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INFLUENCE OF X-RAYS ON THE RATE OF ACCUMULA­
TION OF 131I IN THE THYROID OF GUINEA PIGS IN 

THE INITIAL STAGE OF RADIATION DISEASE

H. L a c h  and B. D y m a r c z y k

DEPARTM ENT OF ANIM AL PH Y SIO LO G Y , TEACHER TR A IN IN G  COLLEGE, K RAKÓW

(R ece iv ed  1974—0 6 - 1 8 )

Abstract

T he influence o f single, to ta l  bo d y  X -ray  ir ra d ia tio n  w ith  500 an d  1 500 R  on 
131I u p ta k e  in  th e  th y ro id s  o f g u in ea  pigs in th e  in itia l stage of ra d ia tio n  disease  was 
s tud ied . R a d io a c tiv ity  o f th e  th y ro id  w as m easu red  1, 3, 6 , 24 a n d  48 h  a f te r  i. p . in ­
jec tio n  of 131I , i. e. 69, 71, 74, 92 a n d  116 h  a fte r th e  a n d  of X -ra y  ir ra d ia tio n . S ix ty - 
n ine  and  71 h  a f te r  th e  a n d  of X -irrad ia tio n , accu m u la tio n  o f 131I  w as h ig h er in  th e  
th y ro id s  o f m ale a n d  fem ale i r ra d ia te d  guinea pigs in  com p ariso n  w ith  co n tro ls . A t 75 
h  a f te r  X -irrad ia tio n  i. e. 6 h  a f te r  ad m in is tra tio n  of 131I , a  d rop  in  th e  iod ine  con­
te n t  o f th e  th y ro id  o ccurred , w h ich  las ted  u p  to  48 h. T he d rop  in 131I u p ta k e  b y  
th e  th y ro id  w as p a r tic u la r ly  s ig n ifican t a t  92 h  a f te r  ir ra d ia tio n  of m ale  a n d  fem ale 
gu inea  pigs i. e. a t  24 h  a f te r  in tro d u c tio n  of th e  iso tope, in  com p ariso n  w ith  th e  
contro ls.

In tro d u c tio n

N um erous in v es tig a to rs  h a v e  s tu d ied  th e  in flu en ce  o f X -ra y s  an d  131I 
on m orphologic changes, in d u c tio n  o f  tum ors a n d  fu n c tio n  an d  a c tiv i ty  of 
th e  th y ro id  in  h u m an s an d  an im als  [1, 9, 11, 12, 14, 17, 21, 23— 25].

T h y ro id  a c tiv ity  a fte r  i r ra d ia tio n  w ith  X -ra y s  undergoes v e ry  d is tin c t 
changes, as n o ted  b y  B e t z  [6] a n d  M o n r o e  an d  co-w orkers [15]. W hole 
b o d y  X -irra d ia tio n  o f ra ts  causes in c reased  accu m u la tio n  o f 131I in  th e  th y ro id  
acco rd ing  to  E v a n s  an d  co-w orkers [cit. in  8]. C l o s o n  an d  B e t z  [8], on  th e  
o th e r  h a n d , n o ted  a d rop  in  io d ine  u p ta k e  by  th e  th y ro id  48 h a f te r  w hole 
b o d y  X -irra d ia tio n  o f ra ts  w ith  800 R .

C hanges in  a c tiv ity  an d  fu n c tio n  of th e  th y ro id  a f te r  X - ir ra d ia tio n  an d  
in  iod ine m etabo lism  are  of p a r t ic u la r  in te re s t in  th e  f i r s t  s tag e  o f ra d ia tio n  
disease.

This s tu d y  w as concerned  w ith  th e  in fluence  o f la rge , to ta l  doses o f  X - 
ray s  on th e  accu m u la tio n  o f 131I in  th e  th y ro id  o f gu inea  pigs in  th e  in itia l 
perio d  o f ra d ia tio n  d isease. T he re la tio n sh ip  b e tw een  th e  dosage o f X -ra y s  and  
ra te  o f 131I  accu m u la tio n , an d  th e  possib le sex d ifferences w ere also s tu d ied .

1 Acta Biologica Academiae Scientiarum Hungaricae 27, 1976



2 H. LACH and B. DYMARCZYK

Material and m ethods

F o r ty  sexually m a tu re , 6 -m o n th -o ld  guinea pigs w eighing 500 g on  av erag e  were used 
in  th e  experim en ts. The a n im a ls  w ere  k e p t a t  an a m b ie n t te m p e ra tu re  o f 18— 20 °C on s tan d ard  
fe e d  th ro u g h o u t th e  e x p e rim e n ta l period .

T h e  anim als w ere d iv id e d  in to  a con tro l g ro u p  a n d  tw o ex p erim en ta l g roups. The 
c o n tro l  group  num bered  10 g u in e a  pigs (5 m ales a n d  5 fem ales).

T h e  f irs t ex p erim en ta l g ro u p  of 15 guinea pigs (9 fem ales and  6 m ales) w ere irrad ia ted  
o n  th e  w hole body w ith  500 R  o f  X -ra y s  from  a ro e n tg e n  a p p a ra tu s  w ith  200 kY , 15 mA and  
1 m m  Cu filter. Tim e of e x p o su re  w as 8 m in and 50 s.

T h e  guinea pigs o f th e  se c o n d  ex p erim en tal g ro u p  w ere ir ra d ia te d  in  a s im ilar m anner 
b u t  w i th  1 500 R and ex p o su re  fo r  15 m in and 50 s. D osage w as d e te rm in e d  in  a ir  by  m eans 
o f  a  U n iv ersa l D osim esser.

On th e  f irs t d ay  a f te r  i r ra d ia t io n  the  b eh av io u r o f th e  gu inea  pigs w as norm al. On 
th e  seco n d  day , th e  an im als w ere  so m nolen t, a p a th e tic  a n d  a te  little . B loody  ex tra v asa tio n s  
a p p e a re d  on the  m ucous m e m b ra n e s . Some an im als h a d  d iarrh o ea . R a n d o m  b lood  sam ples 
sh o w ed  leucopenia. These sy m p to m s  were considered in d ic a tiv e  o f th e  f i r s t  s tage  of rad ia tio n  
d ise a se , an d  m easu rem en ts o f  th y ro id  a c tiv ity  w ere b eg u n .

A t 68 h  a fte r ir ra d ia tio n  o f  th e  anim als of th e  f i r s t  ex p e rim e n ta l g roup  (9 fem ales and 
6 m a le s)  w hich received a dose o f  500 R , each of th e  15 gu in ea  pigs w as g iven  an  in tra p erito n ea l 
in je c t io n  of 3 /iCi of 131I. T h e  b a ck g ro u n d  and  im p u lses in  a s ta n d a rd  w ere also m easured . 
T h e  sam e procedures w ere fo llo w ed  w ith  th e  second ex p e rim e n ta l g ro u p  ir ra d ia te d  w ith  
1 500 R . A t the  sam e tim e , 3 /uCi of 131I was in jec ted  in  th e  co n tro l gu inea  pigs. One hour 
a f te r  in jec tio n  of 131I and  69 h  a f te r  X -irrad ia tio n , im pu lse  co u n ts  w ere m ade  on th e  thy ro ids 
o f  g u in ea  pigs irrad ia ted  w ith  500 R . F or th is  p u rp o se , th e  an im als w ere p laced  in a lead 
c y lin d e r  w ith  a w indow m e a su rin g  4 X 2.5 cm, 5 m m  th ic k . T he w hole th y ro id  w as exposed 
in  th e  w indow  to th e  p ro b e , d ire c tly  opposite  to th e  co llim a to r. A fter d e te rm in in g  th e  d istance, 
r a d io a c t iv i ty  was m easu red  o v e r  th e  thyro id .

In  the  sam e w ay im p u lse  co u n ts  were m ade on th e  th y ro id s  o f th e  co n tro l guinea pigs 
a n d  g ro u p  of guinea pigs i r r a d ia te d  w ith  1 500 R .

N e x t, m easu rem en ts w e re  m ad e  in th e  co n tro l a n d  ex p erim en ta l an im als  3 h  la te r, 
i .e .  4 h  a fte r  ad m in is tra tio n  o f  ra d io a c tiv e  iodine a n d  72 h  a f te r  te rm in a tio n  of irrad ia tio n .

A t 24 h  a fte r a d m in is tra t io n  of 131I and 93 h  a f te r  X -irrad ia tio n , im pulse  coun ts were 
m a d e  o v er the  th y ro id s o f  g u in e a  p igs of all th ree  g roups.

F in a lly , m easu rem en ts  w ere  m ade 48 h  a f te r  a d m in is tra tio n  o f 131I an d  117 h  a fte r 
te rm in a t io n  of X -irrad ia tio n .

In jec tio n s of 131I w ere g iv e n  in  th e  form  of a  so lu tio n  of N a I o f a c tiv ity  10 ^Ci/m l.
R a d io ac tiv ity  w as m e a su re d  w ith  a sc in tilla tio n  c o u n te r. F ro m  th e  re su lts , percen tage  

u p ta k e  o f 131I by  the  th y ro id  w as  calcu la ted  in re la tio n  to  th e  a d m in is te red  dose according to 
B e i e r w a l t e s  and  co-w orkers [4 ], allowing for decay  o f rad io ac tiv e  iodine an d  b ackground  
r a d ia t io n .  S ta tistica l ana ly sis  o f  th e  re su lts  included ca lcu la tio n  of a r ith m e tic  m eans, s ta n d a rd  
d e v ia t io n ,  m ean error, an d  S tu d e n t ’s-test.

Results

M ales. A ccu m u la tio n  o f  131I in  th e  th y ro id s  of co n tro l m ales 1 h 
a f te r  its  ad m in is tra tio n  a m o u n te d  to  11 .73% . T hree  h ours a fte r  in jec tio n  of 
th e  iso to p e  iodine u p ta k e  o f  th e  th y ro id  rose to  12 .43% , an d  a f te r  6 h to  
1 7 .4 0 % . M axim um  a c c u m u la tio n  of 131I w as n o te d  a fte r  24 h , w ith  a m ean 
o f  32 .0 9 % . F o rty -e ig h t h o u rs  a fte r in jec tio n  o f th e  iso to p e  accu m u la tio n  of 
131I in  th e  th y ro id  d ro p p e d  on  th e  average to  23 .96%  (T able  1, F ig . 1).

In  m ales of th e  f i r s t  e x p e rim e n ta l g roup  ir ra d ia te d  w ith  500 R  o f X -rays, 
o n e  h o u r  after a d m in is tra tio n  o f 131I and  69 h  a f te r  te rm in a tio n  o f irra d ia tio n  
io d in e  u p tak e  increased  s ta tis t ic a lly  s ig n if ic a n tly  to  17 .14%  in  re la tio n  to  
th e  con tro ls . A t 3 h , 131I  u p ta k e  d ropped  to  16 .00%  co m p ared  w ith  th e  f irs t
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X-RAYS ON ACCUMULATION OF *«I 3

Table 1

131 /  up take  by the thyroid o f  the control and  X -irra d ia ted  male gu inea  p ig s

Interval
after

injection of
131J

Group
No. of 

animals
Mean percentage 

of 13,I in the 
thyroid

Standard
deviation

Mean
error

S tu d en t’s
(-test

1 h C ontrol 5 11.726 1.613 0.721 _
X -ray  (500 R) 6 17.144 1.308 0.538 14.03 **
X -ray  (1 500 R) 6 12.506 5.335 2.178 0.29

3 h C ontrol 5 12.428 1.330 0.595 —

X -ra y  (500 R) 6 16.000 2.030 0.829 8.30 **
X -ray  (1 500 R) 6 14.118 5.623 2.296 0.58

6 h Control 5 17.395 2.945 1.317 —

X -ra y  (500 R) 6 18.176 3.135 1.280 0.99

X -ra y  (1 500 R) 6 15.888 5.200 2.123 1.15

24 h Control 5 32.094 6.201 0.980 —

X -ra y  (500 R) 6 19.894 4.011 1.637 15.28 **

X -ra y  (1 500 R) 5 19.213 2.523 1.128 20.28 **

48 h Control 5 23.960 6.201 2.773 —

X -ra y  (500 R) о 24.408 2.715 1.108 0.24
X -ray  (1 500 R) 5 22.762 1.544 0.691 0.67

* T he an im als w ere in jec ted  68 h  a f te r  ir ra d ia tio n  o f th e  ex p erim en ta l an im als 
** S ta tis tica lly  s ign ifican t for i 0.ooi

Fig. 1. 131I u p ta k e  in the  th y ro id  o f th e  m ale gu inea pigs o f th e  con tro l g ro u p  a n d  g ro u p s 
X -irrad ia te d  w ith  500 an d  1 500 R
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4 H. LACH and B. DYMARCZYK

h o u r , b u t  was m uch  h ig h e r  (s ta tis tic a lly  s ig n if ican tly )  th a n  in  th e  co n tro l 
m a le s . A t 6 h  131I  u p ta k e  w as 18.18% , close to  co n tro l values. A s lig h t in ­
c rease  in  iodine u p ta k e  w as n o ted  a fte r  24 h  co m p ared  w ith  th e  m easu re ­
m e n ts  a fte r  1.3 an d  6 h , b u t  a s ta tis tic a lly  s ig n if ic a n t d rop  of th y ro id  ra d io ­
a c t iv i ty  in  com parison  w ith  contro ls a t  th e  sam e  tim e . F o rty -e ig h t h o u rs  a fte r  
a d m in is tra tio n  of th e  iso to p e , i. e. 117 h a f te r  te rm in a tio n  of exposu re  to  X - 
ra y s , th e  level of 131I  w as 2 4 .40% , ab o u t th e  sam e as in  con tro l m ales (T able  1, 
F ig . 1).

T h e  th y ro id  o f  th e  m a le  guinea pigs o f th e  second ex p e rim en ta l g roup  
ir r a d ia te d  w ith  1 500 R  b eg an  to  accu m u la te  131I  a lread y  in  th e  f i r s t  h o u r 
a f te r  in jec tion  of th e  iso to p e , to  a level o f 12 .5 1 % . T hree  hours a f te r  in jec tio n  
o f  th e  iso tope th e  level o f  133I in  th e  th y ro id  rose to  14 .12% , and  rem a in ed  above 
th e  co n tro l values, h u t  n o t  s ta tis tic a lly  s ig n if ic a n tly . S ix hours a f te r  in jec tio n  
o f  th e  iso tope a s lig h t in c re a se  in  131I to  15 .89%  to o k  place co m p ared  w ith  th e  
v a lu e s  o f m easu rem en ts  a f te r  3 h , b u t a d is t in c t  d ro p  o f ra d io a c tiv ity  o f th e

Table 2

131I  uptake in  the thyro id  o f control and X -irra d ia ted  fem ale guinea p ig s

In te rv a l
after

injection of
1311

Group
No. of 

animals
Mean percentage 

of 131I in the  
thyroid

S tandard
deviation

Mean
error

S tuden t’s
i- tes t

L h Control 5 9.876 1.740 0.778 —

X -ray  (500 R ) 9 16.902 1.533 0.511 16.46 **

X -ray  (1 500 R ) 9 15.028 3.334 1.111 10.14 **

3 h Control 5 12.334 1.265 0.566 —

X -ray  (500 R ) 9 17.167 1.280 0.427 16.60 **

X -ray  (1 500 R ) 9 16.227 3.415 1.138 8.53 **

6 h Control 5 15.773 2.137 0.056 —

X -ray  (500 R ) 9 18.837 1.203 0.401 22.52 **

X -ray  (1 500 R ) 9 15.267 3.696 1.323 1.14

24 h Control 5 33.492 2.125 0.950 —

X -ray  (500 R ) 9 19.519 1.630 0.543 30.31 **

X -ray  (1 500 R ) 7 17.958 5.402 2.042 17.63 **

48 h Control 5 20.320 4.332 1.937 —

X -ray  (500 R ) 9 22.813 2.409 0.803 1.40

X -ray  (1 500 R ) 5 18.560 4.771 2.134 0.61

* T h e  an im als were in je c te d  68 h  a fte r irrad ia tio n  o f th e  e x p erim en ta l an im als 
** S ta tis tic a lly  s ig n ifican t fo r t Q 001
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th y ro id  w as o b served  in  re la tio n  to  th e  co n tro ls . A t 24 h r a d io a c tiv ity  o f  th e  
m ale  th y ro id s  w as 19.83% , i.e. b y  12 .9%  less th a n  in  th e  co n tro l m a le s , th e  
d ifference b e ing  s ta tis tic a lly  s ig n if ic a n t. A t 48 h  131I u p ta k e  b y  th e  th y ro id  
o f X - ir ra d ia te d  m ales w ith  1 500 R  w as 2 2 .7 6 % , i.e. below th e  m ean  co n tro l 
v a lu e  (T able 1, F ig . 1).

Fem ales. 131I u p ta k e  b y  th e  th y ro id s  o f  c o n tro l fem ales 1 h a f te r  a d m in is ­
t r a t io n  o f th e  iso tope  was 9 .8 8 % . A fte r  t h a t  ra d io a c tiv ity  o f th e  th y ro id  
rose s te a d ily  u p  to  24 h  w ith  th e  fo llow ing v a lu es : a f te r  3 h , 12 .33% , a f te r  6 h, 
15 .77% , and  a f te r  24 h , 33 .49% . T w e n ty -fo u r h o u rs  a fte r in jec tio n  o f  131I a 
d is tin c t d rop  o ccu rred  in  ra d io a c tiv ity  o f  th e  th y ro id , a fte r 48 h  th e  m ean  
ra d io a c tiv ity  o f  th e  th y ro id  w as 20 .32%  (T ab le  2).

T he th y ro id  o f fem ale gu inea  pigs o f th e  f i r s t  exp erim en ta l g ro u p  i r r a d ia t ­
ed w ith  500 R  o f X -ray s a c c u m u la ted  131I d iffe ren tly  th a n  in  th e  co n tro l 
fem ales. A t 1, 3 an d  6 h  a fte r in je c tio n  o f  131I  resp ec tiv e ly  69, 72, a n d  75 h 
a f te r  te rm in a tio n  o f X -irra d ia tio n , u p ta k e  o f  rad io a c tiv e  iodine b y  th e  th y ro id  
in c reased  (s ta tis tic a lly  sign ifican tly ) c o m p ared  w ith  th e  co n tro l fem ales. 
T w en ty -fo u r h o u rs  a fte r  in jec tion  o f  131I ra d io a c tiv ity  of th e  th y ro id  in c reased  
s lig h tly  in  com parison  w ith  th e  p reced in g  p e rio d s, b u t  a very  d is tin c t, s ta t i s t i ­
ca lly  s ig n if ican t d ro p  in  ra d io a c tiv ity  o f th e  th y ro id , am o u n tin g  to  a b o u t 
13 .973% , to o k  p lace in  com parison  w ith  th e  fem ale  contro ls. F in a lly , 48 h 
a fte r  in jec tio n  o f th e  iso tope a n d  117 h  a f te r  te rm in a tio n  o f X - ir ra d ia t io n  
th e  th y ro id  o f fem ales a ccu m u la ted  t31I to  th e  level of 22.813%  (T ab le  2).

131I u p ta k e  in  th e  th y ro id s  o f  fem ale gu in ea  pigs of th e  e x p e rim e n ta l 
g roup  ir ra d ia te d  w ith  1 500 R  w as s im ila r to  t h a t  in  th e  fem ales i r r a d ia te d  
w ith  500 R . A fte r 1 an d  3 h , re sp ec tiv e ly  69 an d  72 h  a fte r  ir ra d ia tio n , a c c u m u ­
la tio n  o f 131I in  th e  th y ro id  in c rea sed  s ta tis t ic a lly  sign ifican tly . N e x t, a f te r  6, 
24 an d  48 h , re sp ec tiv e ly  75, 95 a n d  117 h  a f te r  te rm in a tio n  of ir ra d ia t io n , 
131I u p ta k e  b y  th e  th y ro id  w as in h ib ite d  in  com parison  w ith  th e  co n tro ls  
(T able 2).

Discussion

A n analysis  o f th e  resu lts  c lea rly  show s th a t  th e  th y ro id  g land  o f  g u in ea  
pigs ir ra d ia te d  w ith  500 R an d  1 500 R o f X -ra y s  on th e  whole b o d y  ta k e s  up  
m ore 131I u p  to  75 h  a fte r  exposure , a n d  th is  is follow ed by  a d rop  in  th e  ra d io ­
a c tiv ity  o f th e  th y ro id  in  com parison  w ith  co n tro ls . I n  con tro l an im als, a c c u m u ­
la tio n  o f  131I in c reased  up to  24 h from  in je c tio n  o f  th e  iso tope, fo llow ed  b y  
a v e ry  s ig n if ic a n t fa ll in  ra d io a c tiv ity  o f th e  th y ro id .

