  across fields. 
E u g len a  f ix ed  in  g lu ta ra ld e h y d e  an d  w ashed  could also be o rien ted  in bo th  
d ire c tio n s , a lthough  th e  tu rn o v e r  frequencies (frequencies a t  w hich  th e  m ech an 
ic a l a lig n m en t of th e  cells changes) ch an g ed  w ith  tim e  in  suspension  (u n p u b 
lish e d ). T hus, th e re  w as no re q u ire m e n t t h a t  th e  partic les being o rien ted  had  to  
he m o tile  or alive to  o rien t across fie lds.

W e assum e th a t  th e  in te ra c tio n  b e tw een  th e  field  and  E uglena  depended  
on th e  physica l an d  e lec trica l ch a ra c te ris tic s  o f th e  organism s th e ir  en v iro n 
m e n t ,  a n d  th e  induced  fie ld . T he m o tility  o f liv ing Euglena  w as o f  use as an 
in d ic a to r  of v iab ility  an d  p re se rv a tio n  o f th e  e lectrical c h a ra c te ris tic s  of the  
o rg a n ism . P re lim in ary  ex p e rim en ts  in  w h ich  specim ens w ere d e lib e ra te ly  
h e a te d  in d ica ted  th a t  no s ig n if ic a n t changes in th e  o rien ta tio n  of p o p u la tio n s 
o c c u rre d  u n til  th e  liv ing  cells w ere d am ag ed  enough to  stop  m o v em en t.

In  th e  present paper, w e report th e  m easured  p h ysica l and  electrica l 
c h a ra c ter istic s  o f  Euglena  an d  in corp orate  th e se  va lu es w ith  ex p er im en ta lly  
d e te r m in e d  values for o r ien ta tio n  v s. freq u en cy  and c o n d u c tiv ity  in to  a com 
p u te r  program  as a t e s t  o f  w h eth er  th e o re tic a l trea tm en ts p red ict th e  observed  
p h e n o m en a . F erris  and G r i f f i n  [1] n o ted  a p relim inary ex p er im en ta l ver i
f ic a t io n  o f  a th eoretica l tre a tm en t form u la ted  b y  Saito  e t  al. [11]. A deta iled  
a n a ly s is  is presented  herein .

Acta Biologien Academiae Scientiarum Hungaricae 28, 1977



O R I E N T A T I O N  O F  E U G L E N A  B Y  E L E C T R O M A G N E T I C  F I E L D S 3 7 7

Materials and methods

E uglena , a p h o to sy n th e tic  flag e lla te , w as se lected  as an  experim ental su b je c t because  
th e  cells are easily  grow n, re s is ta n t to  han d lin g , an d  are  large  and e longated  so t h a t  th e ir  
o r ie n ta tio n  can  be seen readily .

Culture and handling

Euglena gracilis var. bacillaris w ere grow n in b ac te ria -free  n u trie n t m ed ia  a t  p H  7.0, 
u n d e r  m o d era te  illum ination . T he m ed ium  used was th e  ra th e r  com plex fo rm u la tio n  d ev elo p ed  
by  E bersold  and  La v in e . T he cells were h a rv este d  1 to  3 days a fte r reach in g  m ax im al 
d en sity . A t th is  tim e, few d iv id ing  cells w ere p re sen t, b u t  in te rp h ase  cells m a in ta in e d  p h y sio 
logic v igor by  p h o tosyn thesis . T he flag e lla tes  were w ashed  b y  gen tly  cen trifug ing  th re e  tim es , 
each  tim e  resu sp en d in g  in an  aq u eo u s so lu tio n  of th e  com position  and c o n d u c tiv ity  needed  
for e x p e rim e n ts  (see Griffin  and  Stow ell, [3 |).

L ight microscopy

T he m icroscope cham ber used  to  observe o r ie n ta tio n  of living cells w as i l lu s tra te d  and 
fu lly  d escribed  by  Griffin  [4]. F igs 1 — 3 show Euglena  in th e  cham ber. Л p re p a ra tio n  in 
w hich  a b o u t 90%  of active  cells w ere a ligned  to g e th e r w as classed  as o riented*. T he o n ly  s tab le  
o rie n ta tio n s  w ere w ith  the  field  (F ig . 2) o r across th e  fie ld  (Fig. 3). From  p h o to m ic ro g rap h s  
s im ila r to  F igs 1 3, d im ensions w ere d e te rm in ed  in d ic a tin g  th a t  th e  E uglena  cells used
could  be  assum ed  to be a p o p u la tio n  o f p ro la te  sphero ids w ith  a m ajor axis of 65 m ic ro n s and  
an ax ia l ra tio  o f 5.4 : 1. The effects u p o n  th e  c o m p u ta tio n s  o f assum ing o th er p h y sical d im en sio n s 
are considered  in a la te r  section.

Electron m icroscopy

T he u ltra s tru c tu re  of th e  Euglena  m em b ran e  w as s tu d ie d  in th in  sections o f a p re p a ra 
tio n  fix ed  in  2%  osm ium  te tro x id e  in d istilled  w a te r  an d  em bedded  in epon. F ix e d  cells were 
in a sh o rte n ed  or co n trac ted  s ta te  an d  ex h ib ited  surface  folds (Fig. 4). In  F igs 4 a n d  5, an 
e x te rn a l tr ila m in a r  m em brane  8 to  12 nm  in th ick n ess can  be seen. B en ea th  th is  e x te rn a l 
m em b ran e  an d  ad jacen t to it are b an d s of pellicle m a te ria l,  seen in cross sec tion  in  F ig . 4 and 
in lo n g itu d in a l section  in  Fig. 5. T his m a te ria l a p p a re n tly  c o n trib u te s  to  th e  s t ru c tu ra l  in te g rity  
o f th e  Euglena  pellicle, b u t is n o t assum ed  to  in fluence s ign ifican tly  th e  e lec trica l p ro p e rtie s  
o f th e  m em b ran e , since it is n o t co n tin u o u s. Euglena  cells, e longated  during  lo co m o tio n , such 
as w ere  u sed  for lig h t m icroscopy, p re su m ab ly  have  less d ram a tic  surface ridges t h a n  cells 
th a t  c o n tra c te d  du ring  fix a tio n , b u t  th e  a c tu a l m ic ro co n fig u ra tio n s of the  surface a re  u n k n o w n . 
Since th e re  w as no sim ple w ay to  com pute[the  effect o f su rface  irregularities, th e  b asic  c o m p u ta 
tio n s  assum ed  a sm ooth  10 nm  lip o p ro te in  m em b ran e  a n d  also considered th e  e ffec ts  o f d if
fe re n t m em b ran e  thickness.

Orientation

T he cellu lar o rien ta tio n  w as d e te rm in ed , re la tiv e  to  th e  electric field lines o f  a n  ap p lied  
e lec tro m ag n e tic  field , as a fu n c tio n  of field  freq u en cy  a n d  th e  conductiv ity  o f th e  su sp en d in g  
m ed ium . C rite ria  for ev a lu a tin g  o r ien ta tio n  are  desc rib ed  above and in Gr if f in  and  
S towell [3]. Figure  6 shows th e  re la tio n sh ip  be tw een  o r ie n ta tio n , co n d u ctiv ity , a n d  freq u en cy

* O rie n ta tio n  was de te rm in ed  by co u n tin g  th e  n u m b ers  of aligned cells in p h o to g ra p h s  
ta k e n  d u rin g  ex p erim en ta tio n . A p p ro x im ate ly  300 feet o f 16 m m  m otion p ic tu re  f ilm  a n d  35 m m  
still film  w ere used. E lectron ic  fla sh  w as used  to  s to p  m o tio n  of the cells w hen  th e  35 m m  
p h o to g rap h s  were tak en . A lignm en t was d e te rm in ed  fro m  fram e-by-fram e c o u n ts . Since 
a lig n m en t is a dynam ic s itu a tio n , a n y  n u m b ers q u o ted  m u st necessarily be e s tim a te s  based  
u p o n  v isual observations. T he ex p erim en ta l accu racy  can  be  expressed as 87 +  5% .
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Fig. 6. E x p erim en ta lly  o b se rv ed  a lig n m en t o f Euglena  (A) as a fu n c tio n  of th e  freq u e n c y  of the 
ap p lied  e lectrom agnetic  fie ld  a n d  th e  c o n d u c tiv ity  o f th e  suspend ing  m ed ium , a n d  calcu la ted

values (B an d  C). See te x t

for a specim en  in w hich  th e  e x te rn a l co n d u c tiv ity  w as v a rie d  by  chang ing  c o n c e n tra tio n s  of 
sod ium  chloride. O th er ions gave sim ilar re su lts  [3]. C urve A of Fig. 6 applies.

A t th e  tran s itio n  freq u en c ies , po p u la tio n s show ed m ixed  o rien ta tio n s , an  a p p a re n t  reflec
tio n  o f biologic v a ria b ility  in  th e  p o p u la tio n . I f  a s tro n g  signal w as sudden ly  a p p lied  a t  a t ra n s i
tio n  freq u en cy , a lm ost all cells o rien ted  e ith e r w ith  or across th e  field lines. T h u s , a lthough  
a b ro ad  tran s itio n  freq u en cy  ran g e  is seen for a p o p u la tio n , a single cell p ro b a b ly  ex h ib its  a 
t r a n s it io n  p o in t on th e  freq u e n c y  scale, ra th e r  th a n  e x h ib itin g  a tra n s it io n  ran g e . A s has been 
n o ted  prev iously , o r ie n ta tio n  is a d y n am ic  process a n d  one m u s t depend  u p o n  v isu a l e stim a tes 
an d  p h o to g rap h ic  records. F o r  a fix ed  value of co n d u c tiv ity  x , th e  b re a d th  of th e  tran s itio n  
freq u en cy  is estim a ted  as + 5  M H z ab o u t th e  cen tra l value .

T he electrical p ro p e rtie s  (co n d u c tiv ity  and  d ie lectric  c o n stan t)  o f th e  E uglena  were 
d e te rm in ed . A B oon ton  R ad io  Corp. (H e w le tt-P a ck a rd  C orp.) ty p e  250A R —X  M eter was 
used  w ith  a special sam ple  ch am b er to  co n ta in  th e  E uglena  p rep ara tio n .

F igs 1 — 3. P h o to m icro g rap h s o f Euglena  in th e  ch am b er used  for lig h t m icroscopic  stud ies 
on o rien ta tio n  (c o n d u c tiv ity  o f suspend ing  saline, 0.2 m illim hos). The p la tin u m  w ire  electrodes 
a b o u t 500 m icrons a p a r t ,  cross th e  to p  and  b o tto m  o f each  p ic tu re . Fig. 1, no sig n a l, random  
o rie n ta tio n . Fig. 2, field  on  a t  15 M H z, o rien ta tio n  p a ra lle l to field lines. F ig . 3, field  on a t 
35 M H z, o rien ta tio n  p e rp en d icu la r  to  field lines. The field  in te n s ity  was ju s t  e n o u g h  to  get a 
c lear o r ien ta tio n . Since no cells in  F ig . 2 were across th e  field  an d  none in F ig . 3 w ere w ith  the 
fie ld , th e  sam ples as p h o to g ra p h e d  were classed as o rien ted , even th o u g h  som e cells were no t 
fu lly  aligned . (Figs 1 - 5 ,  A F I P  N eg 7 2 -5 6 4 2 .)
F igs 4 —5. E lectron  m ic ro g rap h s  o f Euglena  to show  th e  e x te rn a l m em b ran e , 8 0 — 120 Â in 
th ick n ess. B eneath  th e  m em b ran e  is ad d itio n a l m ate ria l t h a t  a p p a re n tly  c o n tr ib u te s  to the 
in te g r ity  o f the pellicle. N o te , in Fig. 4, th a t  th is  m a te ria l seen in  cross sec tion , does n o t underlie 
th e  w hole m em brane, b e in g  a b se n t below  each  cleft. In  Fig. 5, th e  pellicu lar m a te r ia l  is seen in 
lo n g itu d in a l section, a d ja c e n t  to  th e  m em brane n e a r th e  b o tto m  of a c le ft. X 110,000
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After experim enting w ith  various designs the general configuration developed by P auly  
and S c h w a n  [ 1 0 ]  was adopted for the sample chamber. As shown in Fig. 7 ,  th is is in effect 
a sh ort transmission line. In practice, the chamber is filled  to a level well above the ends of 
th e  electrodes to m inim ize fie ld  fringing and resulting errors in calibration.

T he residual c a p a c ita n c e  o f th e  cham ber is 1.2 p F  and  th e  co n d u ctan ce  is to o  low to 
be m easu red  on th e  R  — X  M eter. T hese  values are th u s  w ell w ith in  th e  in itia l ba lan ce  a d ju s t
m e n ts  in th e  Schering b rid g e  c irc u it  o f the R —X  M eter an d  th e  m ete r can  be a d ju s te d  to 
g ive  d irec t readings of sam ple  v a lu es.

T he R  — X  M eter is d e s ig n ed  to  m easure im pedance  as a p a ralle l re s is tan c e-c ap a c ita n ce  
(R  — C) com bination . C o rrec tio n s m u s t be m ade, how ever, fo r th e  residual c ap ac itan ce  and 
c o n d u c ta n c e  of the  ch am b er a n d  th e  lead  inductance  of th e  connecto rs from  th e  R  — X  M eter 
to  th e  p la tin u m  electrodes. T h ese  m a tte rs  are discussed in  th e  o p e ra tio n  m an u a l for th e  in s tru 
m e n t.  T he R  — X  M eter m easu re s  all R  — C im pedances as if  th e y  are  com posed of tw o  paralle l 
c o m p o n e n ts  R m and Cm as sh o w n  in  F ig . 8 (a). These are th e  in d ic a te d  d ial read ings. F ig u re  8 (b) 
sh o w s w h a t is ac tu a lly  m ea su re d  an d  p resen ted  as th e  d ia l read in g s in te rm s  of eq u iv a len t 
v a lu e s  for R m and Cm. I f  in it ia l  b a lan ce  offset is app lied  (b y  m ak in g  th e  in itia l b a lan ce  w ith 
th e  e m p ty  cham ber co n n ec ted  to  th e  bridge), th e  c ircu it o f Fig. 8 (c) applies. In itia l  balance 
o ffse t is m ost easily ach ieved  b y  connecting  th e  e m p ty  sam p le  ch am ber to  th e  R — X  M eter 
a n d  b a lan c in g  th e  b ridge w ith  th e  in it ia l  balance a d ju s tm e n ts . T h is does hav e  th e  d isad v an tag e  
t h a t  th e  cham ber m u st be filled  a n d  em ptied  for each  freq u e n c y  se ttin g  of th e  b ridge. W hen 
th e  c h am b er  is filled w ith  an  u n k n o w n  sam ple, th e  dial read in g s  will give R s an d  Cs, a f te r  the  
in d u c ta n c e  correction , w ith o u t a n y  fu r th e r  correction  b e in g  necessary  for R r an d  Cr, p rov ided  
t h a t  in it ia l  balance offse t has b e e n  applied .

T he correction  fa c to rs  fo r  th e  R  — X  M eter and sam p le  ch am b er were d e te rm in ed  experi
m e n ta lly  as described in  P a u l y  a n d  S c h w a n  [ 1 0 ] .  A q ueous KC1 solu tions w ere used.

T he corrected  v a lu es fo r sam p le  co n d u ctiv ity  a n d  d ie lectric  c o n s tan t a re  d e term ined  
fro m  th e  em pirically  deriv ed  ex p ress io n s.

«  =  ( 1 . 8 1  R s ) " 1

г =  0.696 X 1013 (Cs -  1.2 X I O " 12),

w h e re  R s and  Cs are th e  m ea su re d  v a lu es of sam ple re s is tan c e  an d  cap ac itan ce , respec tive ly .
F o r  a suspension o f E ug len a  gracilis  cells in  w a te r , th e  v a lu es d e te rm in ed  for x and e 

a p p ly  to  an  inhom ogeneous sa m p le . T h e  v a ria tio n  of x a n d  e w ith  frequency  is p re sen te d  in 
F ig . 9. O ur goal was to  re la te  th e  obse rv ed  tu rn o v er freq u en c ies  (frequencies a t  w h ich  orien
ta t i o n  o f th e  cells changed) fo r E ug len a  o rien ta tio n  to  th e  e lec trica l p rop erties  o f th e  cells. I t  
w as n e x t  necessary to  se p a ra te  th e  e lectrical p ro p erties  o f  th e  Euglena xe an d  ee from  th e  
v a lu e s  fo r th e  suspending aq u eo u s  m ed iu m  xw and ew.

B ecause of th e  lim ited  c a p a c ita n c e  m easuring ran g e  of th e  B o on ton  R ad io  Corp. R  — X  
M e te r (0 — 23 pF d), i t  w as n ece ssa ry  to  use a low volum e c o n c e n tra tio n  of cells in  suspension. 
T h e  v o lu m e  co n cen tra tio n  p, o f  th e  Euglena  cells w as d e te rm in e d  by  tw o m eth o d s to  be 
p  =  0 .0036*. Because of th is  low  v a lu e  for volum e c o n c e n tra tio n  and  th e  large  ax ia l ra tio  
fo r th e  cells, th e  m odified C lau siu s-M o sso tti eq u ation  p ro p o sed  b y  F ricke [2] to  f in d  xe and 
t e w as  inapplicable . T he e le c tr ic a l c o n d u c tiv ity  of th e  cells w as th u s  d e te rm in ed  b y  the  
a p p ro x im a tio n

*e =  (VP) [* “  (! /p )  *wl-

T h e  d ie le c tr ic  co n stan t for th e  cells  w as de term ined  grossly  fro m  a sim ilar re la tio n

fe =  (V p ) [£ -  (V p ) f wl

* T he volum e c o n c e n tra tio n  w as de term ined  by  tw o  m e th o d s: 1. The d im ensions o f th e  
cells w ere  determ ined  b y  m ic ro sco p ic  ex am in atio n  using  a  c a lib ra ted  eyepiece. F ro m  these 
e x p e rim e n ta lly  de term ined  d im en sio n s , th e  average vo lum e o f th e  cells from  a g iven  p o p u la tio n  
w as ca lcu la te d . The n u m b er o f cells in  suspension was d e te rm in e d  using  a h em a cy to m e te r. 
T o ta l  cell volum e was c o m p u te d  b y  m ultip ly ing  th e  e x p e rim e n ta lly  d e te rm in ed  n u m b er of 
cells b y  th e  average volum e of a cell. C alib ra ted  p ip e tte s  w ere used  to  de term ine  th e  vo lum e of 
th e  su sp en d in g  flu id . 2. V olum e co n ce n tra tio n  was d e te rm in e d  o p tica lly  using  co lorim etric  
a n d  n ep h elo m etric  m ethods. T h e  v a lu e  p  =  0.0036 is co n sid ered  a ccu ra te  to  + 5 % .
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F ig . 7. Sam ple ch am ber fo r th e  R  X  M eter
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and b y  the more exact m ethod developed by T aylor  [15] for prolate spheroids

ee =  { — (fw — e — ßew +  5ße) +  [(ew -  e — ßew +  5ße)- -  iß e  (fw -  e — б /З ^ )]1/2} /2В , 

w here

e =  m easu red  v a lu e  fo r  d ielectric  c o n s ta n t  o f  suspension; 
ee =  d ielectric  c o n s ta n t fo r whole E ug len a ; 
ew =  d ie lectric  c o n s ta n t o f  w a te r  (78);
x  =  m easu red  v a lu e  fo r co n d u c tiv ity  o f su sp en s io n  (m hos/m ); 
x c =  c o n d u c tiv ity  fo r w hole  Euglena  (m h o s/m );
x w =  co n d u c tiv ity  o f su spend ing  aqueous m e d iu m  (variable) (m hos/m ); 
p  =  volum e c o n ce n tra tio n  of cells =  0.0036; 
ß  =  p/3 =  0.0012.

A f te r  th e  suspension  of w hole cells h ad  b e en  m ea su re d , th e  E uglena  w ere  so n ica ted  
to  d e s t ro y  th e  cells an d  th e  sam p le  rem easured . T h e  in te n t  w as to  o b ta in  an  e s t im a te  o f th e  
e le c tr ic a l  p ro p e rtie s  o f th e  c y to p la sm . B ecause o f  th e  low  volum e c o n cen tra tio n  o f  th e  cells 
a n d  th e  co n co m itan t h igh  d ilu tio n  o f the  cellu lar c o n te n ts  in  th e  suspending f lu id , o n ly  a rough  
e s t im a te  w as possible.

I t  w as n o t possib le  to  in crease  th e  volum e c o n c e n tra t io n  of th e  cells, since h ig h  c o n ce n tra 
t io n  p ro d u c e d  a h igh  c ap a c itan c e  fo r th e  c h am b er t h a t  w as beyond th e  b a lan ce  c ap ab ilitie s  
o f  th e  b r id g e  in th e  R  — X  M eter.

Sa ito  e t al. [11] hav e  p re sen te d  a th e o re tic a l t r e a tm e n t  of o rien ta tio n  a n d  tu rn o v e r  
f re q u e n c ie s  for e llipso idal p a r tic le s  su b jected  to  th e  in flu en ce  of e lectrom agnetic  fie ld s . W hen  
d ie le c tr ic  d ispersion  occurs, as in d ic a te d  by  th e  d a ta  p re sen te d  in Fig. 9, a d im ension less 
e n e rg y - re la te d  q u a n ti ty  m ay  be u sed  to  q u a n ti ta te  o r ie n ta tio n . This is given b y  th e  re la tio n

uj =  Aj ! Bj (k~\ -(- ejco2) ” 1, (i =  a o r b)

w h ere :

=  (e0/ei) (em fp)
B i == (^mep ^p€m)eo[2x mem (l Bj) -f- (^ m£p ^p em)Bi]/ßmei
e0 =  p e rm ittiv ity  o f free  space, 8.85 X 10 -12 F d /m ;
£m =  dielectric  c o n s ta n t o f m edium  in  w h ich  e llipso idal partic les are su sp en d ed ;

(em =  ew =  78 fo r w o rk  rep o rted  h e re in );
€p =  eq u iv a len t d ie lec tric  co n s tan t of e llip so id a l p a rtic le  ( =  £e); 
со =  ra d ia n  freq u en cy , rad /sec ; 

ki =  (^m *p)Lj
e i =  eo [£m (£m £p ) k j ]
xm = co n d u c tiv ity  of su spend ing  m edium , m h o s/m  (= tfw);
Xp =  eq u iv a len t c o n d u c tiv ity  of partic les, m h o s/m  ( =  x e);
Lj is a  geo m etry  fa c to r a n d  is eva lu a ted  below .

E ug len a  are essen tia lly  p ro la te  spheroids a n d  fo r th e  p opu lation  used  in  th is  w ork , 
th e  a x ia l  r a tio  is given b y  a : b  : c =  5.4 : 1 : 1. Since b  =  c, Lj has only tw o va lues, one re la tin g  
to  e a c h  a x is  (a or b). F o r  th e  c o n d itio n  a  >  b =  c,

La =  (b2/2 a 2e3) ( -  2e +  ln  [(1 +  e ) /( l  -  e)])
L b =  (b2/2 a 2e3) (e /( l -  e2) -  1/2 ln  [(1 +  e )/(l -  e)]),

w h e re :

e =  |1 -  (b/a)2]1/2
a =  half-length of m ajor axis (32.5 microns in th is case); 
b =  radius o f cells (6.02 m icrons in this case).

S ince Euglena exhibit a cell membrane (pellicle), the problem is com plicated by the 
fa c t th a t  we m ust consider an ellipsoid w ith a shell. S aito  et al. [11] have done th is and 
have sh ow n that a biological cell w ith  a surrounding m em brane can be considered in  term s
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Fig. 9. S m oothed  d a ta  fo r c o n d u c tiv ity  a n d  d ielectric  c o n s tan t o f Euglena  su sp en sio n

ELECTRIC
FIELD

DIMENSIONS
Q| - b, » C]

DIMENSIONS

4 qi -b| -C |

Fig. 10. E q u iv a le n t ellipsoids

o f an  eq u iv a len t ellipsoid  w ith o u t a shell. T h e  geo m etry  is in d ica ted  in  F ig . 10. G en era lly  in 
biological cells, th e  th ick n ess o f th e  m em b ran e  is m u ch  sm aller th a n  th e  ra d iu s  o r p rincipal 
ax is  o f th e  cell. W ith  re ference to  F ig . 10 for d im ensions, if th e  re la tio n

т =  aj — af •< b | =  c |

ex is ts , th en  th e  desired  equ iva lence  b e tw een  th e  tw o  ellipsoids can  be developed . F o r  E uglena , 
a, =  32.5 /X, and  th e  m em b ran e  th ick n ess (a , — a ,) is on  th e  o rder of 10 nm , th u s  th e  co n d ition  
is easily  sa tisfied .

The equivalence betw een ellipsoids w ith and w ithout a shell (m em brane) is given  by 
Saito e t al. [11]

F* =  гм  [(2 -  tM)ê* +  t Mfm] /  [t L x e* - f  (2 -  tN )fm],
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F ig . 11. T ypical values o f  as a  fu n c tio n  of f req u en cy  as d e te rm in ed  ex p erim en ta lly  for 
E uglena. x  =  0.8, 0 .9, 1.0 m illim hos/cm  resp ec tiv e ly  fo r cu rves 1, 2, 3. 5 <  eM <  15

w h ere :

M =  l/a| +  2/bf -  l /x |
N  =  l /x |  p ro la te  sp h e ro id s , a >  b =  c;
x 2 =  a2, b 2 d ep en d in g  u p o n  th e  d irection  of th e  im p ressed  field;
T =  m em brane th ic k n e ss  in  d irection  of im p ressed  fie ld ;
Lx — La or L b;
ee =  com plex d ie lec tr ic  c o n s ta n t  o f eq u iv a len t e llipso id ;
e* =  com plex d ie lec tr ic  c o n s ta n t  of in te rn a l p o rtio n  o f  ellipsoid;
ем  =  com plex d ie lec tr ic  c o n s ta n t of m em b ran e  (shell).

ëê =  ee — j*/(cue0)
w ith  s im ila r expression fo r e* a n d  ем .

E x p erim en ta lly , e* is th e  q u a n ti ty  m easured  in  te rm s  of e an d  x  as show n in Fig. 9.
T h u s

e t — ee — ]xj(o>e0)

in  te rm s  o f our previous n o ta t io n .
N o rm ally  biological cells h a v e  a m em brane w h ich  c an  be  ch arac te rized  as h av in g  a 

c a p a c ita n c e  of 1 /efd/cm2, [12], a n d  a  conductance o f 10 m illim hos/cm 2. T he Euglena  in  th is 
s tu d y  h a d  an  average su rface  a re a  g iven  by

S =  2тгЬ2 2.-rab[(l/e') s in _ , e ']  ~  1.9 X 10_9m2,
w h e re  e ' =  (a2 -{- b2)1/2/a.

A  ro u g h  calcu la tion  based u p o n  Csur=  1 //fd /cm 2 an d  т  =  10 nm  yields

10 <  <  15.

B a se d  u p o n  th is  in fo rm atio n , e f co u ld  be eva lu a ted  b y  so lv ing  E q . (1) for f* in  te rm s of f j  
a n d  th e n  tak in g  th e  real a n d  im a g in a ry  p a r ts  to  o b ta in  ee a n d  x t .
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D ata analysis

F o r tra n  IV p ro g ram s w ere developed  to  carry  o u t th e  v a rio u s  d a ta  co rrec tio n  p rocedures 
and th e  calcu la tions o f ee a n d  x e from  th e  m easu red  d a ta . A f in a l se t of p rogram s w as w r it te n  
th a t  ca lcu la ted  u a, uj,, a n d  u d =  u a — U), (to  fin d  th e  en erg y  crossover p o in ts  =  tu rn o v e r  
frequencies), as a fu n c tio n  o f freq u en cy . A sign change in  u d d en o tes  a tu rn o v e r  freq u en cy . 
Som e ty p ica l p lo ts o f u d vs. freq u en cy  are  p resen ted  in F ig . 11.

Results

V arious p a ra m e te rs  in  E q . (1) were v a ried  to  d e te rm in e  th e  se n s itiv ity  
of th e  co m p u ta tio n s  fo r th e  energy  functions an d  u ci. I t  was found  t h a t  th ese  
fu n c tio n s and  th e ir  d ifference, ud, were q u ite  in sen sitiv e  to  changes in  th e  
m em b ran e  p ro p ertie s  o f  th e  Euglena. As a check , рД was varied  b y  severa l 
o rders of m ag n itu d e  w ith  on ly  s ligh t re su lta n t chan g es in  th e  energy  fu n c tio n s . 
V a ria tio n  of th e  ax ia l ra tio  b y  ±  10%  h ad  in s ig n if ic a n t effect up o n  th e  и  s. 
A xial ra tio  is a q u a n t i ty  w hich  can be m easu red  q u ite  accu ra te ly . V a ria tio n  
of th e  m em brane th ic k n e ss  b y  50%  did n o t show  an y  s ig n ifican t changes in 
th e  energy  fu n c tio n s. W hen  th e  Euglena  p a ra m e te rs  ee an d  xe, an d  th e  m ed ium  
p a ra m e te rs  w ere v a r ie d , s ign ifican t changes in  th e  energy  fu n c tio n s re su lted . 
As to  be expected , th e  tu rn o v e r  frequencies sh ifted  rad ica lly . T he p a ra m e te rs  
to  w hich  th e  c o m p u ta tio n s  w ere m ost sen sitive  w ere th e  c o n d u c tiv ity  x m 
o f th e  suspending  f lu id , an d  e*, th e  com plex p e rm itt iv i ty  of th e  cy to p lasm . 
T he d ielectric  c o n s ta n t o f th e  suspending  flu id  w as m a in ta in e d  a t  78, th e  v alue  
fo r w a te r.

U sing E q . (1) as developed  in S a i t o  e t al. [11], i t  w as n o t possib le to  
m a tc h  ex ac tly  th e  e x p e rim en ta lly  observed  tu rn o v e r  frequencies, as show n 
in F ig . 6 (A), to  th o se  p re d ic te d  th eo re tica lly . G en era lly  speak ing , th e  ag ree
m en t w as good, consid erin g  th e  low sam ple c o n c e n tra tio n  an d  th e  re s u lta n t  
d a ta  red u c tio n  processes w hich  were necessary  to  co n v e rt th e  ra w  d a ta  to  
va lu es  for x t an d  ee. O u r th eo re tica lly  d e te rm in ed  tu rn o v e r  frequencies , based  
u p o n  th e  ex p e rim en ta l d a ta  are  shown in Fig. 6. C urve A is th e  ex p e rim en ta l 
d a ta . C urve В is th e  tu rn o v e r  frequency  p lo t fo r Euglena  m odeled  as hom o
geneous ellipsoids w ith o u t shells. C urve C re su lte d  w hen th e  shell m odel 
w as used (E q . 1). C urve  C is q u ite  sim ilar in  p ro file  to  curve A, b u t  is sh ifted  
to  th e  r ig h t b y  a fa c to r  o f 1.4 in  c o n d u c tiv ity . Since E q . (1) is q u ite  sensitive  
to  xe, ee ,and  x m, sm all e rro rs in  ca lcu la tin g  x t an d  ee, or in  m easu rin g  x m 
cou ld  easily  be re sp o n sib le  fo r th e  lack  o f e x a c t ag reem en t. In  a d d itio n , th e  
pellicle of th e  E uglena  m ay  n o t be a tru e  shell e lec trically , w hich  cou ld  also 
acco u n t for th e  d isc rep an cy . Some ty p ic a l en e rg y  fu n c tio n  curves a re  show n 
in F ig . 11.

I t  should  be  n o te d  th a t  a general ellipsoid  ex h ib its  th re e  tu rn o v e r  fre 
quencies, one fo r each  o f th e  th re e  axes, assum ing  a ]> b >  c. Since fo r p ro la te  
sphero ids, a b =  c, on ly  tw o  tu rn o v e r  frequenc ies are  observed . C urve (3)
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in  F ig . 11, how ever, does e x h ib it th re e  crossover p o in ts : 2.2 M H z, 25 M Hz, 
85 M H z. This m ay  re p re se n t an  a r tifa c t in  th e  d a ta , o r i t  m ay  suggest th a t  
th e  E uglena  used in  th is  s tu d y  w ere n o t e x a c tly  p ro la te  sph erio d s an d  th e  
c o n d itio n  a b c ho lds. W e did  n o t observe  a second ro ta tio n  re la tiv e  
to  th e  b— c axes for E u g len a , b u t  such a ro ta tio n  q u ite  possib ly  could  have 
o c c u rre d  and  have gone u n n o tic e d . T his ro ta tio n  w ould have been  v e ry  slight 
as b a n d  c are n ea rly  id e n tic a l. I f  a second ro ta tio n  d id  occur, th is  could  also 
a c c o u n t fo r th e  lack  o f a g re e m e n t b e tw een  cu rves A  an d  C in  F ig . 6. We did 
o b se rv e  th ree  axis d isp lacem en ts  for av ian  e ry th ro c y te s  w hich are  tru e  ellipsoids 
(« >  b > e )  [4].

S evera l o th e r th e o re tic a l hy p o th eses  w ere te s te d  w ith  re g a rd  to  o r ie n ta 
t io n ,  [6, 9], b u t  w ere n o t fo u n d  sa tis fa c to ry  fo r th is  s tu d y . Og a w a ’s w ork 
w as n o t  d irec tly  ap p licab le  as his re su lts  w ere developed  on th e  basis o f a 
c ro ssed  field  s itu a tio n  w h ich  we d id  n o t h av e  ex p erim en ta lly . G r u z d e v ’s 
fo rm u la tio n  did n o t y ie ld  th e  resu lts  w hich we observed  ex p e rim e n ta lly  w ith  
re s p e c t  to  Euglena  o r ie n ta tio n .

D iscussion

T h e  o rien ta tio n  o f liv in g  e longate  cells b y  ac fie lds is show n h ere in  to  be 
re a s o n a b ly  accoun ted  fo r b y  a th e o re tic a l t r e a tm e n t devised  by  Saito  e t al. [11]. 
T h is  ag reed  fairly  well w ith  o u r  ex p e rim en ta l re su lts  w hen te s ted  in a co m p u te r  
p ro g ra m . O rien ta tio n  is a f ie ld -in d u ced  force effect, a d irec t re su lt  o f the  
f ie ld  a c tin g  on suspended  p a rtic le s  w ith  d ie lec tric  p ro p erties  d iffe ren t from  
th o se  o f  th e  suspend ing  m ed iu m .

E a r ly  observa tions t h a t  on ly  liv ing  cells o rien ted  b o th  w ith  a n d  across 
f ie ld s  in  a f re q u en cy -d ep en d en t m an n er, w hile n on liv ing  p a rtic le s  o rien ted  
o n ly  w ith  th e  fie ld , are  now  ex p la in ed  b y  th e  d ifficu lty  in  f in d in g  n o n liv ing  
p a r t ic le s  th a t  were lossy  d ie lec trics  w ith  in te rm e d ia te  c o n d u c tiv ity . T h e  in e r t 
p a r t ic le s  te s ted  were good in su la to rs  (p lastic ) or good co n d u c to rs  (m e ta l)  
w h ile  o n ly  biologic m a te r ia l w as of in te rm e d ia te  co n d u c tiv ity .

B o th  freq u en cy -in d ep en d en t an d  freq u en cy -d ep en d en t b eh av io r o f 
p a r tic le s  re su lt from  th e  p h y s ic a l in te ra c tio n  be tw een  th e  ac fie ld  an d  th e  
su sp e n d e d  partic le . H ow  p a rtic le s  b ehave d ep en d s upon  th e  ph y sica l an d  elec
t r ic a l  n a tu re  of th e  p a rtic le s  a n d  th e ir  en v iro n m e n t, as well as u p o n  th e  fre 
q u e n c y  and  th e  s tre n g th  o f th e  im pressed  fie ld . W e have  seen no ev idence 
o f  tro p ic  o r in d irec t effects in  ad d itio n  to  or com p etin g  w ith  th e  e lectrical- 
p h y s ic a l effect. O ur o b se rv a tio n s , how ever, w ere n o t designed to  d e te c t such 
e ffec ts  an d  we can n o t ru le  o u t possib le tro p h ic  effects a t  low fie ld  in ten s itie s  
or a t  th e  fringes of fields.
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Abstract
Ca2+- and  R e a c t iv a te d  A T P ase  a c tiv ity  o f  cardiac  m yosin fro m  n o rm al and 

h y p e r tro p h ie d  r a t  h ea rts  was in v e s tig a te d . C ardiac h y p e rtro p h y  w as in d u ce d  b y  iso
p ro te re n o l t r e a tm e n t. A nearly  4 0 %  in crease  in h e a r t  m ass w as seen a f te r  seven  consecu
tiv e  d a y s  o f isopro terenol in jec tio n  (5 m g/kg) as de te rm in ed  by  e ith e r  h e a r t  w eigh t 
ex p ressed  as p e r cen t of body w e ig h t o r by  d ry  h e a r t  w eight and  to ta l  p ro te in  co n te n t. 
T h e  m ea su re m e n t of A TP h y d ro ly sis  rev ea led  th a t  card iac  m yosin from  iso p ro teren o l- 
t r e a te d  ra ts  h ad  a sign ifican t d ecrease  (P  <  0.01) in  Ca2+-a c tiv a ted  A T P ase  a c tiv ity  
a t  low  ionic s tre n g th  (0.05 M  KC1) in  th e  presence of 5 and  10 m M  Ca2+. In  c o n tra s t , 
in a h ig h  ionic s tre n g th  m edium  (0.50 M  KC1) th e  K + - and  Ca2+-a c tiv a te d  A T Pase 
a c t iv ity  o f m yosin  p rep ared  from  h y p e rtro p h ie d  m yocard ium  re m a in e d  u n ch an g ed . 
C o m p ara tiv e  analysis o f p ro te in  p re se n t in th e  lig h t chains of m y o sin  show ed no 
a lte ra t io n  in  th e  p ro p o rtio n  of LC, to  L C , in th e  m yosin  from  h y p e r tro p h ie d  h e a rts , 
h o w ev er, a decrease  in th e  ab so rp tio n  of m yosin  in  th e  u .v . region w as obse rv ed . On 
th e  basis  o f o u r resu lts  one can  h y p o th es ize  th a t  th ere  m ay  be som e c o n fo rm a tio n a l 
ch an g e  in th e  m yosin m olecule from  h y p e rtro p h ied  m yocard ium , th e re b y  m odify ing  
b o th  Ca2+-sen sitiv ity  and  A T Pase a c t iv ity  a t  a low KC1 co n cen tra tio n .

Introduction

I t  is w ell-know n th a t  in c reased  w ork  load  of the  h e a r t, —  besides th e  
a c tiv a tio n  o f ca rd iac  p ro te in  sy n th es is  [11, 12], —  leads to  som e changes in 
th e  specific  A T Pase a c tiv ity  of m y o ca rd ia l co n trac tile  p ro te in s [1, 11, 13, 20]. 
I n te r m i t te n t  h aem odynam ic  lo ad in g  o f r a t  m yocard ium  due to  sw im m ing 
t r a in in g  fo r several weeks re su lted  in  a s ig n ifican t increase in  specific  A T Pase 
a c tiv i ty  o f  m yosin  [10]. Co n w a y  e t al. [4] fo u n d  depressed A T P ase  a c tiv ity  
fo r m y osin  from  failing  h ea rts , w hereas e lev a ted  A TPase a c tiv ity  w as o b ta in ed  
for m yosin  from  non-failing  h y p e rtro p h ie d  m yocard ium  of dogs.

E x te n s iv e  stud ies on th e  p ro p e rtie s  of m yosin  from  fa s t a n d  slow  skele ta l 
an d  ca rd ia c  m uscles of th e  sam e species rev ea led  differences in A T P ase  a c tiv 
i ty  [21]. T h e  ra te  of ATP hy d ro ly sis  o f  m yosin  was found  to  be in  a close co r
re la tio n  w ith  th e  speed o f m uscle c o n tra c tio n  [2, 5]. D ifferences in  A T Pase 
a c tiv i ty  w ere re flec ted  in th e  d iffe re n t p a tte rn  of lig h t chains o f  m yosin  from  
he te ro lo g o u s m uscles [21]. I t  h as  been  suggested  th a t  th ese  d ifferences are 
in v o lv ed  in  th e  con tro l o f A T Pase a c tiv i ty  o f th e  m olecule [6].
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In je c tio n  o f iso p ro te ren o l (IP R ) is a p o te n t  stim ulus for m y o card ia l 
R N A  syn th esis  [26]. T h e  increase in  R N A  sy n th e s is  is th e  p rim ary  ev en t le a d 
in g  to  an  increased  p ro te in  syn thesis  an d  su b seq u en t m yocard ia l h y p e r
t ro p h y  [3, 22]. T h e  p re se n t w ork w as u n d e r ta k e n  to  s tu d y  th a t  th e  IP R -  
in d u c e d  increase in  m y o c a rd ia l p ro te in s  re su lte d  in  a lte ra tio n  in  b o th  specific  
A T P ase  a c tiv ity  an d  su b u n it  s tru c tu ra l a sp ec ts  o f  m yosin.

Materials and methods

M ale W ista r ra ts  w i th  in it ia l  body  w eigh ts in  th e  ra n g e  of 235 to  275 g w ere used  in  
th e se  ex p erim en ts . C are w a s  ta k e n  to  ensure sim ilar in it ia l  b o d y  w eights o f ra ts  in  th e  co n tro l 
a n d  t r e a te d  groups. C ard iac  h y p e rtro p h y  w as in d u ced  b y  da ily  i.p. in jec tions o f D L -Iso - 
p ro te re n o l h y d ro ch lo rid e  (S igm a) in  a dose of 5 m g /k g , fo r seven  days. The co n tro l an im als 
w ere  in je c te d  in each  case w ith  th e  d iluen t (iso tonic saline).

T h e  ra ts  w ere k illed  b y  d e ca p ita tio n  a p p ro x im a te ly  24 h  a fte r  th e  las t in jec tion . T h e  
b e a tin g  h e a r t  w as im m e d ia te ly  rem oved  and  p laced  in  50 m l of ice-cold w a te r. D eionized  
w a te r  (re s is tiv ity  above 2 M Û ) w as used  fo r all s te p s  o f ex p erim en ts . T he b lood vessels a n d  
th e  a tr ia  w ere tr im m ed  aw ay  fro m  th e  h e a r ts . T h en  th e  v en tric le s  were opened an d  w ashed  
a g a in  in  50 m l of ice-cold w a te r . F in a lly  th e  v en tric les  w ere b lo tte d  dry , weighed an d  m inced  
w ith  scissors.

F o r  th e  d e te rm in a tio n  of v en tric le  d ry  w eigh t a n d  to ta l  p ro te in , an  a liquo t o f th e  m inced  
v e n tr ic u la r  tissue w as ho m o g en ized  in  w a te r  to  a 20%  (w /v ) so lu tion . 0.5 ml a liq u o t of th e  
h o m o g en a te  was dried  to  a  c o n s ta n t  w eigh t u n d e r in fra re d  la m p  and  sto red  in an  exsiccato r. 
T h e  p ro te in  w as e x tra c te d  fro m  th e  h e a r t acco rd ing  to  th e  p ro ced u re  of W a n n e m a c h e r  et 
al. [24] a n d  de te rm in ed  w ith  th e  b iu re t m ethod  [9].

Preparation o f myosin

All m an ip u la tio n s  fo r m y o sin  iso lation  and  p u r if ic a tio n  w ere carried  o u t a t  0 — 4 °C. 
S ince no  d ifference w as fo u n d  in  Ca2+-a c tiv a ted  A T Pase  a c t iv ity  and  th e  low m olecu lar w e igh t 
f ra g m e n t o f  m yosin  from  r ig h t  a n d  left ven tric les  o f r a t  h e a r ts  [8, 15], we iso lated  th e  m yosin  
from  th e  r ig h t and left v e n tr ic le s  to g e th e r. T he m inced v e n tr ic u la r  tissue of five h e a rts  w ere 
p o o led  a n d  hom ogenized in  te n  vo lum es of a  G u b a -S tra u b  so lu tio n  (0.30 M  KC1 — 50 m M  
K 2H P O  — 100 m M  K H 2P 0 4 — 1 m M  MgCl2 — 10 m M  N a 4P 20 7, p H  6.9). The hom ogeniza
t io n  a n d  e x tra c tio n  w as p e rfo rm e d  for 15 m in. T h e  fo llow ing  steps o f p u rific a tio n  w ere 
ca rried  o u t  accord ing  to  P e r r y  [16]. The m yosin  o b ta in e d  w as d ialysed  against 0.15 M  p h o s
p h a te  b u ffe r , pH  7.5 a n d  p u rif ie d  o n  D E A E  S ephadex  A -50 [18]. A ty p ica l ab so rbance  cu rve  
w as o b ta in e d  du ring  c h ro m a to g ra p h y  of card iac  m y o sin  fro m  drug- or d ilu e n t- tre a te d  
ra ts .  B efo re  c h ro m a to g ra p h y  th e  280/260 ra tio  of m y o sin  p re p a ra tio n s  was 0.98 — 1.05 fo r 
co n tro l h e a r ts  and 0.99 — 1.02 fo r IP R -tre a te d  h e a rts . A fte r  ch ro m ato g rap h y , th is  ra tio  
h a d  in c re a sed  in  th e  m y o sin  p e a k  an d  w as 1.19 — 1.39 fo r co n tro l and  1.36 — 1.46 fo r IP R -  
t r e a te d  h e a r ts .

Measurement o f ATPase activity

T h e  s ta n d a rd  c o n d itio n s  fo r A T Pase  assay  w as 0.50 M  KC1 or 0.05 M  KC1 an d  50 m M  
T ris h y d ro ch lo rid e , pH  7.5, 5 m M  A T P, 5 m M  N a  azid  an d  0.4 mg m yosin. Ca2+-a c tiv a ted  
A T P ase  o f m yosin  w as m ea su re d  in  th e  p resence of 1, 5 a n d  10 m M  Ca2+. F or K + -a c tiv a ted  
A T P ase  th e  Ca2+ w as rep laced  w ith  5 m M  E D T A  an d  0.50 M  KC1. In c u b a tio n  w as carried  
o u t fo r 15 m in  a t  23 °C in  a  f in a l vo lum e of 2 ml. T h e  re a c tio n  w as s topped  by  2 m l o f 15%  
tr ic h lo ro ac e tic  acid. A fter f i l t r a tio n , th e  inorganic p h o sp h a te  l ib e ra te d  was assayed according 
to  th e  m e th o d  of T a u s s k y  a n d  S h o r r  [23]. The p ro te in  co n ce n tra tio n  was de te rm in ed  by  
m ic ro -K je ld a h l m ethod .

T o  co n tro l th e  p u r i ty  o f  th e  m yosin  p re p a ra tio n , th e  Mg2+-A TPase was m easu red  in  
th e  p resen ce  of 1 m M  Mg2+ a n d  0.50 M  KC1. U sing th ese  co n d itio n s  we never o b ta in ed  va lues 
su p e rio r  to  50 nm ol P j/m g  m y o s in /m in u te  fo r our m y o sin  p re p a ra tio n s .
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P o ly acry lam id e  gel e lectrophoresis w as c a rried  o u t as described by W e b e r  a n d  O s b o r n  
[25]. T h e  p ro te in  a b so rp tio n  curves were reg is te red  on  a “ Spectrom oin  202”  a p p a ra tu s  in  th e  
u .v . reg ion .

S ta tis tic a l analysis o f th e  re su lts  w as m ad e  acco rd in g  to  S tu d e n t’s l te s t.

Results

C hanges in  th e  p a ra m e te rs  re la te d  to  card iom egaly  are p re se n te d  in  
T ab le  1. T he resu lts  o b ta in ed  show  th a t  th e  IP R - tre a te d  ra ts  d id  n o t  gain  
s ig n if ican tly  less b o d y  w eigh t th a n  th e  c o n tro l an im als. The per c e n t in c rea se  
in  th e  h e a r t  m ass, —  ca lcu la ted  e ith e r  on th e  basis of abso lu te  h e a r t  w eig h t 
o r b y  d e te rm in in g  th e  h e a r t  w eigh t as p e rcen tag e  of in itia l or fina l b o d y  w eigh t 
—  w as s ig n ifican tly  d iffe ren t (P  <  0.001) fro m  con tro ls . C ardiom egaly  w as also 
assessed b y  m easu rin g  d ry  v en tric le  w e ig h t an d  to ta l  v e n tr ic u la r  p ro te in . 
A s im ila r increase (+- 39% ) was found  in  th e se  p a ram ete rs  for IP R - tre a te d  
ra ts  as seen in th e  case of abso lu te  h e a r t  w eig h t (T able 1).

T he resu lts  o f A T P  hydro lysis  m easu rem en ts  are sum m arized  in  T ab les  2 
and  3. T able 2 show s th e  Ca2+-a c tiv a tc d  A T P ase a c tiv ity  of ca rd iac  m yosin  
a t  h ig h  ionic s tre n g th  (0.50 M  KC1). W e fo u n d  th a t  w ith  an  in crease  in  th e  
Ca2+ co n cen tra tio n  o f  th e  in cu b a tio n  m ed iu m  ac tiv a tio n  of A T P ase a c tiv ity  
of m yosin  from  n o rm al or h y p e rtro p h ie d  h e a rts  becam e m ore p ro n o u n ced  
(T ab le  2). The Ca2 +-a c tiv a te d  A T Pase a c tiv i ty  o f m yosin m easu red  a t  low  
ion ic  s tre n g th  (0.05 M  KC1) d e m o n s tra te d  th a t  in the  presence o f I m M  Ca2 + 
no d ifference was fo u n d  in  A T Pase a c tiv ity  o f th e  m yosin  iso la ted  fro m  co n tro l

Table 1

Assessment o f  cardiomegaly after seven days o f  isoproterenol treatment

Control 
(n =  45)

Isoproterenol-treated 
(n =  40)

Difference 
per cen t P

In itia l body  weight (g) 239.42 +  4.480 239.42 +  4.620 0 —

F inal body  weight (g) 269.42 +  8.100 265.00 +  6.390 - 1 .6 4 N. S.
H e a r t  w eight (mg) 747.53 +  14.750 1043.82 +  25.800 +  39.64 <  .001

H e a r t  w eight as %  of in itial 
bod y  weight 0.31 +  0.002 0.43 ±  0.003 +  38.71 <  .001

H e a rt w eight as %  of final 
bod y  weight 0.28 +  0.002 0.39 +  0.009 +  41.07 <  .001

V entric le  d ry  weight (m g) 141.64 +  7.070 197.64 +  8.090 1 39.54 <  .001
T o ta l p ro tein  (mg) 91.31 +  5.720 127.20 ±  6.520 +  39.31 <  .010
V entric le  d ry  weight as %  of 

w et h e a r t weight 19.74 +  0.790 20.07 ±  0.770 +  1.70 N. S.

D a ta  are expressed  as m ean +  S.E.M . 
N .S .: no t significant 
n  =  num ber o f anim als
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Table 2

Ca2+-activated A T P a se  activity o f  heart m yosin  in  a high ionic strength m edium
(0.50 M  KC1)

Myosin A TPase in nmol Pj/mg myosin/minute

1 m M  Ca2 + 5 mM  Ca2+ 10 m M  Ca2 +

C ontro l 178.4 ±  17.9 (12) 383.8 ±  23.4 (11) 434.5 +  22.2 (12)

Iso p ro te ren o l-trea ted 170.6 +  27.3 (9) 398.8 ±  18.6 (8) 429.6 +  14.1 (14)
P N.S. N.S. N.S.
A T P ase  change (% ) —4.38 +  3.90 - 1 .3 7

Conditions: p H  7.5, 23 °C, m yosin 2 m g/m l
E ach  value rep re sen t the  m ean +  S.E.M . The n u m b er o f individual de term inations m ade 

on pooled  h earts is in p a ren theses 
N .S .: no t sign ifican t

Table 3

Ca'2+-activated A T P a se  activity o f  heart m yosin  in  a low ionic strength medium
(0.05 M  KC1)

Myosin A TPase in nm ol Pj/mg myosin/minute

1 m M  Caa+ 5 m M  Ca2+ 10 m M  Ca2+

C ontro l 190.1 +  14.5 (12) 544.5 +  20.8 (13) 628.6 ±  25.8 (13)
Iso p ro te ren o l-trea ted 167.5 +  15.0 (14) 428.9 +  35.1 (13) 516.1 ±  28.0 (13)

p N.S. .001 <  P  <  .01 .001 <  P  <  .01
A T P ase  change ( % ) - 1 1 .9 2 — 21.25 - 1 7 .9 0

C onditions: p H  7.5, 23 °C, m yosin 2 m g/m l
E ac h  value re p re sen t the  m ean  +  S.E.M . The n u m b er o f indiv idual de term inations m ade 

on pooled  h earts is in p a ren th eses 
N .S .: no t sign ifican t

or IP R - tr e a te d  r a t  h e a r ts . In  c o n tra s t, a t  5 a n d  10 m M  Ca2+ a s ig n if ic a n t 
(P  < / 0.01) d ifference was observed  b e tw een  co n tro l an d  tre a te d  groups. 
M yosin from  IP R - tre a tc d  r a t  h e a rts  show ed a s ig n ifican tly  low er A T P ase 
a c tiv i ty  (T able 3). T h e  K +-a c tiv a te d  A T P ase a c tiv i ty  of m yosin from  h y p e r 
tro p h ie d  h ea rts  rem ain ed  unch an g ed .

C o m p ara tiv e  analy sis  o f p ro te in  p re se n t in  th e  lig h t chains of m yosin  
w as m ad e  by  e lec tro p h o res is  on p o ly ac ry lam id e  gel. F igure 1 show s th e  
p a t te rn  of th e  ch a in s  of m yosin from  c o n tro l a n d  IP R -tre a te d  r a t  h e a r ts . 
T h ere  w as no s ig n if ican t difference in  th e  e lec tro p h o re tic  p a tte rn  no r in  th e  
p ro p o rtio n  of LCj to  LC2 o f m yosin  p re p a re d  fro m  con tro l or h y p e rtro p h ie d  
h e a r ts  (F ig. 1).

T he o p tica l c h a ra c te ris tic  o f m yosin  from  h y p e rtro p h ied  h e a r ts  w as 
d ecreased  th ro u g h o u t in  th e  u .v . region (F ig . 2). T h e  decrease in  th e  e x tin c tio n
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Fig. 2. T he effect of p H  on th e  u .v . a b so rp tio n  of m yosin  so lu tion ; 0.4 m g/m l p ro te in  concen
t r a t io n  in  1 M  KC1 so lu tio n . (1) In d ica te s  con tro l an d  (2) iso p ro te re n o l-tre a ted  h e a rts

of th e  p ro te in  so lu tion  w as n o t accom pan ied  by  a sh ift in  th e  p eak  o f m ax im um  
ab so rp tio n  (270 to  275 nm ). A n increase in  th e  p H  of th e  m yo sin  solu tions 
from  6.9 to  9.0 p ro d u ced  a m o d era te  decrease in  th e  e x tin c tio n  o f b o th  th e  n o r
m al an d  h y p e rtro p h ied  m yosin  w ith o u t an y  d isp lacem en t in  th e  p e a k  o f m ax i
m um  abso rp tio n  (275 nm ).
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Discussion

A d m in is tra tio n  o f I P R  produces an in crease  in  card iac  m ass in  response 
to  in c reased  w ork d e m a n d  in  anim als [17]. S ince a f te r  seven day s o f IP R  
t r e a tm e n t  the  card iac m ass  w as sign ifican tly  in c reased  [22], all analysis de
sc r ib e d  here were ca rried  o u t  w ith  anim als t r e a te d  fo r seven days.

A cu te  m yocard ia l h y p o x ia  and th e  r e s u lta n t  necrosis p roduced  b y  high 
d o se s  o f  IP R  (80 m g/kg, once  da ily , for tw o d ay s) induces fo rm atio n  of m yosin 
a g g re g a te s  w hich have  a s ig n ifican tly  low er A T P ase  a c tiv ity  co m p ared  w ith  
m o n o m eric  m yosin [14]. T h e  dose of IP R  used  in  th is  s tu d y  (5 m g/kg) did n o t 
c a u se  m acroscopically  d e te c ta b le  m yo card io p a th ies  [3]. C h ro m ato g rap h y  of 
m y o s in  from  h y p e rtro p h ie d  h e a r ts  showed t h a t  th e  IP R  tre a tm e n t d id  n o t 
p ro d u c e  any  m yosin a g g re g a tio n  since only th e  m onom eric  form  w as p resen t. 
T h is  suggests th a t  n e ith e r  th e  p ro d u c tio n  of m icronecroses n o r th e  conseq u en tia l 
fo rm a tio n  of m yosin a g g re g a te s  was responsib le  fo r th e  observed  decrease in 
A T P a se  ac tiv ity  of m yosin  follow ing IP R  tre a tm e n t .

I n  spite of th e  id e n t i ty  of ch ro m ato g rap h ic  p a t te rn  of m yosin  from  
I P R -  o r  d ilu en t-trea ted  r a t s ,  th e  m yosin p rep a red  from  h y p e rtro p h ie d  h ea rts  
d if fe re d  from  the  co n tro l, v iz ., a sign ifican t decrease  in  th e  Ca2 + -a c tiv a te d  
A T P a se  a c tiv ity  could be o b se rv ed . A sim ilar degree o f inh ib itio n  w as found  b y  
G o r d o n  e t al. [7] in th e  A T P ase  ac tiv ity  of ac to m y o sin  in IP R -in d u c e d  car- 
d io m cg a ly .

T h e  developm ent o f e x p e rim e n ta l card iac  h y p e r tro p h y  is accom pan ied  b y  
a c t iv a t io n  of the  sy n th e tic  processes in  th e  h e a r t  (e.g. increased  nucleic acid 
a n d  p ro te in  synthesis) a n d  g ra d u a l a d a p ta tio n  o f  th e  m yocard ia l co n trac tile  
s y s te m  [11, 12, 13].T he c h a n g e s  in  theA T Pase a c tiv i ty  o fm y o card ia l co n trac tile  
p ro te in s  during  th e  d e v e lo p m e n t of cardiac h y p e r tro p h y  m ay be u n d ers to o d  
o n ly  i f  th e y  are regarded  as a fu nc tion  in se v e rity  of h e a r t  overload  a t  a tim e  
w h e n  th e  tissue is s tu d ie d . M e er so n  [11] h as  fo rm u la ted  th e  concep t of 
th e  fu n d a m e n ta l stages a n d  m echanism  in v o lv ed  in  th e  process o f h y p e r
fu n c tio n , h y p ertro p h y  an d  h e a r t  failure. On th e  basis  o f Me e r s o n ’s concep t, 
O g a n e s s y a n  et al. [13] in  th e i r  s tu d y  on ca rd iac  h y p e rtro p h y  in  th e  ra b b it  
fo llo w in g  aortic  stenosis h a v e  show n th a t  a t th e  s tag e  of acu te  card iac  o v erlo ad 
in g  (on  th e  7 th  to  10th d ay s  fo llow ing th e  im p o sitio n  o f stenosis on th e  ra b b its ’ 
a o r ta s )  th e re  was a s ig n if ic a n t decrease in b o th  th e  ac tom yosin  A T Pase a c tiv ity  
a n d  th e  con trac tio n  of g ly c e r in a te d  fibrils from  th e  le ft ven tric le . In  th e  process 
o f  th e  developm ent of r e la t iv e ly  stable h y p e rfu n c tio n  and  h y p e rtro p h y  of 
th e  m y o card iu m  — on th e  2 8 th  to  30th days —  ac to m y o sin  enzym ic a c tiv ity  
r e m a in e d  decreased, w h ereas  co n trac tio n  of g ly c e rin a te d  fib rils  w as alm ost 
c o m p le te ly  restored . A t th e  s ta g e  of stable card iac  h y p erfu n c tio n  (in th e  th ird  
m o n th )  th e  ATPase a c tiv ity  o f  actom yosin  and  th e  c o n trac tio n  of g lycerinated  
f ib r ils  w as slightly  in c reased .
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W e shou ld  like to  s tress th a t  IP R -in d u c e d  ca rd iac  h y p e rtro p h y  develops 
m ore ra p id ly  th a n  h y p e r tro p h y  follow ing a o rtic  stenosis. In  o u r op in io n , 
ca rd iac  h y p e r tro p h y  in d u ced  by  seven co n secu tiv e  days of I P R  tr e a tm e n t  
m ay  be in  th e  process o f th e  developm ent o f re la tiv e ly  stab le  h y p e rfu n c tio n  
an d  h y p e r tro p h y  of th e  m y o card iu m , w hen A T P ase  a c tiv ity  is s till d ecreased . 
A t th is  s tage  th e  decrease in  th e  Ca2+ a c tiv a tio n  o f  th e  m yosin m olecule m ig h t 
rep re sen t an  a d a p tiv e  m echan ism  to  acu te  m y o ca rd ia l overload ing  to  allow  
increased  w all ten s io n  to  be susta ined  a t  a low er energy  cost. This a d a p ta t io n  
does no t req u ire  necessarily  an a lte ra tio n  in  th e  p rim ary  s tru c tu re  o f  th e  
m olecule [19]. H ow ever, th e  difference in  th e  u .v . abso rp tio n  of th e  n o rm a l 
an d  h y p e rtro p h ie d  m yosin  m ay  re flec t som e a lte ra tio n  in th e  seco n d a ry  or 
te r t ia ry  s tru c tu re  o f th e  m olecule, w hich is m an ife s ted  in  th e  decreased  C a2 + 
sen s itiv ity  o f m yosin .
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A bstract

A u th o r  follow ed u p  th e  a c tiv ity  o f th e  th re e  enzym es involved in  th e  c a tab o lism  
of nucle ic  acids — acid  deoxyribonuclease  (D N ase  I I ) ,  a lka line  ribonucléase (R N a se  I) , 
an d  acid  ribonucléase  (R N ase  I I )  — in  th e  d e n e rv a te d  gastrocnem ius a n d  soleus 
m uscles o f ra ts  fo r 28 p o sto p e ra tiv e  days. T he a c t iv ity  o f b o th  acid nucleases in creased  
in  b o th  ty p es  o f  d e n e rv a te d  m uscles, co m p ared  w ith  th e  respec tive  con tro ls. U p  to  th e  
14 th  p o s to p e ra tiv e  d ay , th e  a c tiv ity  excess o f b o th  acid  nucleases w as m ore s ig n ifican t 
in th e  m . g a stro cn em iu s th a n  in th e  m. soleus. T h e  R N ase  I ran  below th e  co n tro l a c t iv ity  
d u rin g  th e  w hole p e rio d  in  th e  m. soleus an d  up  to  th e  1 4 th  day  in th e  m. g as tro cn em iu s . 
T he ro le o f nucleases an d  nuclease in h ib ito rs  in  th e  changes of nucleic acid  c a tab o lism  
in neurogenic  m u scu la r  a tro p h ies  is discussed.

Introduction

T he q u a n ti ta t iv e  changes of to ta l  nucleic  acid  in th e  neurogenic a tro p h y  
o f skele ta l m uscles has been  stu d ied  by  severa l a u th o rs . T he resu lts  a re  c o n tra 
d ic to ry . Ma n d e l  e t al. [22], H e a r n  [12], M cCa m a n  an d  McCam an  [23], fu r 
th e r  on, H ogan  e t al. [13] have rep o rted  an a p p ro x im a te ly  c o n s ta n t a b so lu te  
a m o u n t o f D N A  in lim b  m uscles of m am m als, w hereas H ollósi e t al. [14, 15, 
16], G u t m a n n  an d  Zá k  [11], an d  Sh c h e s n o  [27]  rep o rted  an increase  o f th e  
to ta l  D N A  level in ske le ta l m uscles.

D a ta  on th e  changes in  to ta l  R N A  a m o u n ts  are  also c o n tra d ic to ry . G u t - 
M A N N  and  ZÁK I 11] re p o rte d  a c o n s tan t to ta l  R N A  am oun t d u rin g  th e  f ir s t  
m o n th s of neurogen ic  a tro p h y  of m am m alian  lim b  m uscles, w hile H ollósi 
e t al. [14, 15, 16], L is s á k  e t al. [21], G r a f f  e t al. [10], and S h c h e s n o  [27] 
found  decreased  R N A  levels.