T h e  observed  increase in  a c c u m u la tio n  o f  131I  in  th e  th y ro id  d u rin g  
th e  f i r s t  75 h  a f te r  th e  and o f ir ra d ia tio n  o f  th e  an im als w ith  500 a n d  1 500 
R is in ag reem en t w ith  th e  g en era lly  held  op in ion  th a t  a fte r su b le th a l doses 
of X -ra y s  a t  f ir s t  th y ro id  a c tiv ity  increases, follow ed b y  a g rad u a l d ro p  [15].
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T h e  in c rea sed  a c c u m u la tio n  o f  131I in th e  th y ro id  o f anim als X -ir ra d ia te d  in 
th e  e a r ly  period  o f e x p o su re  m ay  be a t t r ib u te d  to  an  increased  sy n th es is  
a n d  re lease  of T S H  from  th e  hypophysis [5, 6].

C hanges in  th y ro id  a c tiv ity  a fte r X - ir ra d ia t io n  are accom pan ied  by  
m o rp h o lo g ie  changes in  th e  hypophysis a n d  in  th e  co n ten t of T S H  [3, 22].

S ince b io sy n th esis  an d  release of th y ro id  ho rm ones are s tr ic tly  re la te d  to  
th e  b lo o d  level o f T S H  [10], th e  increase in  1S1I u p ta k e  by  th e  th y ro id  in  th e  
in i t ia l  period  a fte r  X - ir ra d ia tio n  is p ro b a b ly  lin k ed  w ith  an in c reased  secre­
tio n  o f  th y ro x in e , an d  co n seq u en tly  w ith  a g re a te r  iodine req u irem en t o f th e  
b o d y .

In  th e  early  h o u rs  a f te r  irrad ia tio n  o f th e  an im als  w ith  500 or 1 500 R  of 
X -ra y s , th e  th y ro id  u p ta k e  o f  m I w as so m ew h a t h ig h er th a n  in  th e  co n tro ls , 
a n d  in  th e  la te r  s ta g e  th e  co m p ara tiv e  io d ine  u p ta k e  decreased d is tin c tly .

O u r o b se rv a tio n s  are  in  ag reem ent w ith  th o se  of C l o s o n  an d  B e t z  [8], 
w ho n o te d  a d rop  in  io d in e  u p ta k e  by  th e  th y ro id  in  ra ts  48 h  a f te r  w hole 
b o d y  ir ra d ia tio n  w ith  800 R .

T h e  u p ta k e  o f ra d io a c tiv e  iodine by  th e  th y ro id  in  guinea pigs X - ir ra d i­
a te d  w ith  500 R a n d  1 500 R  a t  1 to  48 h  a f te r  ad m in is tra tio n  o f th e  iso to p e  
w as e ssen tia lly  sim ila r. T h e  th reefo ld  h igher dose o f X -rays h ad  no s ta tis t ic a lly  
s ig n if ic a n t effect on  th e  r a te  of ra d io a c tiv e  io d in e  u p ta k e  b y  th e  th y ro id .

A lth o u g h  M o s k a l e v  a n d  co-w orkers [16] re p o rte d  th a t  th e  r a te  o f iod ine 
u p ta k e  b y  th e  th y ro id  is p ro p o rtio n a l to  th e  dose of rad ia tio n  ap p lied , o u r ob ­
s e rv a tio n s  do n o t c o n firm  a re la tionsh ip .

M easu rem en ts  o f ra d io a c tiv ity  revealed  s im ila r  131I u p tak e  in  th e  th y ro id s  
o f  m a le  and  fem ale g u in ea  pigs ir ra d ia te d  w ith  500 and  1 500 R o f X -ra y s . 
S ik o v  [18] also fo u n d  no difference in  131I  u p ta k e  betw een  m ale a n d  fem ale 
a n im a ls  of th e  sam e age.

T h e  observed  chan g es in  iodine m e ta b o lism , especially  tho se  concern ing  
th e  r a te  o f a c c u m u la tio n  o f  131I in  th e  th y ro id  o f  X -irra d ia te d  gu in ea  p igs, are  
r e la te d  to  changes in  a c tiv ity  of th e  h y p o th a la m u s  and  h y p o p h y sis . T o ta l 
ir r a d ia t io n  of an im als  w ith  X -ray s leads to  chan g es in  a c tiv ity  o f th e  h y p o ­
th a la m u s  [2, 13].

C hanges in  h y p o th a la m ic  a c tiv ity  a re  re f le c te d  b y  changes in  th e  level 
o f  h y p o th a la m ic  T R F , w h ich  in  tu rn  affect th e  c o n te n t and  release o f T S H  [19, 
20]. A t th e  sam e tim e , m orphologic  changes occu r in  th e  h y p o p h y sis  an d  in  
th e  a m o u n t o f th y re o tro p ic  horm one (T S H ) re leased  [3, 22] an d  C l o s o n  and  
B e t z  [8] rep o rted  changes in  levels of th y ro x in e  in  anim als exposed  to  X -ra y s .

T h e  fac ts  c lea rly  in d ic a te  th a t  changes in  a c tiv ity  of th e  h y p o th a la m u s , 
a n d  in d ire c tly  in  th e  h y p o p h y sis , are re fle c ted  b y  th y ro id  fu n c tio n , m an ife s ted  
b y  changes in io d ine  u p ta k e  by  th e  th y ro id  g lan d .
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INFLUENCE OF X-RAYS ON DIURNAL VARIATION IN 
131I UPTAKE BY GUINEA PIG THYROID

H . L a c h  a n d  B. D y m a r c z y k

D EPA RTM EN T OF ANIMAL PH Y SIO LO G Y , TE A C H ER  T R A IN IN G  COLLEGE, K RA K Ó W  

(R eceived  1 9 7 4 -1 1  — 25)

Abstract

The ,3II u p tak e  by  gu in ea  pig th y ro id  is sub ject to  d is tin c t d iu rn a l  v a r ia ­
tion . In  co n tro l m ales, p eak  v a lu es occu rred  a t  12 h , and  m inim a a t  24 h . I n  con tro l 
fem ales, p eak  va lues w ere also a t  12 h , b u t  m in im a  a t  6 h. In  gu inea  p ig s ir rad ia te d  
w ith  500 R  of X -ray s, a  rise in  131I u p ta k e  b eg an  1 h  a fte r te rm in a tio n  o f  ir rad ia tio n  
in  b o th  sexes an d  a t  all in te rv a ls , b u t  m ax im u m  an d  m in im un va lues w ere  a t  th e  sam e 
tim e as in  contro ls.

Introduction

C hanges in  th y ro id  a c tiv ity  in  an im als following X -ir ra d ia t io n  have  
been  described  b y  num erous in v e s tig a to rs  [5, 8, 10, 11, 20, 26, 27].

W hole-body  irra d ia tio n  o f ra ts  w ith  X -ra y s  increases 131I u p ta k e  b y  the  
th y ro id  [8]. A ccord ing  to  S in g h  [1 7 ], sm all doses of X -rays in c rea se , a n d  large 
doses decrease 131I u p ta k e  b y  th e  th y ro id . Closon  and B etz  [9] observ ed , 
how ever, a d rop  in  iodine u p ta k e  48  h a fte r  w hole-body i r ra d ia t io n  o f  ra ts  
w ith  880 R . S im ilar re su lts  w ere re p o rte d  b y  S ong and  E v a n s  [2 1 ], who 
o bserved  low ered  131I u p ta k e  b y  th e  th y ro id  o f  m ice 6 h  a fte r ir ra d ia t io n .

A lth o u g h  ex p e rim en ta l s tu d ie s  h av e  show n th a t  th y ro id  u p ta k e  o f  131I 
changes in  an im als ir ra d ia te d  w ith  X -ra y s , th e re  is lack  o f a c c u ra te  in fo r­
m a tio n  ab o u t th e  in fluence  of ir ra d ia t io n  on th e  d iu rn a l rh y th m  o f ra d io a c tiv e  
iod ine  u p tak e . T he p resen t s tu d y  w as concerned  w ith  th e  fo llow ing p ro b lem s:

(1) Does 131I u p ta k e  b y  th e  th y ro id  of m ale  an d  fem ale g u in ea  p igs v a ry  
in  th e  course of th e  d a y ?

(2) H ow  is 131I u p ta k e  b y  th e  th y ro id  in fluenced  by  single t o ta l  doses of 
X -ray s?

(3) A t w hich  tim e  o f th e  d a y  is th e  th y ro id  m ost sen sitiv e  to  X - ir ra ­
d ia tio n ?

M ateria l and  m ethod

E x p erim en ts  w ere carried  o u t on 100 six -m o n th -o ld  guinea pigs o f 500 g average 
w e igh t. T he an im als w ere k e p t a t  18 — 20 °C am b ie n t tem p e ra tu re  and fed a s ta n d a rd  d iet. 
T h e  an im als w ere d iv ided  in to  a co n tro l g ro u p  (25 m ale and  25 fem ale g u in ea  p igs) a n d  an
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e x p e rim e n ta l group (25 m ale  a n d  25 fem ale guinea p igs), i. e. 50 in  each group. E a c h  group  
w as su b d iv id ed  in to  5 su b g ro u p s  of 10 guinea p igs (5 m ale s  an d  5 fem ales). T he g roups of 
e x p e r im e n ta l guinea pigs w ere  i r ra d ia te d  w ith  a single dose o f  500 R  a t 12, 18, 24, 6, a n d  12 h. 
T w e n ty tw o  hours a fte r  i r r a d ia t io n , i.e. a t  10, 16, 22, 4 a n d  10 h , each  group of g u in ea  pigs 
w as in je c te d  in tra p e rito n e a lly  w ith  1 f i d  of 131I. T h e  c o n tro l g roup  of an im als also received 
in je c tio n s  o f the iso tope.

R a d io a c tiv ity  w as m e a su re d  2 h  a fte r  iso tope in je c tio n , i.e. 24 h  a f te r  irra d ia tio n .
T h e  source of ra d ia tio n  w as  a Philips ro en tg en  m ac h in e  fo r deep th e ra p y , a t  200 kV 

a n d  1 5 m A , 1 m m  Cu f ilte r .  E x p o su re  was for 8 m in  a n d  50 s. A ir dose was m easu red  w ith  a 
U n iv e rsa l D osim eter. R a d io a c tiv e  iodine w ith  10 /<Ci/ml a c t iv i ty  o f 131I-N a w as in jec ted .

T h y ro id  a c tiv ity  w as m ea su re d  w ith  a sc in tilla tio n  c o u n te r . W hen ca lcu la ting  re su lts  
in  p e r  c en t o f th e  a d m in is te re d  dose in  the  th y ro id , c o rrec tio n s  were m ade fo r d e ca y  of 
ra d io a c tiv e  iodine and  b a c k g ro u n d  ra d ia tio n  according to  B e i e r w a l t e s  and co-w orkers [ 6 ] .

F o r s ta tis tica l a n a ly s is , m ea n s , s tan d ard  d e v ia tio n  a n d  S tu d e n t’s г-test were ca lcu la te d .

Results

Fem ales. M a x im u m  13II  u p tak e  by th e  th y ro id s  o f  control fem ales was 
n o te d  a t  12 h, and m in im u m  a t  6 h (Table 1, F ig . 1).

I n  females i r r a d ia te d  w i th  500 R of X - ra y s ,  131I u p tak e  by  th e  th y ro id  
in c re a se d  d is t inc t ly  a n d  th e  m axim um  sh if ted  from  12 h to  18 h. S ta t i s ­
t ic a l ly  signif icant d iffe rences  in  thyro id  u p ta k e  o f  131I were n o ted  be tw een  
c o n tro l  and  i r ra d ia te d  m ice  a t  18 h, 6 and 24 h  (T ab le  1, Fig. 1).

M ales. In  c o n tro l  m a les ,  131I u p tak e  also v a r ie d  a t  different t im es  of 
th e  d ay .  H ighest a c t iv i t y  o f  the  thyro id  w as n o te d  a t  12 h, and  low est a t  
24 h  (Table 1, Fig. 1).

Table 1

Percentage 1311 up ta ke  2 h after i.p . injection o f  131I  various tim es o f  the day  
by the thyroid o f  control g u in ea  p igs and guinea p ig s  irradiated  with 500 R  o f  X -ra ys

Tim e of 
m easurem ents Groups of anim als

Dose of X-rays 
in  R  (24 h before 

measurem ents)

Mean percentage 131I uptake by the  thyroid

m ale female

N oon Control — 12.320 +  1.408 11.990 +  1.204

X -irrad ia te d 500 13.117 +  1.495 12.786 +  1.584

6 p .m . Control — 9.600 +  0.596 10.350 +  0.620

X -irrad ia te d 500 11.473 +  1.166* 13.020 ±  2.363*

M idn igh t Control — 8.200 ±  1.934 9.253 +  2.312

X -irrad ia ted 500 11.382 +  0.993* 12.540 ±  1.244*

6 a. m. Control — 10.340 +  1.626 9.000 +  1.553

X -irrad ia ted 500 12.690 +  0.819* 12.183 +  1.844*

N oon Control — 13.400 ±  0.698 13.070 +  0.698

X -irrad ia ted 500 13.297 ±  0.528 13.017 +  0.852

* S ig n ifican t a t  a level o f 0.001

A c t a  B i o l o g i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 7 ,  1 9 7 6
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Fig. 1. D iu rn a l rh y th m  of 131I u p tak e  b y  th e  th y ro id  o f  m ale and fem ale co n tro l g u in ea  pigs 
an d  gu inea  pigs ir ra d ia te d  w ith  500 R  of X -rays

M easurem ents in  m ale gu inea  pigs ir ra d ia te d  w ith  a single dose o f  500 R 
showred m uch  h igher va lues a t v a rio u s  tim e s  o f th e  d ay  com pared  w ith  co n tro l 
m ales. M axim a an d  m in im a w ere a t  th e  sam e hours, h u t a t  h ig h e r levels. 
S ta tis tic a lly  sig n ifican t d ifferences in  a c c u m u la tio n  of rad io ac tiv e  io d in e  in 
th e  th y ro id  w ere n o te d  a t 18, 24 an d  6 h  (T ab le  1, Fig. 1).

D iscussion

A nalysis of th e  find ings show s th a t  m I u p ta k e  by  th e  th y ro id  o f  co n tro l 
m ale  an d  fem ale gu inea  pigs varies v e ry  d is tin c tly  in  th e  course o f  th e  day . 
M axim um  peak  o f 131I u p ta k e  in  c o n tro l g u in ea  pigs was a t  12 h  (noon), in 
b o th  sexes. M inim um  u p ta k e  was a t  24 h in  m ales, and  a t  6 h in  fem ales.

T h e resu lts o f  th is s tu d y  are c o n s is te n t  w ith  th e  find in gs o f  S in g h  and  
co-w orkers [18], w ho n oted  th a t  in  ra ts  p la sm a  con cen tration s o f  T S H  rise 
in  th e  m orn ing  hours, a tta in  a p eak  a t 15 h , and th en  fall to  th e  m in im u m  
le v e l a t 3 h in  th e  n ight.

I t  seem s likely  th a t  th e  rise  in  p la sm a  T S H  in th e  m orn ing  h o u rs  co n ­
tin u in g  u n til  15 h , causes an in c rease  in  th y ro id  a c tiv ity  and c o n se q u e n tly  
also in  131I u p ta k e  by  th e  th y ro id . O n th e  o th e r  h an d , low levels o f  T S H  in 
th e  n ig h ttim e  are associa ted  w ith  a d ecrease  in  131I u p tak e .

A ccord ing  to  B a n  [3 ], in  e u th y ro id  su b je c ts  d iu rn a l v a ria tio n  in  tr i io d o ­
th y ro n in e  are  ch a rac te rized  b y  a m a x im u m  d u rin g  sleep, a c c o m p an ied  b y  
a s lig h t rise in  th y ro x in e . H ow ever, a d is t in c t  rh y th m  was no t a p p a re n t  un less 
th e  ho rm one  was ca lcu la ted  in  re la tio n  to  to ta l  p ro te in . In  th is a u th o r ’s op in io n , 
th e  rise in  triio d o th y ro n in e  d u rin g  sleep is p ro b ab ly  m ain ly  due  to  b lood
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d ilu tio n . I t  is also p ro b a b le , how ever, th a t  th e  e lev a tio n  of th y ro x in e  levels 
is p a r t ly  responsib le  fo r th e  rise in  tr iio d o th y ro n in e .

N i c o i .o f f  (cit. [25]), o b served  f lu c tu a tio n  in  release of iod ine from  th e  
th y ro id  w ith  a m ax im u m  a t  4 h in the  m o rn in g  a n d  m inim um  a t 17 h  in  th e  
a f te rn o o n . These d a ta  su g g est acceleration  o f  in tra th y ro id  k inetics o f io d ine  
a n d  en h a n c e d  secre tio n  o f horm ones by  th e  th y ro id  a t  th is  tim e.

I r ra d ia t io n  w ith  500 R  of X -rays w as fo llow ed  a fte r 24 h b y  a s ta t i s t ic ­
a lly  s ig n if ican t rise in  131I u p ta k e  by  th e  th y ro id  o f m ale and  fem ale g u in ea  
p ig s  in  com parison  w ith  co n tro l guinea p igs, b u t  m ax im a an d  m in im a  oc­
c u rre d  a t  th e  sam e tim es  o f  th e  day , a lth o u g h  a t  a h igher level.

T h e  rise in 131I u p ta k e  b y  fem ale and  m ale  gu inea  pig th y ro id  a t  v a rio u s  
tim e s  d u rin g  24 h  a f te r  te rm in a tio n  of ex p o su re  to  X -ray s is co n sis ten t w ith  
th e  v iew  th a t  in  c e r ta in  doses X -rays f i r s t  cau se  a rise in  th y ro id  a c tiv ity , 
w h ich  is follow ed b y  a g ra d u a l drop [7, 14, 17, 19].

In c rea sed  a c c u m u la tio n  of 1311 in  th e  th y ro id  of X -irra d ia te d  an im a ls  
a t  v a r io u s  tim es o f th e  d a y  is re la ted  to  in c re a se d  syn thesis and  re lease  of 
T S H  in  th e  h y p o p h y sis  [4, 5 ]. In  tu rn , changes in  th y ro id  a c tiv ity  a f te r  i r r a ­
d ia t io n  are  accom pan ied  b y  m orphological ch an g es  in  th e  h y pophysis  a n d  b y  
ch an g es  in  T S H  c o n te n t [2, 24].

T h e  changes in  k in e tic s  of iodine, p a r t ic u la r ly  in u p ta k e  of 131I  b y  
th e  th y ro id  o f X - ir ra d ia te d  guinea pigs, sh o u ld  be a ttr ib u te d  to  changes in  
a c t iv i ty  of th e  h y p o th a la m u s  and  h y p o p h y sis . W hole-body ir ra d ia tio n  of 
a n im a ls  causes changes in  a c tiv ity  of th e  h y p o th a la m u s  [1, 13, 20, 21].

C hanges in  th e  h y p o th a la m ic  a c tiv ity  a re  re flec ted  b y  changes in  h y p o ­
th a la m ic  levels o f T R F  w h ich , in  tu rn , in flu e n c e  T S H  syn thesis an d  re lease  
[22, 23 ]. S im u ltan eo u sly , levels o f th y ro x in e  change in  X -ir ra d ia te d  a n i­
m als  [9].

L a s tly , m easu rem en ts  of th y ro id  ra d io a c tiv i ty  have revealed  th a t  th e  
h ig h e s t difference b e tw een  th e  iodine u p ta k e  o f  co n tro ls  and  ir ra d ia te d  an im als 
o ccu rs  a t  n ig h t. T he re a so n  for th is  is th e  v a ry in g  sen s itiv ity  o f an im als to  X - 
i r ra d ia t io n .

T h is conclusion is su p p o rte d  by  th e  s tu d ie s  of P i z z a r e l l o  an d  co­
w o rk e rs  [15, 16] an d  H e l l w i g  and  R o s e n k r a n z  [12] who d e m o n s tra te d  th a t  
s e n s i t iv i ty  of s tra in s  o f m ice and  ra ts  to  io n iz in g  ra d ia tio n  is su b je c t to  a 
c irc a d ia n  rh y th m . O n th e  w hole, an im als w ere  m ore sensitive to  X -ra y s  in  
th e  n ig h ttim e .
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THE EFFECT OF PERPHENAZINE TREATMENT 
DURING THE ORGANOGENESIS IN RATS
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RESEARCH IN ST IT U T E  FOR PHARM ACEUTICAL CHEM ISTRY, BU DA PEST 
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Abstract

The te ra to g en ic  e ffec t o f perphenazine w as s tu d ied  in c losed-bred  W is ta r  ra ts . 
R a ts  were given th e  su b s ta n c e  ora lly  co n tinuously  on d ay s 7 to  14 of p re g n an c y , or 
as a single dose on  one  o f d ay s 9 — 15. The doses were co n sid erab ly  h ig h er th a n  the  
specific n eu ro lep tic  doses o f perphenazine  (20— 150 m g/kg). T he fe ta l m o r ta l ity  and 
m alfo rm atio n  ra te s  w ere sig n ifican tly  h igher in th e  p e rp h en a z in e -tre a ted  g ro u p s th an  
in th e  controls. T he re su lts  w ere com pared w ith  th e  earlier re su lts  o f m eth o p h en az in e  
tre a tm e n t. P e rp h en az in e  w as fo u n d  to be m ore to x ic  for r a t  em b ry o s th a n  m eth o ­
phenazine.