Few  p ap ers  h av e  d ea lt w ith  th e  ca ta b o lic  background  o f th e  nucleic  
acid  changes in  d e n e rv a te d  m uscles. W e in s t o c k  and  L ukács [30] o b serv ed  
an  increased  D N ase  an d  R N ase a c tiv ity  in  d e n e rv a te d  lim b m uscles o f  ra b b its . 
A n increased  R N ase  a c tiv ity  has been re p o r te d  b y  P ollack and  B i r d  [25] 
in  d en e rv a ted  r a t  m uscles, b y  E p s t e i n  [3] in  d en erv a ted  p ec to ra l m uscles 
of p igeons, an d  by  G o l d s p i n k  e t al. [8] in  d e n e rv a te d  red  and  w h ite  m uscles 
of ra ts .
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In  o u r p resen t w ork, we follow ed u p  th e  a c tiv ity  changes o f ac id  D N ase 
(D N ase  I I ;  EC 3.1.4.6), o f  alkaline R N ase  (R N ase  I; EC. 3 .1 .4 .22) an d  of 
ac id  R N ase  (R N ase  I I ;  EC . 3.1.4.23) in  th e  d en erv a ted  g as tro cn em iu s  and  
so leus m uscles of ra ts .

M aterials and  m eth o d s

E xp erim en ta l anim als. M ale C FY  albino r a ts  (E p im y s  rattus var. a lb ino) 250 — 350 g 
in  b o d y  w e ig h t were used . T he an im als  were k e p t on  th e  s ta n d a rd  ra t food of th e  L a b o ra to ry  
A n im a l C en tre , Gödöllő.

O peration techniques. A  slig h t p e n to b a rb ita l  (n e m b u ta l)  narcosis (8 m g/100 g bo d y  
w e ig h t i .p .)  w as app lied , th e  n. isch iad icus w as iso la te d  on  th e  r ig h t back  lim b a t  th e  h e ig h t 
o f  th e  t ro c h a n te r ,  and  a 8 —10 m m  section  of th e  n e rv e  w as rem oved. On th e  c o n tra la te ra l  
side , a  fa lse  o p e ra tio n  w as p e rfo rm ed , v iz ., th e  ne rv e  w as iso la ted , b u t no t rem oved . T h e  w ounds 
w ere  c losed  w ith  surg ical silk (2 — 0 silk). On each  o f th e  3 rd , 7 th  14th and 2 8 th  p o s to p e ra tiv e  
d a y s , th re e  or fo u r an im als w ere k illed  by  e th e r  n a rco sis  a n d  th e ir  soleus (a  red  m u sc le ) an d  
g a s tro c n e m iu s  m uscles (a w h ite  m uscle) w ere re m o v e d  (see F b a n z i n i  and  P e l l e g r i n o  [5], 
Y e l l i n  [32 ]). T he m uscles rem o v ed  from  th e  c o n tra la te ra l  lim bs served as co n tro ls.

P repara tion  o f  muscle homogenates. Cooled m uscles were cu t in to  sm all p ieces and  
h o m o g en iz ed  in  15 volum es of ice-cold d istilled  w a te r  in  a  P o tte r-E lv eh jem  type! glass hom ogen- 
izer ( 3 x 1  m in  cooled w ith  ice-cold w ater).

T h e  in te r s t i t ia l  tissue  was rem o v ed  by  f ilte rin g  th e  hom ogenate  th ro u g h  sev era l lay e rs  of 
gau ze . T h e n  th e  hom ogenate  w as s to red  a t  3 °C u n til  u sed  w ith in  2 h.

Q uantita tive  determ ination o f  non-collagen pro te in  (N C P ) .  One vo lum e o f m uscle  hom o
g e n a te  m ix e d  w ith  9 volum es of 0.05 N  N aO H  w as in c u b a te d  a t room  te m p e ra tu re  fo r 18 h. 
II  e re a f te r , i t  was cen trifuged  (1050 g, 10 m in) an d  th e  p ro te in  co n cen tra tio n  of th e  s u p e rn a ta n t  
w as d e te rm in e d  by  th e  m ethod  of G o r n a l l  e t al. [9]. B o v in e  a lbum in  (B D H  C hem icals L td .. 
P o o le , E n g la n d )  was used  as s ta n d a rd .

A ssa y  o f  nuclease activity  w as based  on th e  UV sp ec tro p h o to m etric  assay  o f th e  acid- 
so lub le  o ligonucleo tides re leased  fro m  h ighly  p o ly m erized  nucleic acids. H igh ly  po lim erized  
D N A  N a  s a l t  ex  ca lf th y m u s (K o ch -L ig h t L ab . L td . C olnbrook , E ngland) an d  h igh ly  p o ly m e r
ized  y e a s t-R N A  N a sa lt (B D H  C hem icals L td . Poole , E n g la n d ) were used  as su b s tra te s . As 
co m m erc ia l nucleic acid  p re p a ra tio n s  m ay  c o n ta in  a  s ig n ific a n t am o u n t of oligo- a n d  m o n o 
n u c le o tid e s  (see: F ie r s  [4]) th e  su b s tra te s  were p u rif ie d  b y  d ialysis; th e  y e as t-R N A  acco rd in g  
to  P o l la c k  an d  B ir d ’s [25], th e  th y m u s  DN A  acco rd in g  to  Za m enh o f’s [33] m eth o d .

T h e  nuclease  a c tiv ity  w as m easu red  in  a f in a l v o lu m e  of 0.5 ml in glass tu b e s  (100 X 13 
m m ), th e se  w ere k e p t in  an  ice b a th  u n til  th e  in c u b a tio n  was s ta rted . A cid -D N ase  a c t iv ity  
w as a ssa y e d  b y  a m odified  te s t  o f K o w l e s s a r  e t al. [18 ] a n d  G e o r g a t s o s  [6] in  th e  fo llow ing 
te s t  sy s te m :

a ce ta te  buffer 0.05 M  a t  p H  5.6 0.1 m l
E D T A  acid d iN a sa lt  0.05 M  0.1 ml
D N A  — N a so lu tion  10 m g/m l 0.1 ml
m uscle hom ogenate  0.2 m l

R N a se  a c t iv i ty  w as de te rm in ed  in  th e  follow ing te s t  sy s te m :

A lkaline
RN ase

Acid
RNase

Tris-H C l buffer 0.05 M  a t  p H  7.5 0.2 m l —

A ceta te  buffer 0.05 M  a t  p H  5.5 — 0.2 ml

R N A —N a solu tion  (10 m g/m l) 0.1 ml 0.1 ml
Muscle hom ogenate 0.2 ml 0.2 ml
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T h e  te s t system  was in cu b a te d  a t  37 °C fo r 180 m in . H erea fter, th e  re a c tio n  w as s topped  
b y  th e  a d d itio n  of 3 ml ice-cold 10%  perch loric  acid  -f- 0.1%  u ran y l a c e ta te  a n d  vigorous 
sh ak in g . T he sam ples were k e p t in  an  ice h a th  fo r 30 m in  and  cen trifuged  (1500 g, 20 m in , 4 °C).

F o r  th e  assay  of D N ase  a c t iv ity  a 4-fold d ilu tio n , for th e  d e te rm in a tio n  of R N ase 
a c t iv ity  a 10-fold d ilu tion , o f th e  s u p e rn a ta n t  w as m ad e  w ith  bis d istilled  w a te r , th e  ex tin c 
tio n s  w ere read  a t  260 nm  in  10 m m  q u a r tz  glass c u v e tte s , in a B eckm an D B  sp e c tro p h o to m e te r . 
A ll sam ples were ru n  d u p lica te . T h e  enzym e a c tiv ity  w as expressed as th e  d iffe ren ce  betw een  
th e  te s t  sam ple and  th e  b la n k  so lu tio n ; A  E 260 n m /m g NCP/3 h. S t u d e n t ’s t t e s t  w as used 
fo r calcu la tin g  s ta tis tica l sign ificance  [28].

R esults

T he acid D N ase (D N ase  I I )  a c tiv ity  w as sig n ifican tly  h ig h e r  in  th e  
d e n e rv a te d  m uscles th a n  in  th e  c o n tra la te ra l contro l m uscles (T ab le  1). The 
h ig h e s t specific enzym e a c tiv i ty  w as m easu red  on th e  14th p o s to p e ra tiv e  day

Table 1

Activities o f  acid deoxyribonuclease in  intact and denervated skeletal muscles*

Postoperative
days

Rats,
no.

M. gastrocnemius M. soleus

Control
muscle

Dener
vated
muscle

Difference* ** P*** Control
muscle

Dener
vated

muscle
Difference P

3 l 0.18 0.32 +  77.7 0.04 0.07 +  75.0

2 0.17 0.38 +  123.5 0.03 0.04 +  33.3

3 0.21 0.35 +  66.6 0.03 0.04 +  33.3

Mean +  89.2 +  47.2

7 4 0.41 0.63 +  53.6 0.11 0.18 +  63.6

5 0.39 0.61 +  56.4 0.14 0.23 +  64.2

6 0.42 0.65 +  54.7 0.09 0.14 +  55.5

Mean +  54.9 <g 0.001 +  61.1

14 7 0.43 0.99 +  130.2 0.12 0.25 +  108.3

8 0.40 0.99 +  147.5 0.12 0.20 +  66.6

9 0.41 0.96 +  134.1 0.15 0.27 +  80.0

Mean +  137.2 +  84.9

28 10 0.39 0.85 +  117.9 0.14 0.17 +  21.4

11 0.40 0.89 +  122.5 0.13 0.17 +  30.7

12 0.38 0.85 +  113.6 0.13 0.18 +  38.4

13 0.39 0.86 +  120.0 0.12 0.16 +  28.0

Mean +  118.6 +  29.6 <  0.001

* DNase a c tiv ity  is expressed  as /1Е 260 nm /m g NCP/3 h
** Percentage difference from  co n tra la te ra l non-denervated  m uscles

*** Significance of difference

3 A cta  B iologica A cadem iae Sc ien tia ru m  H u n g a rica e  28 , 1977



4 0 0 G . H O L L Ó S I

Table 2

Activities o f  a lkaline ribonucléase in intact and denervated skeletal muscles*

Postoperative
days

Rats,
no.

M. gastrocnemius M. soleus

Control
muscle

Dener
vated
muscle

Difference** p * * * Control
muscle

Dener
vated

muscle
Difference P

3 1 1 . 2 6 0 . 9 5 -  2 4 .6 1 . 3 6 1 . 3 6 0

2 1 . 5 1 1 . 4 7 -  2 .6 0 . 5 3 0 . 4 8 -  9 . 4

3 1 . 1 9 0 . 9 1 -  2 3 .5 0 . 4 5 0 . 4 9

COCO+

Mean -  1 6 .9 <  0 . 0 0 1 -  0 .2 >  0 . 0 2 5

7 4 0 . 8 1 0 . 3 1 -  6 1 . 7 1 . 4 4 1 . 0 8 -  2 5 . 0

5 0 . 8 4 0 . 3 8 -  5 4 .7 0 . 7 0 0 . 5 3 -  2 4 . 9

6 0 . 8 3 0 . 3 9 —  5 3 .0 0 . 8 0 0 . 6 0 -  2 5 . 0

Mean -  5 6 .4 -  2 4 . 9

1 4 7 1 . 5 8 1 . 0 5 -  3 3 .5 0 . 9 1 0 . 7 0 -  2 3 . 0

8 2 . 5 1 1 . 7 9 —  2 8 . 7 0 . 8 5 0 . 6 5 -  2 3 . 5

9 1 .6 1 1 . 0 1 -  3 7 .2 0 . 8 8 0 . 6 6 -  2 5 . 0

Mean -  33 .1 -  2 3 . 8

2 8 10 2 . 1 7 3 . 3 6 +  5 4 .8 1 . 9 6 1 . 6 4 1 6 .3

11 2 . 1 0 2 . 3 8 +  1 3 .8 2 . 1 7 1 . 3 7 -  3 6 . 8

12 2 . 2 7 2 . 8 0 +  2 3 .3 2 . 0 3 1 . 7 5 -  1 3 . 8

13 2 . 1 0 2 . 4 0 +  1 4 .2 2 . 0 7 1 . 8 7 -  9 . 6

Mean +  2 6 . 4 -  1 9 .1 < 0 . 0 0 1

* RNase activ ity  is ex p ressed  as J E  260 nm /m g N C P/3 h  
** Percentage d ifference  f ro m  co n tra la te ra l n o n -d e n e rv a te d  m uscles 

*** Significance of d iffe ren ce

in  b o th  m uscle ty p es. A t th is  tim e , the  enzym e a c tiv i ty  was by  50%  h igher 
in  th e  gastrocnem ius m u sc le  com pared  to  th e  m . soleus.

T h e  alkaline R N ase  (R N a se  I) a c tiv ity  w as low er in  th e  d en e rv a ted  
so leus m uscles th a n  in  th e  c o n tro l during th e  w hole p e r io d .T h e m , gastrocnem ius 
sh o w ed  a more p ronounced  re la tiv e  decrease u n til th e  1 4 th  po sto p era tiv e  day  
(T a b le  2); on the  28 th  d a y  th e  R N ase a c tiv ity  w as h ig h e r in  th e  d en e rv a ted  
m u sc le  th a n  in the  c o n tro l.

T h e  acid R N ase (R N a se  I I )  ac tiv ity  w as s ig n if ic a n tly  h igher in  th e  
d e n e rv a te d  muscles th a n  in  th e  controls d u rin g  th e  w hole period (T able 3). 
T h e  su rp lu s  ac tiv ity  w as esp ec ia lly  large in  th e  gastro cn em iu s m uscles on 
p o s to p e ra tiv e  days 7 a n d  14.
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Table 3

Activities o f  acid ribonucléase in intact and denervated skeletal muscles*

Postoperative
days

Hats,
no.

M. gastrocnemius M. sol eus

Control
muscle

D ener
vated
muscle

Difference** p*** Control
muscle

Dener
vated
muscle

Difference P

3 1 0.11 0.14 +  27.2 0.11 0.17 +  54.4

2 0.18 0.28 +  55.5 0.14 0.18 +  28.5

3 0.17 0.28 +  64.7 0.14 0.18 +  28.5

Mean +  o49.1 <  0.001 +  37.1 «S 0.001

7 4 0.14 0.49 +  250.0 0.56 1.16 +  107.1

5 0.14 0.49 +  250.0 0.56 1.17 +  112.7

6 0.39 1.40 -I- 258.9 0.55 1.16 +  110.9

Mea +  252.9 +  110.1

14 7 0.19 0.61 +  221.0 0.47 1.02 +  117.0

8 0.15 0.61 +  280.0 0.49 1.20 +  144.8

9 0.20 0.70 +  250.0 0.44 1.04 +  136.3

Mean +  250.3 +  132.7

28 10 0.16 0.36 +  125.0 0.51 1.24 +  143.1

11 0.19 0.41 +  115.7 0.46 1.19 +  158.6

12 0.19 0.44 +  131.5 0.50 1.11 +  122.0

13 0.13 0.29 +  123.0 — —

Mean 123.8 +  141.2

* R N ase ac tiv ity  is expressed  as d E  260 nm /m g NCP/3 h  
** P ercen tag e  d ifference  from  co n tra la te ra l n o n -d e n e rv a te d  m uscles 

*** Significance of d ifference

Discussion

T he use o f an a d e q u a te  reference base  fo r ch a rac teriz in g  b iochem ical 
changes in  m u scu la r d y s tro p h y  is a very  s u b s ta n tia l  an d  often  d isp u te d  p ro b 
lem . T h e  decrease o f m u scu la r w eight, th e  re d u c tio n  of f ib rilla r  a n d  sa rco 
p lasm ic  p ro te in s  re su lts  in  increased  enzym e a c tiv itie s  ca lcu la ted  p e r u n it  of 
m uscle w eight or p ro te in  q u a n tity . The inerciástul DNA c o n te n t m ay  cover 
th e  enzym e a c tiv ity  in crease  w hen DNA is u sed  as reference base . T h e  to ta l  
enzym e a c tiv ity  o f th e  w hole m uscle m ay  be a b e tte r  m odel, h o w ever, th is  
has its  d isad v an tag es  also [31]. In  our p resen t w ork  we used th e  non-collagenic  
p ro te in s  o f th e  m uscle as a reference base, w h ich  is p ro p o rtio n a l, w ith in  5%
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o f  e r r o r ,  t o  th e  a m o u n t  o f  m u s c le  f ib re s  [20].  A b d u l l a h  a n d  P e n n i n g t o n  [1], 
f u r t h e r o n ,  G o l d s p in k  e t  a l .  [7, 8] h a v e  u s e d  t h e  s a m e  re fe ren c e  b a s e  in  s im ila r  
s t u d i e s .

F ew  experim ents h a v e  been invo lved  w ith  th e  changes o f ac id  D N ase 
a c t iv i ty  in  neurogenic m u sc u la r  d y s tro p h y . W e in s t o c k  an d  L u k á c s  [30] 
o b s e rv e d  an  icreased D N ase  I I  a c tiv ity  in  th e  lim b m uscles of ra b b its  in  the 
e a r ly  p o st-d en erv a tio n  p e r io d . T he sam e a u th o rs  rep o rted  a 5— 10-fold in 
c re a se  o f  DNase I I  a c t iv i ty  in  n u tr itio n a l m u scu la r d y s tro p h y  in  rab b its  
a n d  h e re d ita ry  m uscu lar d y s tro p h y  in  m ice a n d  chickens [29]. As th e  D N ase  I I  
a c t iv i ty  a lready  rises s ig n if ic a n tly  on th e  th i rd  p o sto p e ra tiv e  d ay , fu rth e ro n , 
l i t e r a r y  d a ta  [2, 24] in d ic a te  th a t  in  th e  e a r ly  perio d  of d en e rv a tio n  a tro p h y  
m a c ro p h a g e  in filtra tio n  does n o t  occur, th e  ro le  o f  th e  la t te r  can  be d isregarded . 
D N a se  I I ,  like o ther ac id  h y d ro lases, is a lysosom al enzym e. A ssu inab ly , 
n e u ro to m y  induces th e  in c re a se  of lysosom al enzym e synthesis.

E lec tron -m icroscop ic  p ic tu re s  in d ica te  t h a t  as th e  neurogenic m uscu la r 
d y s t r o p h y  pogresses, th e  n u m b e r  and  size o f  lysosom es increases [25].

T h e  relative and  a b so lu te  increase o f  D N A , an d  th e  increase o f  D N ase 
a c t iv i ty  following d e n e rv a tio n  are s trik in g . T h is phenom enon  m ay  be due 
to  th e  increased  re g e n e ra tiv e  functions o f th e  m uscle, w hich in c lu d es an 
in c re a se d  DNA sy n thesis . D e ta iled  in v e s tig a tio n s  in to  th is  p ro b lem , viz., 
s tu d y in g  th e  inco rp o ra tio n  o f  D N A  precu rso rs a re  in  progress.

T h e  alkaline R N ase is ch a rac te rized  b y  its  ex ten siv e  localization  in  anim al 
ce lls. I t  occurs b o th  in th e  p a r tic u la te  and  so lub le  frac tions of th e  cell and  is 
c lo se ly  re la te d  to cy to p lasm ic  R N A  [19]. I t s  a c t iv i ty  is in h ib ited  b y  a specific 
a lk a lin e  R N ase  in h ib ito r o ccu rrin g  in th e  so luble  frac tio n  [26]. The physio logical 
ro le  o f  R N ase  in h ib ito r is y e t  unknow n [17]. K h a f t  and  S h o r t m a n  [19] 
p re s u m e  th a t  an increased  in h ib ito r/R N a se  ra tio  in d ica tes  an in c reased  R N A  
s y n th e s is , ensuring a high in tra c e llu la r  R N A  co n cen tra tio n , while a low  in h ib i
to r /R N a s e  ra tio  is re la te d  to  a decreased p ro te in  syn thesis  and  to  increased  
c a ta b o lic  processes.

L ite ra tu re  is poor in  d a ta  on th e  effect o f neurogen ic  a tro p h y  on  a lkaline  
R N a se  a c tiv ity . E p s t e i n  [3] observed  an R N ase  a c tiv ity  increase a t  p H  7.5 
in  th e  d e n e rv a te d  pec to ra l m uscles of pigeons. W e observed  an R N ase  a c tiv ity  
in c re a se  re la te d  to  th e  c o n tro l, only  a fte r th e  1 4 th  p o sto p e ra tiv e  d a y  in  the  
d e n e rv a te d  gastrocnem ius m uscles of ra ts , w hile  in  th e  m. soleus a re la tiv e  
d e c re a se  w as observed d u rin g  th e  w hole p o s to p e ra tiv e  period. F u r th e r  stud ies 
are  n e c e s sa ry  for the  fu ll u n d e rs ta n d in g  o f th e  ro le o f alkaline R N ase  in  th e  
R N A  m etab o lism  of a tro p h ic  m uscles. Such s tu d ies  m ay  c o n tr ib u te  to  our 
k n o w led g e  on the role of r ib o n u c léase  in h ib ito rs .

T h e  acid  RN ase is a ly so so m al enzym e. O u r observa tions on th e  increase  
o f R N a s e  I I  ac tiv ity  in  d e n e rv a te d  r a t  m uscles a re  in  ag reem ent w ith  lite ra ry  
d a ta  [8 , 25].
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I t  deserves m en tio n in g  th a t  th e  g astrocnem ius m uscles d isp lay ed  an 
excessive R N ase I I  a c tiv ity  u n til th e  14th p o s to p e ra tiv e  d ay , how ever, on 
the  2 8 th  d ay  th e  R N ase I I  a c tiv ity  was h igher in th e  m. soleus. G o l d s p in k  
e t al. [8] rep o rted  a h ig h er R N ase I I  a c tiv ity  in d e n e rv a te d  red  m uscles of 
ra ts  (m . soleus) co m p ared  to  th e  a c tiv ity  in w hite  m uscles (in. ex te n so r digito- 
rum  longus) on p o s to p e ra tiv e  days 17— 21.

T h e  p o std en e rv a tio n  increase of acid R N ase a c tiv ity  m ay  be due to  the 
increased  frag ility  an d  size o r p ro lifera tion  o f th e  lysosom es.
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Abstract

V olum e o f th e  cell nuclei of th e  ep en d y m a o f th e  in fu n d ib u la r recess w as m easured  
in 30 fem ale a n d  30 m ale  w a ter frogs (R ana  esculenta  L.) ob ta in ed  from  th e ir  n a tu ra l 
en v iro n m en t, ta k in g  in to  accoun t th e  phase  o f th e  an n u al cycle. K a ry o m e try  of th e  
ependym al cell nucle i in th e  in fu n d ib u la r recess in  m ales and fem ales show ed s ta tis tica lly  
significant d ifferences o f  volum e (ac tiv ity ) in  th e  a n n u a l cycle. T he la rg e s t vo lum e of 
nuclei o f th e  e p en d y m a l cells in  fem ales an d  m ales was observed in th e  f irs t decade 
of A pril (end  o f h ib e rn a tio n ), and  th e  sm allest in  th e  f irs t decade of S ep tem b er (end 
of th e  period  o f a c tiv e  life). A c tiv ity  of nuclei o f  cells from  th e  in fu n d ib u la r  recess 
clearly  c o rre la ted  w ith  gonadal developm en t.

Introduction

Studies on th e  ep en d y m a lining th e  ce reb ra l v en tric les in  am p h ib ian s 
and  o th e r v e r te b ra te s  h av e  been carried  o u t b y  m an y  au th o rs  in c lu d in g  A dam 
[1], A rnold  [4], B r a a k  [5], D e W a e l e  a n d  D ie r ic k x  [7], D i e r i c k x  and  
D e W aele  [9], D i e r i c k x  e t al. [10], F l e i s c h h a u e r  [1 1 ,1 2 ], H o r s t m a n n  [14], 
P a u l  [27, 28, 29], a n d  S chimrigk  [34]. I t  h a s  been show n th a t  p a rtic u la r ly  
th e  ependym a o f th e  3 rd  cereb ral v en tric le  show s a high degree o f  d iffe ren tia 
tio n , and  th a t  d ifferences generally  p e r ta in  to  th e  in te rn a l s tru c tu re  o f the  
cells and  th e ir  m e tab o lism  [27, 33]. D ifferences occur m ain ly  in  ta n y c y te s , 
w hich are c h a rac te rized  b y  a special ty p e  o f  c o n ta c t w ith  th e  cereb rosp inal 
flu id  and c irc u la to ry  system  [22]. A ccord ing  to  P a u l  [27], th e  role of 
ependym al ta n y c y te s  consists in re g u la tio n  o f th e  com position  o f th e  
cerebrosp inal f lu id  an d  tra sp o rta tio n  o f som e substances from  th is  flu id  to  
th e  blood and  vice versa.

K no w les  a n d  K um ar  [19], K o b a y a s h i  an d  Ma t s u i  [20] an d  K nigge  
an d  S cott [18], on th e  o th e r h an d , su g g est th a t  ta n y c y te s , in d ire c tly  or 
d irec tly , in flu en ce  th e  fu n c tio n  o f the  h y p o p h y sis . O f special in te re s t  in  th is  
re sp ec t are th e  ta n y c y te s  described by  A da m  [1] and  P a u l  [27] in  th e  in fu n d i
b u la r  recess in  R a n a  tem poraria  L ., being , acco rd ing  to  P a u l  [27], m odified  
ta n y c y te s  lead ing  to  b ip o la r cell form s an d  s itu a te d  in  th e  h y p o p h y sio tro p ic  
area  of the  b ra in  [31, 32].
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T h e  aim  of th e  p re s e n t s tu d y  w as to  d e te rm in e  th e  a c t iv i ty  o f th e  
e p e n d y m a  in the  in fu n d ib u la r  recess in th e  b ra in  in  R ana  esculenta  L . du ring  
th e  m o s t im p o rta n t stages in  th e  an n u a l life cycle o f th is  am p h ib ian .

F ig . 1. A . Schem e of th e  h y p o th a la m o -p i tu i ta ry  sy s tem  in  th e  w a te r frog  (R ana  esculen
ta L .)  in  p a ra sa g itta l  section . D e sig n a tio n s: P d  — p a rs  d is ta lis , P i -  p a rs in te rm e d ia , 
P n  — p a r s  nervosa, P t  — p a rs  tu b e ra lis ,  T c — tu b e r  c in e reu m , Me — m edian  em inence , 
R i — re ce ssu s  in fund ibu laris . B. P h o to m ic ro g rap li o f th e  in fu n d ib u la r  recess (enclosed 

b y  th e  squ are  in  schem e A). S ta in e d  w ith  chrom e h e m a to x y lin  an d  floxin . X 760
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Materials and methods

E x p erim en ts  w ere  carried  ou t on 30 sexually  m a tu re  fem ale  and  30 m ale w a te r  frogs 
(R a n a  esculenta L .) fro m  six  periods of th e  a n n u a l cycle w h ich  charac te rize  th e  m ain  s ta g e s  
in  th e  life of th is a m p h ib ian , i.e. 3rd decade  of Ja n u a ry  (m id d le  of th e  period  of h ib e rn a tio n ) , 
1st decade of April (en d  o f h ib ern a tio n ), 3 rd  decade of M ay (b reed ing  period), 2nd d ecad e  o f 
J u ly  (m iddle of th e  p e rio d  of active  life), 1st decade of S e p tem b e r (end of th e  phase  of a c tiv e  
life), and  3rd decade o f O c to b er (beg inn ing  of h ib e rn a tio n ). T h e  d iv is ion  of th e  life cycle in to  
th e  afo rem en tioned  p h a se s  w as ta k e n  from  th e  w ork of J u s z c z y k  [16].

F ive fem ale a n d  fiv e  m ale frogs fro m  each ph ase  w ere c ap tu red  in th e  e n v iro n m e n t 
o f C racow  (50°40’ N , 200 — 220 m above sea level), se lec tin g  frogs o f su itab le  bo d y  len g th . 
I n  th e  lab o ra to ry , th e  frogs w ere killed b y  d e ca p ita tio n , a lw ay s a t  th e  sam e tim e of d a y  to  
e lim in a te  any in fluence  o f d iu rn a l rh y th m . T he d issec ted  b ra in s  were fixed  in B o u in  f lu id  
a n d  em bedded  in p a ra f f in , sections 7 fim  th ic k  w ere s ta in e d  w ith  G o m o r i ’s chrom e h e m a to x y lin  
a n d  flox in  in th e  m o d ific a tio n  of B a r g m a n n  [30]. In  th e se  sections, a c tiv ity  o f e p en d y m a l 
cells in  th e  in fu n d ib u la r  recess w as d e te rm in ed  as d escribed  b y  P a u l  [27].

A c tiv ity  w as assessed  on th e  basis o f  th e  vo lum e o f th e  cell nuclei, w hich re fle c ts  th e  
a c t iv ity  of th e  cells [2, 3, 6, 21, 25, 35, 36]. T h e  site  o f th e  m easu rem en ts  is show n in  F ig s l a  
a n d  lb .  Volum e of cell nucle i was ca lcu la ted  a fte r  m esau rin g  th e  long  axis (L) an d  sh o r t  ax is  
(B ) o f each cell nuc leu s an d  su b s titu tin g  th ese  va lues in  th e  e q u a tio n  of P a l k o v i t s  [26]: 
L X В 2 X jt/6. One h u n d re d  nuclei of ep en d y m al cells fro m  th e  in fu n d ib u la r  recess w ere e v a l
u a te d  in  each b ra in , m ak in g  a to ta l  of 6000 cell nuclei. A rith m e tic  m eans an d  s ta n d a rd  d e v ia 
tio n s  w ere calcu la ted , a n d  freq u en cy  d is tr ib u tio n s  o f re la tiv e  v o lum es of cell nuclei w ere p lo tte d .  
S ignificance of d ifferences in  volum e of cell nuclei in  fem ales an d  m ales in each p h ase  o f  th e  
life cycle and  in n e ig h b o u rin g  phases w as te s te d  by  m ean s o f S t u d e n t  and  G o s s e t ’s “ t ”  te s t.  
D ifferences were co n sid ered  sign ifican t if  th e  p ro b a b ility  o f  a chance difference w as eq u a l 
to  or less th a n  0.01.

Results

The largest m ean  volum e o f nuclei o f e p e n d y m a l cells from  th e  in fu n d i
b u la r  recess in fem ales  (203.370 /u n 3) an d  m ales (106.314 /tm 3) were o b se rv ed  
in th e  f irs t  decade o f A pril, a f te r  em ergence o f th e  frogs from  th e ir  w in te r  
la irs  an d  a t the  beg in n in g  of th e  p e rio d  of ac tiv e  life (Table 1, Fig. 2). A t 
th is  tim e , in b o th  sexes, a re la tiv e ly  h igh  p e rcen tag e  of ependym al cells c o n ta in  
large  nuclei (T ables 3, 4, F igs 3, 4).

In  th e  fo llow ing periods, th e  m ean  volum e o f th e  nuclei g radua lly  declines 
u n ti l  th e  1st decade  o f  S ep tem b er (end  of ac tiv e  life), to  65.733 /m i3 in  fem ales, 
an d  53.155 /o n 3 in  m ales, i.e. th e  low est m ean  n u c le a r  vo lum e observed (T ab le  
1, Fig. 2). A t th e  end of the  ac tive  ph ase  of life, a re la tiv e ly  large p ro p o rtio n  
o f  th e  cell nuclei h a d  sm all vo lum e (T able 3, F igs 3, 4). The drop in m ean  
vo lum es of cell n u c le i betw een p a r tic u la r  p h ases  is in v a riab ly  s ta tis t ic a lly  
s ig n ifican t (T able 2).

S ta rtin g  in  th e  3rd  decade o f O ctober (b eg inn ing  of h ib e rn a tio n ), th e  
vo lum e of the ep en d y m a l cell nucle i from  th e  in fu n d ib u la r  recess begins to  
rise  again  up to  a p e a k  o f th e  m ean  volum es in  th e  1st decade of A pril, s ta t i s 
tic a lly  sig n ifican tly  in  b o th  sexes (T able  2). On th e  w hole, th e  m ean vo lum es of 
cell nuclei for fem ales were larger th a n  for m ales in  th e  sam e phase (T ab le  1).
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Table 1

Volume o f ependymal cell nuclei in  the in fund ibu lar recess o f  the brain in  male 
and fem ale water frogs (R a n a  esculenta L .)  in the annual cycle

N um ber o f 
specimens

Volume of ependymal cell 
nuclei in the infundibular

Period of investigation Sex recess in /im 3

mean ±  SD

J a n u a ry $ 5 165.266 +  16.35

3rd  decade 5 79.105* ±  6.48

A p ril ? 5 203.370 +  21.83

1 st decade <J 5 106.315* +  13.16

M ay 9 5 125.389 ±  11.17

3 rd  decade 3 5 75.384* +  6.97

J u ly 9 5 99.253 +  8.75

2 n d  decade <J 5 63.203* ±  7.94

S ep tem ber 9 5 65.733 +  10.71

1 st decade 5 53.155* +  3.94

O cto b er 9 5 82.369 +  6.05

3 rd  decade <? 5 70.688* +  7.15

* sta tistica lly  significant a t  P  <  0.01

F ig . 2. M ean volum e of e p en d y m a l cell nuclei in  th e  in fu n d ib u la r recess in  th e  b ra in  o f m ale 
and fem ale w a te r  frogs (R ana  esculenta  L .) in  th e  an n u al cyclei
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Table 2

Statistical comparison o f results ( t)  between different phases 
investigated in the infundibular recess in  the water frog 

( Rana esculenta L .)

In fund ibu lar recess

Period of investigation
“ t”

females males

Ja n u a ry  3rd  decade 

April 1st decade
6.99* 9.29*

15.91* 10.41*
M ay 3rd  decade

9.20* 5.77*

5.68*
Ju ly  2nd decade

12.10*
S ep tem b er 1st decade

6.76* 10.75*
O ctober 3 rd  decade

23.82* 4.36*
Ja n u a ry  3rd  decade

* sta tistica lly  s ign ifican t a t  P <  0.01

T able  3

Percentage distribution o f  ependymal cell nuclei in the in fundibu lar recess in the brains 
o f  fem ale  Rana esculenta L . in  the a nnua l cycle

Period of investigation

Class in tervals  in /im 3

0—50 51—100 101 -1 5 0 151—200 201—250 251—300

1
301—350 351—

J a n u a ry  3rd decade - 7.40 34.20 33.20
I

20.80 3.80 0.60

April 1st decade - 0.71 15.31 35.40 30.14 12.20 4.54 1.67

May 3rd decade — 25.35 50.70 20.68 2.43 : 0.60 0.20

J u ly  2nd decade 1.20 55.71 38.87 4.20

S ep tem ber 1st decade 27.27 68.98 3.20 0.53

O ctober 3rd decade 5.26 70.44 23.88 0.40
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Table 4

Percentage d istribu tion  o f ependymal cell nuclei in  the infundibular  
recess in  the brains o f  male R ana  esculenta L . in the annual cycle

Period of investigation

Class intervals in /xm3

0—50 51—100 101—150 151—200

Ja n u a ry  3rd decade 8.43 70.68 18.47 2.40

April 1st decade 1.15 57.80 28.32 10.98

M ay 3rd decade 13.06 74.37 12.56

Ju ly  2nd decade 27.04 64.28 8.67

Septem ber 1st d ecade 46.46 48.98 4.54

O ctober 3rd decade 15.72 73.79 10.08 0.40

F ig . 3. Percen tage  d is tr ib u tio n  v o lu m e of e p en d y m al cell nuclei in  the  b ra in  o f fem ale  R a n a
esculenta  L. in th e  a n n u a l cycle
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Fig. 4. P e rcen tag e  d is tr ib u tio n  o f ependym al cell nuclei in th e  b ra in  of m ale R ana esculenta L.
in the a n n u a l cycle

D iscussion

A nalysis of th e  re su lts  ind ica tes t h a t  th e  m ean  vo lum e o f ep en d y m al cell 
n ucle i from  the  in fu n d ib u la r  recess of th e  b ra in  in  R ana  esculenta  L . undergoes 
cyclic  v a ria tio n  in th e  course  of the  y e a r . A m ark ed  increase in  th e  m ean 
n u c le a r  volum es in e p e n d y m a l cells w as fo u n d  a t  th e  beg inn ing  o f th e  period 
o f ac tiv e  life, before o v u la tio n . A fter th a t ,  a c tiv ity  o f th e  cells declines, a t ta in 
ing  a m in im um  in th e  te rm in a l period  o f  ac tiv e  life. F ro m  th is  tim e  and 
th ro u g h o u t the  period  o f  h ib e rn a tio n , th e  a c tiv ity  o f th e  ep en d y m a increases 
u n ti l  i t  a tta in s  a m ax im u m  a t  th e  b eg inn ing  o f th e  perio d  o f ac tiv e  life.

I t  has been p ro v ed  ex p erim en ta lly  t h a t  sy n th esis  an d  release o f gonado
tro p ic  horm ones in th e  adeno h y p o p h y sis  o f  am p h ib ian s  depends, am ong  o thers, 
on th e  release of fac to rs  p roduced  m ain ly  b y  n eu ro cy tes  of th e  p a rs  v en tra lis  
tu b e ris  cinerei [8, 10, 31 ] .  A ccording to  L e v e q u e  e t  al. [24],  in  som e m am m als 
re leasin g  fac to rs m ay  also  stem  from  ep en d y m a l cells o f th e  h y p o p h y sio tro p ic  
a rea , w hich includes th e  ependym a of th e  in fu n d ib u la r  recess. I t  lies in  th e  
d ire c t neighbourhood  o f th e  pars  v e n tra lis  tu b e r  c inereum , w hich is th e  m ain 
p a r t  o f th e  h y p o p h y sio tro p ic  area in th e  a m p h ib ian  b ra in  [31, 32].

P a rtic ip a tio n  o f ep en d y m a l cells o f th e  h y p o p h y sio tro p ic  a rea  in  p ro d u c
tio n  o f releasing fac to rs  is confirm ed b y  changes in  th ese  cells in  re la tio n  to  
re p ro d u c tiv e  func tion  [13, 15, 23]. I t  h as  been suggested  also th a t  releasing 
fa c to rs  p roduced  by  th e  ep en d y m a m ay  a c t in d ire c tly  or d irec tly  on th e  fu n c
tio n  o f  th e  hypophysis [18, 20]. I t  is also v e ry  in te re s tin g  th a t  a c tiv ity  of th e
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e p e n d y m a  in the  in fu n d ib u la r  recess of th e  b ra in  in  R ana  esculenta  L. a t ta in s  
a m ax im u m  before o v u la tio n  an d  lay ing  of eggs. J uszczyk  an d  Za m a ch o w sk i  
[17] also observed th e  h ig h e s t deve lopm en t o f th e  gonads in  th is  a m p h ib ian  
a t  th is  tim e. The c o rre la tio n  betw een  th e  h ighest a c tiv ity  o f ep en d y m al cells 
o f  th e  in fu n d ib u la r recess a n d  th e  h ighest gonadal d ev e lo p m en t, d ep en d en t, 
as i t  is know n, on th e  a c t iv i ty  o f th e  d is ta l p a r t  o f th e  h y p o p h y sis , is s tr ik in g , 
a n d  th e  results of th e  a u th o rs  c ited  above suggest th a t  p a r tic ip a tio n  o f th is  
e p e n d y m a  in rep ro d u c tiv e  p rocesses in R ana  esculenta  L. is v e ry  likely .
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A bstrac t

C ellular au to p h ag o cy to sis  w as observed  in  m ouse sem inal vesicle cells incubated  
in vitro up  to  8 h in m edium  199 or K re b s-R in g e r  b ica rb o n a te  buffer. D u rin g  th e  first 
2 h  of in cu b a tio n , early  fo rm s of au to p h ag ic  vacuo les w ere seen in  th e  cells, advanced  
form s co n ta in in g  deg rad ed  m a te ria l b eg an  to  cu m u la te  la te r. A fte r  6 —8 h, e arly  vacuoles 
occurred  sparse ly , w hile ad v an ced  fo rm s w ere d e tec ted  in a g re a t n u m b er. D uring  
th e  f irs t 2 h  o f in cu b a tio n , we o ften  observed  sm o o th  su rfaced  m em b ran e  p a irs  betw een  
th e  c is te rn ae  of ro u g h  su rfaced  endop lasm ic  re ticu lu m  resem bling  iso la tin g  m em branes 
of au to p h ag ic  vacuoles. T h ey  v a rie d  in  size an d  shape  from  sh o rt, s tra ig h t  c isternae 
to  long, cu rv ed  ones, a lm ost co m p le te ly  encircling  a reas o f th e  c y to p la sm . R ased on 
these  ob se rv a tio n s, we propose a te n ta t iv e  schem e of th e  fo rm a tio n  of a u to p h a g ic  v acu 
oles, viz., th e  sh o rt, s tra ig h t c is te rn ae  w ould  rep re sen t th e  f irs t  s tage  in  th e  d ev elopm en t 
of an  au to p h ag ic  vacuole, w hile th e  c u rv ed  sack-like fo rm s are  in te rp re te d  as successive 
step s lead ing  to  th e  com plete  se q u e s tra tio n  of an  a rea  o f th e  cy to p lasm .

In tro d u c tio n

A utop h ag o cy to sis  is a process d u rin g  w hich cells seq u este r a n d  digest 
p o rtio n s  o f th e ir  own cy to p lasm . In  m an y  cell ty p es , i t  occurs u n d e r  physio 
logical cond itions or m ay  be easily  in d u ced  b y  to x ic  ag en ts  (for rev iew  see: [3, 
11, 13]). Since its  d iscovery , a g re a t n u m b er of p ap ers  h av e  been  pub lished  
on th is  phenom enon , la rg erly  based  on ex p erim en ts  co n d u c ted  in  vivo. U nder 
th ese  cond itions, how ever, au to p h ag o cy to sis  is in flu en ced  b y  th e  w hole com 
p lex ity  o f changes in  th e  m e tab o lism  of th e  o rgan ism . In  vitro  ex p erim en ts  
offer th e  possib ility  to  in v es tig a te  th e  various fac to rs  im p lica ted  in  reg u la tin g  
o f th e  process se p a ra te ly . In  sp ite  o f  th is  a d v a n ta g e , in  vitro  s tu d ies  are  rare  
in th is  fie ld  [1, 4, 10, 14]. T his fa c t p ro m p ted  us to  c o n d u c t ex p erim en ts  
to  e lu c id a te  m orphological an d  q u a n ti ta t iv e  fea tu re s  o f  th e  au to p h ag o cy to sis  
in d u ced  in  m ouse sem inal vesicle cells in  vitro. T he  cell ty p e  w as chosen 
because th e  d e ta ils  o f au to p h ag ic  process induced  in  th em  in  vivo  h as  a lready  
been rep o rted  b y  us [6, 7, 8] an d  th e se  o b se rva tions p ro v id ed  a basis  for the 
e v a lu a tio n  of th e  in  vitro  re su lts . T h is  p a p e r deals w ith  th e  m orpho logy  of 
th e  process.
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M ateria ls  and m ethods

M ale C FL P mice of 26 — 30 g  b o d y  w eigh t were used  in  th e  ex p erim en ts . A fte r d e ca p ita 
t io n ,  th e  u p p e r  p a r ts  o f th e  se m in a l vesicles of each a n im a l w ere c u t in to  sm all pieces. One 
o f th e m  w as fixed  im m ed ia te ly , w h ile  th e  o thers w ere in c u b a te d  in  m ed iu m  199 sa tu ra te d  by  
a g a s  m ix tu re  of 95%  O , an d  5 %  C O , a t  37 °C. Some of th e  e x p erim en ts  w ere carried  o u t in 
K re b s —R in g e r  b icarbonate  b u ffer. T h e  sam ples ta k e n  a fte r  0 .5, 1, 2, 4, 6 an d  8 h  o f in cu b a tio n  
w ere  f ix e d  in  0.1 M  c a c o d y la te -b u ffe red  g lu ta ra ld eh y d e  (5 % ) co n ta in in g  7%  sucrose, post- 
f ix e d  in  osm ium  te tro x id e , s ta in e d  in  u ra n y l  ace ta te  an d  em b ed d ed  in  a ra ld ite . T he u ltra th in  
se c tio n s  w ere co n trasted  in  lead  c it ra te .

Results

In  sem inal vesicle cells f ix e d  im m ed ia te ly  a f te r  th e  d e c a p ita tio n  of the 
a n im a ls , au tophag ic  v acuo les w ere  usually  ab sen t or v e ry  seldom  seen. H ow ever, 
a co n sid e rab le  am o u n t of th e m  w as form ed in  each  region o f th e  cy top lasm  
d u r in g  incub a tio n  in  e ith e r  M -199 or K re b s -R in g e r  m ed ium  (F ig . 1). A u to 
p h a g o c y to s is  was a w av e-lik e  p rocess in  th is  sy s tem : d u rin g  th e  f irs t hours 
o f  in c u b a tio n , we m ain ly  o b se rv e d  vacuoles su rro u n d ed  b y  sm oo th  m em brane 
p a irs  (iso la ting  cisternae) a n d  c o n ta in in g  rough-su rfaced  endop lasm ic  re ticu lum  
( R E R )  fragm en ts w ith o u t a n y  m orphological signs of d e g ra d a tio n . W e refer 
to  th is  ty p e  of vacuoles as e a r ly  form s. L a te r, a f te r  6 h of in c u b a tio n , th ey  
d e c re a se d  in  num ber. In  th e  sam e  tim e , vacuoles b o rd e re d  b y  single m em branes 
a n d  co n ta in in g  degraded  R E R  frag m en ts  accu m u la ted  in  th e  cells w hich m ay 
be  co n sid ered  advanced  fo rm s  o f au tophag ic  vacuo les. T h e ir c o n te n t show ed 
a w id e  v a r ie ty  of a lte ra tio n  from  sligh tly  increased  osm ioph ilia  of R E R  frag 
m e n ts  to  irregu larly  a rra n g e d  dense residual m a te ria l.

D u rin g  the f irs t  tw o  h o u rs  o f in cu b a tio n , we o ften  d e tec ted , in  the  cy to 
p la s m , sm ooth-su rfaced  m e m b ra n e  pairs resem bling  iso la tin g  c iste rns of a u to 
p h a g ic  vacuoles. T hey  w ere a lw ay s  situ a ted  be tw een  a d ja c e n t c iste rns of R E R . 
b u t  d ire c t connection of th e i r  m em branes w ith  tho se  o f th e  R E R  was no t, 
o b se rv e d . Some of these  sm o o th  m em brane pairs ru n  in  th e  cy to p la sm  s tra ig h tly  
w h ile  o th e rs  were cu rv ed . C up-like  form s encircling  a lm o st com plete ly  areas 
o f  th e  cy top lasm  w ere fo u n d , to o  (Figs 2, 3, 4).

O ne of the  c h a ra c te r is tic  fea tu res  of ea rly  au to p h ag ic  vacuoles wras the  
p re se n c e  of tu b u la r  e lem en ts  in  th e  space of th e  iso la tin g  c is te rn  (Figs 5, 6). 
T h e y  a lw ays cum ula ted  a t  one  of th e  poles of th e  v acuo les and  in  some cases 
d ire c t ly  connected th e  c a v ity  o f th e  sequeste red  a rea  w ith  th e  su rro u n d in g  
c y to p la sm .

Som e of the a u to p h a g ic  vacuoles were encircled  b y  2 or 3 iso la ting  
c is te rn a e . In  such cases, sm all reg u la rly -a rran g ed  ro d le ts , possib ly  derived  
fro m  ribosom es, were o b se rv ed  in  betw een  th em  (F ig . 7).
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Fig. 1. Seminal vesicle cells in cu b a ted  for 4 h, early (arrows) a n d  advanced  (x) fo rm s 
of a u to p h ag ic  vacuoles ( X 9000)
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F ig s 2 , 3 and 4. S t ra ig h t  a n d  semicircular sm o o th  surfaced  m em b ran e  pa irs  (arrows) 
b e tw e e n  the  cis terns of R E R ;  2 h. In  Fig. 4 n o te  t h a t  the  a d jacen t  R E R  cisterns 
closely follow the  c u r v a tu r e  o f  the  sm ooth  su rfaced  c is tern ( x  35,000; X 37,000

and  X 45,000)
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F igs 5 and  6. E a r ly  forms of au tophagic  vacuoles, 4 h  of  incubation .  Note the  t u b u la r  
e lem ents  (a rrow) a t  their  poles ( x  41,000 a n d  X 47,000)
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F ig . 7. A u to p h a g ic  vacuole in th e  ap ica l  c y top lasm  o f  a cell in cu b a ted  for 2 h. Rod-l ike  par tic les  
(arrow) b e tw een  the  two l im iting  c is te rns  (x 4 3 ,0 0 0 )

Discussion

A com parison  of th e  p re se n t  d a ta  to  th o se  of  in  vivo experim en ts  r e p o r te d  
e a r l ie r  [6, 7, 8] reveals t h a t  th e  m orpho logy  o f  th e  seques tra t ion  process is 
s im i la r  in  b o th  cases. T here fo re ,  we conclude t h a t  th e  early  and  a d v a n c e d  
fo rm s  o f  vacuoles observed  in  vitro r ep re sen t  d ifferen t stages of  a u to p h a g o 
cy to s is .  S im ilar  au tophag ic  process was desc r ibed  in  o the r  cells using  var ious  
in  vitro  sys tem s  [1, 4, 5, 10, 12, 14]. The fac to rs  responsible for th e  in d u c t io n  
of  a u to p h a g o c y to s is  in th e  sem inal vesicle cells have  y e t  to  be e luc ida ted . 
B a se d  on  l i te ra ry  d a ta  [10] we suppose t h a t  th e  n u tr i t io n a l  cond itions and /o r  
th e  la c k  o f  ap p ro p r ia te  h o rm o n a l  e n v iro n m e n t  in the  m edium  m a y  tr igger  
th e  o n s e t  o f  the  process.

I n  th e  course of au to p h ag o cy to s is  in d u c e d  in  vivo , early  an d  a d v a n c e d  
fo rm s  o f  au tophag ic  vacuoles  were s im u ltan eo u s ly  detec ted  in th e  sem inal 
vesic le  cells shortly  a f te r  th e  app lica t ion  o f  th e  in d u ce r  [6, 8]. T he ir  dev e lo p 
m e n t  in  vitro  h ad  a d ifferen t course: in the  f i r s t  hou rs  of incuba tion  e a r ly  v a c u 
oles w e re  p resen t  in th e  cells a n d  the  d eg rad in g  forms followed th e m  w ith  a 
d i s t in c t  de lay . After p ro longed  in cuba tion  new ly-fo rm ed  vacuoles cou ld  be 
reco g n ized  v e ry  sparsely. T h e  wave-like c h a ra c te r  of the  au to p h ag ic  process
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w ith  two sep a ra te  peaks  for early  and a d v a n c e d  au tophag ic  vacuoles was 
p roved  by  q u a n t i ta t iv e  analysis , too. (See th e  following p ap e r  in th is  volume). 
This  p ro p e r ty  of th e  sy s te m  offers good o p p o r tu n i ty  for s tudies  designed to 
inves t iga te  the  fac to rs  invo lved  in the  fo rm a t io n  and  deve lopm en t o f  early

F ig. 8. H y p o th e t ica l  r e p re se n ta t io n  of how an au to p h a g ic  vacuole  m igh t  be fo rm ed  by a sm ooth
surfaced c is te rn

a n d  degrad ing  a u to p h a g ic  vacuoles sepa ra te ly .  T he  delay  in th e  deve lopm ent 
of  advanced  a u to p h a g ic  vacuoles in  vitro m a y  be in te rp re te d  as a sign of slowing 
dow n of the  d e g ra d a t io n  process as com pared  to  in  vivo  conditions.

One of th e  ch a rac te r is t ic  events occurr ing  in  th e  cells d u r ing  th e  f i rs t  
hou rs  of in cu b a t io n  in  vitro  is th e  fo rm a tio n  o f  s t ra ig h t  or cu rved  sm o o th 
surfaced  cis ternae  b e tw een  the  m em branes  o f  R E R .  T heir  m orpho logy  (see 
Figs 2, 3, 4) p ro m ts  us  to  propose th a t  a u to p h a g ic  vacuoles arise in  th e  way 
i l lu s tra ted  d ia g ra m m a t ic a l ly  in Fig. 8. A ccord ing  to  th is  t e n ta t iv e  scheme,
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t h e  fo r m a t io n  of short, s t r a ig h t  c is te rnae  represen ts  th e  f irs t  s tep  in th e  deve lop
m e n t  o f  an  autophagic  v acu o le ,  while vacuoles b ea r ing  to r tu o u s  t u b u la r  ele
m e n t s  on  one of the ir  poles a re  in te rp re te d  as s tages ju s t  before t h e  com plete  
c lo s ing  o v e r  of the  cistern a ro u n d  th e  sequestered  area. The resu lts  o f  in  vivo 
in v e s t ig a t io n s  bring some s u p p o r t  to  th is  hypo thes is .  In  these ex p e r im en ts ,  
f l a t t e n e d  vesicles and  c is te rnae  border ing  p a r ts  o f  th e  cy top lasm  a n d  f inger
like p ro jec t io n s  between th e  c a v i ty  of au tophag ic  vacuoles and  th e  g round  
s u b s t a n c e  were occasionally seen in the  sem inal vesicle cells d u r in g  a u to 
p h a g o c y to s i s  induced in  vivo  [7].

T h e  source of fo rm a t io n  o f  th e  l im iting  m em b ran es  of th e  a u to p h ag ic  
v a c u o le s  has  remained u n k n o w n .  I n  m an y  cell ty p es ,  th ey  o r ig inate  from  the 
p re - e x is t in g  m em branes of  Golgi com plex, dense bodies and  E R  [2, 3, 5, 9], 
w h ile  in  o thers  they  are be lieved  to  arise de novo b y  an assem bly of  p re -ex is t 
in g  p re c u rso rs  [11]. In  th e  sem ina l  vesicle cells, we could n o t  d e m o n s t ra te  
th e i r  m orphological c o n t in u i ty  w ith  any  p re-ex is ting  m em branes .  I t  is n o te 
w o r th y ,  however, t h a t  th e  e a r ly  form s of au to p h ag ic  vacuoles w ere  often 
s u r r o u n d e d  by  cisternae of R E R ,  closely following th e  cu rv a tu re  of  th e i r  l im it
in g  m e m b ra n e s  (see Figs 4, 5, 6). T he  simplest ex p lan a t io n  of th is  o bse rva tion  
is t h a t  som e cisterns of R E R  p a r t ic ip a te  in th e  seques tra t ion  process to g e th e r  
w i th  t h e  isolating m em branes .  Th is  specula tion  is fu r th e r  s t re n g th e n e d  b y  the  
r e s u l t s  o f  experim ents in  w h ic h  th e  effect of p ro te in  synthesis  in h ib i to rs  on 
a u to p h a g o c y to s is  was in v e s t ig a te d  [13]. A utophagocy tos is  was p re v e n te d  by  
in h ib i to r s  preserving th e  s t r u c tu r a l  in teg r i ty  of R E R  b u t  was in d u c e d  b y  
th o se  a g e n ts  causing the  a l te r a t io n  of  the  R E R  m em branes  and  th e  d e ta c h 
m e n t  o f  m em brane-hound  r ibosom es.
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Abstract

Pieces of mouse seminal vesicles were in c u b a te d  in vitro for 0.5, 1, 2, 4, 6 or  8 h 
and  th e  a u to p h ag ic  vacuoles  fo rm ed  in th e  ep ith e l ia l  cells during in c u b a t io n  were 
coun ted .  T h e  vacuoles were  defined as early  or a d v an ced  forms by m orpho log ica l  
criteria  a n d  the  a u to p h ag ic  vacuole/cell ra tios w ere  d e te rm ined  for th e  ear ly  a n d  th e  
a d v an c ed  au to p h ag ic  vacuoles  separa te ly .  The  n u m b e r  of early  au tophagic  v acuo les  
s ign if ican tly  increased in th e  first hours of in cu b a t io n ,  i t  was the  g reates t  in  t h e  4 t h  h 
and  ra p id ly  declined thereaf te r .  The  n u m b er  of a d v a n c e d  vacuoles began to  r ise  a b o u t  
1.5 h  l a t e r  as com p ared  to  th e  early  ones, reached  i ts  m a x im u m  in the  6 th  h  a n d  re m a in e d  
high ev en  in th e  8 th  h. I t  m a y  be concluded t h a t  a  wave-l ike  process took  place  in  these  
cells d u r in g  th e  ex p er im en t ,  characterized  by  a sh o r t  t ran s ien t  rise in t h e  f o rm a t io n  
of au to p h a g ic  vacuoles ,  a n d  the ir  subsequen t  t ran s fo rm a t io n  into a d v a n c e d  fo rm s  
filled w i th  degrad ing  cytoplasm ic  fragments .

Introduction

M ost of  th e  works devo ted  to  th e  s tu d y  o f  au tophagocy tos is  dea l  w ith  
th e  m orphological aspects  o f  th e  phenom enon . A t te m p ts  to  describe th e  process 
in  q u a n t i t a t iv e  te rm s  are ra re  in l i te ra tu re  [2, 3, 7, 8, 9]. In  spite  o f  th e ir  
l im ited  n u m b e r ,  these  rep o r ts  have  d e m o n s t ra te d  th e  usefulness of q u a n t i t a t i v e  
m e thods  as m eans  for solving of such diverse  problem s of th e  a u to p h a g ic  
process as d iu rn a l  rh y th m  [9], the  effect of in d u ce rs  [8], n u tr ie n t  d e p r iv a t io n  [7] 
and  the  in te ra c t io n  of  lysosomes w ith  a u to p h ag ic  vacuoles [3].

In  th e  course of  an u l t ra s t ru c tu ra l  s tu d y  of the  au to phagocy tos is  in 
seminal vesicle cells in v itro , we no ted  th a t  th e  n u m b e r  o f  au tophag ic  vacuoles , 
and  especially  th e  p rop o r t io n  of early  and  a d v a n c e d  forms, m arked ly  ch an g ed  
during  th e  in c u b a t io n  [6]. H ere  we p resen t  t h e  q u a n t i ta t iv e  d esc r ip t ion  of 
these changes  based  on coun ting  of  a u to p h ag ic  vacuoles in mouse sem ina l  
vesicle cells in c u b a te d  in  vitro  up to  8 h.
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Materials and methods

Sem ina l  vesicles of m ale  C F L P  mice weighing 26 — 30 g were used th ro u g h o u t  th e  experi
m e n t s .  A f te r  decap ita tion  of th e  an im a ls  the  organ  w as  c u t  in to  small pieces in a d ro p  of m edium  
199. O n e  of the  f ragm ents  was f ix ed  im m edia te ly ,  wh i le  the  others were i n c u b a te d  for 0.5, 
1, 2, 4, 6 or  8 h  a t  37 °C in m e d iu m  199 gassed w i th  a m ix tu re  of 0 2 and C 0 2 (95 : 5). The 
s a m p le s  were  fixed in 0.1 M  c aco d y la te  buffered g lu ta ra ld e h y d e ,  postf ixed in o sm iu m  te t rox ide ,  
s t a in e d  in  u ra n y l  ace ta te  an d  e m b e d d ed  in a raldite .

T h e  autophagic  re a c t iv i ty  o f  the  cells was s im ila r  in the  samples u n d e r  t h e  exper i 
m e n t a l  cond it ions  used. This was p ro b a b ly  due to  th e  fac t  t h a t  the inner surface o f  t h e  seminal 
v es ic le  is covered  by a single l a y e r  of  columnal ep i the l ia l  cells and therefore all o f  t h e m  have 
a n  e q u a l  access to the  m edium .

F o r  q u a n t i ta t iv e  e v a lu a t io n ,  early and a d v a n c e d  forms of au tophag ic  v acu o les  were 
c o u n t e d  in  samples con ta in ing  20 — 30 cells sec tioned  along the  long axis. F o r  eac h  sample 
t h e  n u m b e r  of autophagic  v acu o le s  per cell (AV/cell ra t io )  was de termined. F o r  each  time 
o f  i n c u b a t io n  15 samples,  each  f ro m  different t issue b locks ,  ta k e n  from 3 mice w ere  exam ined ,  
th e r e f o r e ,  t h e  resulting m ea n  (X )  o f  the  AV/cell r a t io  o f  a group represents d a ta  f rom  300 — 450 
cells.  T h e  difference be tw een  tw o  m ean  va lues w a s  considered  significant a t  P  <  0.01. The 
t o t a l  n u m b e r  of autophagic  v acuo les  equals to t h e  su m  of early and advanced  fo rm s.  A u to 
p h a g ic  vacuo les  were considered  ear ly  when b o rd e re d  b y  double limiting m e m b ra n e  and  the 
c o n t e n t  o f  th e  vacuole seemed m orphological ly  i n ta c t .  T he  con ten t  of advan ced  au tophag ic  
v a c u o le s  showed signs of d e g ra d a t io n  including increased  osmiophilia of t h e  sequestered  
r ib o s o m e s  and  accum ula tion  of m em b ran e  whorls a n d  dense m ateria l  [6].

T h e  reliability  of th e  m e th o d  was tes ted  in  p re l im in a ry  experiments.  F o r  t h is  purpose,  
t h e  A V /cell  ra tio  was d e te rm in ed  in  4 groups of mice, e ach  consist ing of 8 animals ,  th e  seminal 
ves ic les  o f  which  were f ixed im m e d ia te ly  after  ki ll ing. T h e  seminal vesicles of o th e r  32 mice, 
d iv id e d  in to  4 groups were in c u b a te d  for 2 h before f ixa t ion .  Totally ,  ab o u t  3000 cells were 
e x a m i n e d  in the  pre lim inary  exper im en ts .  There  w as  no significant difference b e tw ee n  the  
m e a n  v a lu e s  of AV/cell ra t io  of iden t ica l ly  t rea te d  g roups ,  b u t  the  0-time controls s ignificantly  
d i f fe re d  f ro m  the  groups in c u b a te d  for 2 h.

Results and conclusions

The results summarized in Table 1 and Fig. 1 show that the number 
of early autophagic vacuoles significantly increased in the cells during the 
first hours of incubation and reached its maximum in the 4th h.This was then 
followed by a sharp decrease and the 8 h value of young AY/cell ratio app
roached to the 0-time level. The number of advanced forms began to rise later 
as compared to the early ones, reached its maximum in the 6th h of incuba
tion and later remained at this level with a small, nonsignificant decrease. 
This was probably due to fusion of vacuoles which was frequently observed 
in these cells.

These observations permit us to conclude that a wave of autophagic 
activity occurred in the cells during the incubation. The formation of advanced 
vacuoles followed that of the young ones with a distinct delay. This may be 
explained by the assumption that the emergence of autophagic vacuoles and 
the degradation of their content are consecutive steps in the course of the 
autophagic process. This assumption is in harmony with the evidence available 
from morphological observations [1, 4]. Consequently, one of the factors 
determining the number of advanced autophagic vacuoles was the amount 
of early ones available for degradation. That was why the AY/cell ratio for
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Table 1

Effect o f  incubation on the number o f  autophagic vacuoles per cell

Early AV/cell Advanced AV/cell Total AV/cell
1 ime of 
incubation 

(hours) X S.E.M . P
_ 1 -  
X S.E.M . P X S.E.M . P

0 0.008 ±  0.005

<  0.01

0.03 ±  0.007

>  0.01

0.04 ±  0.015

<  0.01

0.5 0.20 ±  0.02

<  0.01

0.08 +  0.05

>  0.01

0.28 ±  0.02

<  0.01

1 0.36 ±  0.04

>  0.01

0.16 +  0.02

<  0.01

0.59 ±  0.05

>  0.01

2 0.59 ±  0.08

>  0.01

0.37 +  0.06

<  0.01

0.96 +  0.13

>  0.01

4 0.70 ±  0.13

<  0.01

0.78 +  0.07

>  0.01

1.48 ±  0.19

>  0.01

6 0.25 +  0.05—
>  0.01

1.02 +  0.10

>  0.01

1.38 +  0.10

>  0.01

8 0.15 ±  0.04 0.87 +  0.04 1.09 +  0.05

The d a ta  presented  are m ean  values and their s t a n d a r d  errors. For details see M ateria ls  and 
m ethods

Fig. 1. Changes in th e  n u m b e r  of early (1) a n d  a d v a n c e d  (2) autophagic v acu o les  per  cell 
du r ing  in cu b a t io n .  Vertical lines re p re se n t  s t a n d a r d  errors of th e  m ean s
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advanced vacuoles stopped to rise soon after the formation of new vacuoles 
had begun to fall.

The curve for advanced vacuoles was shifted right to that of the 
young ones by about 1.5 hours (Fig. 1). This may roughly represent the time 
necessary for the degradation of the sequestered fragments to the extent 
detectable on the basis of morphological criteria used here.

This estimation is close to the data given b y  G l a u m a n n  et al. [5]  for 
the digestion of endoplasmic reticulum fragments in Kupffer cells.
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Abstract

T he  u l t r a s t ru c tu re  of  identif ied g ia n t  neu rones  of the visceral r ing  o f  L ym naea  
stagnalis ganglion alters w i th  the  seasonal change  of the  animal and ,  ex p e r im e n ta l ly ,  
from the  inac t ive  physiological s ta te  (w in ter  t im e  or a t  j 4°C) to an  ac t iv e  one  ( sp r ing -  
su m m er  t im e or a t  + 1 8  °C). The u l t r a s t r u c tu r a l  organization of the  a c t iv e  an im a l’s 
neurones is characte rized  by  morphological  a l t e ra t io n  pointing to an  in c reased  m e ta 
bolic ac t iv i ty ,  v iz ., an  increased n u m b e r  of nucleoli,  an  enlarged surface  o f  nuclear 
m em b ran e  and  an  increase in th e  nuc lear  m e m b ra n e  pores, ap p earance  o f  a zone of 
free r ibosomes near  the  nuclear m em b ran e ,  chang ing  the  s t ru c tu re  o f  cytosom cs,  
a b u n d a n t  g ran u la r  endoplasmic re t icu lu m ,  increase  in the  num ber  o f  m ito c h o n d r ia .