Introduction

T he effect o f n e u ro le p tic  p h en o th iaz in e  d e riv a tiv e s  on th e  em bryon ic  
dev e lo p m en t in v a rio u s species has been exam ined  b y  severa l a u th o rs . The 
opin ions are in co n sis ten t on th e ir  em bryo tox ic  and  te ra to g en ic  effec t.

Single i. p. doses o f  ch lo rp rom azine  given on d iffe ren t days o f p reg n an cy  
increased  fe ta l m o r ta li ty  an d  caused  h y d ro nephrosis  an d  sk e le ta l m a lfo rm a ­
tions in  ra ts , depend ing  on th e  d ay  of tr e a tm e n t [5]. C h lo rp ro m azin e  alone 
w as n o t te ra to g en ic  on ch ick  em bryos, b u t p ro m o ted  th e  te ra to g e n ic ity  of 
in su lin  [8].

B esides th e  above a lte ra tio n s , hyd rops fe ta lis  and  h y d ro cep h a lu s  in te rn u s  
developed  in h igher p e rcen tag e  a fte r  s. c. in jec tio n  o f tr if lu o p e ra z in e  in  ra ts  [6].

F e ta l reso rp tio n  w as freq u en tly  found  i f  th e  ra ts  w ere t r e a te d  w ith  
p ro ch lo rp erazin e  before th e  7 th  g esta tional d ay . T re a tm e n t a f te r  th e  7 th  day  
w as o ften  follow ed b y  m a lfo rm a tio n s , for in s tan ce , c le ft p a la te  o ccu rred  in 
fe tuses tre a te d  on th e  1 3 th  d a y  o f p regnancy  [13]. In  a n o th e r  series o f  ex p eri­
m en ts  [16] only tw o r a t  em bryos show ed c le ft p a la te  o f tho se  t r e a te d  in  a 
s im ila r w ay  [1].

H igh occurrence o f  re tro g n a th ia , cleft p a la te , an d  m icro m elia  w as re ­
p o rte d  on W ista r r a t  fe tu ses  a fte r  single doses o f m e th o p h en az in e  g iven  on 
th e  14 th  d ay  of p re g n a n c y  [7]. T he applied  doses w ere m uch  above  th e  spe­
cific  n eu ro lep tic  doses.
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P h en o th iaz in e  d e r iv a tiv e s  con ta in ing  th e  p ip e raz in e -rin g  in  N side-chain  
a re  m o re  te ra to g en ic  th a n  th o s e  con ta in in g  h ere  a n  a lk y l g roup  [4, 7]. M etho- 
p h e n a z in e  was f irs t s y n th e s iz e d  b y  T o l d y  an d  co-w orkers [15] from  p e rp h e n ­
a z in e  b y  th e  es te rif ic a tio n  o f  i ts  h y d roxy l g roup  w ith  tr im e th o x y b e n z o ic  acid. 
T h is  su b s titu tio n  d ec rea sed  th e  tox ic  effects o f p e rp h en az in e  (h e p a to to x ic ity , 
le u c o p e n ia , ta c h y c a rd ia , h y p o te n s io n , e tc .) [2]. T h e  te ra to g e n ic  effect o f th e  
fo rm e r  com pound w as s tu d ie d  earlier [7], w hile th e  em b ry o to x ic  a n d  te r a to ­
gen ic  effects o f p e rp h e n a z in e  [N -h y d ro x y e th y l-(N ’)-2-ch loro-10-phenoth i- 
a z in y l-(p ro p y l)-p ip eraz in e ] in  com parison w ith  s im ila r  effect of m e th o p h en a- 
z in e  h a v e  been th e  su b je c t o f  th e  p resen t s tu d ie s . I n  ad d itio n , th e  te ra to g en ic  
e ffe c t o f ine th o p h en az in e  g iv en  on the 15 th  g e s ta tio n a l d ay  w as s tu d ied , 
s in ce  th e  effect ex e rted  on  th is  p a rticu la r  d ay  h a d  n o t been  in v es tig a ted . We 
in te n d e d  to  show w h e th e r  th e  m en tioned  s u b s t i tu t io n  of h y d ro x y e th y l group 
o f  p e rp h e n a z in e  decreases th e  te ra to g en ic  effect o f  th is  sub stan ce .

Material and method

C losed-bred v irg in  fem ale  W is ta r  ra ts , w eighing 150 to  200 g, w ere b red  w ith  m ales 
o f  th e  sam e  stra in , w eighing 250 to  300 g. The f irs t d a y  o f p reg n an cy  w as d e te rm in ed  on the  
b a s is  o f  th e  presence of sp e rm a to z o a  in  th e  vag ina l sm ear. P re p a ra tio n s  w ere s ta in e d  w ith  
1 %  a q u e o u s  m ethy lene-b lue so lu tio n . T he p reg n an t ra ts  w ere se p a ra ted , food an d  w a te r  were 
g iv e n  a d  lib itu m .

T h e  value of acu te  L D 50 (single dose, 8-d a y ’s o b se rv a tio n ) w as estab lish ed  on n o n ­
p re g n a n t  fem ale W ista r ra ts  o f th e  sam e body w eigh t a n d  c a lcu la te d  b y  L itch fie ld -W ilco x o n ’s 
m e th o d  [9]. The acute o ra l L D 50 v a lu e  of perphenazine w as 350 +  35 m g/kg. Since th e  p e r­
p h e n a z in e  base is poorly so lub le  in  w a te r , i t  was susp en d ed  in  1 .25%  m ethylce llu lose  so lu tion  
a n d  g iv en  in  a volum e of 5 m l/k g . F resh ly -p repared  su sp en sio n  w as a d m in is te red  alw ays in 
th e  m o rn in g  by  m eans of a s to m a c h  tu b e . A fter th e  t r e a tm e n t  th e  p re g n an ts  w ere p laced  in 
s e p a ra te d  cages and w ere c o n tin u o u s ly  observed. B o th  t r e a te d  an d  con tro l an im als  were 
w e ig h ed  ev ery  second d ay . G ro u p in g  is shown in T ab le  1.

C aesarean  section w as m a d e  o n  th e  21st d ay  of p re g n an c y . T he fe tu ses w ere ta k e n  o u t 
w i th  th e  u teru s-h o rn s; th e  liv e  a n d  d ied  fetuses or e a rly  re so rp tio n s  w ere co u n ted  in  each 
h o rn . T h e  offsprings w ere w e ig h ed  a n d  ex te rn a l e x a m in a tio n  w as perfo rm ed . A h a lf  of the  
fe tu s e s  w ere  fixed in B o u in ’s so lu tio n  an d  dissected w ith  m od ified  W ilson’s tech n iq u e  [19]. 
T h e  o th e rs  were fixed in  9 6 %  e th a n o l  an d  skeletons w ere ex am in ed  a f te r  K O H  a lizarin  red  S 
s ta in in g  [10, 14]. I f  i t  w as n e ce ssa ry , histological sera i sec tio n s w ere p rep ared . T hese  were 
s ta in e d  w ith  hem ato x y lin  a n d  eosin .

F e ta l  m o rta lity  r a te  w as c a lcu la ted  on th e  basis o f  to ta l  im p la n ta tio n  co u n t while 
th e  r a te s  o f re ta rd a tio n  a n d  m a lfo rm a tio n s  were re la te d  to  th e  live  fe tuses. T he s ta tis tica l 
s ig n ifican ce  of b o th  m o r ta l ity  a n d  m alform ations w as c a lcu la te d  b y  th e  я 2 te s t .  T he “ p”  
v a lu e s  a re  p resen ted  in  T ab le  2. F e tu se s  in  which one or m ore  s te rn a l ossification  cen tres  were 
m iss in g  o r double-shaped , o r one  o r  m ore v en tra l o ss ifica tio n  cen tres  o f v e rte b rae  w ere u n d e r­
d e v e lo p e d  were regarded  as r e ta r d e d  [10]. The p e rce n ta g e  of m alfo rm atio n s w as ca lcu la ted  
fo r liv e  fe tuses.

Results

T h e  resu lts  are su m m a riz e d  in Tables 2, 3, an d  4, an d  in F ig . 1. B o th  
fe ta l  m o r ta li ty  and  th e  in c id en ce  of m a lfo rm atio n s  w ere s ig n if ican tly  higher 
in  th e  g roups tre a te d  w ith  p e rp h en az in e  th a n  in  th e  co n tro l g roups (T able  2).
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Table 1

G rouping and dosage in teratological stud ies w ith perphenazine

Group Substance Daily dose T o ta l dose
Days of 

treatm en t

N um ber of preg­
n an t rats/d ied  
females duriug 

s tudy

c Control 0 0 0 15/o

M.C. Solvent 5 ral/kg 40 m l/kg 7— 14 lO/o

P/20 P erphenazine 20 m g/kg 160 m g/kg 7 - 1 4 10/o

Р /90 / 9 Perphenazine 90 m g/kg 90 m g/kg 9 9/e

10 10 9/o

11 11 10/a

12 12 ] 0/o

13 13 9/0

14 14 11/1

Р /120 / 9 P erphenazine 120 m g/kg 120 m g/kg 9 9/o
10 10 l l / o

11 11 10/0

12 12 l l / o
13 13 14/0

14 14 lO/o

Р /1 5 0 / 9 Perphenazine 150 m g/kg 150 m g/kg 9 11/1

10 10 9/2

11 11 13/1

12 12 16/o

13 13 13/0
14 14 18/1

15 15 9/o

T h e  follow ing th re e  ty p e s  of m a lfo rm a tio n s  w ere ty p ic a l: c left p a la te , 
re tro g n a th ia , an d  m icrom elia . T heir inc idence  depended  on th e  dose an d  on 
th e  d ay  of t re a tm e n t. C left p a la te  a p p ea red  in  fe tuses o f m o th ers  t r e a te d  
on th e  11 th  d ay  or la te r . I t s  incidence a n d  degree reached  th e  m ax im u m  
w hen 150 m g/kg  o f p e rp h en az in e  w as g iven  on  th e  15th  d ay  of p re g n a n c y  
(15 th  d ay  —  150 m g/kg  — 85 .2%  cleft p a la te  — T ab le  4, Fig. 1). R e tro g n a th ia  
w as o bserved  in  th e  g roup  tre a te d  on th e  1 3 th  g esta tio n a l d ay  or la te r . A ll 
th e  fe tu ses h ad  re tro g n a th ia  in  th e  g roup  of m o th e rs  hav ing  received  150 m g/kg  
o f p e rp h en az in e  on th e  15 th  d a y ; th e  inc idence  o f  re tro g n a th ia  show ed a su d d en  
decrease w ith  red u c in g  th e  dose (Table 4, F ig . 1). M icrom elia in  h igh  p e rcen tag e
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Me t h o p h e n a z i  ne

P e r p h e n a z i n e

F ig . 1. C om parison of p e rp h en a z in e  an d  m eth o p h en az in e  w ith  reg ard  to  th e  in d u c tio n  of 
c le f t  p a la te ,  re tro g n a th ia , an d  m icrom elia . The g iven  doses o f each  substance  are  p re sen ted

over th e  co lum ns
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Tabic 2

The effect o f  perphenazine treatm ent on embryos o f  pregnant rats

Group
Im plan­
tations

Re orptions
Living
fetuses

Norm al
fetuses

Retardations M alform ations

No. per cent No. per cent No. per cent

C1 159 10 6.3 149 118 26 17.4 5 3.3

M.C.2 108 7 6.5 101 66 33 32.6 2 2.0

P  /20 / 7 -  14» 118 40 33.9* 78 30 30 38.4 18 23.1*

P  /90 / 9 101 63 62.4* 38 17 16 42.1 5 14.8**

10 97 60 61.9* 37 25 8 21.6 5 13.5**’
11 105 36 34.3* 69 26 26 37.7 17 24.6*
12 112 25 22.3* 87 54 20 23.0 13 14.9**
13 87 10 11.7 77 42 13 16.9 22 28.6*
14 104 15 14.4*** 89 25 25 21.1 39 43.8*

P  /120/ 9 80 66 82.5* 14 7 6 42.8 1 7.1

10 123 80 65.0* 43 27 10 23.3 6 14.0**

11 102 47 46.0* 55 23 23 41.8 9 16.3*
12 124 38 30.6* 86 39 29 33.7 18 20.9*
13 151 41 27.2* 110 47 36 32.7 26 23.6*
14 99 30 30.3* 69 9 21 30.4 40 56.5*

P  /150/ 9 90 79 87.8* 11 4 3 27.3 4 36.3*
10 72 59 81.9* 13 3 6 46.1 4 32.5*
11 133 77 57.9* 56 25 16 28.6 15 26.8*
12 164 46 28.1* 118 55 29 24.6 34 28.8*

13 144 87

*Öо

57 15 14 24.6 28 49.1*
14 199 35 18.0** 164 26 10 6.1 119 72.6*
15 104 i 6 15.4*** 88 0 0 0.0 88 100.0 *

1 u n tre a te d  co n tro l, 2 m edium  co n tro l, 3 p e rp h en azin e  (dose in  m g/kg/ d ay  of t r e a tm e n t)  
* p <  0.001, * * p < 0 . 0 1 ,  *** p <  0.05

re q u ire d  150 m g/kg pe rp h en az in e . I f  th is  w as ad m in is te red  on th e  1 5 th  day , 
all fe tu ses  developed m icrom elia  (T able  4 , F ig . 1). I t  was re m a rk a b le  on 
th e  sk e le to n s s ta in ed  w ith  a liza rin  red  S th a t  long itu d in a l g row ing  o f  long 
hones w as d is tu rb ed , w hile th e  ap p o sitio n a l ossifica tion  no t. T h e  21 -d ay -o ld  
em b ry o s o f  m o th ers  tr e a te d  on th e  15th  g es ta tio n a l day  w ith  150 m g/kg  
p e rp h e n a z in e  h ad  long hones s im ila r in  le n g th  to  those of th e  20 -d ay -o ld  
u n tre a te d  em bryos (d am ag ed  en ch o n d ra l ossifica tion), w hile th e  th ick n ess  
o f  lo n g  hones w as equal w ith  th a t  o f th e  21-day -o ld  con tro l em b ry o s  ( in ta c t 
p e rio s tea l ossification).
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Table 3

Visceral m alform ations in  the embryos o f  perphenazine  treated pregnant rats 
(T he frequencies o f  m a lfo rm a tio n s  are expressed  in  p e r  c en t of living fe tuses)

G roup
H ydrops

fetalis

A noph­
tha lm ia ,
m icroph­
tha lm ia

Cerebral
malfor­
mations

H ernia
um bili­

calis

Thym us
accesso­

rius
superior

Hydro- 
ureter -(- 

hydro­
nephrosis

O ther
urogenital

m alfor­
mations

C1 — — — 0.7 2.0 —

M .C.2 — — — — — 1.0 —

P  /20 / 7— 143 — 1.3 — — — 16.7 —

P  /9 0 / 9 — 5.3 2.6 — — — —

10 — — 2.6 — — 2.6 —

11 — 1.4 4.3 1.4 2.9 5.8 1.4

12 i . i — — — 3.4 —

13 5.2 — 3.9 5.2 14.3 5.2

14 — — 1.1 1.1 7.9 11.2 —

P  /120/ 9 — 7.1 — — — — —

10 — — — — 2.3 9.3 2.3

11 — — — — 1.8 5.5 —

12 1.2 1.2 — 3.5 10.5 —

13 — 0.9 8.9 6.4 4.5 —

14 — 1.4 — — 7.2 17.4 —

P  /150/ 9 — — — — — 9.1 —

10 — 15.4 — 7.7 7.7 15.4 —

11 — 1.8 — 3.6 3.6 5.4 —

12 — — 0.8 4.2 7.6 4.2 —

13 — — 5.3 3.5 8.8 7.0 —

14 0.6 — 1.2 1.2 7.3 7.9 2.4

15 — — — — 1.1 8.0 2.3

1 u n tr e a te d  con tro l, 2 m ed iu m  co n tro l, 3 perphenazine  (dose  in  m g/kg/ d ay  of t r e a tm e n t)

H y d ro u re te r  an d  h y d ro nephrosis  o ccu rred  in  all ex p erim en ta l g roups 
in d e p e n d e n t o f th e  d a y  o f  tre a tm e n t. In  th e  co n tro l and  so lven t co n tro l 
g ro u p s these  an om alies w ere  generally  u n ila te ra l  an d  th e  k idneys rem ain ed  
p ra c tic a lly  in ta c t .  T h e  u re te rs  in  th e  fe tu ses  o f  th e  p e rp h e n a z in e -tre a te d  
m o th e rs  becam e b ila te ra l ly  v e ry  th ick , w ith  v e ry  th in  w all. This w as com bined  
w ith  h y d ro n ep h ro sis , a n d  no rm al nephrons w ere  h a rd ly  visible h isto log ica lly . 
T h e  incidence o f serious hydronephrosis w as th e  h ighest in th e  g roups of
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Tabic 4

Skeletal m alformations in  the embryos o f  perphenazine  treated pregnant rats 
(T he  frequencies o f m alfo rm atio n s are ex p ressed  in pe r cen t of living fe tu ses )

Group
Missed

vertebrae
Rib

anom a­
lies

Calcifica­
tion

anomalies

Cleft
pala te

R etro-
gnathia

Micro­
melia

Club
foot

O ther
skeletal

anomalies

С 1

M.C.2

0 .7

1 .0

— — — — - — —

P  / 2 0 /  7 — 1 4 3 — — 1 .3 — — 3 .8 — —

P  / 9 0 /  9 7 .9 7 .9 — — — — — —

1 0 2 .7 5 .4 — — — — 2 .7 —
11 4 .3 — — — — 2 .9 — —

1 2 6 .9 — î . i — — — — —

13 — — 1 .3 1 .3 1 .3 2 .6 — —

1 4 — 1.1 — 3 0 .4 1 4 .6 3 .4 — —

P  / 1 2 0 /  9 — — — — — — — —

1 0 2 .3 — — — — — — —

11 7 .3 — — 1 .8 — — — —

12 7 .0 — — 2 .3 — 1.2 — —

1 3 — — — 4 .5 0 .9 1.8 1 .8 —

14 2.8 — — 3 4 .8 2 6 .1 1 .4 — —

P  / 1 5 0 /  9  

1 0  

11

9 .1 — — — — — 1 8 .2 —

7 .1 _ _ _ _ _ 7 Л —

1 2 5 .1 — — 4 .2 — 2 .5 4 .2 0.8

1 3 3 .5 — - 3 6 .8 5 .3 22.8 — —

1 4 0 .6 2 .4 1 .2 6 7 .1 5 5 .9 2 9 .3 1.8 —

1 5 4 .5 6.8 1.1 8 5 .2 1 0 0 .0 1 0 0 .0 — —

1 u n tre a te d  co n tro l, 2 m edium  co n tro l, 3 P e rp h e n az in e  (dose in m g/kg/ day  of t r e a tm e n t)

fetuses t r e a te d  w ith  20 m g /k g /d ay  p e rp h en az in e  on days 7— 14, v iz ., 1 6 .6 % , vs, 
2 .0%  (u n tre a te d  contro l) an d  1 .0%  (m eth y lce llu lo se  control).

H y d ro cep h a lu s  in te rn u s , h y d ro p s fe ta lis , m issed  v e rteb rae , a n d , g e n e ra lly  
b ila te ra l, a n o p h th a lm ia  or m ic ro p h th a lm ia  developed  in all p e rp h e n a z in e -  
tre a te d  g roups. In  tw o in s tan ces  fused  rib s  a n d  in  one case each o f  o th e r  rib  
anom alies to g e th e r  w ith  m issed v e r te b ra e , encephalocele  and h e rn ia  u m b ilica lis  
developed . A single fe tu s w ith  v e ry  serious h y d ro p s  fetalis h ad  in  a d d itio n  
m icrom elia  an d  skin absence on  th e  lu m b o sa c ra l region. In  th is  reg io n  h is to ­
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log ica l seria l sections rev ea led  m yelodysp lasia . N eurons were a b se n t in  th e  
le f t s ide  o f th e  sp ina l co rd , th e  m edu llar su b s ta n c e  w as dim inished an d  re m a rk ­
ab le  rou n d -ce ll in f i l t ra t io n  w as p resen t, e sp ec ia lly  in  th e  grey m a tte r .

T h e  applied  doses o f  perphenazine w ere to x ic  for the p re g n a n t ra ts  as 
show n  b y  th e ir  w eigh t loss o f m others an d  p ro lo n g ed  ca ta lep tic  s ta te . S ev era l 
an im a ls  even died (T ab le  1).

D iscussion

F ro m  th e  p re se n t d a ta  th e  conclusion can  b e  d raw n  th a t  th e  e s te rif ic a tio n  
o f  th e  — O H  group o f p e rp h en az in e  w ith  trim e th o x y b en zo ic  acid d ecreased , 
b esid es  th e  tox ic  effec ts  in  an ad u lt an im a l, th e  te ra to g en ic ity  of th e  d ru g
(F ig . 1).

B e all  [1] did n o t f in d  any m alform ation s in  an im als trea ted  w ith  low er  
d o ses o f  p erp h en azin e th o u g h  tox ic  effects a p p ea red  in anim als trea ted  w ith  
7 m g /k g /d a y  (out o f  25 an im als 10 died).

C left p a la te  w as in d u ced  b y  m e th o p h e n a z in e  only w hen th e  an im als  
w ere  tr e a te d  on th e  1 4 th  a n d  15th  g es ta tio n a l d a y s  an d  its frequency  d ec reased  
w ith  red u c tio n  o f th e  dose very  qu ick ly  (1.5th d ay : 400 m g/kg —  6 6 .7 % ; 
1 4 th  d a y : 400 m g/kg  —  53 .5% , 300 m g /k g  —  3 .6 % , 200 m g/kg  — 8 .5 % , 
100 m g /k g  — 1% ; 1 3 th  d a y : 400 m g/kg -  1 .4 % ). O n the  13th d ay  cleft p a la te  
co u ld  n o t be in d u ced  b y  a n y  of th e  ap p lied  doses, while a fte r p e rp h en az in e  
t r e a tm e n t  cleft p a la te  w as observed  even i f  th e  m o th e r  was t re a te d  on d a y  11 
(T ab le  4 , F ig . 1). E x c e p t fo r a single case, m ic ro p h th a lm ia  or a n o p h th a lm ia  
d id  n o t  occur in  m e th o p h en az in e  e x p e rim e n ts . As a failure c h a ra c te r is tic  
o f  b o th  substances th e  incidence of h y d ro n e p h ro s is  in the  fetuses w as v e ry  
h ig h , w h ich  is in  good ag reem en t w ith  e a r lie r  te ra to log ica l in v e s tig a tio n s  
on p h en o th iaz in e  d e r iv a tiv e s  [4, 5, 6, 7].

F o r  th e  te ra to g e n ic  effect of p e rp h e n a z in e  riboflavine defic iency  an d  
d is tu rb e d  FA D  sy n th es is  a n d  ca rb o h y d ra te  m e tab o lism  seem to  be re sp o n sib le
[4, 11, 17].

N ie l s e n  and  co -w orkers [12] have fo u n d  s ig n ifican tly  m ore ch rom osom e 
a b e rra tio n s  in  p sy c h ia tr ic  p a tie n ts  t r e a te d  w ith  perphenazine, th e re fo re , a 
ch ro m o so m e-ab e rra tio n -in d u c in g  effect o f th is  d ru g  in ra t em bryos c a n n o t 
be  ex c lu d ed , e ither.

F in a lly , on th e  b ase  o f  K O H  alizarin  re d  S sta in in g , ca lc ification  d is tu r ­
b a n c e s  an d  a lte red  le n g th e n in g  of bones m ig h t p la y  an  im p o rta n t ro le in  th e  
d ev e lo p m e n t of m ic ro m elia . This resem bles th e  skeletal anom alies o f h u m a n  
fe tu se s  w ith  co n g en ita lly  v e ry  low a lkaline p h o sp h a ta se  values [18].
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HISTOPATHOLOGY OF THE ENDOCRINE PANCREAS OF 
A FRESH-WATER FISH, CL A R I  A S  B A T R A C H U S  L.

V II. E F F E C T S  O F  H Y D R O C O R T IS O N E  A N D  T H Y R O X IN E  A D M IN IS T R A T IO N  

S h a n k a r  D . B h a t t * an d  S . S . K h a n n a

D EPA R T M E N T OF ZOOLOGY, D.S.B. GOVERNM ENT COLLEGE, N A IN I TAL 

(R eceived  1975 0 2 - 2 7 )

Abstract

H y d ro co rtiso n e  tre a tm e n t caused a hyperg ly caem ic  s ta te  in Clarias batrachus 
w ith in  an h our. T he b lood glucose values rem ain ed  s ign ifican tly  increased  fo r 6 days. An 
in itia l increase in  liv e r glycogen w as follow ed by  a decrease below  th e  norm al value. 
T he m uscle and  b ra in  glycogen levels rem ain ed  un affec ted . A m ild  d eg ran u la tio n  of 
В cells was seen in  th e  early  hours an d  a conspicuous v acu o la tio n  an d  necrosis of b o th  
A and  В cells ap p ea red  72—96 h  a f te r  t r e a tm e n t. A d m in is tra tio n  o f th y ro x in e  resu lted  
in h y p erg lycaem ia  w ith in  15 h  b u t  a d is tin c t h ypog lycaem ic  co n d itio n  was seen 4 
days a fte r  th e  t re a tm e n t.  C onsiderable d ra in  in  th e  liver g lycogen dep o sits  was noticed  
betw een  24 an d  72 h  while th e  m uscle glycogen show ed an  increase. T he b ra in  glycogen 
did no t change n o ticeab ly . Is le ts  o f th e  fishes au to p sied  b e tw een  72 a n d  96 h  con tained  
severely d am ag ed  В cells. T he A cells rem a in ed  un affec ted . I t  is suggested  th a t ,  in 
ad d itio n  to several o th e r  horm ones, hy d ro co rtiso n e  an d  th y ro x in e  p lay  an  im p o rtan t 
role in c a rb o h y d ra te  m etab o lism  an d  blood su g ar h om oeostasis in C. batrachus.

Introduction

Besides g lucagon  an d  g row th  horm ones, th e  h y p erg ly caem ic  agents, 
th e  secre to ry  p ro d u c ts  o f ce rta in  o th e r w ell-know n endocrine  g lands, such as 
th e  ad ren a l and  th e  th y ro id , are considered  to  be im p o r ta n t  too ls for exp lo r­
ing  th e  reg u la to ry  m echan ism  o f insu lin  secre tion  from  В cells o f th e  p an c re ­
a tic  is le ts . P e r tin e n t l i te ra tu re  d e linea ting  th e  ro le of c e r ta in  ad renocortico - 
stero ids and  th y ro x in e  show s th a t  th ese  ag en ts  p a r tic ip a te  in  th e  deve lopm en t 
o f d iab e tes  m ellitu s, c o n co m itan t w ith  selective d eg en era tiv e  changes in  th e  
L an g erh an s isle ts [2, 4 , 9, 13]. In fo rm a tio n  ab o u t m o d ifica tio n s in  tissue 
glycogen co n cen tra tio n s  is, how ever, sc a n ty  [11, 12]. In  th e  p re se n t stud ies 
th e  effects of h y d ro co rtiso n e  and  th y ro x in e  on th e  c a rb o h y d ra te  m etabo lism  
o f th e  fre sh w ate r fish  Clarias batrachus w ere in v e s tig a te d , v iz ., th e  glucose 
level o f th e  b lood  an d  th e  glycogen levels o f liver, m uscle an d  b ra in  were 
follow ed up . F u rth e rm o re  th e  isle t p a ren ch y m a  o f th e  t r e a te d  an im als was 
exam ined .

* P re sen t address: D r. S. D . B h a t t , D ep t, o f Zool., A lm ora P o s t G ra d u a te  College, 
A lm ora (U . P .) 263601
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M aterial and method

A  1 %  solu tion  of h y d ro c o rtiso n e  (L o t no., E 648; C IB A  R esearch  C entre , B asel) in 
0 .9 %  sa lin e  w as prepared  ju s t  before  use . T h e  so lu tion  was in je c te d  i. m . to  a g roup  of 45 fish  
a t  a  dose  o f  100 m g/kg body  w e igh t. A n im a ls  were killed 1, 5, 15 an d  24 h  a f te r  th e  tre a tm e n t 
an d , su b se q u e n tly , a t  one-day  in te rv a ls  u p  to  th e  7 th  d ay . A fresh ly -p rep a red  1 %  so lu tion  
o f th y r o x in e  (E ltro x in , B .D .H ., In d ia )  w as adm in istered  i. m . to  35 ca tfishes a t  a  dose of 
5 m g /k g  b o d y  weight. The an im als  w ere  k illed  a t  th e  p red e te rm in ed  in te rv a ls  u p  to  5 days 
(F ig . 9). A n o th e r  b a tch  of 35 fish  w ere  in je c te d  w ith  10 g /kg b o d y  w e ig h t o f 0 .9%  saline to 
serve  a s  c o n tro ls  for b o th  e x p e rim e n ts . B lood  glucose an d  th e  g lycogen co n te n ts  o f va rio u s 
tis su e s  w e re  estim a ted  according to  th e  m eth o d s described earlie r [10]. S ta tis tic a l analysis 
w as m a d e  a f te r  S inedecoh  [17]. P a ra ld e h y d e -fu c h s in  was used  as ro u tin e  sta in in g  procedure  
fo r th e  m a te r ia l  fixed in Hellys" f lu id  fo r  12— 18 h. Fishes w ere s ta rv in g  d u rin g  th e  ex p erim en t 
a t  a  w a te r  te m p e ra tu re  o f 24 +  1 °C.

Results

E ffe c t o f  hydrocortisone

B lood  glucose. T he b lo o d  glucose value in  120 u n tre a te d  ca tfish es  a v e rag ­
ed 61 .2  m g /100  m l [10]. A d m in is tra tio n  of h y d ro co rtiso n e  re su lted  in hyper- 
g ly c a e m ia  w ith in  an  h o u r (91 ^  4 .97  m g/100 m l). T h e  va lu es  rem ain ed  ab o u t 
th e  sa m e  level for 72 h. A f u r th e r  increase in  th e  g lycaem ia  w as observed  
96 h a f te r  th e  in jec tio n  (109.5  ^  16.36 m g/100 m l) an d  all th e  t r e a te d  fish  
w ere  h y p erg ly caem ic  till th e  en d  o f  th e  ex p erim en t (F ig . 1).

T issu e  glycogen. H y d ro c o rtiso n e  caused  an  in c reased  dep o sitio n  o f  g ly­
cogen  in  th e  liver w ith in  a n  h o u r , and  th e  values in c reased  from  58.06 m g/g 
( th e  n o rm a l m ean  value  in  120 an im als  [10]) to  71 .3m g/g 15 h  a fte r  th e  in jec tio n . 
T h e re  w a s , how ever, a loss o f  g lycogen  from  liver 24 h  a fte r  th e  a d m in is tra tio n , 
r e a c h in g  th e  low est m ean  v a lu e , 40.9 ^  2.23 m g/g , a t 96 h . R ecu p e ra tio n  to  
n o rm a l v a lu es  was o bserved  b y  th e  end of th e  e x p e rim e n t (F ig . 1). T he m uscle 
a n d  th e  b ra in  glycogen c o n c e n tra tio n s  w ere n o t m od ified  to  a s ig n ifican t 
e x te n t  a n d  th e  values w ere w ith in  th e  no rm al ran g e  th ro u g h o u t th e  ex p e ri­
m e n ta l  p e rio d  (Fig. 2).

Is le t histology. T he  p a n c re a tic  islets of u n tre a te d  co n tro l f ish  show  well- 
re c o g n iz a b le  A and  В cells (F ig . 3). In  th e  is le ts  of h y d ro c o rtiso n e -tre a te d  
f is h  a m ild  d eg ran u la tio n  o f  В cells was observed  w ith in  5 h an d , also, 15 h 
a f te r  th e  tr e a tm e n t;  som e is le ts  show ed a d is tin c t loss o f g ra n u la tio n  in  these  
cells (F ig . 4). An isle t e x a m in e d  48 h  p o st-in jec tio n  ap p ea red  to  h av e  consid ­
e ra b ly  d am ag ed  cellu lar c o m p o n e n ts  (Fig. 5). L a te r , th e  necro b io tic  changes 
in  th e  is le ts  were m ore se v e re  a n d  p e rs is ten t: all В cells an d  som e A cells 
c o n tr ib u te d  to  th e  fo rm a tio n  o f large necro tic  areas (F ig . 6). A tro p h y  and 
d e g ra n u la t io n  of В cells w as p ro lo n g ed  for 4 days a fte r  th e  in jec tio n  o f h y d ro ­
c o r tiso n e , b u t the  A cells a p p e a re d  ap p ro x im a te ly  n o rm a l in  co n fig u ra tio n

(F ig - 7).
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TIME IN HOURS

Fig. 1. M odifications in th e  levels o f blood glucose (m g/100 ml) and  liver g ly co g en  (m g/g) 
o f Clarias batrachus following tre a tm e n t w ith  h y d o co rtiso n e . — -c o n tro l  fish ; — •• — ••—-
tre a te d  f i s h ; ----------- m ean  of 120 n o rm al u n tre a te d  fish . E ach  po in t re p re se n ts  th e  m ean

o f 4 d e te rm in a tio n s , and  carries an  in d ic a tio n  o f th e  s tan d ard  erro r o f th e  m ean

E ffec t o f  thyroxine

Blood glucose. W ith in  an  h o u r a f te r  t r e a tm e n t  a h yperg lycaem ic  co n d i­
tio n  w as p ro d u ced  (92.5 ^  6.02 m g/100 m l), an d  the  hlood g lucose reach ed  
its  m ax im a l level (116 ^  8.81 m g/100 m l) a t  15 h. A p ronounced  decrease  
in  th e  p la sm a  glucose, w hich led to  th e  a p p e a ra n c e  of a d istin c t h y p o g ly caem ic  
s ta te  (46 8.5 m g/100 m l), w as observed  96 h p o st-in jec tion . T he b lo o d  glucose
co n tin u ed  to  d ra in , and  a low level (44.3 ^  4.6  m g/100) ml was re c o rd e d  a t 
th e  end  o f  th e  ex p erim en t (F ig . 8).
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F ig . 2. M odifications in  th e  g lycogen  levels of m uscle a n d  b ra in  (mg/g) of Clarias batrachus 
follow ing t r e a tm e n t  w i th  hydrocortisone. D e sig n a tio n s  sam e as in F ig . 1

T issue  glycogen. A  decrease was re g is te re d  in  liver glycogen c o n te n t 
(47 .9  ±  4.35 m g/g) w ith in  5 h after th y ro x in e  ad m in is tra tio n . A fu r th e r  re ­
d u c tio n  in  its  a m o u n t (34.2 ^  3.39 m g/g) w as re co rd ed  in the  n e x t few  h o u rs . 
T h e  v a lu es , how ever, in c re a se d  steeply  b y  th e  4 th  d ay  and  reach ed  th e  b ase  
lev e l w hen  th e  e x p e rim e n t ended  (Fig. 8). In  th e  m uscle  glycogen, th e  h o rm o n e  
ev o k e d  a g radual in c rea se  u p  to  24 h (39.6 ^  2 .59 mg/g). R esto ra tio n  o f  th e  
n o rm a l m uscle g lycogen  co n cen tra tio n  w as e v id e n t w ith in  48 h  (F ig . 9). 
T h e  b ra in  glycogen s to re s  w ere no t n o tic e a b ly  a lte red , except fo r a s lig h t 
in c re a se  betw een  5 a n d  24 h  (Fig. 9).
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Fig. 3. P h o to m ic ro g rap h  of th e  p an crea tic  islet o f u n tr e a te d  Clarias batrachus show ing no rm al
A and В cells. A F  s ta in , X 400

Figs 4 — 7. P h o to m ic ro g rap h s  of the p an cre a tic  islets o f Clarias batrachus show ing changes 
in В cells (arrow s) a f te r  tre a tm e n t w ith  h y d ro co rtiso n e . A F  s ta in , X 400. F ig . 4 =  A fter 

15 h ; F ig . 5 =  a fte r  48 h ; F ig . 6 =  a f te r  72 h ; F ig. 7 =  a fte r  96 h
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F ig . 8. M odifications in  th e  levels o f b lo o d  g lucose  (irg/lC O  m l) and  liv e r g ly ccg en  ( irg /g  
o f  Clarias balrachus t r e a te d  w ith  th y ro x in e . D esignations sam e as in  F ig . 1

Is le t histology. N o ap p rec iab le  ch an g e  in  th e  isle t cell e lem en ts  w as 
o b se rv e d  during  th e  f ir s t  5 h  a fte r  th y ro x in e  ad m in is tra tio n . A few  nec ro tic  
a n d  d eg ra n u la te d  В cells w ere o bserved  5 h  a fte r  th e  in jec tio n  (F ig . 10), 
a n d  th is  cond ition  p e rs is te d  up  to  th e  4 8 th  h o u r (F ig. 11). A lm ost all В cells 
a p p e a re d  to  be in  a s ta te  o f d e g ra n u la tio n  in  th e  islets ex am in ed  a t  72 h 
(F ig . 12). T he n ecro tic  co n d itio n  o f В cells w as m ore p ronounced  in  th e  isle ts 
o f  th e  fishes k illed a t  96 h  (F ig . 13). A n o rm a l g ran u la tio n  o f th e  is le t В cells 
w as n o t  recu p e ra ted  even  b y  th e  120 th  h o u r  an d  a n um ber o f th e m  h a d  re ­
d u c e d  g ra n u la r  cy to p lasm  (F ig . 14). T he A cells, excep t a few, re m a in e d  u n ­
a ffe c ted  (F ig. 14).

A lth o u g h  th e  sa lin e -in jec ted  co n tro l an im als show ed a s lig h t increase  
in  th e  b lood  glucose level u p  to  15 h  (F ig . 1), no m ark ed  changes cou ld  he 
o b se rv e d  in  th e  glycogen c o n te n ts  o f th e ir  o rgans (Figs 1 an d  2). N e ith e r  of 
th e  ho rm o n es caused  an y  change in  th e  u su a l b eh av io u r of th e  fish .
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Fig. 9. M odifications in  th e  levels o f m uscle an d  b ra in  glycogen (m g/g) o f Clarias batrachus 
a f te r  t r e a tm e n t w ith  th y ro x in e . D esignations sam e as in F ig . 1
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F ig s  1 0 — 14. P h o to m icro g rap h s o f  th e  p an creatic  islets o f Clarias batrachus a f te r  t re a tm e n t 
w i th  th y ro x in e . The a rro w  in d ic a te s  changes in th e  В cell co n figu ra tion . A F sta in , x 4 0 0 . 
F ig . 10 =  after 5 h ; F ig . 11 =  a f te r  48 h ; Fig. 12 =  a f te r  72 h ; F ig . 13 =  a fte r 96 h ; Fig.

14 =  after 120 h
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D iscussion

A d m in is tra tio n  o f ad renocortico ids to  fa s tin g  norm al or ad ren a lec to - 
m ized an im als cau sed  a rise in  the blood g lucose level and  a s trik in g  in crease  
in  th e  liver glycogen [8]. T h e  d a ta  p resen ted  h e re  on C. batrachus a re  c o m p a r­
able to  tho se  o b ta in e d  in  som e o th e r te leo sts  [4, 13]. N a c e  [13] o b se rv ed  th e  
h ig h est blood su g ar level, 210 m g/100 m l, in  O psanus tau, th e  to a d  fish , 4 day s 
a fte r  t r e a tm e n t  w ith  h y d ro co rtiso n e . F a l k m e r  [4] observed  th a t  o n ly  6 of 
28 scu lp ins (Coitus scorpius) were h y p erg ly caem ic  a t  th e  end of th e  e x p e ri­
m en t. In  C. batrachus, a m arked  h y p e rg ly caem ic  response w as o b serv ed  
w ith in  an  h o u r. A lth o u g h  all th e  in jec ted  fish es  show ed a p ara lle l in c rease  
in  th e  b lood glucose, th e re  were g rea t in d iv id u a l differences in  th e  degree 
o f h y p erg ly caem ia . A slow decrease in  th e  b lo o d  glucose was n o te d  6 day s 
a fte r  th e  t r e a tm e n t, b u t  n o rm al values w ere n o t  recu p era ted  by  th e  en d  of 
th e  ex p erim en t. L ike in  N otopterus notopterus [11] an d  Salmo ga irdnerii [14], 
a d m in is tra tio n  o f  h y d ro co rtiso n e  increased  th e  liv e r glycogen d ep o sits  o f 
C. batrachus also. T h e  lack  o f any  change in  th e  m uscle and  b ra in  g lycogen  
c o n ten ts  show s th a t  th e  c a rb o h y d ra te  m e tab o lism  o f these  tissues is n o t in f lu ­
enced  b y  th e  h o rm one .