Introduction

The giant neurones of molluscs are of particular interest to neurophysiol
ogists as they are readily available for experiment. Their functional organiza
tion is intensively investigated in many laboratories.

Thus, identified giant molluscan neurones have been successfully employed 
to study the regulatory mechanism of RNA synthesis after the stimulation 
of their electric activity [4, 19, 22]. These neurones are very convenient as 
well for a study of changes in general metabolism at the ultrastructural level 
under various mediators and pharmacological agents [5, 16, 25]. Such studies 
are directly related to those of the structural organization of neuronal systems, 
of individual nerve cells and of various cytoplasmic structures of cells.

This paper gives a description of various aspects of the ultrastructural 
organization of identified giant neurones of the mollusc Lymnaea stagnalis. 
The main objects of the study are to supplement the existing information on 
the ultrastructural organization of these neurones [6, 7, 24] and to investigate 
the ultrastructural changes appearing under the active (spring and summer) 
and passive (winter) physiological state of animals.
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Materials and methods

G ia n t  neurones of th e  lef t  par ie ta l ,  visceral a n d  r ig h t  parietal  ganglia of  L ym n a ea  
stagna lis  were  used (according to  t h e  scheme of m ap p in g  o f  g ia n t  neurones proposed b y  D y a k o - 
n o v a  a n d  V e p r in t s e v  [10]).

G an g l ia  were f ixed  in  1 %  osm ium  te trox ide,  d e h y d r a t e d  in alcohol or in ace tone  a n d  
e m b e d d e d  in  “ E pon-812” . U l t r a t h i n  sections (U l t ra to m e  L K B - I I I )  were stained w ith  an  aqueous  
so lu t io n  o f  u r a n y l  ace ta te  a t  37 °C for 30 to 90 m in  a n d  p o s t - s ta in e d  with lead. T h e  sections 
w ere  v iew ed  in JE M -7  a n d  UM V-100 (Made in U S SR ) e le c t ro n  microscopes.

I n  o rde r  to  f ind  iden t i f iab le  cells during dissecting, t h e  a r rangem en t  of g ian t  n eu rones  
in  t h e  ganglion  was ske tched ,  t h e n  sections about  3 — 4 f im  t h ic k  were prepared  w i th  th e  u l t ra -  
to m e  a n d  th e  location of the  cells was determined u n d e r  t h e  l ight microscope.

T h e  u l t r a s t ru c tu ra l  o rg a n iz a t io n  of Lym naea stagnalis  neurones was s tud ied  in  w in te r  
a n d  in  sp r in g -su m m er  t im e.  I n  som e cases the  an im als  w ere  k e p t  for a long t im e  in  a  cooling 
c h a m b e r  a t  -[-4 °C or a t  ro o m  t e m p e ra tu r e  (18 — 22 °C). I n  t h e  la s t  case the  animals were act ive ,  
fed in te n s iv e ly  and  spaw ed  i r respec tive  of season. A t  -j-4 °C all an im als  were inactive.

Results and discussion

Giant neurones

Figure 1 presents the map of the arrangement of neurones studied in 
the visceral ring of the ganglion. A detailed cytochemical and physiological 
characterization of these cells has been presented elsewhere [10, 14].

The giant neurones vary in size between 100 and 250 pm; their location 
in the ganglion is nearly uniform. All the giant neurones studied were ultra- 
structurally similar in all ganglia. The cells are surrounded by glial cells. 
Glial cell processes penetrate the neuronal cytoplasm along the neuronal 
periphery, and the cytoplasm of the processes often contains a fine granular 
material.

The actual observation on the different number of glial processes penetrat
ed into the perikaryon of “active” and “inactive” neurones allows to conclude 
that the degree of penetration depends on the functional state of the neurone.

Like in other molluscs [1, 9, 22], a regular zonal distribution of cyto
plasmic structures from the cell periphery toward the nucleus could be noted 
in all the giant neurones. This distribution became apparent when neurones 
were developing into giant neurones. Figure 2 shows a schematic representation 
of a generalized ultrastructural organization of the giant neurone in Lymnaea 
stagnalis.

Nucleus

The greater part (up to 75% of the neuronal soma) is occupied by the 
nucleus, which contains numerous nucleoli more or less evenly distributed 
in the nucleus, though, large nucleoli are more often found in the centre of 
the nucleus. In some cases so-called ring-shaped nucleoli were found. Within
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. 1. Schem atic  a r ra n g e m e n t  o f  g ian t  neurones in  t h e  visceral ring of molluscan gang lion ;  
(1) spon taneous ly  act ive  neurones,  (2) silent n eu ro n es  (3) secretory neurones

. 2. Schem atic  rep re se n ta t io n  of u l t ra s t ru c tu ra l  o rg a n iz a t io n  of g iant  molluscan n e rv e  cells
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F ig . 3. N uc leo lar  u l t r a s t ru c tu re  o f  giant  neurone 3M P. G ranu lar  and fibril lar  c o m p o n e n ts  of 
t h e  nucleolus are c learly  defined. G ranular  c o m p o n e n t  is p redom inan t .  X 30,000 

F ig . 4. Nucleolus fibril lar ty p e  w i th  chrom atin  p laques .  N o te  the  vacuole inside t h e  nucleolus.
X 30,000

t h e  nucleoli ,  the g ra n u la r  a n d  the  fibril la r  e lem en ts  are well defined . C om pact  
ro u n d  granules a b o u t  150 Â in d iam ete r  p rev a i l  in former s t ru c tu re s ,  while 
t h in  f ib r i ls  entwined w ith  t ig h tly -packed  g ran u les  predom ina te  in  th e  la t te r  
(F igs  3 and  4). Dense homogeneous nuc leo li  w ith  chrom atin  p laq u es  are 
m o s t  n um erous .  The m ain  com ponents  of su ch  nucleoli are f ib r i l la r  s t ru c tu re s  
(F ig .  4). Besides, th e re  occur nucleoli show ing  a predom inance  o f  d is t in c t  
r ibosom e-like  partic les (Fig. 3). The a m o u n t  of fibrillar m a te r ia l  in such
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nucleoli is insignificant. The nuc lea r  m em b ran e  forms n u m e ro u s  processes 
and  invaginations, th u s  considerab ly  increasing the  n u c le u s -c y to p la sm  in te r 
face, especially in the  region of th e  axon hillock. In  the  region o f  invag in a t io n s ,  
pores increase in n u m b e r  as com pared  w ith  the  o ther p a r ts  o f  th e  nuclear  
m em brane .

Cytoplasm

The per ikaryon  of g ian t  neurones is ex trem e ly  rich in s t ru c tu ra l  e lem ents. 
The qu a l i ta t iv e  and  q u a n t i ta t iv e  com position  of these e lem ents  is in h om ogene
ous in different p a r ts  o f  a neurone. T he  n e tw o rk  of rough endop lasm ic  re ticu lum  
(R E R )  is well developed an d  presen ts  a ty p ica l  element o f  th e  cy top lasm  
of large and small neurones of L ym n a ea  stagnalis. This ve ry  lab ile  s t ru c tu re  
reflec ts  the  level o f  n eu rona l  m etabolism . T he  netw ork  of R E R  is developed 
a t  d ifferen t degree in d ifferen t regions o f  th e  cytoplasm . T h e  reg ion  most 
a b u n d a n t  in R E R  is th e  axon  hillock, w here  a dense m eshw ork  o f  long R E R  
cis te rns  is present, e longa ted  in th e  d irec tion  of the nuclear  m e m b ra n e  with 
r ibosomes very densely packed  along m em b ran es  (Figs 10, 11, 12). A t  the 
p e r ip h e ry  of the  cy top lasm , R E R  is found in small am o u n ts  in  th e  form  of 
s e p a ra te  closed vesicles s tu d d ed  w ith  ribosom es (Fig. 7). N eurones  of  active 
an im als  are charac ter ized  by  a g rea t  n u m b e r  of m itochondria  0.2 to  2 pm  
long which are evenly  d is t r ib u ted  in the  cy top lasm  (Fig. 11). T hese  organelles 
arc, however, p rac t icu la rly  a b u n d a n t  n ea r  th e  axon hillock (Fig. 2) an d ,  morho- 
logically, two types  of m itoch o n d r ia  are recognizable: those  w i th  a light 
m a t r ix  and those w ith  a dense d a rk  one. Such differences in m a t r ix  s t ru c tu re  
a p p e a r  to correspond to  d ifferen t func tiona l  s ta te  of the  m i to c h o n d r ia  111 ].

The Golgi s t ru c tu re s  in g ian t  neurones occur th ro u g h o u t  th e  middle 
zone as well as a t  th e  pe r ip h ery  of  th e  cell. T hey  are less f r e q u e n t  n e a r  the 
nuc lear  m em brane  (Fig. 6). P ro b ab le  successive form ations of  s ec re to ry  g ran 
ules can ra th e r  f req u en t ly  be observed  in Golgi s tructures;  dense  osmiophilic 
m a te r ia l  inside Golgi s t ru c tu re s ,  w ith  granules  hav ing  a dense core budd ing  
from  th e  ends of  cisterns, side by  side w ith  th e  form ation  of sec re to ry  granules 
(Fig. 5).

In  the  cytosomes, p ig m en t  granules con ta in ingphospho lip id s ,  ca ro tenoids ,  
haem opro te in s  and a v a r ie ty  of  enzym es, inc lud ing  those of  th e  e lec tron  t r a n s 
p o r t  chain  [3, 15, 16, 26], can be d e m o n s tra te d .

These are r a th e r  large inclusions rang ing  in  size betw een  2 a n d  5— 8 p m . 
T h ey  m ain ly  occur a t  th e  pe r ip h ery  of th e  per ikaryon  (Fig. 7), b u t  th e y  are 
also often found in th e  cen tra l  regions of  th e  cytoplasm . L a rg e  c lusters  of 
cy tosom es can be observed  in th e  apical region of the  p e r ik a ry o n  a n d  a t  the 
p lace  where a process is fo rm ed from  the  soma. The u l t r a s t ru c tu ra l  o rgan iza 
tion  of  cytosomes is fa ir ly  labile and  changes with the  fu n c t io n a l  s ta te  of
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F ig . 5. Golgi s t ruc tu re .  L o ca liza t io n  of osmiophilic c o m p o n e n ts ,  inside cisterns 
a n d  dyctiosomes are c lear ly  seen. Osmiophilic g ranu les  de tach ing  from the  

cis ternal ends an d  “ m a t u r e ”  osmiophilic g ranu les  a re  also seen. X 18,600 
F ig . 6. Perinuclear reg io n  o f  neurone BP-1. N u c lea r  m em b ran e  folds, a 

few R E R  profi les  and m ito ch o n d r ia  X 5000
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F ig. 7. Pe r iphery  of c y to p la sm  of neurone 3MP, showing num erous  cy tosom es a n d  glial cel 
processes. W in te r  t im e an im al  a t  -J-4 °C. X 5000 

F ig . 8. A region of c y to p la sm  of neurone V - l  a t  {-18 °C, spring t im e an im al.  N u m e ro u s  endo
plasmic re ticu lum  c is te rns  w i th  w idened bands  can  be seen. At the  p e r ip h e ry ,  these  cisterns 

grow and  appear  to fuse fo rm ing  lacunae. XÓ000

th e  anim al. As i t  has  been  described for cy tosom es of A nodonta  n eu ro n es  [25] 
a large n um ber  of  la m e lla r  (m em braneous) s t ru c tu re s  were fo rm ed  inside  cy to 
somes when the  an im a l  was k e p t  u n d e r  anox ic  conditions [25, 26] .  W e have

Ada Biologica Academiae Scientiarum Hungaricae 28, 1977



4 3 6 S .  S .  W  A  H T O N  a n d  V . L .  B O R O V J A G I N

o b s e rv e d  similar changes in  t h e  s t ru c tu ra l  o rg an iza t io n  of  cytosomes of Lym naea  
s ta g n a lis  neurones a t  th e  t r a n s i t io n  from an in a c t iv e  (w in te r  tim e, a t  t — + 4  °C) 
to  an  a c t iv e  sta te  of a n im a ls  (spring, sum m er t im e ,  a t  t — +  22 °C [7]).

T h e  cytosomes a p p e a r  to  be involved in th e  energy  supply  for general 
n e u r o n a l  m etabolism w h en  th e  tissue is de f ic ien t  in  oxygen [15] or u p o n  a 
s h a r p  increase  of general n e u ro n a l  m etabolism  assoc ia ted  w ith  th e  t ran s i t io n  
in to  a n  active s ta te  o f  a n im a l .

Secretory neurones

T h e  s tructura l o rg a n iz a t io n  of secretory neu rones ,  which include neurones 
V - l ,  V-2 and  RP-4, is s u b s ta n t ia l ly  different from  the  scheme p resen ted  in 
F ig .  2. I n  fresh p re p a ra t io n ,  th e se  cells are of a w h it ish  colour, d ifferent from  
th e  b r ig h t  yellow colour o f  o th e r  neurones. T h e  s t ru c tu ra l  o rgan iza t ion  of 
th e s e  cells is different f rom  t h a t  of neurones 1L P , 2 L P ,  3L P  and  1 R P  b y  the 
p re s e n c e  of a great n u m b e r  o f  endoplasmic re t ic u lu m  cisterns (Fig. 8). R E R  
c is te rn s  are not so en la rged  in  the  perinuclear zone as a t  the  cell p e r iphe ry .  
I t  a p p e a r s  t h a t  R E R  m e m b ra n e s  subsequen tly  lose th e ir  ribosomes, a n d  the ir  
i n d iv id u a l  small cisterns fuse  to  form “ lacunae”  a long  th e  cell pe r iphery . The 
c y to p la s m  of these n eu ro n es  shows no d is t inc t  zones in the  d is t r ib u t io n  of 
c y to p la s m ic  structures . M oreover ,  large osm iophilic  granules ab o u t  1000 Â 
in d i a m e t e r  are seen in th e  cy to p la sm  of neurones V - l  and  V-2 (Fig. 8).

Characteristics o f  spontaneously  active and  silen t g ian t neurones

A m o n g  the g ian t  n e u ro n e s  of Lym naea stagnalis  two groups of  cells 
are  recognizable  depend ing  on  th e  charac ter  o f  th e  background electrical 
a c t i v i t y :  spontaneously  a c t iv e  neurones and n eu rones  showing no spon taneous  
a c t i v i t y  (silent cells [14]).

T h e  cytoplasm  of sp o n ta n e o u s ly  active n eu ro n es  (3LP) is m uch  r icher 
in s t r u c t u r a l  com ponents  t h a n  of silent ones (1 R P ,  1L P; Figs 12 and 6) in 
a n im a ls  exposed to th e  s a m e  am bien t  te m p e ra tu re .  The ac t iv i ty  of these  
n e u ro n e s  usually  increases w i th  rising am bien t t e m p e ra tu re  [8. 18], resu lting  
in a c h a n g e  in their  u l t r a s t ru c tu ra l  organization. A com parison  of th e  u l tra -  
s t r u c t u r a l  features of id e n t ic a l  neurones ta k e n  f ro m  Lym naea  stagnalis in d i 
v id u a ls  exposed to  te m p e ra tu re s  of + 4  °C an d  + 1 8 — 22 °C ind ica tes  t h a t  the  
n e u r o n a l  cytoplasm  of m ore  a c t iv e  animals (18— 22 °C) is r icher in cy top lasm ic  
s t r u c tu r e s  (Figs 9, 10, 11, 12), th e  num ber of free ribosom es m ain ly  loca ted  
in th e  per inuc lear  zone in c reases ,  th e  R E R  n e tw o rk  is m ore developed, m i to 
c h o n d r ia  are more n um erous ,  cytosom es are m ore  osmiophilic, g ran u la r- ty p e  
nuc leo li  increase in n u m b er /n u c leu s ,  and m a n y  in v ag in a t io n s  app ea r  in  the  
n u c le a r  m em brane . All th e se  s t ru c tu ra l  fea tu res  a re  ind ica t ive  of a h igher
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Fig. 9. P e r inuc lea r  region of c y top lasm  of neu rone  IMP, at -f-4 °C, w in te r  
time. Deep nuclear  m em brane  invag in a t io n s ,  perinuclear zone of p o ly r i 
bosomes, a few m itochondria  and R E R  profiles.  Numerous neurofibri ls  

are clearly seen. X7000
Fig. 10. A region of cytoplasm  of neu ro n e  2 L P ,  a t  --\-22 °C, spring t im e .  

R ibosom es and  R E R  cisterns are g re a t ly  increased. X 50,000
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F ig . 11. A x o n  hillock of neurone  3 L P ,  a t  -j-4 °C, w in te r  t im e .  A large num ber  of m i to c h o n d r ia
are visible. X 7000

F ig. 12. A region of cy to p la sm  o f  neurone 3LP, a t  — 22 °C, spring time. A well deve loped  
R E R  ne tw ork  and  num ero u s  free and m e m b ran e -b o u n d  ribosomes are seen. X 7000

m e ta b o l ic  level in th e  n eu ro n es  of  active an im als .  Y e t ,  these s t ru c tu ra l  d i s t in c 
tions a re  n o t  the  same for d iffe ren t  cells. T he ch an g es  in u l tra s tru c tu ra l  o rg a n i
z a t io n  o f  spon taneous ly  a c t iv e  neurones o ccu r r in g  af te r  the  t ran s i t io n  from  
+  4 °C to  + 1 8 — 22 °C are  sm aller  th a n  th o se  in  silent neurones. T h u s ,  for
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exam ple , neurones 3 L P ,  3 R P  (spon taneously  active)  still have a g ra n u la r  
re t icu lu m  in th e  fo rm  of sh o r t  cisterns w ith  a sm all  num ber  of r ib o so m es  a t  
+ 4  °C, while th e  c y to p la sm  of neurones 1L P , 2 L P  and  1R P (silent neu rones)  
is poorly  d iffe ren tia ted  a t  th e  same t e m p e ra tu re .  A zone of free r ibosom es  is 
found  in these cells on ly  in  th e  region of th e  a x o n  hillock, while t h e  n e tw o rk  
of th e  g ranu lar  re t ic u lu m  is a lm ost absent. T h e  cy to p lasm  of the  sam e n eu ro n es  
is considerably  r icher  in  s t ru c tu re s  a t  + 1 8 — 22 °C, th a n  a t  + 4  °C (F igs  9, 11). 
H ow ever,  in some cases, th e  silent neurones (1 L P ,  2L P , 1RP) show no u ltra -  
s t ru c tu ra l  m an ifes ta t io n s  o f  any  sign if ican t increase  in functional a c t iv i ty  
even  a t  + 1 8 — 22 °C.

In  s tu dy ing  th e  seasonal changes in  t h e  u l t ra s tru c tu re  of  L ym n a ea  
stagnalis g ian t neu rones ,  we have come to  th e  conclusion th a t  these  changes 
are analogous to  th o se  caused  by  te m p e ra tu re .  W in te r  animals k ep t  a t  + 1 8 — 
22 °C become ac tive  a n d  can  even spaw n. T h e  u l t ra s tru c tu ra l  o rg an iza t io n  
of  the ir  neurones becom es similar to t h a t  o f  sp r in g  or sum m er-tim e molluscs. 
Conversely, if an im a ls  are k e p t  in a cooling c h a m b e r  a t  + 4  °C d u r in g  the  
su m m er  tim e  for a per iod  of  two to th ree  w eeks , th e  u l t ra s tru c tu ra l  o rg a n iz a 
t io n  of these cells becom es similar to  t h a t  o f  n eu ro n es  of w inter t im e  an im als .

Conclusion

The s t ru c tu ra l  fea tu re s  of g ian t n eu ro n es  of the  left p a r ie ta l ,  r igh t  
p a r ie ta l  and visceral ganglia  are similar a n d  do n o t  differ essentially  f ro m  the  
s t ru c tu re  of g ian t  neu rones  of o ther  m olluscs described in th e  l i te ra tu re
[1, 9, 22].

All g ian t n eu rones  are d istinguished b y  a h igh degree of plo idy  reach ing , 
e.g., 1000 p in T rito n ja  [23]. The ap p e a ra n ce  a n d  persistence of  g ia n t  cells 
seems to  be cond it ioned  by  an  increase in D N A  con ten t .  The nuclei o f  L ym naea  
stagnalis  g ian t  n eu ro n es  are  also polyploid . T h e  am o u n t  of D N A  in t h e  cell 
o f  cerebral ganglion a t ta in s  256 p [20]. T h e ir  n uc leus  can be considered ac t ive ly  
synthesizing. P e r s is te n t  incorpora tion  of H 3-u r id in e  and of labelled m e th io n in e  
in to  the nuclei sugges ted  an intense r ib o so m a l  R N A  and p ro te in  syn thes is  
in these nuclei [21]. T h e  com parison of u l t r a s t r u c tu r a l  organization of  nucleoli 
o f  w in te r  and  sp r in g /su m m er  tim e anim als also suggests an increased sy n th e t ic  
cap ac i ty  of neurones.  The increase of th e  n u c le u s—cytoplasm  in te r face  d u e  to 
processes and in v a g in a t io n s  in the  nuc lea r  m e m b ra n e  is associated  w i th  an 
enh an cem en t  of  th e  exchange  between th e  a c t iv e ly  synthesizing n u c leu s  and 
th e  cy top lasm . T h e  s t ru c tu ra l  charac ter is t ics  o f  th e  cytoplasm  also in d ica te  
an  in tensive  cell m e tab o l ism . The m ost m e tab o l ica l ly  active regions a re  those 
p ro b a b ly  located  n e a r  th e  axon hillock w h e re  more intensive sy n th e s is  of 
different p ro te ins  ap p ea rs  to  take  place. I t  is possible th a t  such a localiza tion
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o f  t h e  sy n th e t ic  a p p a ra tu s  is convenien t fo r  fu r th e r  t ranspo r t  o f  m etabo lic  
p r o d u c t s  along the  axon.

T h e  in tens i ty  of p ro te in  synthesis  in th e  neu ro n e  may va ry  conside rab ly . 
T h u s ,  fo r  example, a u to ra d io g ra p h y  has show n  th a t  electric s t im u la t io n  p ro 
m o te s  t h e  incorpora tion  of H :!-uridine in to  th e  neu ro n a l  nucleus [5, 6]. E lec tro n  
m ic ro sc o p y  has d e m o n s t ra te d  an increased n u m b e r  of nuclear m e m b ra n e  
p ro cesse s ,  nuclear pores a n d  g ran u la r- ty p e  nuc leo li  accom panied b y  an  increase  
of  t h e  R E R  ne tw ork , a n d  free ribosomes. W e  have  here shown ana logous , 
t h o u g h  less p ronounced, changes  occurring also in the  neurones o f  an im als  
a f te r  a change  in the  a m b ie n t  te m p e ra tu re  f rom  -(-4 °C to + 1 8 — 22 °C.

T h e  apparen t  difference in the  fine s t r u c tu r e  of the nuclei and  th e  R E R  
b e tw e e n  spring, sum m er- a n d  w in te r- t im e  neu rones  m ay he in d ic a t iv e  of 
c e r t a in  differences in th e  func tiona l  a c t iv i ty  of  the  protein s y n th e t iz in g  
a p p a r a t u s .  More detailed  in fo rm a t io n  on th is  a c t iv i ty  requires fu r th e r  in v e s t i 
g a t io n .

H  owever, the  s t ru c tu ra l  s tudies  of the  g ia n t  neurones of L ym naea  stagnalis  
a t  d i f fe re n t  functional s ta te  o f  the  anim al a llow  to  conclude th a t  th e  u l tra -  
s t r u c t u r a l  o rganization of neurones  of th e  c e n t ra l  nervous system  d irec t ly  
r e f le c ts  changes in th e ir  m e tabo lism .
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Abstract

An acetylcholine-like  subs tance  was iso lated  front desiccated J a m e s o n ’s m am b a  
venom  by one-dim ensional  ascending p a p e r  ch ro m a to g rap h y .  The m ig ra to ry  a n d  sta in ing 
propert ies  of  the  subs tance  were iden tica l  w i th  those  of s tan d ard  ace ty lcho line .  P h a r m a 
cological iden t i f ica t ion  on va r ious  in  vitro  an d  in  vivo biological t e s t  o b jec ts  showed 
t h a t  the  subs tance  was acetylcholine.  I t  was fu r th e r  confirmed by  h ig h -v o l tag e  paper  
electrophoresis. T he  acetylcholine c o n te n t  w as  4.35 — 4.36 mg/g of de s icca ted  venom  
as shown by  tw o  d ifferen t  biological assay  m ethods ,  and the  index  of d isc r im ina t ion  
was found to  be 1.1, fu r th e r  confirm ing  t h a t  substance  in snake v e n o m  was ace ty l
choline.

Introduction

Pharm aco log ica l ly  ac t ive  substances  are  widely d is t r ib u te d  in various 
biological systems of b o th  p la n t  and  an im al  origin. Acety lcholine , 5 -hydroxy-  
t r y p ta m in e ,  h is tam ine  and  a kinin h ave  been identified in th e  v e n o m  of the 
com m on wasp Vespa vulgaris  [7, 6]. The v en o m  of the  E u ro p e a n  h o rn e t ,  V. 
crabro, contains 5 -h y d ro x y try p ta m in e ,  h is tam ine ,  with h igher c o n cen tra t io n s  
o f  acetylcholine an d  a k in in  d ifferen t from  t h a t  found in th e  c o m m o n  wasp 
v en o m  [2]. Acetylcholine-like substances  h a v e  been detec ted  in h y p o b ra n c h ia l  
g lands  of certa in  gas tropods  [3, 9] a n d  in th e  th ree  species of  A fr ican  m am bas  
D endroaspis angusticeps, D endroaspis po ly lep is  and D endroaspis ja m e so n i  [12,
13]. The presen t w ork  sets ou t  to  iso late , iden tify  and m easu re  th e  am o u n t  
o f  th e  acetylcholine-like su bs tance  in th e  whole venom  of D . ja m e so n i  by 
b iochem ical and biological m ethods .

Materials and methods

O ne-dim ensional ascending paper chromatography

Desiccated v enom  (20.0 mg) and  ace ty lcho line  s ta n d a rd  (5 mg) were d isso lved  in 0,5 ml 
e th a n o l  (50% ) and  50 /<1 of each sam ple  (eq u iv a len t  to  2000 /ig of crude snake  v e n o m  a n d  500 /ig 
o f  s t a n d a rd  acetylcholine  hydrochlor ide)  were carefully  spo tted  on W h a t m a n  no. 1 paper
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w i t h  a microlitre  syringe (SG E  T y p e  A-RN). O ne-d im ensional  ascending ch rom a togram s were 
r u n  fo r  a period of 46 h a t  ro o m  t e m p e ra tu r e  (20 — 30 °C), u s in g  tw o  solvent systems; n -propanol:  
fo rm ic  acid: water:  (8 : 1 : 1 : v /v )  [13] a n d  n -bu tano l:  e th a n o l :  acetic  acid: w a ter  (8 : 2 : 1 : 3 
v / v )  [1]. D evelopm ent  of  c h r o m a to g r a m s  was carried o u t  in iodine vapour .  Two c h ro m a to g ram s 
o f  t h e  t e s t  acetylcholine-like su b s ta n c e  were pooled by  e x t r a c t in g  in 5 ml of Tyrode  solution 
or saline.

I d en tifica tion  and assay o f  acetylcholine-like substance on biological test objects

T h e  pooled e luates were  t e s te d  on  guinea pig i leum  (n  =  5), r a t  ileum (n =  13), frog 
r e c tu s  abdom in is  (n  =  4) a n d  c a t  blood pressure (n =  8). T h e  response of ileum to  s t a n d a rd  
ace ty lcho line  and t e s t  e lua te  f ro m  chrom atogram s were s tu d ied  before and after  add it ion  
o f  a t ro p in e  (2 ng/ml) to  th e  b a t h  (h ex am é th o n iu m  b ro m id e  1 X 10 ~6 M  was added to t h e  T yrode  
so lu t io n ) .  E n zy m a t ic  and  a lk a l in e  hydrolysis  was carr ied  o u t  b y  add it ion  of e ither N  N a O H  
(few d ro p s)  or  1 ml of guinea  pig se ru m  to 1 ml each of s t a n d a r d  acetylcholine and t e s t  e lua te ;  
t h e  m ix tu re s  were in cu b a ted  a t  37 °C for 3 h.

C ontrac t ions  of th e  frog r e c tu s  abdominis m uscle  w e re  recorded  after acetylcholine or 
t e s t  e lu a te  had  been a d d ed  befo re  and  after  a d d it ion  o f  e i th e r  eserine su lphate  (8.0 / /g/ml) 
or  d - tu b o cu ra r in e  (20 / /g/ml). T h e  pe r iod  of incuba t ion  o f  eserine  or d-tubocurar ine  was 10 min.

In  blood pressure  s tud ies  o n  cats ,  equ ipo ten t  doses o f  ace ty lcholine  and tes t  e lua te  were 
se lec ted  for elicit ing the  v a so d e p re sso r  response a f te r  in t r a v e n o u s  adm in is tra t ion .  These doses 
w ere  r e p ea te d  45 m in  la te r ,  a f te r  in travenous  in jec tion  o f  m ep y ra m in e  maleate  (5 m g/kg)  
a n d  a t ro p in e  sulphate  (2 m g/kg).

H igh-voltage electrophoresis

A scending p a p e r  c h r o m a to g r a p h y  was carried o u t  on  c ru d e  desiccated venom  (16 mg) 
a n d  s t a n d a r d  acetylcholine  (10 m g )  dissolved in 1 ml o f  5 0 %  e thanol  as described above. 
T h e  e lu te d  s ta n d ard  ace ty lch o lin e  an d  te s t  subs tance  to g e th e r  w i th  freshly-made a c e ty l 
cho line  so lu tion  (10 m g/m l)  a n d  sn a k e  venom  (40 m g/m l)  w ere  s treaked  on W h a tm a n  p a p e r  
3MM; deionized w a te r  was used  as  solvent.  H igh-vo ltage  e lectrophoresis  (Savan t  I n s t r u m e n t  
In c .)  w a s  carried  o u t  a t  60 V /cm  fo r  30 m in, using ace tic  ac id  buffer  (acetic acid: py r id ine :  
w a te r :  9 : 1 : 190 v /v) of  p H  3.6. A f t e r  drying, the  p a p e r  w as  sp ra y ed  w ith  ethanolic  h y d ro x y l-  
a m in e  a n d  ferric chloride so lu t ion  [13].

B io a ssa y

E s t im a t io n  of ace ty lcho line- like  substance in th e  t e s t  e lua te  was carried o u t  on r a t  
i leum  (four-po in t  assay) and  c a t  b lood  pressure (b rack e tin g ) .  T h e  va lues  of acetylcholine are 
ex p re ssed  in te rm s of th e  base .  T h e  index of d isc r im in a t io n  w as  determ ined  by the  m e th o d  
o f  G a d d u m  [ 5 ] .

D ru g s  used: ace ty lcho line  chlor ide  (E. Merck, D a r m s t a d t ) ,  a trop ine  sulphate  (Sigma, 
L o n d o n ) ,  hex am éth o n iu m  b ro m id e  (Sigma, London),  n eos t igm ine  brom ide (Sigma, L ondon) ,  
d - tu b o c u ra r in e  chloride (Sigma, L o n d o n ) ,  h istamine d ip h o sp h a te  (Sigma, London) m ep y ram in e  
m a le a t e  (M ay & B aker ,  E n g la n d ) .  D esicca ted  whole v e n o m  w a s  ob ta in ed  from Baringo Snake  
F a r m ,  N a k u r u ,  K e n y a  a n d  k e p t  in th e  refrigerator a t  4 °C p r io r  to  use. Suitable q u a n t i t ie s  
o f  d ru g s  an d  snake v en o m  w ere  dissolved in deionized w a t e r  or in saline. C oncen tra t ions  
of d ru g s  refer  to their  salts  un less  s t a te d  otherwise.