F a l k m e r  [4] o bserved  sm all p a tch es o f  n ec ro tic  В cells in  th e  p rin c ip a l 
isle ts o f h y d ro c o rtiso n e -tre a te d  Cottus scorp ius. T he  p resen t in v e s tig a tio n  
show s th a t  C. batrachus is m uch  m ore sen sitiv e  to  hyd roco rtisone  th a n  Cottus 
scorpius. C o n co m itan t w ith  a rise in th e  b lood  glucose level, th e  В cells u n d e r ­
w en t m ark ed  a lte ra tio n s  in  th e ir  cellu lar co m p o sitio n , w hich in c lu d ed  d e g ra ­
n u la tio n  follow ed b y  v acu o la tio n , a tro p h y  a n d  necrosis. The A cells re m a in e d  
n o rm al, excep t w hen  th e  en tire  islet tissue  w as severe ly  dam aged .

I t  is d ifficu lt to  assess th e  cause of th e  h y p erg ly caem ia  p ro d u ced  a f te r  
h y d ro co rtiso n e  tr e a tm e n t  in  C. batrachus. I t  h as  been d e m o n s tra te d  th a t  
a d ren o co rtica l ho rm ones increase body  c a rb o h y d ra te  stores b y  p ro m o tin g  
gluconeogenesis [1]. As liver and  m uscle d id  n o t  show  a fall in  th e ir  g lycogen  
reserves, i t  seem s ju s tif ie d  to  conclude th a t  h y d ro co rtiso n e  a d m in is tra tio n  
resu lts  in  th e  sy n th es is  o f glucose from  c e r ta in  n o n -ca rb o h y d ra te  p recu rso rs , 
such  as p ro te in s , a p a r t  o f w hich is also d e p o s ite d  as glycogen in  th e  liv er. 
L a te r , as a re su lt o f fo s te red  glycogenolysis, th e  glycogen stores o f th e  liv e r 
are  decreased  w ith  th e  re s u lta n t  increase in  b lo o d  glucose. An in c rease  in  
th e  b lood  glucose s tim u la te s  th e  secretion  o f  in su lin  from  th e  В cells, w h ich  
co n seq u en tly  becom e d am ag ed . The A cell d a m a g e  m ay  be ex p la in ed  to  be 
due  to  ex h au stio n  in  th e m , so as to  m a in ta in  a n o rm a l ho m eo sta tic  b a lan ce .

T h y ro x in e , a t  a pharm aco log ically  h ig h  dose (5 m g/kg) to  M y x in e  
glutinosa, p ro d u ced  som e h yperg lycaem ia  24 h  a f te r  th e  f irs t in je c tio n  b u t  
a f te r  8 days o f tre a tm e n t ,  a hypoglycaein ic c o n d itio n  appeared  [5]. A m a rk e d  
hy p erg ly caem ia  w as o bserved  in  R ana tem poraria  also [16]. H ow ever, S i n g h
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a n d  co -w o rk ers  [15] fa iled  to  show  an y  e ffec t o f  th y ro x in e  on th e  b lo o d  su g ar 
leve l in  n o rm a l ra ts . T h y ro x in e  a d m in is tra tio n  in  th e  fish  u n d e r r e p o r t ,  C. 
batrachus, evoked  h y p e rg ly caem ia  reach in g  th e  m ax im al va lu e  15 h  a fte r  
th e  t r e a tm e n t .  T h e rea fte r , a g rad u a l fa ll in  th e  b lood  sugar re su lte d  in  a 
h y p o g ly c a e m ic  phase , 4 d ay s  a fte r  th e  in je c tio n . As in  o th e r te le o s ts  [6], 
th e  in c re a se  in  th e  b lood  glucose o f C. batrachus appears to  be due to  h e p a tic  
g ly co g eno lysis . H ow ever, M cN a b b  [12] o b se rv ed  a m ark ed  decrease  in  th e  
g ly co g en  sto res o f m uscles a n d  an  increase  in  th e  glycogen c o n te n t o f  liv e r  in  
th y ro x in e - tr e a te d  leo p ard  frog , R a n a  p ip ie n s . I n  C. batrachus, w hile th e  b ra in  
g ly co g en  rem ain ed  u n a ffec ted , th e  m uscle  g lycogen  increased  u p  to  24 h , 
b u t  re a c h e d  th e  base level b y  th e  n e x t d a y . T h e  cause of such d iv e rs itie s  in  
th e  r e s u lts  rem ains to  be in v e s tig a te d .

D ogs m ade ‘th y ro id -d ia b e tic ’ rev ea led  lesions of th e  В cells o f th e  L a n ­
g e rh a n s  is le ts ; d isap p earan ce  of g ra n u la tio n , increase  in  size, v a c u o la tio n , 
p y c n o s is , d is in teg ra tio n  an d , f in a lly , d isa p p e a ra n ce  of th e  В cells fro m  th e  
a tro p h ie d  isle ts [3, 9]. S im ila rly , th y ro x in e  tr e a tm e n t e lic ited  ch an g es  in  
th e  В cell co n fig u ra tio n  of C. batrachus, th e  e ffec t being  m ore s ig n if ican t d u rin g  
th e  la te r  p a r t  of th e  e x p e rim en t w hen  th e  fishes were h y p o g lycaem ic .

I t  is know n  from  th e  stu d ies  o f  E l g e e  and  W illiam s [3] th a t  in  rats 
th e  r a te  o f  d egrad ation  o f  in su lin  is in creased  b y  ad m in istra tion  o f  th y r o x in e  
a n d  r e d u ce d  b y  th e  rem o v a l o f  th e  th y r o id . S ince th e  le v e l o f  b lo o d  sugar  
c o n tr o ls  in su lin  release and vice versa, it  m a y  b e con ten d ed  w h eth er th e  actio n  
o f  th y r o x in e  on ca rb oh yd rate  m eta b o lism  is to  bring about an in creased  
d em a n d  o f  in su lin  so as to  suppress th e  h y p erg ly ca em ia  evok ed  b y  h ep a tic  
g ly c o g e n o ly s is . The excess secretion  o f  in su lin  from  th e d egen era tin g  В cells  
m o st p ro b a b ly  cau sed  a h y p o g ly c a em ic  s ta te  in  a la te  phase o f  th e  ex p er im en t.

T h e  availab le  in fo rm a tio n  does n o t in d ic a te  a d irect in fluence  o f  h y d ro ­
c o rtiso n e  an d  th y ro x in e  on  th e  p a n c re a tic  is le ts . As suggested  b y  G o e b m a n  
a n d  B e r n  [7], th e  effects o f  th e se  horm ones on  ca rb o h y d ra te  m e tab o lism  m ig h t 
n o t b e  ‘re g u la to ry ’ and  th e y  are n o t d ire c tly  sensitive  to  th e  chan g es in  th e  
b lo o d  glucose. T h rough  th e ir  effects on gluconcogenesis, am ino-acid  m e ta b o ­
lism , lipogenesis, p h o sp h o ry la tio n , e tc ., th e  ho rm o n es m ay  c rea te  an  im b a lan ce  
in  h o m eo sta s is  w hich has to  be ta c k le d  b y  th e  p an c re a tic  horm ones. T h e  d a ta  
c ite d  h e re  s tro n g ly  suggest th a t  th e  tw o  h o rm o n es p lay  a s ig n if ic a n t ro le in  
c a rb o h y d ra te  m etabo lism  o f C. batrachus.
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Abstract

T he C o lcem id-resistan t L — 53 cell s tra in  w as ex am ined  for cross-resistance to 
m etap h ase  in h ib ito rs  (V incris tine, V inb lastine , estrad io l-17 /î), an  a n titu m o r  a n tib io tic  
(R u b o m y cin  C) a n d  an  a lk y la tin g  agen t (L y cu rim ), com pared  w ith  th e  Colcem id- 
sensitive L cells. T he L-53 cells proved  to  be r e s is ta n t  besides colchicine to  V incris tine , 
V inb lastine  a n d  estradiol-17/3 concerning th e ir  a n tim ito tic  effect. T he com parison 
of the  v iab ility  o f L a n d  L-53 cells in the  p resence o f  R u b o m y cin  C and  L ycurim  show ed 
a resistance of th e  L-53 cells to  R ubom ycin  C, w hile  th e  effect o f L ycurim  was th e  
sam e on b o th  cell lines. T he chrom osom e-m utagen ic  a c tio n  of L ycurim  w as also eq u al 
ou b o th  cell lines.

Introduction

U nder th e  in flu en ce  o f a drug , tu m o u rs  m a y  acqu ire  res is tan ce  besides 
th e  sam e drug  to  sev era l o th e rs . F o r exam ple , C hinese h a m s te r  cells re s is ta n t 
to  ac tin o m y cin  D w ere fo u n d  to  be c ro ss-re s is tan t to  M ith ram y c in , V in b las­
tin e , V incristine , P u ro m y c in , D aunom ycin , C olcem id an d  m ito m y c in  С [1]. 
T he m echan ism  o f th e  cross-resistance is s till u n k n o w n .

In  th is  s tu d y  we in v es tig a ted  cross-resistance  in  cu ltu red  m ouse cells 
L and  L-53. L-53 is a m u ta n t  cell line derived  from  L cells; i t  w as selected  for 
res is tan ce  to  Colcem id [2].  A ccording to  R o s e n b l a t  and  co-w orkers [3] its  
res is tan ce  is due to  a decreased  p lasm a m em b ran e  p e rm eab ility  to  Colchicine 
an d  Colcem id. W e co m p ared  th e  sen s itiv ity  o f L  an d  L-53 cells to  som e drugs 
from  d iffe ren t chem ical classes v iz., alkalo ids (C olchicine, V in cristine  [V cr], 
V inb lastine  [V bl]), a h o rm o n e  (estrad io l-17/?), an  an tib io tic  (R u b o m y cin  C 
or D aunom ycin ) an d  an  a lk y la tin g  d e riv a tiv e  o f  a su g ar (L ycurim : d im eth y l- 
su lp h o n y lo x y e th y lam in o -d id eso x y m eso e ry th rit-d im esy la te ).

T hese drugs h av e  d iffe ren t m odes o f a c tio n  on m olecu lar level. Col­
chicine and  its  d e r iv a tiv e  Colcem id are m e ta p h a se  in h ib ito rs  (a n tim ito tic s ) . 
T hese substances h in d  to  m olecules of tu b u lin  —  a m ic ro tu b u la r  p ro te in  —
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a n d  th u s  d is ru p t m ito tic  sp in d le  [4]. Y cr an d  УЫ  are also sp in d le  poisons 
a n d  a lso  b in d  to  m olecules o f  tu b u lin , b u t  th e  b in d in g  sites on th e  p ro te in  
fo r V in ca-a lk a lo id s  an d  C olchicine are d iffe ren t [5].

T h e  s te ro id  horm one estradiol-17/3 is also a m e tap h ase  in h ib ito r . T h e  p re ­
cise m ech an ism  of its  a c tio n  on th e  m ito tic  sp ind le  is u n know n . T o  d is tu rb  
m ito s is  h igh  co n cen tra tio n s ( ^ l O --4 mol/1) are  needed , th u s  its  a c tio n  m ay  
be  no n -sp ec ific .

T h e  a n titu m o u r a n tib io tic  R u b o m y cin  C (D aunom ycin ) is k n o w n  to  
b in d  to  D N A  of chrom osom es [6]. L y cu rim  is an  a lk y la tin g  d ru g  [7]. T hus, 
th e s e  tw o  substances are  n o t  sp ind le  poisons.

I n  th is  rep o rt th e  re su lts  o f o u r s tu d ies  on th e  se n s itiv ity  o f L  a n d  L-53 
to  fo u r  m etap liase  in h ib ito rs  a n d  tw o  cy to to x ic  d rugs w hich do n o t  d is ru p t 
m ito tic  sp ind le  arc p re sen ted . To rev ea l th e  degree of sen s itiv ity  o f th e se  cells 
to  a n tim ito tic s , we c o u n ted  th e  cells in  d iffe ren t s tages of m itosis. T h e  ce llu lar 
s e n s i t iv i ty  to  cy to to x ic  d ru g s w as e s tim a te d  b y  co u n tin g  th e  n u m b e r  o f cells 
in  c u ltu re s  a fte r p ro p a g a tio n  in  th e  p resence o f th e  drug.

I n  th e  p resen t s tu d y  w e in v e s tig a te d  th e  resis tan ce  of L an d  L-53 cells 
to  d if fe re n t drugs, su p p o sin g  t h a t  th e  d ifferences in  th e ir  re s is tan ce  sp ec tra  
a re  r e la te d  to  th e  d ecreased  p e rm e a b ility  of th e  cy top lasm ic  m e m b ra n e  of 
th e  L -53  cells to  C olchicine.

M aterial and method

C ulture conditions. L an d  L -53  cells w ere m ain ta in ed  in  m ono layer c u ltu res . T h e  cu ltu re  
m e d iu m  fo r  L cells consisted o f a  m ix tu re  o f eq u al volum es of E ag le’s essen tia l m ed iu m  an d  
5 %  so lu tio n  of lac ta lb u m in  h y d ro ly sa te  (1 : 1) su p p lem en ted  w ith  M onom ycine (100 u n its  
p e r  m l) a n d  bovine serum  (10% ). T h e  m ed ium  in w hich  th e  L-53 cells were c u ltu re d  co n ta in ed , 
in  a d d it io n , 0.2 ftg/nú  C olcem id; 5 to  7 d ay s p rio r  to  th e  ex p erim en ts  C olcem id w as o m itted  
fro m  th e  m edium .

D rugs and chemicals. T h e  fo llow ing  chem icals were u sed : Colcem id (C IB A ), Colchicine 
(M erck , G F R ), V incristine (E lly  L illy  L  Co., U SA ), V in b las tin e  (R ich te r, H u n g a ry ) , e strad io l- 
17/? (K o c h  L igh t, E ng lan d ), R u b o m y c in  C ( In s t i tu te  of A n tib io tics , U S SR ) a n d  L ycurim  
(R ic h te r ,  H ungary ).

E va lu a tio n  o f  the an tim ito tic  effect o f  metaphase inhibitors (Colchicine, V cr, V b l, e strad io l- 
17/?). Cell suspensions co n ta in in g  2 X 105 cells/m l w ere p laced  in sm all flasks (2 m l pe r flask) 
w i th  g lass  coverslips on th e  b o tto m . D rugs w ere ad d ed  24 h  a fte r  seeding a n d  th e  cu ltu res  
w ere  in c u b a te d  in the presence o f th e  d ru g  for 2 h. T he a n tim ito tic  effect o f severa l drug  
c o n c e n tra t io n s  was m easured  b y  th e  re d u c tio n  o f th e  p e rcen tag e  of p o s tm e ta p h a se  m ito tic  
cells (a n a -  a n d  telophases); 100 m ito ses p e r coverslip  were co u n ted . L ate  p ro p h ases , m e ta p h a ­
ses (b o th  n o rm al and C -m etap h ases), an ap h ases an d  te lophases (or re co n stru c te d  n ucle i) were 
ta k e n  in to  consideration .

E va lu a tio n  o f  the v iab ility  o f  cells propagated in  the m edium  supplem ented w ith  the drugs 
(R u b o m y c in  C and L ycurim ). T o s tu d y  th e  effect o f d rugs on  cell g row th , we p la n te d  L and 
L -5 3  cells in  sm all flasks w ith  b o tto m  a rea  a p p ro x im a te ly  3 cm 2, 0.6 X 105 cells pe r cm 2. 
A f te r  24 h  th e  drugs were ad d ed  to  th e  cu ltu res  an d  a fte r  48 h  m ost cells w ere re m o v e d  from  
th e  g lass  b y  try p sin  tre a tm e n t,  a n d  co u n ted .

A ssa y  o f  mutagenic action o f  L ycu rim . Cells, 1 X 106 per flask , were seeded  in  flasks 
w ith  b o t to m  area 20 cm 2. T w e n ty -fo u r  h o u rs  la te r  L y cu rim  w as ad d ed  to  th e  c u ltu re s  for 
a n o th e r  24 h, and flam e-d ried  ch rom osom e p re p a ra tio n s  were m ade.
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Results

The sensitiv ity  o f  L  and L -53 cells to sp indle poisons

In  th e  T ab les 1, 2 an d  3 th e  re su lts  o f  th e  com parison  o f s e n s itiv ity  of 
C o lcem id -resistan t an d  sen sitiv e  cells to  m e ta p h a se  in h ib ito rs  (or sp indle  
poisons) are  p resen ted . T hese drugs a rre s t d iv id in g  cells in  C -m etap h ase , th u s  
b y  co u n tin g  cells in  v a rio u s phases of m ito sis  one can  ev a lu a te  th e  effect o f 
th e  d rug  on  th e  sp ind le  o f th e  s tu d ied  cells. I n  th e  Tables th e  p e rcen tag es  of 
p o s tm e ta p h a se  cells are  g iven.

L-53 cells p ro v ed  to  be re s is ta n t to  C olchicine (Table 1). 0.5 ,ug/ml of 
th e  drug  a rre s te d  all L cells in  C -m etaphase  (p o s tm e ta p h a se  cells w ere ab sen t).

Tabic 1

A n tim ito tic  effect o f  Colchicine on  L  a n d  L-53 cells 
(p e rcen tag es o f p o stm etap h ase  s tag es  o f m itosis)*

Strain Control
Concentration of Colchicine (/xg/ml)

0.05 0.1 0.5

L 49.0 +  8.0 39.7 +  6.1 31.7 +  10.2 6.7 ±  6.7

L-53 52.0 +  2.9 47.0 +  7.0 55.5 ±  3.5 48.5 ±  3.5

Strain
#

Control
Concentration of Colchicine (/zg/ml)

1.0 5.0 10.0

L 49.0 +  8.0 — — —

L-53 52.0 +  2.9 51.3 +  2.9 57.5 +  0.5 41.0 +  5.0

* R esu lts w ere o b ta in ed  in 2 ex p erim en ts . 200 m itoses p e r ex p erim en ta l group  pe r e x p erim e n t 
were counted

E v e n  10 /tg /m l C olchicine d id  n o t in h ib it cell d iv ision  in  L-53 cu ltu re s . T h u s, 
th ese  cells a re  20-fold as re s is ta n t to  th e  a n tim ito tic  ac tion  of C olchicine as 
w ild -ty p e  cells are.

L-53 cells also possess som e degree of re s is ta n c e  to  e s trad io l-17/1 (T able  2). 
T he difference in  se n s itiv ity  o f th e  s tu d ied  cells w as e s tim a ted  in  th e  p resence 
o f th e  ho rm o n e  in  co n cen tra tio n s  0.25 —  5.0 X 10“ 4 mol/1. O n ly  som e L 
cells rem ain ed  in  ana- an d  te lophases w hile 13— 20 %  of th e  L-53 cells w ere 
in  p o s tm e ta p h a se  stages o f m itosis (T able 2).

The sen sitiv ity  o f  L  and  L-53 cells to R u b om ycin  C and L ycu rim

T he v ia b ili ty  o f L an d  L-53 cells c u ltu re d  in  th e  presence o f tw o  drugs 
w hich  do n o t  a ffec t m ito tic  sp ind le  w as c o m p ared  (Tables 4 and  5). T h e  sen ­
s it iv ity  of cells to  these  ag en ts  w as d e te rm in e d  by  coun ting  th e  cells p er
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Table 2

A n tim ito tic  e ffect o f  estradiol-17ß on L  a n d  L-53 cells 
(p e rcen tag es o f  p o stm etap h ase  s tages o f m itosis)*

S tra in Control
0 .5%  ethanol Concentration of estradiol-17 ß  (X Ю 4mol/l)

(solvent of 
estradiol) 0.25 1.25 5.0

L 50.4 +  3.9 49.0 ±  2.8 24.0 +  9.4 27.0 +  0.9 2.7 +  2.6

L-53 53.0 +  7.6 43.5 ±  3.5 33.5 ±  3.5 20.5 +  3.5 13.5 +  8.2
-

* R e s u l ts  w ere  ob ta ined  in 3 e x p e rim e n ts . 200 m itoses p e r ex p e rim e n ta l group p e r e x p e rim e n t 
w ere  c o u n te d

L -53 cells were fo u n d  to  be h igh ly  re s is ta n t  to  tw o o th e r m e ta p h a se  
in h ib i to r s ,  v iz., Vcr an d  Y b l (T able 3). V cr in  a co n cen tra tio n  o f 0.1 /zg/ml 
a r r e s te d  all dividing L cells in  C -m ctaphase . T h e  sam e effect w as o b ta in e d  in 
L -53  c u ltu re s  w ith  th e  100-fold  c o n cen tra tio n  o f th e  drug. L-53 cells p ro v ed  
to  b e  also  app ro x im ate ly  100-fold  m ore re s is ta n t to  V bl. P o s tm e ta p h a se  stages 
o f  m ito s is  were alm ost a b s e n t  in  L  cu ltu res  tr e a te d  w ith  0.01 /tg /m l a n d  d isap ­
p e a re d  in  L-53 p o p u la tio n  in  th e  presence o f 1.0 ^g /m l of Vbl.

Table 3

Antim ito tic  effect o f  V in cris tin e  and V in b la stin e  on L  and L-53 cells 
(p e rc e n ta g es  o f p o stm etap h ase  s tag es o f m itosis)*

Strain Control
■

Vincristine (jUg/ml)

0.01 0.1 1.0 10.0

L 50.4 ±  3.9 16.5 ±  7.3 0.25 ±  0.5 0 —

L-53 53.0 +  7.6 49.5 +  3.5 49.2 +  11.2 12.5 +  2.1 0.5 ±  0.7

Strain Control
Vinblastine, (/xg/ml)

0.001 0.01 0.1 1.0

L 50.4 +  3.9 47.2 +  1.3 8.5 +  11.4 0 —

L-53 53.0 ±  7.6 54.0 ±  5.1 52.0 +  1.5 1 .0  +  0 .0

* R e s u lts  w ere ob tained  in 3 e x p e rim e n ts . 200 m itoses p e r ex p erim en ta l group  p e r  e x p e rim e n t 
w e re  c o u n te d

f la s k  a f te r  p rop ag a tio n  o f  th e  cu ltu res  in  th e  p resence  of drugs. T hese  ex p e ri­
m e n ts  h av e  shown th a t  th e  L-53 cells arc  re s is ta n t to  th e  cy to to x ic  ac tio n  of 
R u b o m y c in  C.

I n  T able 4 th e  re su lts  of tw o ex p erim en ts  are  show n. In  th e  f i r s t  ex p eri­
m e n t  R ubom ycin  C w as a d d e d  to  th e  c u ltu re  24 h , and  in th e  second  one 2 h.
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Table 4

Effect o f  R ubom ycin  C on the number o f  L  and L-53 cells after 48 h o f  cultivation*

Concentration of 
Rubomycin C 

(fig/™1)

L L-53

Experim ent I Experiment II Experim ent I Experim ent I I

N um ber of 
cells**

Per
cent

Number of 
cells

Per
cent

N um ber of 
cells

Per
cent

N um ber of 
cells

Per
cent

0 1.64 100 1.70 100 0.87 100 0.96 100

0.01 1.79 109.4 0.50 29.6 1.12 128.7 — —

0.1 0.63 38.7 0.45 26.7 1.34 154.2 0.74 77.5

0.5 0.41 25.2 0.22 13.3 0.92 106.4 0.48 50.7

10.0 0.20 12.7 0.10 6.0 0.54 61.9 0.26 27.6

50.0 0.02 1.4 0.03 2.1 0.56 63.9 0 .1 1 12.1

* R esu lts w ere o b ta in e d  in  2 experim en ts. Cells fro m  2 flask s p e r e x p erim en ta l group 
per e x p erim en t w ere co u n ted  

** N um ber o f cells X 105/cm 2

Table 5

Effect o f  L y c u rim  on the number o f  L  and L-53  cells after 48 h o f  cultivation*

Concentration 
of Lycurim

(Mg/ml)

L L-53

N um ber of cells** Per cent N um ber of cells Per cent

0 2.43 ±  0.25 100 1.42 +  0.31 100

0.1 2.44 +  0.18 100 1.31 ±  0.24 92.2

0.5 2.22 +  0.14 91.3 1.09 ±  0.12 76.7

1.0 2.18 +  0.15 89.7 1.11 +  0.11 78.1

10.0 1.02 +  0.04 41.9 0.71 +  0.13 50.0

50.0 0.49 +  0.12 20.1 0.35 +  0.01 24.6

* R esu lts  w ere o b ta in e d  in  3 experim en ts. Cells from  2 flask s pe r e x p erim en ta l group 
were co u n ted

** N um ber o f cells X 105/cm 2

a f te r  seeding. I n  b o th  ex p erim en ts  a h igh degree o f d ru g  resis tan ce  was re ­
vea led  (ap p ro x im a te ly  100-fold).

In  th e  f irs t  e x p e rim e n t 0.1 /tg /m l R u b o m y cin  C su b s ta n tia lly  d im in ished  
the  n u m b er of L cells h a rv e s te d  from  the  fla sk  w hile even  50 jMg/ml h ad  a lesser 
effect on L-53 cells. I n  th e  second ex p erim en t low er c o n cen tra tio n s  of R u b o ­
m ycin  C w ere e ffec tive. A p p a re n tly , th is  is co n n ec ted  w ith  a g rea te r  d rug  
se n s itiv ity  o f th e  cells im m ed ia te ly  a fte r p la n tin g . O bvious d ifference in  th e  
v ia b ility  of L an d  L-53 cells p ro p ag a ted  in  R u b o m y c in  C su p p lem en ted  m e­
dium  was seen also in  th is  experim en t.
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T h e  grow th  of L  cells w as in h ib ite d  up  to  26 .7%  b y  0.1 ^ g /m l o f th e  d rug , 
th e  a n tib io tic  had  a lm ost th e  sam e  effect on th e  L-53 cu ltu re s  in  a c o n c e n tra ­
t io n  o f  10.0 ^g /m l.

T h u s , these ex p e rim en ts  show  th a t  L-53 cells are c ro ss -re s is ta n t b o th  
to  m e ta p h a s e  in h ib ito rs an d  to  a n titu m o u r  an tib io tic , i.e ., to  d rugs w ith  d if­
f e re n t  m odes of ac tion  on th e  cell.

Cell lines L and  L-53 p ro v e d  to  be sim ilarly  sen sitiv e  to  L y cu rim , w hich 
in h ib i te d  th e  grow th of b o th  lin es  in  a co n cen tra tio n  ran g e  from  0.5 to  50 ^g /m l 
(T ab le  5).

M utagenic action o f  L ycurim  on L  and L -53  cells

T h e  action  of L y cu rim  on  th e  chrom osom es o f L an d  L-53 cells was 
c o m p a ra tiv e ly  stu d ied  (T ab le  6). W ith  increasing  c o n c e n tra tio n  o f th e  drug  
th e  cells w ith  chrom osom e a b e rra tio n s  rose in  n u m b er. T h e  sam e dose of 
L y c u rim  h a d  a p p ro x im a te ly  th e  sam e m utagen ic  effect on th e  cells o f b o th  
cell lin e s , in d ica tin g  th a t  th e  L -53 line h ad  n o t acq u ired  cross-resis tan ce  to 
th is  a lk y la tin g  drug.

Table 6

M utagenic action  o f  L ycu rim  on L  and L -53 cells*

Concentration 
of Lycurim

( и М

L L-53

Number 
of cells 

analyzed

A berran t cells N um ber 
of cells 

analyzed

A berrant cells

num ber per cent num ber per cent

0 50 1 2 50 5 10

0.1 50 5 10 50 5 10

0.5 50 10 20 50 10 20

1.0 50 13 26 43 19 44.1

* The resu lts  were o b ta in e d  in  one exp erim en t

D iscussion

O u r d a ta  show th a t  a cell line th a t  h ad  been  se lec ted  for re s is tan ce  to  
C o lcem id  is c ro ss-resis tan t to  a n u m b e r  of drugs o f d iffe ren t chem ica l classes 
a n d  d iffe re n t m odes o f a c tio n .

T h e  ra n g e  of th e  d ru g s to  w h ich  cellu lar c ross-resistance  m ay  occur has 
b een  d iscu ssed  in  th e  l i te ra tu re .  O n th e  basis of cross-resis tan ce  i t  is possible 
to  d is tin g u ish  several g roups o f  d rugs [1, 8, 9]. O ur d a ta  an d  th o se  of some 
o th e r  a u th o rs  have show n t h a t  to  one of these  groups belong  to  C olchicine and
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its  d e riv a tiv e s , V in ca-a lka lo ids, D au n o m y cin  (R ubom ycin  C), A c tin o m y c in  D 
a n d , p ro b ab ly , som e o th e r  su b stan ces . W e h a v e  show n p re v io u s ly  th a t  L-53 
cells h av e  also som e degree o f  cross-resistance  to  th e  non-ionic d e te rg e n t  Tw een 
80, w hich  does n o t p e n e tra te  th e  cell [10]. T h u s , th e  range o f th e  d ru g s  o f th is 
g ro u p  is ev id en tly  v e ry  w ide. L y cu rim  an d  o th e r  a lk y la tin g  ag en ts  fo rm  a n o th e r 
g roup  o f drugs.

C ross-resistance to  v e ry  d ifferen t ag en ts  is connected  w ith  a lte ra tio n s  
o f  th e  p lasm a m em b ran e  o f  th e  cells. C o lch ic ine-resistan t C hinese h am ste r  
cells p ro v ed  to  be c ro ss -re s is ta n t to  th e  d rugs o f th e  sam e g ro u p  [1, 9]- I t  
seem s th a t  th e  cell m em b ran e  a lte ra tio n s  w hich  lead to  c ro ss -re s is tan ce  to  
d iffe ren t chem icals are  n o t h ig h ly  specific, th o u g h , th e  fa c t t h a t  th e  L-53 
cells re s is ta n t to  C olchicine an d  som e o th e r drugs have  re ta in e d  th e ir  sensi­
t iv i ty  to  L ycurim  po in ts  to  som e degree o f specific ity . T he su b lin e  o f  Chinese 
h a m s te r  cells re s is ta n t to  ac tin o m y c in  D w as cro ss-resis tan t to  s ix  o th e r  drugs 
a n d  sen sitive  to  nine su b s ta n c e s . A m ong th e se  substances th e re  w ere  a n ti­
tu m o u r  an tib io tic s , a n tim e ta b o lic  an d  a lk y la tin g  agents an d  h o rm o n es  [1].

T h is specific ity  o f m em b ran e  a lte ra tio n s  conferring  c ro ss-resis tan ce  m ay  
he co n n ec ted  w ith  s im ila r a lte ra tio n s  of th e  p lasm a m em b ran e  o f  d iffe ren t 
d ru g -re s is ta n t cell lines. T h e  n a tu re  of m em b ran e  a lte ra tio n s  is s t i l l  u n k n o w n . 
I t  has been  rep o rted  [11, 12] t h a t  th e  m em b ran e  g lycopro teins a n d  glycolip ids 
o f r e s is ta n t cells are so m ew h a t m odified . P ossib ly , th e  changes in  m em b ran e  
lip ids are  th e  cause of th e  re la tiv e  re sis tan ce  o f L-53 cells to  T w een  80. F u r th e r  
s tu d ie s  o f  th e  phenom enon  o f cross-resistance  m a y  elucidate  th e  c e llu la r  m ech a­
nism s o f d ru g  resistance . I t  is reaso n ab le  to  s tu d y  b o th  th e  range  o f  su b stan ces  
to  w hich  cross-resistance  occurs an d  th e  m o lecu la r basis o f m e m b ra n e  a l te r a t ­
ions con ferring  cellu lar d ru g  resis tan ce .
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LEUCOCYTES

G. K e l é n y i  and L is Ö l e s e n  L a r s e n

D EPA R T M E N T O F PATHOLOGY, M EDICAL U N IV ERSITY , PÉCS AND 

ZOOPHYSIOLOGICAL LA BORATORY A, AUGUST KROG H  IN ST ITU TE, U N IV ER SITY  OF CO PENH A GEN

(R eceived  1975 — 06 — 12)

Abstract

The h a em a to p o ie tic  tissu e  in  th e  su p ra n eu ra l o rgan  of th e  fre sh w a te r  riv er lam ­
p rey  (Lam petra f lu v ia t i l is  L. G r a y ) was stu d ied  in  sexually  im m a tu re  an im als . Besides 
e ry th ro - and  g ran u lo p o ie tic  e lem en ts, m acrophages, re ticu la r  cells, f ib ro b la s ts  and  
glycogen-rich  fa t  cells w ere seen. D evelop ing  g ran u lo cy tes  o f th e  la m p re y  con ta in  
one ty p e  of azu ro p h il g ran u les  o rig ina ting  from  sm all cy to p lasm ic  (G olgi) vesicles. 
T he lam p rey ’s azu ro p h il g ran u lo cy tes  seem  to  be hom ologous w ith  th o se  of fishes. 
11 ow ever, th e  g ra n u lo c y te s  o f fishes, stu d ied  th u s  fa r, show g ran u les w ith  only one 
ty p e  of inclusion , w hereas in lam p rey  th e  g ran u lo cy te  inclusions are  v a ria b le  in size 
an d  shape. T h u s, la m p re y  g ran u lo cy tes  are, in  th is  respec t, rem in iscen t o f sim ilar cells 
o f h igher v e r te b ra te s . T h e  PA S and  a lkaline  p h o sp h a tase  reac tio n s , com m on  m arkers 
o f v e r te b ra te  n e u tro p h il  leucocy tes, are v e ry  w eak in th e  h aem ato p o ie tic  tissue  g ran u ­
lo cy tes  of th e  lam p rey , a n d  in ten se  in th e  b lood cells o f th e  sam e a n im a l. L am prey  
g ran u lo cy tes , sim ila rly  to  th e  g ran u lo cy tes  o f Chondrostei an d  E lasm obranchiata, do 
n o t  s ta in  w ith  p e ro x id ase , n ap h th o l-A S -D -ch lo ro ace ta te  e sterase  a n d  Sudan b lack  B. 
T he h aem ato p o ie tic  tis su e  co n ta in s a re la tiv e ly  h igh n u m b er o f d eg en e ra ted  g ran u lo ­
cy tes.

Introduction

L am p rey s are  o ften  u sed  in  co m p ara tiv e  stud ies because  in  m a n y  s tru c ­
tu ra l  fea tu res  th e y  resem b le  fossil C ephalaspidom orphi from  th e  O rovician , 
S ilu rian , and  D ev o n ian  periods. F u rth e rm o re , th e ir  life cycle c o n ta in s  several 
re m a rk a b le  tra its .  T he la rv a e  (am m ocoetes) o f r iv e r  lam p rey s sp aw n  in fresh 
w a te r , undergo  a f te r  a b o u t foui years  m etam o rp h o sis  a n d  m ig ra te  to  th e  
sea ; a f te r  a period  o f g ro w th  and  fa tte n in g  in  th e  sea th e y  r e tu rn  to  fresh 
w a te r  in  a u tu m n , w h ere  th e y  sto p  feeding. T he follow ing sp rin g  th e y  reach  
sex u a l m a tu r ity , sp aw n , an d  die a few w eeks la te r . B efore n a tu ra l  d e a th  p ro ­
found  changes occur in  th e ir  b lood and  h em ato p o ie tic  tissue . T h e  e ry th ro cy te s  
d is in te g ra te , th e  h e m a to c r it  va lues decrease [27], an d  th e  h em ato p o ie tic  
su p ra n e u ra l o rgan  und erg o es a tro p h y , especially  in  fem ales ( L a r s e n , u n ­
p ub lished ).
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A m ong  th e  a b o u t 30 reco g n ized  species o f la m p re y s  th e  p e rip h era l b lood  
cells h a v e  been s tu d ied  b y  l ig h t  m icroscopy in  L am petra  w ilderi ( =  lam ottenii) 
[18], Petrom yzon  ( =  L am p etra ) p laneri 137], a n d  P etrom yzon m arinus  [35]. 
H e m a to p o ie s is  in  lam p rey s  h as  b een  recorded to  occu r in  a n u m b er o f organs 
v iz ., th e  typh loso le  or sp ira l v a lv e  o f th e  in te s tin e , th e  k id n ey , th e  b ra n c h ia l 
re g io n , th e  region p o ste rio r  to  th e  p ineal g land  [13, 36].

T h e  purpose o f th e  p re s e n t  s tu d y  was to  e x te n d  p rev ious co m p ara tiv e  
s tu d ie s  o f  azuroph il g ra n u lo c y te s  [20] and , fu r th e r , to  in v e s tig a te  th e  changes 
a t  s e x u a l m a tu ra tio n  in  a h a e m a to p o ie tic  organ  k n o w n  in  Petrom yzon m arinus  
to  p ro d u c e  g ranu locy tes, th e  su p ren eu ra l m yelo id  o rg an  (“ fa t  b o d y ” or “ pro- 
to v e r te b ra l  arch  tissu e” ) [12, 13, 14, 36]. T he p re se n t re p o r t  includes a descrip ­
t io n  o f  th e  su p ran eu ra l o rg a n  an d  its cells in  a d u lt  r iv e r  lam p rey s ab o u t 
th r e e  m o n th s  before d e v e lo p m e n t o f secondary  sex  c h a ra c te rs  s ta r ts .  A la te r  
p u b lic a tio n  will describe th e  co n d itions in  sex u a lly  m a tu re  lam preys.

M aterial and methods

F iv e  a d u lt lam preys (3 fem a le s a n d  2 m ales) used  in  th is  s tu d y  w ere cau g h t in  V arde  â ,  
J u t l a n d ,  D en m ark ; th ey  a rriv e d  in  th e  la b o ra to ry  on  N o v em b er 14 a n d  were k e p t in  ta p w a te r  
a t  11 °C. T h ey  had sm all w o u n d s in  th e  sk in , b u t  were o th erw ise  h e a lth y . T h ey  w ere killed 
b e tw e e n  N ovem ber 19 an d  25, 1972, i. e ., when th ey  w ere sex u a lly  im m atu re . T he an im als 
w ere  a n ae sth e tize d  by  p lac ing  th e m  in a  0 .1%  so lu tion  o f MS 222 (m eth an e  su lp h o n a te  of 
m -am in o  benzoic acid e th y l e s te r , S an d o z) for a few m in u te s .

L igh t- and electron m icroscopy. F ro m  sm all frag m e n ts  o f  th e  su p ra n eu ra l o rgan , ta k e n  
fro m  th e  m iddle  p a r t  of th e  b o d y , sm ears  and to u ch  p re p a ra tio n s  ( im p rin ts)  were m ad e  and  
a ir-d r ie d . W hole profiles o f th e  o rg a n , 2— 3 m m  th ick , w ere f ix ed  in  10%  so lu tion  of p h o sp h a te- 
b u ffe re d  form ol (0.1 mol/1, p H  7 .2) a n d  em bedded  in  p a ra ff in . Sm all b locks 1 to  2 m m  in 
d ia m e te r  w ere fixed in 1%  so lu tio n  o f p h o sp h a te-b u ffe red  o sm iu m  te tro x id e  (0.1 mol/1, p H  7.2), 
a t  4 °C fo r 90 m in, d e h y d ra te d  in  ace to n e , and em bed d ed  in  D u rc u p an  (F lu k a). Sections, 
1 /im  th ic k  and u ltra th in , w ere c u t  w ith  glass knives (K n ife  M aker, L K B ) in  an  U ltro to m e  
I I I  (L K B ) u ltram icro tom e.

S m ears  and to u ch  p re p a ra tio n s  w ere s ta ined  w ith  M ay-G rünw ald-G iem sa  so lu tion  
a n d  te s te d  for alkaline [19] a n d  ac id  [29] p h o sp h a tase , a -n a p h th y la c e ta te - , naph tho l-A S - 
a c e ta te -  [30], n ap h th o l-A S -D -ch lo ro ace ta te -e ste ra se  [28] a n d  d iam inobenzid ine-perox idase  
[15]. T h e  periodic acid-Schiff re a c tio n , S udan  b lack  В a n d  d iam in o b en z id in e  [16] s ta in ings 
w ere  also  used. P a ra ffin  a n d  1 /um  th ic k  p lastic -em bedded  sec tions w ere sta in ed  w ith  e ith e r 
h a em a to x y lin -e o sin  [21] o r to lu id in e  b lue  [42], u l tra th in  sec tions c o n tra s ted  w ith  u ran y l 
a c e ta te - le a d  c itra te  [43]. U l t r a th in  sec tio n  were stu d ied  in  a T esla BS 242E or 613 e lectron  
m ic ro sco p e  a t  60 and 80 kV.

R esults

A natom y

I n  cross sections th e  h aem opo ie tic  su p ra n e u ra l o rgan  ap p eared  as a 
r o u n d  b o d y , red , b ro w n ish , ye llow ish-red  or yellow  in  co lour an d  3 to  5 m m  
in  d ia m e te r , s itu a te d  d o rsa lly  to  th e  sp inal cord  a n d  e x ten d in g  from  th e  gill 
re g io n  to  0—2 cm a n te r io r  to  th e  cloaca.
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L ight m icroscopy

T he su p ra n e u ra l organ  of th e  N o v e m b e r lam p rey  is com posed o f  h a e m a ­
to p o ie tic , fa t  an d  re tic u la r  cells, m ac ro p h ag es  an d  fib ro b lasts . I t  is w ell c ir­
cu m scrib ed , b u t  n o t encap su la ted . T h e  n u m b e r  o f fa t  cells d isp e rsed  am ong 
o th e r  e lem ents v a rie s  from  one an im a l to  th e  o th e r, capillaries a re  sm all in  
n u m b e r. Collagen an d  re ticu lin  f ib re s  a re  few. G ranulo- an d  e ry th ro p o ie tic  
e lem en ts  are n o t se p a ra te d ; g ran u lo p o ie tic  e lem ents usually  p re d o m in a te  in 
n u m b e r  (Fig. 1). A few large m acro p h ag es  w ith  engulfed m a te ria l (cell débris) 
a n d  few  granu les w ere also seen (F ig . 9). O ne p m  th ic k  sections show  g ra n u lo ­
cy te s  w ith  a la rge  n u m b er of g ran u les ; e ry th ro p o ie tic  cells can  be  reco g n ized  
b y  th e  e m p ty  ap p ea ran ce  of th e ir  c y to p la sm . Besides these, a few  s tro n g ly  
s ta in e d  acidoph il s tru c tu re s  w ith  p rocesses reach in g  in to  th e  spaces b e tw een  
th e  ne ig h b o u rin g  cells w ere e n c o u n te re d  (F ig . 1). A t th e  lig h t m icroscop ic  
leve l i t  was n o t possib le  to  id en tify  th e  n a tu re  o f these  s tru c tu re s . T h e  period ic  
ac id -S ch iff re a c tio n  w as n eg a tiv e , e x c e p t for th e  narrow  c y to p la sm  o f fa t  
cells (F ig . 2a).