Results

O ne-dim ensional ascending paper chrom atography

T h e  R b- values of  s t a n d a r d  acetylcholine a n d  te s t  substance  in the  crude 
sn a k e  venom  are sum m arized  in Table 1.
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Table 1

R p  values o f  standard acetylcholine and test substance fro m  snake venom after 
single-dim ensional ascending paper chromatography

Rp allies

Chromatogram solvent 
system Standard

acetylcholine
Test

substance

n-propanol : formic 
acid : water  
8 : 1 : 1  (v/v)

0.73 0.75

n-butanol  : e thano l  : 
acetic acid : water  
8 : 2 : 1 : 3 (v/v)

0.45 0.45

Biological test objects

The spasm ogenic  effect of the  te s t  s u b s ta n c e  (0.25 nil in 5 ml b a th )  
and  s ta n d a rd  acety lcho line  (0.2 fig/nú) were te s te d  on isolated guinea pig ileum  
before and af te r  a d d i t io n  of a tropine su lp h a te  (2 ng/ml). The co n trac t io n s  
elicited by  te s t  e lu a te  and  acetylcholine were considerably reduced  b y  the 
a trop ine  (Fig. 1 A). S im ilarly , the  con trac t i le  responses to  te s t  e lu a te  and  
s ta n d a rd  acety lcholine  were v ir tua l ly  abo lished  a f te r  enzyme a n d  a lkaline  
hydrolysis  of the  sam ples . However, u n h y d ro ly se d  acetylcholine a n d  te s t  
e luate  a f te r  in cu b a t io n  a t  37 °C for 3 h  did n o t  p roduce any  d im in u t io n  of 
th e  con trac tile  response  of  guinea pig ileum a t  t h e  sam e dose levels (Fig. 1 B).

The s ta n d a rd  acety lcholine  (0.2 fig jm \) a n d  te s t  eluate (0.1 ml in 5 ml 
b a th )  p roduced  su s ta in ed  contrac tions of frog rec tu s  abdominis m uscle . The 
con trac t ions  were m a rk e d ly  po ten t ia ted  b y  eserine  (8 /ig/ml) and  com ple te ly  
abolished b y  d - tu b o c u ra r in e  (20 /ig/rnl) w hen  th e y  were added  to  th e  b a th  
10 min before sam ples  were tes ted  (Fig. 2).

The hyp o ten s iv e  response  of cat blood p re ssu re  induced b y  in t ra v e n o u s  
adm in is t ra t io n  of 0.2 fig  o f  s tan d a rd  acety lcho line  a n d  0.1 ml of th e  te s t  e lua te  
was no t blocked b y  p r io r  in travenous  a d m in is t r a t io n  of m epyram ine  m a lea te  
(5 mg/kg), b u t  was com ple te ly  blocked a f te r  in t ra v e n o u s  in jection  o f  a t ro p in e  
su lpha te  (2 mg/kg) (Fig. 3).

High-voltage electrophoresis

The m ig ra t ion  of  s ta n d a rd  acetylcholine ch ro m a to g rap h y  e lu a te  S(ChE), 
freshly p repa red  s t a n d a rd  acetylcholine S( ACh), t e s t  substance from c h ro m a to g 
ra p h y  eluate  T (C hE ) a n d  desiccated snake v e n o m  (SV) by  high-voltage  e lec tro 
phoresis are shown in Fig. 4.
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F ig . 1. E f fec t  of acetylcholine a n d  t e s t  eluate on th e  co n tra c t io n  of guinea pig i leum  (volume 
o f  b a t h  10 ml). A : a. n o rm al  re sponses  of ileum to  s t a n d a r d  acetylcholine (s) 20 n g /m l  an d  tes t  
e lu a te  ( t )  0.1 ml; a tropine  s u lp h a te  (Atr)  2 ng/ml was a d d ed  to the  b a th ,  b e tw e e n  a and  6, 
a n d  b e tw e e n  b and c; a lm os t  c o m p le te  absence of response  b and  c, to th e  sam e  dose of (s) 
a n d  ( t) .  B :  a. contract ion  of i lex m  to  s ta n d a rd  ace ty lcho line  (s), 20 ng/ml, and  t e s t  e lua te  (t),
0.25 m l ;  b a n d  c. absence of c o n tra c t i le  response a f te r  enzy m e  (st and t x) or a lkaline  (s2 and  t 2) 
h y d r o ly s i s ;  d. responses to t h e  sam e  dose of (s) a n d  ( t) ;  e. Responses to u n h y d ro ly se d  (s3)

a n d  ( t 3) after  in cu b a t io n  for 3 h

Biological assay

Q u a n t i ta t iv e  e s t im a t io n s  o f  the  acetylcholine-like  substance in  th e  tes t  
e lu a te  on  two biological sy s te m s  are shown in T ab le  2. The index  of d iscrim i
n a t i o n  w as found to be 1.1.
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Table 2

A m oun t o f  acetylcholine-like substance in the venom 
( assay on two biological system)

Biological test system
No. of 

experiments
Amount of test substance 

in the snake venom
(mg/g) +  S.E.M.

P

R a t  i leum 13 4.63 +  0.44

Cat blood pressure 8 4.35 ±  0.54
>  0.05

a, b.

F ig . 2. E ffects  of ace ty lcholine  and te s t  e lua te  on the  contract i le  responses o f  frog rectus 
ab d o m in is  (volume of b a t h  5 ml) a. Contract ile  response  of frog rectus abdom in is  to  s ta n d a rd  
ace ty lcholine  (s) 0.2 / /g /m l  and  te s t  e luate  ( t)  0.1 m l;  b e tw een  a and b, eserine (Es) ,  8 / /g /ml 
was ad d ed  to  the  b a th ;  b. po ten t ia t io n  of the  response  to (s) and  (t) 10 m in  l a te r ;  be tw een  
b and  c, d - tu b o cu ra r in e  (Tc) 20 //g/ml was ad d ed ;  c. com ple te  aboli t ion of th e  response  to  (s)

and  (t)  10 m in  la te r

60 sec

Fig. 3. E ffect  of ace ty lcho line  and  tes t  e lua te  on  th e  blood pressure of cat  3.3 kg. A n e s th e 
sia: e th e r  and  chloralose 80 m g/kg in travenous ly ;  a a n d  b. vasopressor effects of 0.2 jug s t a n d a rd  
ace ty lcholine  (s) a n d  0.1 ml of te s t  e lua te  (t). B e tw ee n  b and c m epyra in ine  m a le a te  (Мер), 
5 m g/kg ,  was a d m in is te red  in travenous ly ;  c a n d  d. repea ted  doses of (s) and  ( t)  45 m in  after  
m ep y ra m in e  m aleate ;  b e tw een  d and  e, a tro p in e  su lp h a te  (Atr) ,  2 mg/kg, was adm in is te red  
in travenous ly ;  e. responses to (s) and  (t) were  com ple te ly  blocked 45 m in a f te r  a trop ine

su lp h a te
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Z3C7 Q

S(ChE) S(ACh) T(ChE) SV

F ig . 4. H igh-vo l tage  e lectrophoresis  of  s ta n d a rd  ace ty lcho line  S(Ach). s ta n d ard  ace ty lcholine  
f rom  c h ro m a to g ra p h y  e lua te  S (C hE) te s t  subs tance  f ro m  ch ro m a to g rap h y  e lua te  T (C h E )  
an d  sn a k e  v enom  SV. P a ra m e te r s  for electrophoresis: 60 V /cm  for 30 min on W h a tm a n  p a p e r  
3MM. T h e  spo ts  were m ad e  visible b y  spray ing  w i th  e th a n o l ic  hydroxy lam ine  ferric chloride

Discussion

T h e  presence o f  an  acetylcholine-like su b s ta n c e  in  th e  venom  of D endroaspis  
j a m e s o n i  has  been d e m o n s t ra te d  b y  W elsh  [13] using paper  ch ro m a to g ra p h y  
alone . W angai  et al. [12] h av e  iden tif ied , b y  b o th  chemical and  biological 
m e th o d s ,  our acetylcholine-like  substance  in th e  venom  of D endroaspis  
angusticeps. In  th e  p re sen t  w ork, paper  c h ro m a to g ra p h y  d em o n s tra ted  th a t  
th e  t e s t  subs tance  in  th e  v en o m  h ad  R p  v a lu es  corresponding to  th o se  of 
s t a n d a r d  acetylcholine in  tw o  so lvent sys tem s, v i z., n-propanol:  formic acid: 
w a te r  a n d  n -b u tan o l :  e th an o l :  acetic acid: w a te r  (See Table  1).

T h e  te s t  subs tance  elic ited  spasm ogenic  responses in guinea pig ileum  
w h ich  were  blocked b y  a tro p in e  su lpha te ,  suggesting  th a t  the  su b s tan ce  
u n d e r  in v es t ig a t io n  h ad  m uscarin ic  p roperties  like  acetylcholine. This sp a sm o 
genic a c t iv i t y  of th e  su b s tan ce  was m arked ly  re d u c e d  b y  enzym atic  and  a lka line  
h y d ro ly s is .  The residual a c t iv i ty  could be a t t r i b u t e d  to  th e  presence of  choline 
in  t h e  h y d ro ly sa te .  F u r th e r  evidence of th e  m uscarin ic  properties  o f  th e  
s u b s ta n c e  was shown, w h en  th e  hypo tens ive  response  p roduced  b y  th e  te s t  
s u b s ta n c e  a n d  s ta n d a rd  acety lcholine  was c o m p le t ly  blocked a f te r  a t rop in iza -  
t io n  (F ig .  3). The acety lcholine-like su b s tan ce  in  venom  co n trac ted  frog 
re c tu s  abdom in is  muscle as d id  s ta n d a rd  ace ty lcho line .  This effect was c o m 
p le t ly  b locked  b y  d - tu b o cu ra r in e  and  p o te n t ia te d  b y  eserine, thus  suggesting  
t h a t  t h e  substance  has  n ico tin ic  properties  as well.
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The resu lts  of h ig h -v o ltag e  elec trophoresis p rov ide fu r th e r  ev id en ce  th a t  
th e  te s t  substance  in  D . ja m eso n i venom  is ace ty lcho line , w ith  s lig h t red u c tio n  
in  m ob ility  during  e lec trophoresis , p resu m ab ly  because o f s tro n g  b in d in g  of 
th e  te s t  substance  to  th e  venom .

T e la n g  e t al. [11] d e m o n s tra te d  th e  presence o f an  acety lch o lin e-lik e  
su b s ta n c e  in  the  venom  o f D endroaspis jam eson i by  its  effects on th e  co n tra c 
tio n s  of n ic tita tin g  m em b ran e  of ca t a f te r  close in tra -a r te r ia l  in jec tio n  of 
lyoph ilized  venom  in to  th e  su p erio r cervical ganglion. T here w as no s ign ifican t 
d ifference betw een th e  va lu es  o b ta in ed  by  us using  th e  tw o a ssa y  m ethods, 
b u t  w ere h igher th a n  th o se  p u b lished  b y  T e l a n g  e t al. [11]. T h e  v a r ia tio n  in 
a ssay  resu lts  can be a t t r ib u te d  to  a n u m b er of fac to rs , like th e  age o f th e  snake, 
th e  season of th e  yea r, v a r ia tio n  in  th e  m eth o d  of o b ta in in g  a n d  p re p a ra tio n  
o f d ry  venom .

The physio logical o r tox ico logical role of ace ty lcho line  in  th e  venom  
o f I), jam esoni has n o t b een  estab lished . K e e l e  an d  A rm stro ng  [8] suggested  
t h a t  acety lcholine com m only  found  in  snake an d  o th e r ven o m s m a y  p lay  a 
defensive role as one o f th e  p a in -p ro d u c in g  tissu e  horm ons. F u r th e rm o re  the 
local v aso d ila to r effect o f ace ty lcho line  m ay  p rom ote  th e  a b so rp tio n  of o ther 
to x ic  co n stitu en ts  o f th e  snake  venom  [13]. A b ite  from  D . angusticeps  yields 
a to ta l  o f 60— 95 m g o f d ry  venom  [10]. I t  is assum ed th a t  D . ja m eso n i  b ite  
y ie ld s ab o u t th e  sam e a m o u n t o f d ry  venom . F rom  th e  re su lts  o f  th e  b ioassays, 
th e  am o u n t of ace ty lch o lin e  in jec ted  in  a single b ite  o f D. ja m e so n i  w ould  be 
a b o u t 0.27— 0.43 m g. A ccord ing  to  Go o dm an  and  G il m an  [4] 90— 140 mg 
o f acety lcholine is req u ired  to  produce  vaso d ila tio n  and  h y p o te n s io n  in an 
a d u lt  h u m an  being . I t  is th ere fo re  concluded  th a t  th e  ace ty lch o lin e  in  the 
D . j  am esoni venom  is fa r  too  l i ttle  to  acco u n t fo r th e  shock p ro d u c e d  b y  the 
sn ak e  venom  in m an .
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ELECTRON MICROSCOPIC INVESTIGATION OF A GIANT 
NEURON IDENTIFIED IN THE RIGHT PARIETAL 

GANGLION OF L Y M N A E A  S T A G N A L I S  (L)
N ell i  K .  P o g o r el a y a , K . E l e k e s  and I. K iss

BOGOMOLETS IN ST IT U T E  O F PHYSIOLOGY OF TH E U K R A IN A N  ACADEMY OF SCIEN CES, USSR,
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(R eceived  1 9 7 7 - 0 9 - 3 0 )

A bstract

T he u l tr a s t ru c tu re  o f a g ian t n eu ron  (G R P ,)  iden tified  in th e  r ig h t pa rie ta l 
ganglion of L ym n a ea  stagnalis was exam ined . T he re su lts  suggest th a t  G R P , is a neu ro 
secretory  cell. T he p e r ik a ry o n  is ch arac te rized  b y  m an y  neu ro sec re to ry -lik e  granules 
of v a riab le  e lec tro n  d e n s ity . T he average d ia m e te r  (longer axis) o f th e  g ran u les  was 
1850 Â. F  u r th e rm o re  h igh ly-developed  ro u g h  en d o p la sm ic  re ticu lum  an d  Golgi com plex 
were observed in  th e  cy to p lasm . Synapse-like s tru c tu re s  w ere often found  on  th e  som atic 
m em brane , h u t  ty p ic a l,  tru e  sy n ap tic  endings w ere n o t seen.

Introduction

A n u m b er of g ian t neurons have been id e n tif ie d  in the  c e n tra l nervous 
sy stem  (CNS) of L ym n a ea  stagnalis by  e lec trophysio log ica l m ethods [8, 12, 17]. 
In  sp ite  of th is  p ra c tic a lly  no d a ta  are av a ilab le  concern ing  th e  u l tra s tru c tu re  
o f g ian t neu rons. T h ere  are  som e u ltr a s tru c tu ra l  d a ta  on sm all neu rons, 
especially  n eu ro se re to ry  ones [2, 13, 16].

A g ian t n eu ro n  A 10 in the  visceral g an g lio n  has been in v e s tig a te d  by 
b o th  e lectrophysio log ical an d  m orphological m e th o d s  [6]. This n eu ro n  is electro- 
to n ica lly  connec ted  w ith  a n o th e r g ian t n eu ron  ( P I )  loca ted  in th e  r ig h t p a rie ta l 
ganglion  [5]. B o th  n e u ro n s  (A10 and  P I )  h a v e  a w hitish  colour u n d e r  ligh t 
m icroscope, w hich is know n  to  be ch a rac te ris tic  o f  neu rosecre to ry  cells [16, 17]. 
A ccord ing  to  u l tra s t ru c tu ra l  observations [6], A 10 proved  to  be a n eu ro 
secre to ry  cell.

O ur p resen t in v es tig a tio n s  w ere aim ed a t  c learing  up  th e  f in e -s tru c tu ra l 
ch a rac te ris tic s  o f th e  g ia n t r ig h t p a rie ta l P I  n eu ro n  (G R P ,) an d  com paring  
th e  resu lts  w ith  d a ta  av a ilab le  fo r som e o th e r  neu rons. The q u e s tio n  arose 
w h e th e r th e  u l tra s tru c tu re  of G R P , is s im ila r to  th a t  of A10, th a t  is, th ey  
are  sym m etrica l g ian t n eu ro n s like those described  in  several g as tro p o d s  [3, 15].
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Materials and methods

T h e  fine  s tru c tu re  o f th e  iso la te d  G R P t of L y m n a ea  stagnalis p rev io u sly  iden tified  
e lec tro p h y sio lo g ica lly  was in v e s tig a te d .

D o u b le  fixation  m eth o d  w a s  em ployed : a fte r f ix a tio n  in  2 .5%  g lu ta ra ld e h y d e  buffered  
w ith  0.1 Ж  cacodylate  (pH  7.2) fo r  1 h  a t  room  te m p e ra tu re , th e  m ate ria ls  w ere w ash ed  th ree  
tim e s  fo r  2 — 3 m in in th e  sam e b u ffe r  enriched w ith  7 .5%  sucrose. Iso la ted  cells w ere then  
p la c e d  in to  8%  solution of a g a r-a g a r . P o s t-fix a tio n  w as p e rfo rm ed  in ice-cold 2 %  0 s 0 4 b u f
fe re d  w ith  s-collidin (pH  7.2), fo r 1 h . A fte r  d eh y d ra tio n  in  g ra d ed  alcohol and p ro p y len e  oxide 
(u r a n y l  a c e ta te  block sta in in g  w as  done in 75%  alcohol), th e  m ateria ls w ere e m b ed d ed  in 
A ra ld ite  (D u rcu p an . ACM, F lu k a ) . U l tra th in  sections w ere cu t on an L K B  I I I  u ltra to m e , 
s ta in e d  w ith  lead c itra te  and  e x a m in e d  in  “ T esla-B S-413-A ”  an d  “ Tesla-B S-513-A ”  electron  
m ic ro sc o p es . U ltra th in  sections w e re  c u t a fte r id en tif ic a tio n  of th e  cell in  se m ith in  sections 
(1 — 2 / /m )  sta in ed  by 1% to lu id in e  b lue.

Results

G R P X neuron is s i tu a te d  in  the  rig h t p a r ie ta l  ganglion (F ig. 1).
L ig h t  microscopic in v e s tig a tio n s  of GRPj^ show ed th a t  it  was c h a ra c te r 

ized  b y  an  ovoid form  an d  an  av erag e  d iam ete r o f 140 ^m .

F ig . I ,  P o s itio n  of G R P j in  th e  CNS. L G Pa — left p a r ie ta l  ganglion: R G P a  — r ig h t p a 
r ie ta l  g a n g lio n ; VG — v iscera l g a n g lio n ; GP1 — p leu ra l gang lion ; ni — n e rv u s  in te s t in a 

lis : n p d  — nervus pallialis d e x te r
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E lec tro n  m icroscopic analysis show ed th a t  th e  som a of th e  cell is su r
ro u n d ed  by  a h igh n u m b er o f sa te llite  glial processes. One of th e  m ost c h a ra c te r 
istic  f in e -s tru c tu ra l p ro p ertie s  of th e  n u c le a r  m em brane w as th e  num erous 
in v ag in a tio n s  (F ig . 2), and ch ro m atin  was d is tr ib u te d  in th e  im m ed ia te  v ic in ity  
o f th is  m em brane (F ig . 3). In  the  cy to p la sm  o f G R P j som a, h igh ly -developed
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F ig . 3. N eurosecretory-like  g ra n u le s  (N S) w ith  dense  or fin ely  g ran u la ted  m ate ria l in  
th e  som a o f  G R P ^  N  — nucleus X 22,500
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Fig. 4. A ggregations o f  th e  neurosecre to ry -like  g ran u les (N S) in  th e  p e rik a ry o n
X 18,000
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ro u g h  endoplasm ic re tic u lu m  (R E R ) was observed . F ree ribosom es w ere often  
fo u n d  in  the  cy toplasm . S o m etim es  rosettes of glycogen  g ranu les and  lysosom es 
w ere  seen . The Golgi co m p le x  w as w ell-developed and  fre q u e n tly  con ta ined  
e le c tro n d e n se  m ateria l. E le c tro n d e n se  m ate ria l w as com m only  p re se n t a t  the  
in te r n a l  surface of th e  tu b u la r  m em brane, c is te rn ae  an d  vesicles o f th e  Golgi 
c o m p le x . O ccasionally b u d d in g  off of e lec trondense  g ranu les w as observed 
a t  th e  c isternae  of th e  G olgi e lem en ts.

N,
N

T h e  soma of G R P X w as ch a rac te rized  b y  a g re a t n u m b e r o f n eu rosecre to ry - 
lik e  g ran u les  of variab le  e le c tro n  d ensity  (Figs 3, 4). Som e of th e m  co n ta ined  
e le c tro n d e n se  m ateria l s u rro u n d e d  by  un it m e m b ra n e ,o th e rs  had  low er electron 
d e n s i ty  and  con tained  a f in e ly -g ra n u la te d  m a te r ia l (F igs 3, 4, 7). Since the  
sh a p e  o f  th e  granules in  th e  so m a  w as in general o vo id , b o th  axes w ere m easured , 
a n d  th e  longer ones a re  re p re se n te d  in f req u en cy  d is tr ib u tio n  h is to g ram  
(F ig . 5). The average size o f  th e  large axis is 1850 Â an d  th a t  of th e  sm aller 
one  is 1310 Á. The n e u ro sec re to ry -lik e  granules o ften  fo rm ed  ty p ic a l aggrega
t io n s  (F ig . 4). The d e n s ity  o f  th e  aggregations w as m uch  h ig h er as com pared  
w ith  o th e r  p arts  of th e  c y to p la sm . These p o p u la tio n s  of th e  g ranu les were 
fo u n d  all over the  c y to p la sm , b o th  in the  p e rin u c lea r  an d  p e rip h e ra l regions 
o f  th e  som a.

W hen  in v estig a tin g  th e  u ltra s tru c tu re  of G R P X n eu rons p re p a re d  and 
f ix e d  in  d ifferent seasons so m e seasonal v a r ia tio n  w as observed . In  a u tu m n , 
th e  R E R  was w ell-developed a n d  th e  cy top lasm  w as poor in g ranu les. In  o ther 
se a so n s , swelling of R E R  e le m e n ts  and  an  increase  in  th e  n u m b e r of granules 
w ere  d em o n stra ted .

Synapse-like s tru c tu re s  w ere often  found  on th e  surface o f th e  som a, 
w h ich  in v ag in a ted  in to  th e  m e m b ra n e  (Figs 6, 7), b u t  no ty p ic a l, tru e  sy n ap tic  
e n d in g  w as shown am ong  th e m . T he synapse-like ax o n  profiles co n ta in  various
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F ig . 6. A xons (A) in v ag in a tin g  th e  som a of G R P , co n ta in in g  dense-core c lear vesicles and
dense granules

ty p e s  of vesicles (F ig . 6): dense-core and  clear sy n ap tic  vesicles as w ell as highly  
e lectron-dense g ranu les. T h e  synapse-like s tru c tu re s  w ere o ften  su rrounded  
b y  cy toplasm ic c is te rn ae  an d  R E R  elem ents (Figs 6, 7).
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F ig .  7. In v ag in a tio n  of a sy n a p se -lik e  axon (A) in to  th e  su rface  of th e  som a. N ote  
th e  p o p u la tio n  of n eu ro sec re to ry -lik e  granules (NS) w ith  dense  or g ra n u la te d  m ate ria l 
in  th e  perikaryon . (A rrow s p o in t  to  th e  R E R  elem en ts in  th e  v ic in ity  of th e  sy n ap se 

like  axon) X 54,000
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Discussion

A ccord ing  to  a new  concep t o f n eu ro sec re tio n , th e  resu lts o b ta in e d  w ith  
classical s ta in in g  m ethods a re  more and  m ore b e in g  questioned  (cit. in  T o m bes  
[14]). T he elec tron  m icroscopic d e m o n s tra tio n  o f th e  e lem en ta ry  n e u ro 
sec re to ry  granu les as well as d e te rm in a tio n  of th e ir  shape and  size h a v e  becom e 
p red o m in a ted  [9]. In  th e  p re sen t w ork only th e  u ltra s tru c tu ra l c h a ra c te r is tic s  
o f th e  neuron  w ere in v es tig a ted . T he ap p e a ra n ce  an d  the  size of th e  g ran u les  
in  th e  cy to p lasm  suggested  th a t  G R P , is a n eu ro sec re to ry  cell. C o m p arin g  
the  fin e  s tru c tu re  o f th e  g ranu les w ith  th a t  d esc rib ed  in  the  sm all n eu ro sec re to ry  
cells o f  L ym naea  [10, 13, 16], we found no s im ila rity . On th e  o th e r  h an d , 
B o e r  e t al. [2] described  a g ian t “ d a rk  green”  cell (GDGC) in th e  r ig h t p a r ie ta l 
ganglion  o f a n o th e r  fre sh -w a te r snail B u lin u s  truncatus  in th e  v e ry  sam e 
positio n  as G R P 1. T he fin e  s tru c tu re  of th e  e lem en ta ry  secre to ry  g ran u les  
in  GDGC seem s to  be s im ila r to  th a t  of m o st o f  th e  granules o b serv ed  in  th e  
p re se n t w ork : th e y  show  a g ran u la r in n e r c o n te n t  o f variab le  d en sity . A cco rd 
ing ly  G R P , m ig h t be reg a rd ed  as a g ian t “ d a rk  g reen ”  cell being hom ologous 
to  GDGC. S u rp rising ly , th is  cell has no t been describ ed  by any  o f th e  a u th o rs  
w ho have exam ined  th e  r ig h t p arie ta l ganglion o f  Lym naea stagnalis [2, 13, 16] 
b y  e ith e r  classical h istochem ical m ethods or e lec tro n  m icroscopy. T h e  u l t r a 
s tru c tu re  o f G R P , is also sim ilar to  th a t  o f th e  g ia n t n eu rosecre to ry  cell A10 
exam ined  b y  K iss  an d  B e n e d e c z k y  [6], as concerns th e  m o rp h o lo g y  of 
g ranu les an d  th e ir  a rra n g e m en t in th e  c y to p la sm .

T he seasonal differences in  th e  u l tra s tru c tu re  o f G R P , (e.g. in  th e  n u m b e r 
and  fin e  s tru c tu re  o f th e  e lem en ta ry  n eu ro sec re to ry  granules, in th e  m orph o lo g y  
of R E R  elem ents) suggest th e  possib ility  o f seaso n a l change in th e  sec re to ry  
a c tiv ity  of th e  cell.

I t  w as d e m o n s tra te d  b y  in tra c e llu la r  reco rd ing  from  th e  so m a of 
G R P , [7, 8] th a t  d iffe ren t ty p es o f sy n ap tic  in p u ts  converge o n to  th e  cell. 
In  th e  p re sen t w ork synapse-like  s tru c tu re s  w ith o u t any  sy n ap tic  sp ec ia liza 
tio n  c o n ta in in g  v a rious vesicles were show n on th e  cell surface. S im ila r  s tru c 
tu re s  w ere described  b y  R oubos [10] and  B ocharova  e t al. [1] in  L ym n a ea . 
I t  m ay  be supposed  th a t  these  s tru c tu res  a re  th e  m orphological b as is  o f  th e  
above physio logical re su lts . More deta iled  u ltra s tru c tu ra l  e x a m in a tio n s  are 
req u ired  to  clear u p  if  th e re  are also ax o -so m a tic  synapses or a x o -ax o n a l 
connec tions in  th e  neurop ile .

O n th e  basis o f  th e  electrophysio logical re su lts  [8], G R P , has b een  con
sidered  to  be a secondary  sensory neuron  b e in g  in  d irect axonal co n n ec tio n  
w ith  th e  in te s tin a l nerve . N eurosecreto ry  cells w ith  sensory fu n c tio n  h a v e  also 
been  described  in  A p ly s ia  [4]. The p resen t re su lts  confirm  th a t  th e re  are 
neurons in th e  cen tra l nervous system  of g a s tro p o d s  w hich m ay h a v e  bo th  
n eu ro sec re to ry  and  senso ry  functions.
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Abstract

The dorsom ed ia l m o to r nuclei were d e m o n s tra te d  by  th e  cob alt-lab e lin g  technique  
app lied  to  th e  so-called  som atic  m o to r c ran ia l n erves. The m o to n eu ro n s co n stitu tin g  
these  nuclei are o v a l-sh ap ed  and sm aller th a n  th e  m o to n eu ro n s in th e  v e n tro la te ra l  m otor 
nuclei. T hey give rise  to  v e n tra l  and dorsal d e n d rite  g ro u p s w hich have  ex te n siv e  a rb o riza 
tio n  areas. A d o rso la te ra l cell group in th e  ro s tra l  th ree  q u a rte rs  of th e  ocu lom otorius 
nucleus in n e rv a te s  ip sila te ra l eye m uscles (m .o b i.in f., in .rect.in f., in .re c t.m e d .)  and 
a v en tro m ed ia l cell g ro u p  in n erv a tes  th e  c o n tra la te ra l  m . rectus su p erio r. Ip s ila te ra l 
axons o rig inate  from  v e n tra l  d en d rites , c o n tra la te ra l  axons emerge fro m  th e  m edial 
a spect of cell bod ies, o r from  dorsal d en d rite s , a n d  form  a “ knee”  as th e y  tu rn  a round  
th e  nucleus on th e ir  w ay  to  jo in  th e  ip s ila te ra l ax o n s. A few labeled  sm a ll cells found 
d orsa l and  la te ra l  to  th e  m ain  nucleus in th e  c en tra l gray  m a tte r  a re  reg ard ed  as 
rep resen tin g  th e  nucleus of E d in g er-W estp h a l. T h e  tro ch learis nuc leu s is con tinuous 
w ith  th e  v e n tro m ed ia l cell group of th e  o cu lo m o to riu s nucleus. T he ax o n s orig inate  
in  dorsal d en d rite s , ru n  dorsally  along th e  b o rd e r o f th e  gray  m a tte r  a n d  pierce the 
velum  m edulläre  on  th e  c o n tra la te ra l side. A c o m p a c t d en d ritic  b u nd le  o f  ocu lom otorius 
neurons trav e rse  th e  nucleus, and  side b ran ch es  a p p ea r  to  be in close ap p o sitio n  to  
th e  troch lea ris  n eu rons. A dorsom edial and  a v e n tro la te ra l  cell group  becom es labeled 
via  th e  abducens nerve. T he form er supplies th e  m . rectu s la te ra lis , w h ile  th e  la tte r  
corresponds to  th e  accessorius abducens nucleus w h ich  in n erv a tes  th e  m m . re trac to re s . 
N eurons in  th is  la t te r  nucleus are large an d  m u ltip o la r , resem bling  th e  neu ro n s in th e  
v e n tro la te ra l m o to r nuclei. T heir axons o rig in a te  from  dorsal d e n d rite s  an d  form  a 
“ knee”  a ro u n d  th e  do rsom edial aspect of th e  ab d u cen s nucleus. C obalt app lied  to  the 
hypoglossus nerve  reach es a dorsom edial cell g ro u p  (th e  nucleus p ro p e r) , sp inal m oto
neurons and  sy m p a th e tic  preganglionic neu rons. O f th e  dorsom edial m o to r  cells, the  
hypoglossus n eu ro n s are  th e  largest, and  a b ra n c h  o f th e ir  v e n tra l d e n d rite s  te rm in a tes  
on  th e  c o n tra la te ra l  side. Some fu n c tio n al an d  d ev elopm en tal b io log ical aspects of 
th e  m orphological fin d in g s , such as th e  crossing  axons and  th e  p ecu lia r  m orphology 
of th e  accessory ab d u cen s nucleus, are d iscussed .

Introduction

G roups of m o to n eu ro n s supp ly ing  th e  e x te rn a l ocular m uscles and  the 
to n g u e  m uscles are  called  th e  som atic  m o to r co lum n , or th e  d o rsom ed ia l m otor 
co lum n, as opposed to  th e  special visceral o r b ran ch io m o to r co lum n  occupying 
a v e n tro la te ra l p o sition  in th e  b ra in  stem . D ue to  th e ir  d is tin c t N issl s ta in ing  
p ro p ertie s , th e  p o sitio n  and  top o g rap h y  o f m o to r nuclei have b een  correc tly  
recognized from  th e  ea rly  lite ra tu re  to  d a te  [6, 11]. A n u m b er o f  questions
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c o n c e rn in g  finer de ta ils , on  th e  o th e r  hand , s till re m a in  unreso lved . F o r  e x am 
p le , n o th in g  is know n a b o u t th e  rep resen ta tio n  o f  in d iv id u a l eye m uscles in  the  
o c u lo m o to r  nucleus, or to  w h a t  e x te n t o cu lo m o to r fib res  cross in  A m p h ib ia . 
a l th o u g h  b o th  questions h a v e  been tho rough ly  in v e s tig a te d  in the  m am m alian  
b ra in  [4, 10, 20, 25]. T h e  ab d u cen s  n uclear g ro u p  p resen ts a n o th e r  puzzle, 
in  as m u c h  as A d d e n s  [1] d is tin g u ish ed  an accesso ry  nucleus for th e  in n e rv a 
t io n  o f  th e  eye re tra c to r  m u sc les , while o thers [11] consider th is  nu c leu s to  be 
p a r t  o f  th e  nucleus re tic u la r is  m édius. B a r n a r d  [2] and S e n n  [16] described  
a d o rs a l  an d  a v en tra l d iv is io n  in  th e  hypoglossus nucleus, bu t th is  d is tin c tio n  
is d e n ie d  by  N i e u w e n h u y s  an d  O pdam  [11]. V iscera l m o to n eu ro n s o f  th e  
o c u lo m o to r  nucleus are  m e n tio n e d  only by  S e n n  [16], who s ta te s  t h a t  som e 
sm a ll n eu ro n s am ong th e  o cu lo m o to r neurons m a y  rep resen t th e  n u c leus of 
E d in g e r-W e stp h a l.