In  to u ch  p re p a ra tio n s  th e  n e u tro p h il  g ranu locy tes, owing to  th e  h igh 
n u m b e r of azu ro p h il g ranules, w ere  consp icuous (Fig. 3). In  th e  im m a tu re  
fo rm s (m yelocy tes) th e  nuclei, ly in g  e c cen tr ica lly , were ro u n d  o r o v a l w ith  
m ore  or less deep in d e n ta tio n s . T h e  m ore  m a tu re  g ranu locy tes sh ow ed  a 
b ilo b a te d  nucleus; only  very  few cells w ith  th re e  n uclear lobes w ere seen . Cells 
w ith  eosinophil or baso p h il g ra n u la tio n  w ere  n o t found.

H istochem istry

T h e period ic  ac id-Schiff (PA S) a n d  th e  a lkaline  p h o sp h a tase  re a c tio n s  
o f th e  n eu tro p h il g ranu locy tes w ere v e ry  w eak , a lthough  blood n e u tro p h ils  
o f  th e  sam e an im als  gave in ten se  re a c tio n s  (F igs 4a, b). In  to u c h  p re p a ra ­
tio n s  a su p rising ly  la rg e  n u m b er o f P A S -p o sitiv e  g ranules were seen am o n g  th e  
cells a n d  assum ed to  rep resen t g lycogen  o r ig in a tin g  from  d is ru p te d  f a t  cells 
(F ig . 2b). T he d iam in o b en z id in e -p ero x id ase  an d  n aph tho l-A S -D -ch lo roace- 
ta te -e s te ra se  reac tio n s , th e  S udan  b la c k  В an d  d iam inobenzid ine  s ta in in g s  
w ere  in v a ria b ly  n eg a tiv e , an d  th e  n a p h th y la c e ta te - , n a p h th o l-A S -a c e ta te -  
e s te ra se  an d  acid  p h o sp h a ta se  re a c tio n s  w eak .

Electron m icroscopy

T h e g ran u lo cy tes  appeared  as ro u n d  or oval cells ab o u t 16— 21 ,ыт 
in  d ia m e te r  (Figs 5, 6). The n u c lea r s t ru c tu re  o f m yelocytes (m o n o n u c lea r) 
a n d  o f  th e  g ran u lo cy tes  (b ilobated ) w ere  sim ila r, th e  usually  sm all a m o u n t 
o f  h e te ro c h ro m a tin  being  som ew hat la rg e r  in  th e  la t te r  cells; th e  h ig h  degree
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F ig. 1. Im m a tu re  g ra n u lo c y te s  w ith  d is tin c t g ran u le s , a  m acrophage (M), e ry th ro b la s ts  
(E ) w ith  seem ingly  e m p ty  cy to p la sm  and  irreg u lar b la c k  s tru c tu re s  (D) co rrespond ing  to 
d e g en e ra te d  g ran u lo cy tes . S u p ra n e u ra l organ, 1 fim  th ic k  sec tio n , to lu id ine  blue, p H  10; XÖ60

F ig. 2a — b. (a) P o sitiv e  PA S re ac tio n  in  th in  c y to p la sm  o f sup raneura l o rg an  tis su e  f a t  
cells. O ne fim  th ic k  sec tio n , X 480; (b) PA S-positive  g ra n u le s  o rig ina ting  from  d is ru p te d  f a t  
cells s c a tte re d  over th e  fie ld . T h e  PA S reac tion  of g ra n u lo c y te s  is very  w eak (arrow s). T o u ch  

p re p a ra tio n  of th e  su p ran eu ra l o rg a n . X 800

F ig . 3. G ran u lo cy tes  w ith  azu ro p h il g ranules, e ry th ro b la s ts  and  an  e ry th ro c y te  (E ). T o u ch  
p re p a ra tio n  o f th e  su p ran eu ra l o rgan , M ay-G rünw ald-G iem sa , X 840
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F ig . 4a - b. (a) F ine  PA S-positive  g ranu les a n d  (b) s tro n g ly  positive a lka line  p h o sp h a ta se  
re ac tio n  in  blood g ran u lo cy te s . B lood sm ear, X 980

Fig. 5. S u p ra n e u ra l o rgan . G ranulocy tes w ith  e lec tro n -d en se  granules. B e tw een  th e  cells 
p a r ts  o f d eg en e ra ted  g ranu locy tes an d  th e ir  th in  p ro jec tions (arrow s). X 3 700

of n u c le a r  pycnosis seen in  m am m alian  g ran u lo cy tes  was n o t o b se rv ed . M i­
to tic  fig u res  w ere freq u en t. M oreover, a few  m itochondria , lip id  d ro p le ts , 
g lycogen g ranu les in  sm all groups, Golgi reg ions an d  c isternae o f  e rg a s to p la sm  
w ere e n co u n te red . T he p red o m in an t c y to p la sm ic  organelles of th e  g ran u lo cy te s  
w ere th e  g ranu les 0.2 to  0.7 /j,m in  d ia m e te r  an d  variab le  in sh ap e  a n d  s tru c ­
tu re . T h e y  w ere su rro u n d ed  by  a tr i la m in a r  m em b ran e  and  seem ed  to  o rig i­
n a te  in  th e  im m a tu re  cells from  sm all vesic les, possib ly  Golgi vesicles, even ly  
d is tr ib u te d  over th e  w hole cell p rofiles. T h e  deve lopm en t o f g ran u les  seem s 
to  s ta r t  w ith  th e  ap p ea ran ce  in  the  vesicles o f  a s ligh tly  e lectron dense m a te r ia l, 
w h ich , p a ra lle l to  an  increase in  th e  g ran u le  size, increases g rad u a lly  in  a m o u n t
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F ig . 6 a — b. (a) S u p ran eu ra l o rg an . E ry th ro c y te s  (E ), g ra n u lo c y te s  (G) w ith  n uclear p o c k e ts  
(P )  a n d  g ran u les  v a ry in g  in  size. A t arrow s th in  p ro jec tio n s  o f  degen era ted  g ranulocy tes. X 4900. 
(й) G ra n u lo cy te  w ith  a  sm all g ro u p  of paralle l e rg a s to p la sm a tic  c isternae (Döhle b o d y ), few  

m ito c h o n d ria , Golgi reg ion  (a rro w ). X 6 300

a n d  e lec tro n  d en sity . T he e lec tro n  dense cores o f  th e  granules w ere ro u n d , 
ov al o r po lygonal, an d  in  th e  m ore m a tu re  fo rm s inclusions were seen. F ig . 7 
show s ring-, rod-, n eed le -sh ap ed  an d  irreg u la r in c lu sio n s; in  some of th e  m o re  
e lo n g a te d  inclusions a fin e  fib rilla ry  s tru c tu re  w as p resen t. O ur fin d in g s on 
g ra n u le s  in d ica te  t h a t  n o t m ore  th a n  one ty p e  can  be d istingu ished  w ith  c e r­
t a in ty ;  how ever, th e  ap p e a ra n ce  of the  g ran u les  varies g reatly .

T w o to  four p ro files o r narrow  e rg a s to p la sm a tic  cisternae a rra n g e d  in  
p a ra lle l  o rd er w ere f re q u e n tly  seen a t th e  p e r ip h e ry  o f g ranulocytes w ith  m a n y  
a z u ro p h il g ranu les, rem in iscen t o f th e  so-called  D öhle  bodies (Fig. 6b). T h ese  
s t ru c tu re s ,  seen in  m a m m alian  b lood n e u tro p h il g ran u lo cy tes , ap p e a r in  c o n ­
d itio n s  w hen  n e u tro p h il p ro d u c tio n  by, and  re lease  from , th e  bone m a rro w  
a re  in c reased  [31].

T h e  deeply  ac id o p h il s tru c tu re s  seen in  th e  lig h t m icroscope w ere id e n ­
t if ie d  as g ran u lo cy tes  in  d iffe ren t stages o f b re a k d o w n  w ith  decay ing  n u c le i 
a n d  g ran u les  in  th e  v e ry  e lec tron  dense c y to p la sm . These cells, a p p e a rin g  
“ co m p ressed ” , in v ad ed  w ith  v e ry  th in  p rocesses th e  in te rs titia l spaces b e tw e e n  
th e  n e ig h b o u rin g  cells (F igs 5, 6a and 8). Som e o f th e  decaying cells sh ow ed  
in te n s e , cystic  d ila ta tio n  o f th e ir  few e rg as to p la sm ic  c isternae an d  c lu m p ed  
g lycogen  g ranules.

T h e  fa t  cells, d e m a rc a te d  from  th e  h a e m a to p o ie tic  elem ents b y  a b a s e ­
m e n t m em b ran e , c o n ta in e d  v a ry in g  am o u n ts  o f  fa t. The narrow  c y to p la sm  
o f  th e se  cells w as t ig h tly  p ack ed  w ith  g lycogen  g ranu les, form ing ro se tte - lik e
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Fig. 7a—f .  G ranules o f su p ra n eu ra l organ g ran u lo cy tes , (a ) Needle-like (arrow s) an d  irreg ­
u la r  inclusions, Golgi vesicles (V) and  im m atu re  g ran u le s  (I). X 21 000 (b) Im m a tu re  (I)  an d  
m atu re  g ranu les w ith  cores o f v a ry in g  electron  d e n s ity , ro d -sh ap ed  and  ring-like inclusions. 
X 24 000 (c) Besides ro u n d  g ranu les w ith  e lectron -dense  cores there  is one w ith  m u ltip le  r in g ­

like s tru c tu re s  and  tw o o th e rs  w ith  rod-like inclusions (a rro w s). A t the  b o tto m  of the  field  fo u r 
im m a tu re  g ranules (I). X 38 000 (d) G ranules w ith  cores o f  va ry in g  electron  d en sity , in  one 
o f th e m  p a r t  o f a ring-like  inclusion  (arrow ), in a n o th e r  a  th in  em p ty  rod . X 46 500 (e) Л  
ring-like  an d  a ro u n d  inclusion  in  granules su rro u n d e d  w ith  a trilam in ar m em b ran e . A t 
th e  b o tto m  tw o im m atu re  g ran u les  w ith  very  fine vesicles o f low electron  den sity . X 65 000. 
( / )  T he granu les in th is  field  show  various stages o f g ra n u le  fo rm ation . Sm all vesicles (V), 

im m a tu re  g ranu le  (I) a n d  m a tu re  granules w ith  rin g -lik e  an d  ro u n d  inclusion. X 54 500
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F ig . 8 a — b. (a) S u p raneura l o rg a n , p a r ts  of in ta c t  g ran u lo cy tes  and  a d e g en e ra te d  cell 
w ith  tw o  n u c lear lobes, one seem ing ly  su rro u n d ed  b y  a n o th e r  cell. The granu les a p p e a r  as 
e m p ty  h o les , th e  cy top lasm  is v e ry  e lec tro n  dense. X 6100. (b) On th e  r ig h t, an  in ta c t  cell 
w ith  a  few  granu les, on the  le ft th e  c y to p la sm  of a d ecay in g  cell is very  dense. In sid e  th e  g ra n ­

u le s  re m n a n ts  of th e  o rig ina l s tru c tu re s , a m ito ch o n d rio n  w ith  cristae. X 41 000

F ig . 9 a — b. S u p raneura l o rg an , (a) a m acrophage  w ith  va rio u s inclusions (phago lysosom es), 
a  few  g ra n u le s  (arrow s) sim ilar to  g ran u lo cy te  g ran u les . X 6100. (b) P h ago lysosom e w ith  

w horl-like  s tru c tu re  (m yelin  b o d y ), x 14 100

s t r u c tu r e s .  In  th e  reg ion  o f  th e  b a se m e n t m em b ran e , inside th e  cy to p la sm , 
m a n y  p in o cy tic  vesicles w ere  p re sen t. T h e  cy to p lasm  of som e g lycogen-free 
f a t  cells con ta ined  d e g en e ra tin g  m ito ch o n d ria .
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D iscussion

T h e  te rm  “ su p ran cu ra l o rg an ”  for th e  h aem atopo ie tic  tis su e  lo ca ted  
d o rsa lly  to  th e  spinal cord  w as p re fe rred  to  th e  te rm  “ fa t b o d y ”  o r “ p ro to v c r-  
te b ra l a rch  tissu e”  [14, 36]. A lth o u g h  th e  su p ran eu ra l o rgan  c o n ta in s  fa t  
cells i t  shou ld  no t he confused  w ith  th e  re a l f a t  body  found  in  co n n ec tio n  
w ith  th e  gonad in am m ocoete  la rv a e  [44]. P ro to v e rteb ra l a rch es (arcus 
neura lis) are  th e  ru d im e n ta ry  v e r te b ra e  w h ich  have  no th ing  to  do  w ith  th e  
su p ra n e u ra l organ. T he su p ra n e u ra l o rg an  w ith  d iffe ren tia tin g  p recu rso r 
an d  m ore  m a tu re  h aem a to p o ie tic  e lem en ts  an d  fa t  cells is co m p a ra b le  to  th e  
b one  m arro w  in  h igher v e r te b ra te s .

A t th e  ligh t-m icroscopic  level d eve lop ing  granu locy tic  e lem en ts  o f th e  
su p ra n c u ra l organ  are easily  recogn ized  an d  th e ir  s im ila rity  to  d eve lop ing  
g ran u lo cy te s  of h igher v e r te b ra te s  is consp icuous. This m ay be  d u e , am ong 
o th e rs , to  th e  ch a rac te ris tic  g ra n u la tio n  seem ing ly  com m on to  all v e r te b ra te s , 
even  to  tho se  in  w hich th e  m a tu re  g ran u lo cy te s  have large eo sinoph ilic  g ra n ­
u les (rep tiles , b irds, ra b b it , gu inea  p ig , pseudoeosinoph il or heterophil g ra n u ­
locy tes) [17]. This m orphological c o n s ta n c y  o f  th e  granu locy tes is , how ever, 
in co m p le te , i.e., th ere  are som e c le a r-cu t d ifferences betw een  th e  d eve lop ing  
g ran u lo cy te s  of various classes of h ig h er v e r te b ra te s .

In  m am m als th e  neutrophil g ran u lo cy te s  have a t le a s t tw o  d is tin c t 
p o p u la tio n s  of granules. T he la rg e r p r im a ry  o r azurophil g ran u les , b in d in g  
m e ta c h ro m a tic  dyes w hen  im m a tu re  [38], a re  pe ro x id ase -p o sitiv e , th e y  
p o ssib ly  rep re sen t lysosom es an d  a p p e a r  ea rlie r during  cell d iffe re n tia tio n  
th a n  do th e  secondary , specific  or n e u tro p h il g ranu la tion . T he fo rm a tio n  of 
th e  la t te r  begins a t  the  m y elocy tic  s tag e  [3, 4, 10]. I t  was genera lly  ag reed  th a t  
th is  la te r  g ranu le  carries th e  enzym e a lk a lin e  phosp h a tase . R e c e n t o b se rv a ­
tio n , how ever, w ould suggest c h a rac te riz in g  secondary  granules as p e ro x id a se ­
less an d  lac to fe rrin -ly so zy m e-co n ta in in g  s tru c tu re s , since a lkaline p h o sp h a ta se  
ap p ea rs  as a frac tio n  c learly  s e p a ra te d  from  secondary  granules [41]. S u b s ta n ­
tia l  u l tra s tru c tu ra l ,  cy to- and  b iochem ical ev idence supports  th e  ex is ten ce  of 
a th ird  ty p e  o f g ranule  [1, 2, 5, 9, 38, 40].

T h e  developing h e te ro p h il g ran u lo cy te s  o f birds and re p tile s  co n ta in  
tw o  g ran u le  popu la tions [7, 34]. C oncern ing  th e  presence of se c o n d a ry  g ranu les 
in  a m p h ib ia n  cells, conflic ting  opin ions a re  kn o w n  [8, 39]. In  fishes d ev e lop ing  
g ran u lo cy te s  co n ta in  only  one p o p u la tio n  o f  g ranules, w hich is azu ro p h ilic  
(azurophilic  granulocytes, [35]).

In  th e  fresh w ater riv e r la m p re y  one p o p u la tio n  of g ranu les, azu ro p h ilic , 
in  b o th  b lood  an d  h aem ato p o ie tic  tissu e  cells w as found , p ro b ab ly  hom ologous 
to  th e  azuroph ilic  granules o f th e  g ran u lo cy te s  o f fishes.

In  sp ite  of th is  s im ila rity , f ish  an d  la m p re y  g ranu locy tes d iffe r in  a 
n u m b e r o f  cytocliem ical an d  u l t r a s tru c tu ra l  fea tu re s . C ytochem ically  lam p rey
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a z u ro p h il g ranu locy tes o f  b o th  th e  su p ran eu ra l o rg an  anti o f the  b lood  are 
p e ro x id ase -, n ap h th o l-A S -D -ch lo ro ace ta te -e s te ra se -  an d  S udan b la c k  B- 
n e g a tiv e . T he species o f Teleostei th u s  fa r s tu d ie d  h a v e  been found p e ro x id ase ­
p o s itiv e , o thers (C hondrostei, Ganoidei : A c ipenser ru thenus, E lasm obranchiata, 
Selachidea: Scyliorh inus canicula) n egative  [11, 20]. T hus, in th is  re sp ec t, 
th e  g ran u lo cy tes  of th e  N o v em b er lam p rey  a re  s im ila r to  those of fishes of 
lo w er o rder. The f in d in g  o f  F e y  [11] of a w eak  p o sitiv e  peroxidase reac tio n  
in  th e  g ranu locy tes o f a d u l t  Lam petra p la n er i  (a n d  a negative re a c tio n  in  
la rv a e )  m ig h t re flec t d ifferences in  various species o f Cyclostomes.

A t th e  e lec tron -m icroscop ic  level th e  d ev e lo p in g  g ranulocytes o f Teleostei 
(k id n ey ), Chondrostei (sp leen) and  E lasm obranchiata  (spleen) c o n ta in  one 
p o p u la tio n  of g ranu les, th e  m ore  m atu re  fo rm s o f  w hich  carry  only  one ty p e  
o f  inc lu sio n  [20]. A z u ro p h il granules of th e  la m p re y , on th e  o th e r h a n d , are 
s im ila r  to  azuroph il g ra n u le s  o f m am m als, w h ich  c o n ta in  rod-, needle-, r in g ­
lik e  a n d  irreg u la rly  sh a p e d  inclusions. The p resen ce  o f  a fine f ib rilla r s tru c tu re  
in  som e of th e  e lo n g a ted  inclusions of th e  la m p re y  azurophil g ran u lo cy te  
g ran u le s  —  as seen in  o th e r  v e rteb ra tes  —  in d ic a te s  th a t  th e  s tru c tu re s  of 
a z u ro p h il granules o f a ll v e r te b ra te s  have  som e fe a tu re s  in com m on.

T h e  p o s itiv ity  o f  th e  a lka line  p h o sp h a ta se  a n d  o f th e  PAS reac tio n s  is, 
w ith  a few excep tions, a com m on  fea tu re  of b lo o d  n eu tro p h ils  of v e r te b ra te s . 
T h e  s tro n g  reac tio n s in  b lo o d  g ranu locy tes, a n d  th e  very  w eak seen in  th e  
s u p ra n e u ra l organ  h a e m a to p o ie tic  tissue cells o f  th e  lam prey , suggest th a t  
in  cells en te rin g  th e  b lood  syn thesis  of th e  e n zy m e  and  glycogen p roceeds 
w ith  m a tu ra tio n . S ince so m e of th e  g ran u lo cy tes  o f  th e  haem ato p o ie tic  ren a l 
tis su e  o f Teleostei g ive in te n se  alkaline p h o sp h a ta se  and  PAS reac tio n s, our 
fin d in g s  in d ica te  t h a t  in  th e  lam p rey  g ran u lo cy tes  e n te r  th e  blood a t  a n  earlie r 
s ta g e  o f cell d iffe re n tia tio n  th a n  in  Teleostei. T h is occu rrence  of u n d iffe ren tia ted  
b lo o d  cells in p e rip h e ra l b lood  has also been  fo u n d  in  Lampetra lam ottenii 
[18] an d  in Petromyzon m a rin u s  [36].