F ro m  the ap p lica tio n  o f  th e  cobaltous su lp h id e  techn ique to  th e  cran ia l 
n e rv e s  in  th e  frog, we h a v e  o b ta in e d  a body  o f d a ta  on th e  neu ro n a l o rg a n iz a 
t io n  a n d  fib re  connections o f  th e  b ranch ia l c ra n ia l nuclei [9]. In  th e  p resen t 
p a p e r ,  we give an acco u n t o f  a series of s im ila r in v es tig a tio n s  m ad e  on th e  
d o rso m e d ia l nuclear g roup  o f  c ra n ia l nerves, in c lu d in g  th e  nuclei o f th e  oculo- 
m o to r iu s , trochlearis, a b d u c e n s  an d  hypoglossus nerv es .

Materials and methods

T h e  investigations w ere p e rfo rm e d  on th e  com m on  w a te r  frog, Rana esculenta. In 
a n a e s th e tiz e d  anim als ( tr ic a in  m eth a n esu lp h o n a te )  th e  c ran ia l nerve  used for c o b a lt filling 
w as e x p o se d  th rough  a p h a ry n g e a l ap p ro ach . T h rough  a n  inc is io n  of th e  m ucous m em b ran e  
o v e r ly in g  th e  roof of th e  m o u th , th e  c ran ia l c av ity  w as o p en ed  by  rem oval o f  a p o rtio n  
of th e  p a rasp h en o id a l bone. T h e  o cu lo m o to riu s  and tro ch lea ris  nerves were found  in  th e  d u ra l 
sac  m e d ia l  to  th e  trigem inus n e rv e . T h e  abducens nerve  w as fo u n d  in a com m on b u n d le  w ith  
th e  tr ig e m in u s  and facialis ne rv es. F o r  a  com plete exposure  o f th e  hypoglossus n e rv e , th e  la te ra l 
o c c ip i ta l  b o n e  had to  be rem o v ed . I n  m a n y  cases, th e  tr ig e m in u s  nerve and  th e  g an g lio n  pro- 
o t ic u m  w e re  also excised in  o rd e r to  m a k e  room  for th e  p la s tic  tu b e  con ta in ing  co b a lto u s  ch lo 
r id e  so lu tio n . In  order to  s tu d y  th e  re p re se n ta tio n  of th e  fo u r e x te rn a l  ocular m uscles in n e rv a te d  
b y  th e  o cu lom oto rius nucleus, b ra n c h e s  o f th e  ocu lom otorius n e rv e  were d issected  in  th e  o rb it 
a n d  f i lle d  sep a ra te ly  w ith  c o b a lt, e a c h  b ra n c h  in  tw o an im als . N e rv es to  th e  m . re c tu s  m edialis, 
m . r e c tu s  in ferio r and m. o b liq u u s  in fe rio r  were d issec ted  in  sup ine  frogs th ro u g h  th e  o ral 
c a v i ty ,  a n d  th e  nerve to  th e  m . r e c tu s  superio r w as lo ca ted  fro m  a dorsal a p p ro a c h  a f te r  
r e m o v a l  o f  th e  superior eyelid. W e fa iled  to  discern an  e le v a to r  m uscle  to  th e  eyelid  in  th e  frog . 
W ith  a s im ila r  technique, an d  fo r th e  sam e reason, b ran ch es o f  th e  abd u cen s n e rv e  su p p ly in g  
th e  m . re c tu s  lateralis and th e  m m . re tra c to re s  were also filled  sep a ra te ly  w ith  c o b a lt ,  each 
b r a n c h  in  tw o  frogs. A ltogether 43 fro g s  w ere used in th e  p re se n t s tu d y .

T h e  axonal filling w ith  CoCl2 w as perform ed acco rd in g  to  th e  tech n iq u e  described  
p re v io u s ly  [18]. Briefly, th e  p ro x im a l s tu m p  of th e  d issec ted  nerve  was in tro d u c ed  in to  a 
sm a ll p o ly e th y le n e  tube  w hich  c o n ta in e d  CoCl2 so lu tion  (0.11 M ). T o fac ilita te  t r a n s p o r t ,  0.013 g 
b o v in e  se ru m  album in was ad d ed  to  100 m l of CoCU so lu tio n  [17]. T he cobalt filling  ra n  fo r 
tw o  d a y s ,  w ith  the  anim al be ing  k e p t  in  a  shallow  pool o f d ilu te d  (1 : 5000) a n ae s th e tic  a t  4 °C. 
C o b a lt io n s  ta k e n  up by th e  n e rv o u s  tis su e  w ere p re c ip ita te d  w ith  a 0.11 M  so lu tio n  o f  sod ium  
o r th o p h o s p h a te  sa tu ra ted  w ith  H 2S. T h e  b ra in  was fixed  in  7 0 %  e th an o l, qu ick ly  d e h y d ra te d  
a n d  e m b e d d e d  in paraffin . Serial se c tio n s  o f 20 fim  th ick n ess w ere  m ad e , and  th e  CoS p re c ip ita te  
w as in te n s if ie d  w ith a m odified  T im m ’s [24] procedure. As su g g ested  by  Gallyas [5], th e  
o rig in a l T imm’s developer w as re p la c e d  b y  th e  follow ing m ix tu re : So lu tion  A: 4 %  g e la tin e  
a n d  4 0 %  am m onium  n itra te , so lu t io n  B: 1%  silver n i tra te ,  so lu tio n  C: 10%  h id ro q u in o n e .
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T he developer was fresh ly  p repared  hy co m b in in g  8 volum es of so lu tion  A to  1 vo lu m e of 
so lu tion  B, and  ad d in g  0.5 volum e of so lu tion  C. T h e  sections were k ep t in th e  develo p er for 
10 m in , th e n  co u n te rs ta in e d  w ith  m ethy lene  blue.

Results

N ucleus oculom otorius

T he nucleus oculom otorius is an  e lo n g a ted  accum ulation  o f m o to n eu ro n s 
in  th e  te g m e n tu m  m esencephali. T he o ra l pole reaches th e  p re te c ta l  region, 
w hile th e  cau d a l pole is con tinuous w ith  th e  troch lcaris  nucleus (F ig . 7). The 
lo n g itu d in a l e x te n t o f th e  nucleus is a b o u t 800 /a n . The v en tro m ed ia l aspects 
o f th e  tw o nuclei fuse in the  cauda l p a r t .

T he o va l-shaped  and po lygonal m o toneu rons are re la tiv e ly  sm all, 
m easu ring  17— 25 //m in the  longest d ia m e te r . The den d ritic  a rb o r  sp reads 
o u t in a fan-like m an n e r w ith  th e  m ain  b ran ch es  o rien ted  in  th e  d o rsa l and 
in  th e  v e n tro la te ra l d irection . W ith  its  sev e ra l side-branches d ire c te d  m ed ia lly  
an d  la te ra lly , th e  d en d ritic  a rb o r covers a sem icircu lar area e x te n d in g  from  the 
floor o f the  m esencephalic aq u ed u c t to  th e  in te rp ed u n cu la r  n uc leus (F igs 1, 2,
14). T his area inc ludes the  su b ep en d y m al zone, th e  a n te ro v e n tra l a n d  postero - 
v e n tra l te g m e n ta l nuclei o f P o t t e r  [12 ] ,  th e  fasciculi teg m en ta les , th e  nucleus 
o p ticus teg m en ti in th e  oral p a r t  o f th e  d en d ritic  arbor, an d  a n u m b e r of 
u n id en tified  t ra c ts  an d  s tru c tu res  in  th e  basis o f the  m esen cep h a lo n . The 
d en d rite s  e x ten d  ro s tra lly  in to  th e  p o s te r io r  th ird  of th e  d ien cep h a lo n , w here 
th e  fin e  end-tw igs te rm in a te  in the su b e p e n d y m a l zone and  in th e  h y p o th a la m ic  
w h ite  m a tte r . In  th e  caudal d irec tion , th e  dorsa l and  v e n tro la te ra l  d en d rite s  
cease fa irly  a b ru p tly  a t  the  cauda l po le  o f th e  nucleus; th e n  a n a rro w  and  
co m p ac t bund le  o f den d rites  s tre tch es  cau d a lly  am ong th e  n eu ro n s  o f the 
tro ch lea ris  nucleus (F ig. 5). Side b ra n c h e s  o f th is  caudal d e n d ritic  bund le  
closely follow  th e  p rox im al dend rites  o f  tro ch lea ris  m otoneurons, a n d  d en d ritic  
bead s a p p e a r  to  be in close ap p o sitio n  to  m o toneu ron  so m ata  (F ig . 6). T here 
is a d is tin c t im pression  th a t  some k in d  o f  co n tac ts  are e s tab lish ed  betw een  
ocu lom otorius d en d rite s  and  tro ch lea ris  n eu ro n s. This cauda l d e n d ritic  bund le  
te rm in a te s  ex ac tly  a t  the  caudal pole o f  th e  troch learis  nucleus.

A xonal co b a lt filling  of the  o cu lo m o to riu s  nerve on one side re su lts  in 
b ila te ra l labeling  o f b o th  nuclei (F igs 1, 2). On th e  c o n tra la te ra l  side, m ost 
o f th e  labeled  n eu rons are localized in  th e  ven tro m ed ia l a sp ec t in  th e  cauda l 
th re e -q u a rte rs  o f th e  nucleus. N eurons in  th e  ro s tra l ip sila te ra l pole are no t 
labeled  from  th e  co n tra la te ra l side.

As a ru le , th e  ipsila tera l axons em erge  from  a v en tra lly  d ire c te d , s tro n g er 
d en d ritic  stem , an d  form  several sm all fascicu li w hich converge a t  th e  site 
o f th e  nerve  ex it. A xons of th e  c o n tra la te ra l  neurons o rig inate  e i th e r  from  the
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F ig . 7. D raw ing  of a p a ram ed ian  section  o f th e  b ra in  s tem  show ing th e  lo ca tio n  o f th e  dorso 
m ed ia l m o to r nuclei. I) d ien cep h a lo n , ОТ o p tic  tec tu m , C E R  c ereb e llu m , IN F  =  
in fu n d ib u lu m , E W  nucleus o f E d in g e r-W estp h a l. R o m an  num erals in d ic a te  th e  respective  
c ran ia l nerve  nuclei. B roken line a t V I o u tlin e s  th e  accessorius abducens n u c le u s , w hich  lies 
la te ra lly  to  th is  level of sectioning. In  th e  b o tto m  d raw ing , th e  re p re sen ta tio n  o f th e  in d iv idual 
eye m uscles is show n in an en larged  schem e of th e  ocu lom otorius tro ch lea ris  nuc le i. Sym bols 

of th e  eye m uscles a re  in d ica ted  on the  left

Fig. 1. P h o to m o n ta g e  of the  ocu lo m o to riu s nucleus. T he left ocu lom oto rius n e rv e  w as filled 
w ith  co balt. Sm all arrow s p o in t a t  th e  ro o t o f th e  ip sila te ra l axons, the  larg e  arrow ' ind ica tes 

th e  dorsal “ kn ee” . A q m esencephalic  aq u ed u c t 
F ig. 2. T he ocu lom otorius nucleus is show n from  a n o th e r  specim en. T h e  n e rv e  on  th e  left 
side w as filled w ith  cobalt. A rrow s p o in t a t  th e  v iscero m o to r neurons re p re se n tin g  th e  nucleus 
o f E d in g e r-W estp h a l. N ote th e  floor o f th e  m esencephalic  aq u ed u c t a t th e  to p  o f th e  p ic tu re  

Fig. 3. T he sam e tw o  v iscero m o to r n eu ro n s show n a t h igher m ag n ifica tio n  
F ig. 4. P h o to m o n ta g e  show ing the  tro ch lea ris  nucleus a t  a level ju s t  ro s tra l  to  th e  nucleus 
is th m i. A rrow s p o in t a t th e  axons. P I)  nucleus posterodorsalis, PV =  n u c leu s postero- 
v e n tra lis  o f th e  m esencephalic  te g m e n tu m , IN  - ■ th e  m o st ro stra l aspect o f th e  n u c leu s isthm i 
Fig. 5. T h e  cau d a l d en d ritic  bundle  o f th e  ocu lo m o to riu s is show n am ong th e  n eu ro n s of the

tro ch lea ris  nucleus
F ig . 6. T he sam e w ith  h igher pow er. N o te  th e  finely-headed  d en d ritic  b ra n ch e s  (arrow s) 
m ean d erin g  am ong troch learis neurons. T he ca lib ra tio n  ba r is 100 //m  in F ig s  i ,  2, 4, 50 /in i

in  F igs  3, 5 and  10 fim  in  Fig. 6
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m edial aspects o f th e  p e rik a ry a  or from  a d o rsa l d endrite . C rossing axons 
form  a dorsal an d  a v e n tra l  bund le  (Figs 1, 14). T h e  f irs t  bundle  b en d s dorsa lly  
a t  th e  m idline an d  form s a d is tin c t “ k n ee”  a ro u n d  th e  dorsal a sp ec t o f the 
nucleus. T he v e n tra l b u n d le  arrives a t  th e  v e n tra l  asp ec t of th e  nuc leu s, w here 
th e  axons tu rn  sh a rp ly  v e n tra lly , also form ing a “ k n ee”  when jo in in g  ip s ila te ra l 
axons. A few axons m ay  follow a ro u te  b e tw een  th e  tw o “ knees” , especially  
a t  th e  cauda l pole of th e  nucleus.

W ith  sep a ra te  ax o n a l filling  of th e  4 b ran ch es  o f th e  ocu lom oto riu s 
n erv e , i t  w as show n th a t  th e  m. rec tus su p erio r is in n e rv a ted  by  c o n tra la te ra l 
neu rons w hich are p re d o m in a n tly  found  in  th e  v en tro m ed ia l p a r t  o f th e  cauda l 
th re e -q u a rte rs  o f th e  nucleus (F ig. 7). A few  n eu ro n s , how ever, can  also be 
en coun tered  in  a d o rso la te ra l position . T h e  a rea s  o f rep re se n ta tio n  o f  the  
th re e  ip s ila te ra l m uscles g rea tly  overlap  in th e  ro s tra l th re e -q u a rte rs  o f the  
nucleus. T he m ost ro s tra l pole is occupied b y  n eu ro n s w hich in n e rv a te  the  
m . ob liquus in ferio r. T h ey  are  closely follow ed b y  neurons in n e rv a tin g  the  
m . rec tu s  in ferio r, th e n  b y  neurons of th e  m . re c tu s  m edialis. T h e  neurons 
o f these  th ree  m uscles are  loca ted  m ain ly  in  th e  d o rso la te ra l p a r t  o f th e  nucleus.

In  specim ens w ith  th e  en tire  o cu lom oto riu s nerve  filled  w ith  coba lt, 
a few labeled  n eu ro n s a p p ea r dorsal an d  la te ra l  to  th e  nucleus in  th e  p e ri
v e n tr ic u la r  g ray . T h ey  possess sp ind le-shaped  p e r ik a ry a  w ith  tw o  la rg e r d en 
d rite s , w hich m o d e ra te ly  a rborize  in  th e  g ray  m a t te r  (Figs 2, 3). B o th  in  th e ir  
shape an d  th e ir  size (12— 15 ^m ), th e y  closely  resem ble th e  n eu ro n s in  the  
nucleus sa liv a to riu s , an d  m ay  therefo re  re p re se n t th e  v iscerom otor (E d inger- 
W estphal) nucleus in n e rv a tin g  th e  in te rn a l o cu la r m uscles th ro u g h  th e  ganglion 
ciliare. The nucleus is sm all, con ta in ing  an  av e rag e  o f tw o cells in  each  sec tion  
o f 20 f im  in  th e  cau d a l h a lf  of th e  ocu lo m o to riu s  nucleus.

F ig . 8. P h o to m o n tag e  show ing th e  abducens nu c lear co m plex . P  =  p rincipal a b d u cen s  nucleus, 
Ac =  accessory ab d u cen s nucleus, SO =  superio r o live . Sm all arrow s p o in t to  th e  “ kn ee” 
form ed by th e  accessory  ab d u cen s axons, arrow s w ith  b a r  show  th e  p rincipal a b d u cen s  axons. 
L arge  arrow  p o in ts  to  tw o  sm all neurons w hich  re p re se n t th e  sa liv a to ry  nuc leu s an d  w hich 

w ere labeled  th ro u g h  th e  facialis nerve. N o te  th e  f lo o r o f  th e  4 th  v en tric le  a t  th e  to p  
F ig. 9. N eu ro n s o f th e  accessory abd u cen s n u c leu s a t  h igh  m ag n ifica tio n  

F ig. 10. N eu ro n s of th e  p rincipal abducens n u c leu s  a t  th e  sam e m ag n ifica tio n  
F ig . 11. N eu ro n s of th e  hypoglossus nucleus a t  th e  sam e m ag n ifica tion . T he d o rsa l d en d rite s  

are  seen in  th e  r ig h t u p p e r co rn er o f  th e  p ic tu re  
F ig . 12. Sp inal m o to n eu ro n s  an d  sy m p a th e tic  p reg an g lio n ic  neurons (arrow ) in th e  f ir s t  sp inal 

cord  seg m en t labeled th ro u g h  th e  h y p o g lo ssu s nerve 
F ig. 13. P h o to m o n ta g e  from  th e  obex show ing th e  h y p o g lo ssu s nucleus. B ra c k e ts  show  th e  
d en d ritic  a rb o riz a tio n  a rea  in th e  ip sila te ra l w h ite  m a t te r  a n d  in  th e  c o n tra la te ra l su b ep en d y m a l 
zone. A xons (a rrow s) a re  re to u ch ed . SN =  nu c leu s so lita riu s , 4 th  =  fo u rth  v e n tr ic le , Sp 
sp ina l m o to r nucleus, T S =  sp in a l t r a c t  o f th e  tr ig e m in u s , X I ,  X I I  =  accessorius a n d  hypog los
sus nucle i on  th e  side c o n tra la te ra l  to  labeling . T h e  c a lib ra tio n  b a r  is 100 //ill in  F igs  8, 13

and  50 //m  in F ig s  9, 10, 11, 12
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N ucleus trochlearis

T his nucleus is sm a lle r  in  cross sectional e x te n t  an d  con ta in s few er n eu rons 
th a n  th e  oculom otorius nu c leu s. H ow ever, in  th e  long itud inal d irec tio n  i t  is 
n o t  m u ch  shorter th a n  th e  ocu lom otorius nucleus (ap p ro x im a te ly  600 /tm ), 
a n d  ap p ears  to  be th e  d ire c t co n tin u a tio n  o f  th e  v en tro m ed ia l p a r t  o f th is  
n u c le u s  in n erv a tin g  th e  m . rec tu s  superio r (F ig . 7). A t th e  tr a n s it io n  zone 
o f  th e s e  tw o nuclei, th e re  is a n  ana tom ica l o v e rlap , since labeled  an d  un labeled  
cells can  be found side b y  side fo r a d istance  o f a b o u t 100 pm  in th e  ro s tro c a u d a l 
d ire c tio n . The caudal po le  te rm in a te s  a t  th e  m idd le  level of th e  n u c leu s is th m i.

In  th e  overlapp ing  p a r t  o f the  tw o nuclei, th e  shape of th e  ocu lo m o to riu s  
a n d  troch learis  n eu ro n s is s im ila r. T hey  h av e  re la tiv e ly  w eak do rsa l d e n d ritic  
p ro cesses , w ith  m ost o f  th e  d en d rite s  being  o rien ted  la te ra lly  an d  v e n tra lly . 
S o m e w h a t more c a u d a lw a rd , th e  cell bodies assum e a spindle sh ap e  an d  lie 
a t  th e  v en tro la te ra l m arg in  o f  th e  g ray  m a tte r  (F igs 4, 14). T he tw o  tip s  of 
th e  sp ind le  give origin to  th e  d o rso la te ra l an d  v e n tro la te ra l d e n d rite s . These 
e m it co lla tera ls  w hich m e a n d e r  am ong th e  b u n d les  o f th e  fasciculi teg m en ta le s  
a n d  te rm in a te  in th e  v e n tro la te ra l  w hite  m a tte r , leav ing  free th e  in te rp e d u n c u 
la r  n u c leu s. N ot in f re q u e n tly  one fin d s ro u n d  “ m onopolar”  n eu ro n s w ith  a 
s tro n g  den d ritic  stem  o rie n te d  in  th e  la te ra l d irec tio n , d iv id ing  in to  a dorso 
la te r a l  an d  a v e n tro la te ra l b ra n c h . These re su lts  g ive one th e  im p ressio n  th a t  
th e  g re a tly  enlarged n u c leu s  p o s te ro v en tra lis  o f th e  m esencephalic te g m e n tu m  
p u sh e s  th e  dorsal d e n d rite s  la te ra lly , s im u ltan eo u sly  com pressing th e  d e n d ritic  
a rb o r  in  the  v e n tro la te ra l w h ite  m a tte r . T h e  ro s tro cau d a l ex ten s io n  o f th e  
d e n d r i te s  is m uch s h o r te r  th a n  in  th e  ocu lom oto riu s nucleus.

T rochlearis axons o rig in a te  from  th e  d o rso la te ra l d en d rite s , follow ing 
a g en tly -a rch ed  course d o rsa lw ard  and  s lig h tly  cau d a lw ard  along th e  b o rd e r 
o f  th e  g ray  m a tte r. A t th e  v en tro m ed ia l a sp ec t o f th e  nucleus is th m i th e y  
b eco m e in terposed  b e tw een  th is  nucleus an d  th e  nucleus poste ro d o rsa lis . In  
th e i r  fu r th e r  course, th e y  p ierce  th e  velum  m ed u llä re  and  em erge on th e  
c o n tra la te ra l  side.

N ucleus abducens

F illin g  the ab d u cen s  n e rv e  w ith  co b a lt rev ea ls  tw o d is tin c t g ro u p s of 
m o to n e u ro n s  in the  m id d le  o f  th e  rh o m b en cep h a lo n  (Figs 8, 14). O ne g roup , 
w ith  itsd o rso m ed ia l lo c a tio n , co rresponds to  th e  co n v en tio n a l abducens nucleus,

F ig . 14. Schem atic  d raw ings sh ow ing  th e  dorsom edial m o to r  nuclei a t th e  co rresp o n d in g  
cross se c tio n a l levels of th e  b ra in  s tem . The f irs t section  is a t  th e  level of th e  o cu lo m o to riu s 
n u c le u s . N o te  th e  crossing a x o n s . O n  th e  left side, d o rsa l to  th e  nucleus, th re e  b lac k  d o ts  
r e p re s e n t  th e  nucleus o f E d in g e r-W e stp h a l. — T he second  sec tio n  shows th e  r ig h t tro ch lea ris  
n u c le u s  filled  from  th e  le ft n e rv e . — In  th e  th ird  sec tio n  th e  p rim ary  ab d u cen s nu c leu s is 
f illed  on  th e  left side and  th e  accesso ry  abducens nucleus on  th e  r ig h t side. — B o tto m  sec tion  

shows th e  h y p o g lo ssu s  nucleus a t  th e  level o f th e  obex
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w h o se  neurons can be se lec tiv e ly  labeled  th ro u g h  th e  nerve  w hich in n e rv a te s  
th e  m . rec tu s  la te ra lis . T h e  second g roup  is lo ca ted  v e n tra lly  a n d  la te ra lly  
to  th e  f irs t , and  obv iously  co rresponds to  th e  nucleus abducens accessorius 
o f  A d d e n s  [1], since its  n eu ro n s  can be se lectively  labeled  from  th e  nerve 
to  th e  m m . re trac to res . B o th  nucle i a re  a t  th e  sam e ro s tro c a u d a l level as 
th e  n u c leu s sa liv a to riu s , be tw een  th e  facialis an d  g lossopharyngeus m otor 
n u c le i.

T h e  neurons c o n s titu tin g  th e  p rin c ip a l abducens nucleus resem ble  th e  
o c u lo m o to riu s  neurons b o th  in  size and  shape (F ig . 10). A few la rg e r po lygonal 
cells c a n  be found on ly  in  th e  c a u d a l p a r t  o f th e  nucleus. T he p e r ik a ry o n  gives 
rise  to  a dorsal and  to  a v e n tra l  d en d rite  g roup . T he dorsal d en d rite s  b ran ch  
in  th e  subependym al zone a n d  e x ten d  la te ra lly  in to  th e  region o f th e  v estibu lo - 
co ch lea ris  nuclei. T he v e n tra l  d en d rite s  cover a w ide area  w hich inc ludes th e  
o liv a  su p erio r la te ra lly . T he end-tw igs of th e  long d en d rite  b ran ch es  reach  
th e  su b p ia l surface. T he d e n d rite s  also h av e  a sig n ifican t ro s tro -c a u d a l e x te n 
sion . T h e  axons o rig in a te  from  th e  v e n tra l  d en d rite s  an d  ru n  s tra ig h t to w ard  
th e  p o in t  of exit.

T h e  accessory ab d u cen s nucleus is com posed of po lygonal n eu ro n s w hich 
a re  la rg e r  (23— 30 pm ) a n d  a re  m ore densely  pack ed  th a n  th e  cells in  th e  
p r in c ip a l nucleus (Fig. 9). T h e  p e r ik a ry a  em it dorsa l an d  v e n tra l  d en d rite s , 
o f  w h ich  th e  dorsal d en d rite s  a rb o rize  in  a m an n e r sim ilar to  th a t  in  th e  p rin c ip a l 
n u c le u s . T he v en tra l d e n d rite s  cover a m uch  n a rro w er area , in  th is  th e y  are 
re m in isc e n t of the  d e n d ritic  tre e  o f b ran ch io m o to r nuclei [9]. A ccessory  a b d u 
cens a x o n s  orig inate  from  th e  dorsa l d en d rite s ; tak e  a do rsom ed ia l course, 
a n d  tu r n  around  th e  do rso m ed ia l aspect of th e  p rin c ip a l nucleus, th u s  form ing  
a w ell-p ronounced  “ k n ee”  u n d e r  th e  flo o r of th e  4 th  ven tric le . T h e y  leave 
th e  rh o m b en cep h a lo n  to g e th e r  w ith  th e  axons o f th e  p rin c ip a l nucleus.

N ucleus hypoglossus

A t th e  ex it from  th e  m ed u lla  o b lo n g a ta , th e  hypoglossus n e rv e  m erges 
w ith  th e  f irs t spinal n erve . In  a d d itio n  to  m o to r fib res to  th e  to n g u e , th is  
n e rv e  t r u n k  carries fib res  to  th e  supra- an d  in fra -h y o id  m uscles, to  th e  deep 
t r u n k  m uscles, and to  th e  gang lion  sy m p a th icu m  I I  [6]. C obalt t r e a tm e n t of 
th e  w h o le  nerve tru n k  labe ls  th e  co rrespond ing  cen tres: a do rsom ed ia l cell 
g ro u p  in  th e  obex reg ion , m o to n eu ro n s in th e  v e n tra l horn  of th e  f irs t  spinal 
co rd  seg m en t, neurons in  an  in te rm e d ia te  positio n  betw een  these  tw o  g roups 
a n d  sm a ll, p resum ab ly  p regang lion ic , sy m p a th e tic  neurons (F igs 12, 13). 
F illin g  th e  nerve close to  th e  to n g u e , w here th e  b ranches to  th e  m . hypoglossus 
le a v e  th e  nerve, resu lts  in  a labe lin g  confined  to  th e  dorsom edial cell group , 
w h ich  m a y  th en  be reg a rd ed  as th e  nucleus p ro p er of th e  hypoglossus nerve.
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I t  begins in th e  u p p er obex  reg ion  and  runs a few  m icra  cau d a lw ard s to  the  
closure o f th e  4 th  v en tric le , m easu ring  ab o u t 600 /лт  in th e  ro s tro cau d a l 
d irec tion .

T he hypoglossus n eu ro n s h av e  oval-shaped  p e r ik a ry a  w hich a re  d efin ite ly  
la rg e r (30— 35 /im ) th a n  th e  p e r ik a ry a  in th e  o th e r do rsom ed ia l nuclei (F ig . 11). 
A dorsa l and  a v e n tro la te ra l d e n d rite  group o rig in a te  from  these  neu rons (Figs 
13, 14). T he dorsal d en d rite s  in v ad e  th e  su b ep en d y m al zone an d  form  a dense 
p lexus as fa r dorsa lly  as th e  so lita ry  nucleus. T h e  v e n tro la te ra l d en d rite s  
arbo rize  ex tensively  in  th e  g ray  and  w hite m a tte r , covering  th e  a rea  w hich 
lies betw een  th e  m o to r ro o t an d  th e  tra c tu s  sp inalis  trig em in i. T he b ranches 
tra v e rse  th e  vagus an d  accessorius m o to r nuclei as w ell, an d  te rm in a te  before 
reach in g  th e  subp ia l zone. A n u m b er of crossing b ran ch es can be follow ed 
to  th e  co n tra la te ra l side, w here  th e y  arborize in  th e  reg ion  of th e  hypoglossus 
nucleus and  in th e  a d ja c e n t g ray  m a tte r . The ax o n s o rig in a te  from  th e  v e n tra l 
d en d rite s , descend to  th e  cau d a l pole of the nuc leu s, an d  u n ite  w ith  th e  axons 
o f sp inal m otor cells.

D iscussion

T he find ings p resen ted  in th is  s tu d y  co rro b o ra te  earlier d escrip tions on 
th e  location  of th e  do rsom ed ia l m o to r co lum n, a n d  ex ten d  our know ledge 
of th e  in te rn a l o rg an iza tio n  o f these  nuclei.

T he in n e rv a tio n  o f in d iv id u a l ocular m uscles co rresponds to  w h a t has 
been found  in  th e  m am m alian  b ra in  [4, 10, 20, 25]. M otoneurons in n e rv a tin g  
th e  m . obliquus in ferio r, m . re c tu s  in ferio r a n d m . re c tu s  m edialis p red o m in an tly  
occupy  a d o rso la te ra l positio n  in  th e  ro s tra l th re e -q u a r te rs  o f th e  nucleus. 
T he m . rec tu s superio r is in n e rv a te d  by  m o to n eu ro n s w hich  are  m a in ly  found  
v en tro m ed ia lly  in th e  cau d a l th re e -q u a rte rs  o f th e  c o n tra la te ra l nucleus. The 
cau d a l p a r t , w hich co n ta in s  on ly  th e  v en tro m ed ia l n eu ro n s, con tin u es in to  th e  
tro ch lea ris  nucleus, w here th e  m otoneurons w h ich  in n e rv a te  th e  m . rec tu s 
su p erio r and  m . ob liquus superio r, co n stitu te  a com m on colum n. I t  is c h a ra c te r
istic  o f th e  troch learis  an d  m . rec tu s  superio r m o to n eu ro n s  th a t  th e ir  axons 
em erge from  th e  dorsa l a sp ec t o f th e  neurons an d  cross to  th e  c o n tra la te ra l side.

T he crossing axons h av e  an  in te re s tin g  fu n c tio n a l s ign ificance in  th e  
l ig h t of synergism  in  eye m uscle actions v iv id ly  show n and  discussed b y  
S zentago th ai  [21]. T he m . rec tu s  superior c o n tra c ts  s im u ltan eo u sly  w ith  th e  
c o n tra la te ra l m . o b liquus in fe rio r, and th e  m. o b liq u u s  superio r w ith  th e  con
tra la te ra l  m. rec tu s  in fe rio r in  response to  stim u li o f th e  superio r and  poste rio r 
sem icircu lar canal, re sp ec tiv e ly . D ue to  th e  crossing  o f axons to  th e  u p p e r eye 
m uscles, th e  a c tiv a tio n  o f ip s ila te ra l m o to n eu ro n s re su lts  in th is  p a tte rn  of 
p ara lle l co n trac tio n  o f c o n tra la te ra l m uscles. T h e  fu n c tio n a l s ign ificance of
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th e  c a u d a l dendritic  b u n d le  o f  ocu lom otorius n eu rons, w hich tra ils  dow n am ong 
th e  tro ch lea ris  n eu ro n s, is less clear. D irec t in te ra c tio n  b e tw een  m otoneurons 
is k n o w n  to exist in th e  fro g ’s sp in a l cord. P hysio logical e x p e rim e n ts  suggest 
e le c tro to n ic  coupling [3, 7, 15], an d  th e  coba lt-labe ling  te c h n iq u e  in the 
e le c tro n  m icroscope s tu d ie s  in d ica tes  d en d ro -d en d ritic  co n ta c ts  [19] as the 
p ro b a b le  su b stra te  in  th e se  in te ra c tio n s . I t  w ould  be in te re s tin g  to  in v estig a te  
w h e th e r  th e  close ap p o sitio n s  b e tw een  ocu lom otorius d en d rite s  an d  troch learis  
cell b o d ies  — as seen in  th e  lig h t m icroscope —  m ay  have a s im ila r fu n c tio n a l 
m e a n in g .

T h e  m orphology an d  fu n c tio n a l sign ificance of the  accessory  abducens 
n u c le u s  w as firs t recogn ized  b y  T e r n i  [23] an d  P r e z iu s o  [13] in  rep tiles, 
b ird s  a n d  m am m als. In  th e  frog , A d d e n s  [1] gave th e  f irs t d esc rip tio n  of this 
n u c le u s , b u t  he could n o t fo llow  th e  axons, an d  did  n o t reg ard  th is  o bserva tion  
as d e f in itiv e . These a u th o rs  be lieved  th a t  th e  accessory ab d u cen s  nucleus 
w as  a “ trigem ino-abducens re f le x  c e n te r” , w ith  th e  neurons m ig ra tin g  ven tro - 
la te r a l ly  tow ards th e  descen d in g  trig em in u s root from  the  p rin c ip a l abducens 
n u c le u s  in  response to  th e  in flu en ce  of n eu ro b io tax is .

F ro m  the p resen t o b se rv a tio n s , th e  ex istence o f an accessory  abducens 
n u c le u s  is clear, th o u g h  no m orpho log ical re la tio n sh ip  can be fo u n d  betw een 
th e  tw o  abducens nuclei. T h e  form  an d  th e  d en d ritic  a rb o riza tio n  o f neurons 
in  th e  p rin c ip a l nucleus are  like  th o se  in  th e  ocu lom otorius nuc leu s, an d  the 
n e u ro n s  o f the  accessory ab d u cen s  nucleus resem ble those in th e  b ranchio- 
m o to r  nucle i. In  th e  h o r iz o n ta l p lane  th e  accessory  nucleus is lo c a te d  closer 
to  th e  v en tro la te ra l (b ran ch io m o to r)  th a n  to  th e  dorsom edial (som atom oto r) 
n u c le i, w hile in the  ro s tro c a u d a l d irec tio n  it is a lm ost th e  d irec t co n tin u a tio n  
o f  th e  fac ia lis  nucleus in  th e  frog . A ltho u g h  i t  in n e rv a te s  a g roup  o f  ex te rn a l 
o c u la r  m uscles, the  m orpho log ica l ch a rac te ris tic s  classify  th e  accessory  abducens 
n u c le u s  in to  the  b ra n c h io m o to r, ra th e r  th a n  in to  th e  so m a to m o to r, group. 
T h is  s itu a tio n  suggests t h a t  th e  b ra n ch io m o to r and  so m ato m o to r c lassifica tion  
sh o u ld  n o t  be regarded  as re p re se n tin g  tw o d iscre te  groups o f m o to n eu ro n s, 
b u t  r a th e r  the  two ex trem es o f a co n tin u u m . T he fa c t th a t  in th e  frog  the  
fa c ia lis  nucleus does n o t h av e  a knee , b u t  th e  accessory  ab d u cen s does, calls 
fo r  a com prehensive c o m p a ra tiv e  s tu d y  on th e  questio n  of w h e th e r  th e  la tte r  
n u c le u s  cou ld  no t be re g a rd ed  as th e  p rim o rd iu m  of th e  tru e  (m am m alian -ty p e) 
fa c ia lis  nucleus w ith a knee  a ro u n d  th e  abducens nucleus.

A  sh o rt reference m a y  be m ade to  th e  u n u su a l courses o f axons (crossing 
a n d  k n e e  form ation) of th e  m . re c tu s  superio r, tro ch lea ris  and  accesso ry  a b d u 
cens n e u ro n s . I t  is com m on fo r these  neurons to  h av e  th e ir  axons o rig inate  
in  th e  d o rsa l p a r t of th e  p e r ik a ry a , u n like  in  th e  re s t o f th e  c ra n ia l nerve 
n u c le i. I f  one assum es th a t  th e  p a re n t cells w ere in  th e  sam e p o sitio n  a t the  
t im e  o f  a x o n a l ou tg row th , th e n  th e  in itia l o r ien ta tio n  o f grow ing axons appears 
to  d e te rm in e  th e ir course, a t  le a s t in  th e  in itia l section . A s im ila r m echanism
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h as a lread y  been suggested  to  ex p la in  th e  p ro jec tio n  p a tte rn  o f senso ry  d e rm a
to m es upon the  dorsa l h o rn  in  th e  spinal cord  [22]. T his m echan ism  could 
ex p la in  w hy th e  in. re c tu s  su p erio r axons (o rien ted  dorsom edia lly ) cross th e  
m id line , th e  troch learis  ax o n s (o rien ted  d o rso la te ra lly ) ta k e  a dorsa l course, and  
th e  accessory  abducens ax o n s (o rien ted  dorsom edially ) tu rn  a ro u n d  th e  abdu- 
cens nucleus. A no ther e x p la n a tio n  for th e  decussa tion  o f  th e  m . re c tu s  superio r 
axons m ay  be th a t  th e  p a re n t  cells m ig ra ted  from  th e  c o n tra la te ra l  side, as 
c la im ed  from  a n u m b e r o f o b serv a tio n s m ade on em bryon ic  m a te r ia l [8, 14]. 
W hile  th is  ex p lan a tio n  m ay  seem  m ore p lausib le  a t  f ir s t  g lance, i t  leaves 
open  th e  question  (suggested  b y  th e  position  of th e  o cu lom oto riu s knee) 
o f  w hy  th e  m ost la te ra lly  an d  dorsa lly  s itu a te d  neurons “ d ec id ed ”  upon  a 
c o n tra la te ra l m ig ra tion . T h e  ex tension  of th is  k in d  of in v es tig a tio n  to  em b ry o 
n ic  m a te ria l m ay th ro w  m ore lig h t on th e  m echan ism s th a t  govern  d irec ted  
ax o n a l grow th.

T he f irs t acco u n t o f c ran ia l veg e ta tiv e  nucle i in  A m p h ib ia  w as given 
in  o u r earlier p ap er [9], w here we described th e  e x a c t positions o f th e  nucleus 
sa liv a to riu s  and of th e  p regang lion ic  neurons in  th e  g lossopharyngeus-vagus 
nucle i. In  the  p resen t w o rk , we have succeeded in  lo ca tin g  th e  E d in g er-W est- 
p h a l nucleus. T aken  to g e th e r , these  d a ta  in d ica te  th a t  th e  fro g ’s b ra in  stem  
h as th e  sam e n u m b er o f v e g e ta tiv e  nuclei, in th e  sam e positio n s, as th e  m am 
m alian  b ra in  stem . T he o b se rv a tio n  of sy m p a th e tic  pregang lion ic  neu ro n s follow 
in g  co b a lt tre a tm e n t o f th e  hypoglossus and  th e  f ir s t  sp inal nerv e  show s th a t  
th e  sp inal veg e ta tiv e  co lum n  begins in  th e  m ost ro s tra l p a r t  o f th e  sp in a l cord . 
T h is fin d in g  concurs w ith  G a u p p ’s [6] classic descrip tio n  of a ram u s com m uni- 
cans o rig ina ting  from  th e  hypoglossus nerve an d  jo in in g  th e  second sy m p a th e tic  
ganglion.
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RECENSIONES

C ontem porary  Topics in Im m unobiology Vol. 5. E d . W . O. W e i g l e ,  P len u m  P ress , New 
Y ork  an d  L ondon  (1976), pp . 341, F igu res 47, T ab les  39, US $35.40.

A ccording to  th e  E d ito r  th e  aim  of th e  fif th s  vo lu m e of th e  series co n ta in in g  n ine  ch ap te rs  
is to  b rin g  to g e th e r som e of th e  m o st exciting  a rea s o f  im m unology  and th e re b y  to  a c t as a 
c ro ss-s tim u la tio n  to  in v es tig a to rs  in  th e ir  p a r tic u la r  a rea s  of in te res t.

In  th e  f irs t  c h ap te r  K. Shortman  and  co -w orkers describe sep a ra tio n  te c h n iq u es  for 
iso la tio n  of В -cell sub se ts  and p re sen t a m odel o f an tig e n -d e p e n d en t By ly m p h o cy te  d iffe ren ti
a tio n . In  th e  second c h ap te r  A. S. R o se nt ha l  a n d  E . M. S iievacii su m m arize  th e  role of 
m acro p h ag es in  th e  reg u la tio n  o f an tig en  reco g n itio n  by  th e  T  lym phocy te . C. W . P ie r c e  
and  J .  A. K a pp  draw  to g e th e r th e  in fo rm a tio n  from  th o se  system s in w hich su p p re sso r T  cells 
hav e  b een  th o ro u g h ly  ch arac te rized  (C h ap te r 3). H . N. Claman  and J .  W. Mo o r h e a d  analyse  
specific  acq u ired  u n responsiveness (“ to le ran ce” ) in  c o n ta c t  h y p e rsen s itiv ity  a n d  su p p o r t th e  
co n cep t th a t  d ev elo p m en t of to le ran ce  is an  ac tiv e  p rocess invo lv ing  suppresso r cells (C h ap te r 
6). J .  W. Sto ck er  an d  C. J .  V. N ossal em phasize  t h a t  one m ajo r e lem ent o f d isc rim in a tio n  
b e tw een  im m u n e  in d u c tio n  and  to le ran ce  in  m o st physio log ica l s itu a tio n s dep en d s on  th e  stage 
of m a tu ra t io n  of im m u n o cy tes  en co u n terin g  w ith  an tig e n . T h ey  fav o u r th e  “ c lonal a b o rtio n ” 
h y p o th es is  o f se lf-to lerance  in d u ctio n . (C h ap te r 5). H . D. E n gers  and H . R . M acD onald  
describe  in  vitro  sy s tem  used  for g en era tio n  o f c y to to x ic  T  lym p h o cy tes a n d  d iscuss th e ir 
sign ificance in  vivo  (C h ap te r 4). F ocusing  on th e  la t te r  D. D. McGregor  and  A. A. I. K ostiala  
rev iew  th e  role o f a c tiv a te d  T  cells in in fec tion  im m u n ity  (C h ap te r 7). C h ap te r 8 b y  R. T . K ubo  
an d  H . M. Gr e y  gives u p -to -d a te  in fo rm atio n  on th e  s tru c tu re  and  fu n c tio n  of m ic rog lobu lin . 
In  th e  la s t c h a p te r  J .  K le in  a tte m p ts  to  in te rp re t  th e  m ouse H-2 com plex offering  a un ify ing  
h y p o th esis .

T he book is useful for read ers  in te res ted  in  m o d ern  im m unology.

I. F ö l d e s  (B u d a p es t)

E rgebnisse  der M ikrobiologie und Im m u n itä tsfo rseh u n g  Vol. 75. Springer-V erlag . B erlin  — 
H eid elb erg  —New Y ork (1976), pp. 202, Figs 22, US $37.80

In  th is  book th e re  are five a rtic les of c u rre n t in te res t. In  vitro A pproach  to  D evelop
m en t to  Im m u n e  R e ac tiv ity  by A. G l o b e r s o n ;  B locking  an d  U nblocking S eru m  F a c to rs  in 
N eop lasia  by  S. C. B a n s a l ,  B. R. B a n s a l ,  and  J .  P . B o l a n d ;  B acteriophage T7 G enetics by 
R . H a u s m a n n ;  IS E lem en ts  in M icroorganism s by  P . S t a r l i n g e r  and  II. S a e d l e r  an d  S tru c 
tu re  an d  M olecular Biology of R ab ies V irus. T h is  vo lum e con ta ins also th e  C um u la tiv e  
A u th o r  an d  S u b jec t In d ex  of V olum es 40 — 75 of th e  series. V ery  d ifferen t fields o f im m unology  
an d  m icrobiology are covered; all th e  top ics a re  o f im p o rtan ce .

I t  is one of th e  m o st im p o rta n t m ethodo log ical req u irem en ts  for im m uno logy  of to d ay  
to  c rea te  in  vitro sy stem s for s tu d ies  of d iffe re n tia tio n  of iso lated  tissues o f cells. T he c ritica l 
rev iew  o f th e  in fo rm a tio n  so fa r o b ta in ed  ab o u t c u ltu re  tech n iq u es, cell in te rac tio n s , d iffe re n ti
a tio n , e tc ., m ay  help  fu r th e r  w ork on  th is  field . T he g re a t in te res t in th e  possible ro le o f  serum
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fa c to rs  in  neoplasia  and  th e  p o ss ib ility  t h a t  some c o m p o n en ts  o f th e  tu m o u r tissue m ay  d is tu rb  
th e  im m uno log ica l response of th e  h o st are  easy to  u n d e rs ta n d . The resu lts  and th e  h y p o th es is  
d e sc rib e d  m ay  prove v a lu ab le  fo r fu r th e r  research .

T h e  c en tra l role o f E . coli to  develop basic  genetics  is flourish ing  once ag a in  th o u g h  
som e a u th o rs  fo recast th e  end  of th e  ‘‘‘‘coli e ra ” . T he d isco v ery  of th e  significance of IS  e lem en ts 
in  E . coli an d  in its  p lasm ids are im p o r ta n t  facts for g en e tic is ts  stu d y in g  any k in d  of o rgan ism s. 
T h e  k n o w ledge  o b ta in ed  in  th e  la s t  10 y ears  ab o u t th e  v ir io n  s tru c tu re  and m olecu lar b iology 
o f ra b ie s  v iru s  is clearly  d escribed  an d  p rov ides a good su m m ary  for those w ho are in te re s te d  
in  ra b ie s  e ith e r from  p a th o g e n e tica l or epidem iological a spect.

T h e  active  role o f th e  a u th o rs  in th e  research  of th e  re le v an t top ics m ake th e  rev iew s 
c ritic a l a n d  w o rth  for read ing .

G. S z a b ó  (D eb recen )

E n v iro m e n ta l M utagens

P roceedings o f  the 6th A n n u a l M eeting  o f  the E uropean E nvirom enta l M utagen Society. A b h a n d u n - 
gen D e r A kadem ie D er W issen sch aften  D er D D R  A kadem ie-V erlag  B erlin (1977), pp . 182, 
M 26.0

T h ree  sym posia w ith  in v ite d  lec tu re rs  were a rra n g e d . T he f irs t sym posium  d e a lt  w ith  
th e  v e ry  im p o r ta n t  p rob lem s in v o lv ed  in  m odifications by  endogenous and exogenous fac to rs  
o f  th e  m u ta g e n ic  action  of chem ica l agen ts. W. K l i n g e r ’ s  in te res tin g  p ap er concludes th a t  
ch em ica ls  can  influence d ru g  m etab o lism  and th e  m u ta g e n ic ity  o f a com pound in  d iffe ren t 
w ays. In h ib itio n  as well as s tim u la tio n  lead  to  an  increase  o r a decrease o f a c tiv a tio n  or in a c t i
v a tio n , in h ib itio n  and  s tim u la tio n  c an  ac t in  th e  sam e or in th e  opposite  d irection . T his dep en d s 
on  d o sag e , tim e-response  re la tio n sh ip  and  finally , on  th e  p ro p e rtie s  of th e  m etab o liz in g  te s t  
sy s tem .

T h e  to p ic  of th e  second sy m p o siu m  was: th e  dose-effec t re la tionsh ips, th resh o ld  effects 
a n d  th e  q u estio n  of chronic vs. a c u te  exposure.

T h ird  sym posium : effects o f  m u tagen ic  chem icals in  risked  popu lations. T his to p ic  
w as o f spec ia l in te re s t w ith  re sp ec t to  th e  Seveso c a lam ity . In  ad d itio n , N. L o p r i e n o ’ s  p a p e r 
deals w ith  o ccu p a tio n a l h aza rd s: m u tag en ic  a c tiv ity  o f in d u s tr ia l  com pounds. M am m alian  
m e ta b o lic  system s hav e  b een  em p lo y ed  in  th e  m u ta g e n ic  analysis, stressing  th e re fo re  th e  
im p o rta n c e  o f th e  m etab o lic  co n v ersion  of these co m p o u n d s (s try ren e , v iny lch lo ride , ch loro- 
p h en e , trich lo re th y len e ).

T w o panel discussions to o k  p lace: “ P rob lem s w ith  b a c te r ia l  screening te s ts  in c o rp o ra t
ing m e ta b o lic  a c tiv a tio n ”  an d  “ T es tin g  chem ical co m pounds in  a  m u ltico m p o n en t te s t  sy s te m ” . 
I t  w o u ld  be  v e ry  useful fo r all th e  b io log ists, tox ico log ists a n d  scien tific  researchers in te re s ted  
in  e n v iro n m en ta l p ro tec tio n .

K o r n é l i a  L e h o c z k y  (B u d a p e s t)

C o p p e l  H . C., M a r t i n s  J .  W .: B io log ical In sec t P e s t Suppression  B e rlin —H eidelberg  — New 
Y o rk . S p rin g e r V erlag (1977)
In : A d venced  Series in  A gricu ltu ra l Sciences. Vol. 4. C o -o rd in a tin g  E d ito r: Y a r o n  B. F igs 49. 
T ab le  1, X I I I . ,  pp. 314, C loth  US $29.60

T h e  book is d iv ided  in to  fiv e  p a r ts  as follows.
G lo ssary ; H isto rica l, th e o re tic a l an d  ph ilosophical bases of biological in sect p e s t su p 

p ressio n ; O rganism s used  in classical b iological in sect p e s t suppression ; M an ip u la tio n  o f th e  
b io log ical e n v iro n m en t fo r in sect p e s t  suppression ; A fusion  of ideas

T h e  book  includes a  lis t o f  R eferences an d  a d e ta ile d  S u b ject index.
T h is  is a successful a t te m p t  to  encom pass th e  m u ltifa rio u s  biologically based  m eth o d s  

of in se c t p e s t  p o p u latio n  re d u c tio n . T he glossary is v a lu ab le  fo r u n d e rs tan d in g  th e  su b jec t. 
T he re a d e r  fin d s, besides th e  h is to rica l, th eo re tica l and  p h ilosoph ica l bases of biological in sect 
p e s t su p p re ss io n , in fo rm a tio n  reg ard in g  h u m an  in fluence o n  insects. The book co n ta in s  th e  
fu ll scale o f biological p e s t su p p re ss io n  includ ing  th e  use o f  p a rasito id s, nem ato d s, in sect, 
in v e r te b ra te  and  v e r te b ra te  p re d a to rs , p a thogen ic  m ic ro o rg an ism , and  co-ord ina ted  p e s t su p 
p ression . C h ap te r  4 discusses th e  q u estio n s o f re sistance, a u to c id a l con tro l and genetic  m a n ip 
u la tio n , as well as m o d u la tio n  of th e  m etam o rp h o sis a n d  b e h av io u r or d ifferen t species. T he 
la s t  c h a p te r  p rov ides useful in fo rm a tio n  on th e  in te g ra te d  p e s t suppression  and  th e  fu tu re  
d irec tio n s .
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T he hook is u n d o u b ted ly  th e  m ost successful a t te m p t  to  cover th e  field o f  in sect pest 
suppression . I t  can  he recom m ended  for s tu d e n ts  an d  resea rch  w orkers alike. I t  will give v a lu 
able help  to  th e  p rac tice  an d  theo re tica l works as well. I t  can  be used by beginners a n d  tra in e d  
w orkers as a book co n ta in in g  th e  necessary in fo rm a tio n  in  th e  field of insect p est su p p ress io n .

K a t a l i n  S . - R ó z s a  (T ih an y )

W ater and  P lan t L ife P rob lem s and  M odern A pp ro ach es E d . L a n g e ,  О. L .— K a p p e n ,  L. 
S c h u l z e ,  E. d .  S p rin g er V erlag, B erlin —H eid elb erg  —N ew  Y ork (1976), p p . 536, F igs 178. 
DM 120, $49.20.

T he book p ro d u ced  w ith  th e  co llab o ra tio n  o f 47 au th o rs  is th e  19th v o lu m es o f th e  
series: Ecological S tu d ies , A n a ly sis  and Syn thesis  (E d ite d  by  W. D. B i l l i n g s ,  F. G o l l e y ,  
O. L. L a n g e ,  J .  S. O l s o n . )

T he book h an d les  one of th e  m ost fu n d a m e n ta l prob lem s of the  econom y of a n im a te  
n a tu re . O ne of its  m a in  c h arac te ris tics  is th a t  s ta r t in g  from  num erous aspects i t  p re sen ts  
th e  role o f w a te r in p la n t  ecology on a very  b ro a d  b asis. A n o th er m ain  asse t o f  th e  volum e 
lies in th e  fa c t th a t  i t  t r e a ts  each sub ject in g re a t d e ta il,  p o in ts  ou t th eo re tica l an d  p ra c tic a l 
p rob lem s of general in te re s t  and provides reco m m en d a tio n s  for fu tu re  ta sk s  a n d  fo r th e ir  
so lu tion . E m p h asis  is m oreover to  he laid  on th e  m o stly  successful en d eav o u r to  fu rn ish  a 
com prehensive  p ic tu re  o f th e  significance of w a te r  fo r p la n t life from  th e  m o lecu la r-u ltra -  
s tru c tu ra l level and  from  th e  en tire  p lan t o rgan ism  to  ecosystem s and  v eg e ta tio n  zones.

T h e  book is o rgan ized  in to  th e  seven m a jo r  p a r ts , nam ely , (1 )  T he fu n d a m e n ta ls  of 
w a te r  re la tio n s , w ith  special a tte n tio n  to w a te r  s ta tu s  w ith in  th e  p lan t tissues an d  w ith in  
th e  so il-p lan t-a tm o sp h ere  co n tin u u m ; (2 )  to  a n u m b er of ch arac te ris tic  ty p es  o f  ro o ts  and 
ecosystem s; (3 )  T ra n sp ira tio n  and its reg u la tio n  an d  in  th is  connexion s to m a ta l re sponse ; 
(4 )  D irect and in d ire c t w a te r  stress in  re la tio n  to  its  effec t on m etabolism  and  sp ec ia l respect 
to  u l tra s tru c tu ra l,  b iochem ical and  horm onal re la tio n s ; (5 )  W ater re la tions and  C 0 2 f ix a tio n  
ty p es  as a d ap tiv e  b iochem ical phenom ena; (6 )  W a te r  re la tio n s and p ro d u c tiv ity ;  w a ter 
s ta tu s  as a d e te rm in a n t in th e  p ro d u c tiv ity  of p la n ts  a n d  p lan t com m unities, in c lu d in g  aspects 
o f a rtific ia l irrig a tio n  of p la n t cu ltu res; (7 )  T he im p o rta n ce  of th e  w ater fac to r fo r th e  fo rm a 
tio n  of v eg e ta tio n  p a tte rn s  and  th e  developm en t o f v e g e ta tio n  types.

T he significance of th e  sub jec t and of th e  boo k  is enhanced  by th e  fac t th a t  in v es tig a 
tio n  of biological o rgan ic  m a tte r  p roduction  is a ta s k  o f w orld-w ide in te res t b o th  in  th eo ry  
and  practice .

L. F r i d v a l s z k y  (A lsógöd)

Ä t h e r  A l i  M. an d  A n c t i l  M.: R etinas o f F ishes. An atlas. Springer-V erlag , B e rlin  — 
H eidelberg  —New Y o rk  (1976), pp. 284, Figs 364, U S $59.90

A collection  of sh o rt tex ts  and p h o to m ic ro g rap h s, th is  a tla s  is in ten d ed  to  p re se n t in  
a phy logenetic  o rd e r d a ta  on  fish  re tin a l s tru c tu re . B esides, it helps th e  v isual physio log ist 
o r b io ch em ist to  select a p a r tic u la r  fish species w hich  has m orphological c h a ra c te ris tic s  com 
p a tib le  w ith  his specific requ irem en ts .

T h e  f irs t p a r t  of th e  a tla s  is an  in tro d u c tio n  to  th e  classical m orphology o f th e  re tin a  
in  fishes. A sh o rt lis t o f th e  m ain  h istological tec h n iq u es  used for stu d y in g  fish  re tin a l s tru c tu re  
as well as a c h ap te r  a b o u t p rep ara tio n  of th e  re tin a  is also included. The second p a r t  is a c a ta 
logue of re tin a l m orphology  of fish groups in a p h y lo g en e tic  order. The m ate ria l is p resen ted  
in th e  u su a l a tla s  p a tte rn . A te x t  page on th e  left side describes th e  phylogenetic  p o s itio n  of 
th e  fish  group  w ith  a line d iagram  and a sh o rt p a ra g ra p h  of th e  group. T here  is a p a ra g ra p h  
a b o u t th e  m ost s trik in g  m orphological fea tu res  o f th e  re tin a , a collection of re fe ren ces and  
d a ta  a b o u t th e  v isua l p igm ents. T he illu s tra tio n  page on  th e  r ig h t con ta ins a few p h o to m ic ro 
g rap h s tak e n  from  tran sv erse  and tan g en tia l sec tions o f th e  re tin as . T he la tte rs  a re  especially  
usefu l to  illu s tra te  th e  o rien ted  p a tte rn  of p h o to rec ep to r  cells in th e  p lane of th e  re tin a . The 
illu s tra tio n  m ate ria l consists o f good q u a lity  b lack -an d -w h ite  p h o to m icro g rap h s o f m o stly  
w ell-preserved re tin a s . As th e  th ird  p a r t o f th e  a tla s , th e  read er finds a d e ta iled  b ib lio g rap h y  
and a synopsis o f fish  fam ilies according to th e  m o d ern  classification . T he a tla s  can  be o f good 
use for n eu ro an a to m ists , physio logists and b io ch em ists  in te res ted  in vision biology.

P. R öhlich (B u d a p e s t)
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L e u t h o l d ,  W . :  A f r i c a n  U n g u l a t e s
A  C om parative  Review  o f  Their Ethology and Behavioral Ecology. Springer-V erlag , B e rlin  — 
H e id e lb e rg  —N ew  Y o rk  (1977), p p . 307, Figs 55, $31 .70

T h e  book  has been  issued as th e  8 th  vo lum e of th e  series Zoophysiology and Ecology. 
T h e  S w iss-b o rn  a u th o r  has been w ork ing  for te n  y e a rs  as a  research  zoologist a t  th e  R esearch  
C en te r  in  T sav o  E a s t  N a tio n a l P a rk  (Voi K enya). A ll o f h is  observations and  conclusions a re  
b a se d  o n  p e rso n al field  obse rv a tio n s. A nd  th is  is o f g re a t sc ien tifical im p o rtance . I t  is well- 
k n o w n  th a t ,  in  sp ite  o f th e  m an y  th o u san d es  o f  sa faris  u n d e r ta k e n  during  th e  la s t  c e n tu ry  
in  th e  s a v a n n a s  o f E a s t  A frica a n d  th e  huge n u m b er o f u n g u la te s  fallen  to  th e  h u n te r ’s gun , 
th e  e th o lo g y  of these  in te res tin g  m am m als had n o t b een  c la rified  u n til the  las t decades. E th o l
ogy is in  o u r d ay s one of th e  m o st ra p id ly  develop ing  a rea  o f th e  biological sciences a n d  even  
its  a d v en c es  stress  th e  m islead ing  effects of th e  in v e s tig a tio n s  carried  o u t only on  d o m es tic a ted  
an d  la b o ra to ry  an im als . T he o b se rv a tio n s m ade b y  E u ro p e a n  e tho log ists on th e  big m am m als  
an d  c o m m o n  b ird s of our c o n tin e n t, how ever g rea t in  n u m b e r, seem no t to  be re liab les sou rces 
for g en era l conclusions. E .g . for ex p la in in g  th e  ac tin g  fa c to rs  in th e  social b eh av io u r a n d  th e  
social o rg a n iz a tio n  of th e  groups o f even-toed  u n g u la te s  a re  our o bservations m ade  on  dense  
p o p u la tio n s  o f deers an d  roedeers q u ite  u n accep tab le .

T h e  p re sen t book  is o f u n d o u b te d  va lue  fo r th e  p ra c tic a l solving of m an y  d iff ic u lt  
eco log ical p ro b lem s of A frica , called  by  som e a u th o rs  fcbT he d ev astin g  co n tin e n t” .

A  fu r th e r  v a lu e  of th is  book  is th e  a b u n d a n t l is t  o f references — m ost of th em  u n fa m ilia r  
for zo o lo g ists dealing  w ith  E u ro p ea n  u n g u lates. T he p h o to s  ta k e n  b y  th e  a u th o r in  th e  E a s t  
A frica n  sa v a n n a s  and  th e  sch em atic  draw ings su p p lem en t in  every  respect th e  carefu lly  w r i t te n  
te x t .

G. S t o h l  (B u d a p e s t)
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Physique.
Edited by
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(P R O C E E D IN G S  V O L U M E  O F  T H E  SY M P O SIU M  O N  H U M A N  BIOLOGY, B A L A T O N - 
F Ü R E D , H U N G A R Y , SE PT E M B E R  1976.) (S Y M P O S IA  B IO L O G IC A  H U N G A R IC A  20.)

This volume contains 50 papers of research workers from eighteen countries from 
all over the world. The first section discusses the genetic and environmental factors 
influencing growth processes. Thus, papers analyze the effect in growth and develop
ment and maturity of climate, socio-economical, nutritional, and other factors, 
the intrauterine growth, and the maturation of girls (age at menarche), as well as 
the phenomenon of secular trend and the so-called “acceleration” or growth. Some 
papers give a view about growth studies made in different countries, others deal with 
the cilinical and/or physical educational aspects of these investigations. The second 
part of the book presents papers analyzing the variations of physique. Besides the two 
main methods: somatotyping and factor analysis, there are studies connected with 
clinical and/or physical educational applications, as well as studies on body composi
tion.

In English — Approx. 320 pages — 1 7 x2 5  cm — Cloth 
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B IB L I O G R A P H E
SYNOECOLOGICA SCIENTIFICA HLNGARICA

1900-1972

Edited by R. Soó

Preservation of environment has become a matter of paramount im
portance. This work is a highly comprehensible bibliography of the Hun
garian scientific literature on this subject, with a coverage of all except 
the very latest publications. It comprises the literature on soil biology, 
hydrobiology, plant and animal ecological and cenological subjects, as 
well as on paleoecology. Also included is the relevant bibliographical 
material of production biology, (i.e. the production biological literature 
on forests, grasslands, ploughlands, and general agricultural topics), this 
being a new science of vital practical importance.

With a Preface in English and German — Approx. 350 pages — Cloth
IS B N  963 051466 4
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В. Mess—G. Trentini—L. Tima:

HOLE OF THE PINEAL GLAND 
IN THE REGULATION OF OVULATION

(Studia Biologica Hungarica 16.)

This work provides a wide-ranging in-depth survey and  guide to  the role 

of the  pineal gland in  the regulation of ovulation in albino ra ts  m ade 

anovulatory in d ifferent ways (frontal hypothalam ic deafferentation, 

neonatal androgen trea tm en t, continuous illum ination) and in the female 

sexual cycle. The fe rtility  of the fem ale animals can  be influenced, under 

certain  circum stances, through th e  pineal organ. Besides light- and elec

tron  microscopic investigations, biological m ethods, quan tita tive  (radio- 

immune) hormone assays or determ ination of th e  brain-serotonin con

centration, au toradiography and o ther isotopic m ethods were applied. 

S tatistical-m athem atical analyses verify the valid ity  o f the experim ental 

results.

In  Englih — Approx. 80 pages — 18 figures —- Cloth 
IS B N  063 05 1457 5
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