In  view  of th e  ab sen ce  o f  peroxidase a c t iv i ty  from  th e  azuroph il g ranu les 
o f  la m p re y  leucocy tes th e  question  of th e ir  b a c te r ic id a l cap ac ity  m a y  be 
ra ise d . I t  is know n th a t  th is  enzym e is n ecessa ry  fo r killing of b a c te r ia  [32]. 
H  ow ever, besides th e  p e ro x id ase -lia lid e-h y d ro g en  p e ro x id e-g en era tin g  sy stem , 
o th e r  bac te ric id al m ech an ism s were show n to  be  ac tiv e  in ra b b it an d  h u m a n  
g ran u lo cy te s  [33]. T h e  peroxidaseless ch icken  g ran u lo cy tes  m igh t also k ill 
b a c te r ia  b y  ca tion ic  p ro te in s  of th e ir  p r im a ry  g ran u les  [6]. The p resence  of 
th  ese p e ro x id a se -in d e p en d e n t b ac te ric idal fa c to rs  in  lam prey  g ran u lo cy tes  
is s till to  be p roven .

T h e  find ing  o f d e g e n e ra ted  leucocytes in  th e  su p ran eu ra l o rgan , th o u g h  
u n u su a l concern ing  th e ir  h igh num ber, m ay  o ccu r also in h aem a to p o ie tic  
tis su e s  of h igher v e r te b ra te s . To u n d e rs ta n d  th e i r  significance, fu r th e r  s tu d ies  
o f  h aem a to p o ie tic  tissu es  a re  needed, especially  in  o th e r  life stages o f th e  riv e r
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lam p rey . T he d eg en e ra ted  leucocytes are seem in g ly  in  co n tac t, th ro u g h  th e ir  
p ro jec tio n s, w ith  large  su rface  areas of o th e r  cells, suggestive o f an  in te ra c tio n  
b e tw een  norm al an d  d ecay ing  cells. The p o ss ib ility  th a t  these p ro jec tio n s are 
a rte fa c ts  re su ltin g  from  m echan ical in ju ry  in  th e  course o f processing , w ould 
speak  for a high degree o f  m echanical v u ln e ra b ility  o f these cells.
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ARE MAST CELLS INVOLVED IN ADJUVANT ACTION?

I. J o k a y , E r ik a  K a r c z a g  and I. F ö l d e s
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Abstract

A v a rie ty  of a d ju v a n t sub stan ces h av e  been  found  to reduce th e  ab so lu te  and  
re la tiv e  n u m b er o f peritonea l m ast cells in  m ice. T his o bservation  is d iscussed  in the  
lig h t o f lite ra ry  d a ta  suggesting  a p o te n tia l  role o f m ast cells in th e  re g u la tio n  (m odifi­
cation ) of th e  im m une response.

Introduction

In  our p rev ious w ork  we have  fo u n d  m a s t cell dam age and  a con sid er­
ab le  decrease in  th e  abso lu te  and  re la tiv e  n u m b er of p e rito n ea l m a s t cells 
(MC) of m ice follow ing en do tox in  (ET) a d m in is tra tio n  [29]. As E T  is a p o te n t 
a d ju v a n t [28], th e  question  arose w h e th e r  MC or th e ir  dam age m ig h t he in ­
vo lved  in th e  a d ju v a n t effect. T herefo re , we h av e  te s te d  a v a r ie ty  o f  su b stan ces  
w ith  a d ju v a n t a c tiv ity  for th e ir  a b ility  to  decrease sim ilarly  to  E T  th e  p e ri­
to n ea l MC co un t.

Material and method

T he m ate ria ls  to be te s ted  were ad m in is te re d  i.p . to  random ly  b red  14— 17 w eeks old 
B A L B /c  m ale m ice. In  each  series o f ex p erim e n ts  con tro l mice of th e  sam e age receiv ing  
saline w ere used . U sually  a t  day  4, p e rito n ea l cell suspension and p e rito n ea l sm ears were 
o b ta in e d  as described prev iously  [29J.

F o r co un ting  MC in th e  peritonea l flu id , a ra p id  te s t  was developed. T h is  is based  on 
the  ob se rv a tio n  th a t  th e  n u m b er o f MC sta in ed  w ith  to lu id ine  blue in fo rm a lin -tre a ted  bu ffered  
p e rito n ea l flu id  p roved  to  be ap p ro x im ate ly  tw ice  as g rea t and was m ore re p ro d u c ib le  th an  
t h a t  in th e  fo rm a lin -u n tre a ted  sam ples. T he fo rm er tech n iq u e  showed a good co rre la tio n  w itli 
the  a lc ian  b lu e -sa fra n in e  m eth o d . To 0.8 ml p e rito n ea l cell suspension 0.2 m l o f  3 6 %  n e u tra ­
lized (p H  7.0) fo rm alin  was ad ded  and th e  m ix tu re  w as in cu b a ted  in a w a te r  b a th  (25 °C), 
u su a lly  fo r 150 m in. T hen  0.2 ml of th e  fo rm a lin -tre a ted  cell-suspension was ad d ed  to  0.025 ml 
o f  0 .1 %  aqueous so lu tion  of to lu id ine  blue and  th e  n u m b er of m etach ro m atic  cells w as coun ted  
in a B u rk e r ch am b er. (A fter 4 h  of in cu b a tio n  w ith  fo rm alin  the  enum erab le  MC c o u n t began 
to  decrease, due to  cell c lum ping .) T he follow ing su b stan ces were tes ted .

E n d o to x in  p rep ared  from  E . coli 0 8 6  acco rd in g  to  W estp h a l’s m e th o d  [43] k in d ly  
supp lied  by  D r. L. B er t ó k , B u d ap est); D e x tra n , M W : 5 x lO r’; d e x tra n  su lp h a te  M W : 5 x l 0 5; 
B ay o l-F  and  A rlacel-A  for F re u n d ’s incom plete  a d ju v a n t  (IF A ) were o b ta in e d  fro m  Serva; 
d e x tra n , MW  h igher th a n  5 x l 0 fi (N u tritio n a l B iochem . Corp.); R etino l (v ita m in  A alcohol), 
ca lf th y m u s  h istone  and  bovine serum  a lb u m in  c ry s t. (Sigm a); polyinosinic acid —p o ly cy tid y lic  
acid  (P o ly  I : C) A -grade (C albiochem ); P o ly m y x in -B  (Pfizer); p ro tam in e  su lp h a te  (R oche); 
sapon in  a lbus (R ean a l); H u m an  serum  a lb u m in  (H S A ) and  Bordetella pertussis  v acc in e  (In sti-
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tu te  “ H u m a n ” ; k in d ly  supp lied  b y  D r. Z. Cs iz é r ); A rq u a d -2 H T  (d i-octadecyl d im e th y l 
a m m o n iu m  chloride) a g ift o f D r. G a ll  an d  Dr. R é t h y , re sp .;  T ilorone-H C l (M errell-N ational 
L a b s .) ;  S ilica , p a rtic le  size o f 5— 7 p  w ere used.

T h e  m a te ria ls  w ere a d m in is te re d  i.p . in  0.2 m l o f  n e u tra liz e d  saline. R e tin o l w as in je c te d  
in  0 .02 m l d im e th y lsu lp h o x id e  (D M SO ); IF A  was em ulsified  in  saline.

Results

T a b le  1 shows th a t  besid e  th e  ap p lied  M C -d isrup to rs (p o ly m y x in -B , 
p ro ta m in e  su lp h a te ), m o st o f  th e  a d ju v a n t m a te r ia ls  te s te d  decreased  th e  
a b so lu te  an d  re la tiv e  n u m b e r o f p e rito n ea l MC. T hese substances in c lu d e

Table 1

The effect o f  various substances on the peritonea l mast cell count*

T reatm ent
No. of 
anim als

A djuvant
activ ity W BC, X10° ±  SE MC, Х Ю 3 ±  SE

Decrease 
in M C-count

Saline (6) — 21.9 ± 3.2 214 ± 53

BSA 3 m g (6) — 25.5 ± 2.3 220 ± 15 —

H SA 3 mg (6) — 21.8 -f- 2.0 228 ± 34 —

P o ly m y x in -В 0.5 m g (6) n . k . * ** 30.0 ± 4.0 11.9 ± 5 +

P ro ta m in e -S 0 4 1 mg (5) n .k .* * 25.6 ± 2.1 8.3 + 2 +

H isto n e 1 m g (5) +  (20) 39.8 ± 6.5 21.5 ± 7 +

Saline (9) — 17.2 + 0.6 215 ± 19 —

E n d o to x in 25 К (5) +  (28) 16.5 + 2.7 36 ± 16
i y a * * * 0.1 ml (6) +  (18) 21.5 ± 2.1 31 ± 7 +

B. p er tu ss is 3 x 10s (5) +  (16) 37.8 ± 4.8 92 + 28 +

Poly I  : C 0.5 mg (5) +  (38) 16.9 ± 2.3 151 ± 7 +

Silica 10 mg (6) +  ( 1 ) 15.3 + 1.8 11 3 -L

Saline (9) — 17.1 - 1.5 191 ± 8 —

S ap o n in 0.1 mg (6) +  (20) 20.4 + 6.3 18 ± 4 +

A rq u a d  2 HT 0.2 mg (6) +  (19) 15.3 ± 2.0 61 12

T ilo rone 3 mg (6) +  (10) 15.1 ± 1.6 10 -j- 4

DM SO 0.02 ml (6) — 16.3 ± 0.9 105 + 19 +

R etin o l 3.2 m g (6) +  (14) 27.8 1.9 25 + 8 +

Saline (6) — 18.9 ± 3.5 192 ± 27 —

D e x tra n  M W  5 X 106 1 mg (6) +  (7) 20.4 + 4.1 99 ± 26 +

D e x tra n  M W  5 x 10s 3 mg (6) ±  (7) 21.0 ± 3.5 175 ± 35 -

D e x tra n -S O , MW . 5x10 3 mg (6) +  (И ) 21.8 + 2.7 177 20 —

* 4 d a y s  a f te r  tre a tm e n t
** n .k .  =  n o t  know n

*** 5 w eek s a fte r  tre a tm e n t
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en d o to x in , IF A , silica, a rq u a d -2 H T , sap o n in , B. pertussis  v accine , P o ly  I : C, 
tilo ro n e  an d  v ita m in  A. D e x tra n  o f h igh  m o lecu la r w eight caused  a m a rk e d  
decrease , b u t  s im ilar doses o f d e x tra n  an d  d e x tra n  su lp h a te  w ith  a m ol. 
w eig h t o f 5 X 105 d id  n o t in fluence  th e  MC co u n t. W eak soluble a n tig e n s  lack ­
ing  a d ju v a n tic ity  (BSA an d  HSA) h ad  no effect on th e  MC c o u n ts .

D iscussion

T he resu lts  show  th a t  m ost o f th e  a d ju v a n t substances te s te d  d ec reased  
th e  p e rito n ea l MC co u n t in  m ice, p re su m a b ly  due to  MC dam age (d e g ra n u la tio n  
a n d  se q u e s tra tio n  o f MC). I t  m ay  be n o te d  th a t  m any  a d ju v a n t su b s ta n c e s  
s tu d ie d  b y  G a l l  [19] are  also know n as p o te n tia l  MC d is ru p to r a g e n ts .

T h o u g h  on ly  rough  co rre la tio n s a p p e a r  betw een  th e  M C -dam aging  
c a p a c ity  an d  th e  a d ju v a n t a c tiv ity  o f  su b stan ces , th is  m ay be d u e  to  th e  
com plex  and  d iffe ren t m echan ism  b y  w hich  th e  various a d ju v a n ts  ex e rt 
th e ir  ac tio n . I t  seem s to  be  conceivab le  th a t  th e  in vo lvem en t o f  MC in  th e  
a c tio n  o f ce rta in  a d ju v a n ts  m ay  h av e  som e cau sa l re la tionsh ip  w ith  th e  a d ju ­
v a n t  a c tiv ity . T he follow ing d a ta  an d  c o n sid e ra tio n s  seem to  s u p p o r t th is  view .

MC are w idely  d is tr ib u te d  in  th e  o rgan ism  and  assum ed to  b e  o f  ly m ­
p h a tic , p re su m ab ly  of th y m ic , origin [8, 23]; th e re fo re  th ey  m ig h t h a v e  som e 
ro le  in  th e  defensive m echanism s.

A good co rre la tion  w as found  b e tw een  th e  a d ju v a n t effect a n d  th e  lyso- 
som e-lab iliz ing  p ro p e rty  o f  v a rious a d ju v a n ts  [40]. I t  is likely t h a t  m e m b ra n e  
lab iliz a tio n  is n o t re s tr ic te d  to  th e  lysosom es b u t  involves also  th e  MC, 
w h ich  rep re sen t one of th e  m o st sen s itiv e  cell ty p es . M u n d é r  a n d  co -w orkers 
o b serv ed  an  e leva ted  ra te  o f  ly so lec ith in  fo rm a tio n  in the  course  o f  a d ju v ­
a n t  ac tio n  [31] an d  considered  th is  su b s ta n c e  an  endogenous a d ju v a n t  [32]. 
I t  is w o rth y  to  recall th a t  p h o sp ho lipase  A a n d  lyso lecith in  a re  p o te n tia l 
MC d is ru p to r  agen ts [26].

I t  w as show n th a t  MC ac c u m u la te  in  th e  reg ional ly m p h  n o d e  sh o rtly  
a f te r  th e  local ap p lica tio n  o f an tigens [37, 44]. T hus, th e  p o ss ib ility  is g iven 
t h a t  MC m ay  e x e rt som e d irec t in flu en ce  on th e  im m une response .

MC are  sto res o f  v a rio u s  b io log ica lly  ac tiv e  substances w h ich  m a y  have 
som e re g u la to ry  in fluence  on th e  im m u n e  response . O f MC c o n s titu e n ts  h e p a rin  
is th o u g h t to  be one o f th e  c a n d id a te s  w h ich  a re  able to  in fluence  im m u n e  
resp o n se . A m ong o th e r po ly an io n s, h e p a rin  has been  show n to  h a v e  a d ju v a n t 
a c t iv i ty  [42]. T hough  h ep a rin  has s lig h te r  a c tiv ity  in  th is  re sp ec t th a n  o th e r 
p o ly an io n s , its  effect is a p p a re n tly  m ore  specific , as i t  lacks th e  a b ili ty  to  
cause  b lockade in  th e  m o n o n u c lea r p h ag o cy tic  system  [5]. H e p a r in  as well 
as o th e r  po lyan ion ic  su b stan ces  are  cap ab le  o f increasing  th e  ra te  o f  th y m id in e  
in c o rp o ra tio n  in to  th e  sp leen  cells [42].
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In  c o n tra s t  to  g lucoco rtico ids, h e p a rin  cau ses  lym phocy tosis  [4, 34, 
41] a n d  is ab le to  a n tag o n ize  th e  ly m p h o p é n ie  effect of g lucocortico ids 
[34]. T h e  p o te n tia t io n  o f  th e  a d ju v a n t a c tio n  o f endo tox in  a n d  th a t  o f 
IF A  b y  h e p a rin  on th e  dev e lo p m en t of 7S im m u n o lo g ica l m em ory  has also 
b een  d e m o n s tra te d  (u n p u b lish e d  ob serv a tio n , J . J  . a n d  E . K .). H ep a rin  is k n o w n  
to  in fluence  th e  a c t iv i ty  o f com plem en t [13, 21] a n d  th e  la t te r  was re p o r te d  to  
be n ecessa ry  fo r to le ra n c e  in d u c tio n  [2] o r a n tib o d y  fo rm atio n  to  T -depen- 
d e n t an tig en s [35, 36]. H e p a rin  m igh t be l ib e ra te d  from  MC in  th e  course 
of th e  d e g ra n u la tio n  p rocess locally  w ith o u t g e ttin g  in to  the  c ircu la tio n .

T h e  p o ssib ility  has n o t  been rided  o u t t h a t  n o t only free h e p a rin  b u t  
also MC granu les b y  th em se lv es  m ay  m od ify  th e  im m une  response.

B iogenic am ines l ib e ra te d  from  MC also  m ig h t have som e im m uno- 
re g u la ro ty  in fluence . H is ta m in e  is considered  to  b e  th e  physiological a c tiv a to r  
of th e  re tic u lo e n d o th e lia l sy s tem  [27] and  th e  fu n c tio n  of th e  la t te r  m a y  a lte r  
th e  im m u n e  processes.

As it  has re c e n tly  b een  show n h is ta m in e  recep to r-b earin g  ly m p h o id  
cells e x e r t  a su p p ressiv e  effect on a n tib o d y  re sp o n se  [3] and  so do som e 
b iogen ic  am ines [30]. I t  c an  be assum ed th a t  MC su rro u n d in g  th e  reg iona l 
ly m p h  node secrete  h is ta m in e  (or o ther am ines) [39] con tinuously , th u s  re n ­
derin g  th e  su p p resso r T -cells effective. A d ju v a n ts  w ould  ac t by  d ep le tin g  th e  
h is ta m in e  stores o f MC.

T h u s , th e re  are  sev e ra l rou tes by  w hich  MC m igh t in fluence  im m u n e  
response :

(a) b y  re leasing  h e p a rin  or h e p a rin -c o n ta in in g  granules;
(b) b y  sec re tin g  o r re leasing  am ines in to  th e  su rround ing  tissu es;
(c) b y  d irec t c o n ta c t  w ith  th e  ly m p h o id  cells (peripolesis) [9];
(d) b y  o th e r m ean s.

T h e  in v o lv em en t o f MC in th e  ac tion  o f  m a n y  a d ju v a n ts  is co m p a tib le  
w ith  th e  earlie r f in d in g s  t h a t  a d ju v a n ts  g e n e ra lly  induce  in f la m m a to ry  p h e ­
n o m e n a , cell d am age [6] w ith  th e  lib e ra tio n  o f  som e tissue  p ro d u c ts  [33], an d  
som e o f th em  in d u c e  g ran u lo m a  fo rm atio n . T h e  re la tionsh ip  b e tw een  MC 
an d  in f la m m a tio n  is w ell know n.

I t  ap p ears , h o w ev er, th a t  MC d is ru p tio n  p er  se does no t ex p la in  as a 
w hole th e  a d ju v a n t e ffec t o f som e p o ten t a d ju v a n ts ,  as th e ir  m ode of ac tio n  
m ay  be  com plex  a n d  d iffe ren t. I t  seems m o re  lik e ly  th a t  th e  in v o lv em en t 
of MC (or th e ir  c o n s titu e n ts )  m igh t only c o n tr ib u te  to  o th e r effects o f som e 
a d ju v a n ts  (e.g. to  th e  d ire c t effect o f a d ju v a n ts  on T or В ly m p h o cy tes).

T h e  w ay  in  w h ich  som e a d ju v a n ts  a ffec t MC m ay  be d iffe ren t. B eside 
ag en ts  ac tin g  d ire c tly  on MC (su rface-ac tive  a g e n ts , cation ic  com pounds) 
o th e r  ag en ts  m ay  a c t th ro u g h  th e  co m p lem en t sy stem  (e.g., C3a an d  C5a 
a n a p h y la to x in e ), as a n a p h y la to x in s  can d e g ra n u la te  MC [12]. I t  has been
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found  th a t  E T  [22, 24], po lyan ions and  p o ly c a tio n s  [21], and  a w ide v a r ie ty  
o f d iffe ren t T cell in d e p e n d e n t im m unogens a n d  m itogens [15] are ca p a b le  
o f  ac tiv a tin g  th e  a l te rn a te  p a th w a y  o f co m p lem en t. T hus, C3 a c tiv a tio n  b y  a 
nonspecific  ro u te  w o u ld  also reasonab ly  e x p la in  th e  com plem ent d e riv e d  
a n a p h y la to x in  fo rm a tio n  an d  th e  in v o lv e m e n t o f  MC in th is even t.

T he fa ilu re  o f d e x tra n  su lp h a te  to  a ffe c t MC desp ite  th e  fa c t t h a t  i t  
a c tiv a te s  co m p lem en t in  vitro [25] can b e  ex p la in ed  by  assum ing t h a t  it  
n eu tra lizes  th e  ca tio n ic  anap h y la to x in e  g e n e ra te d  and  th u s  p ro te c ts  MC, 
like th e  anionic p o ly ca rb o x y lic  acid re p o rte d  b y  F ern ö  and  co-w orkers [17].

E v en  if  MC do n o t ap p e a r to  be n ecessa ry  fo r an tib o d y  p ro d u c tio n  in  a 
com plete ly  in  vitro sy s te m , th is  does n o t ex c lu d e  th e  possib ility  t h a t  MC 
(and  th e ir  c o n s titu e n ts )  m a y  ex ert som e m o d ify in g  (regulatory) in flu en ce  on 
th e  im m u n e  response  in  vivo. O ur resu lts  a n d  o th e r  d a ta  in th e  l i te ra tu re  
suggest th is  po ssib ility .

T he q u estio n  w h e th e r  MC (or th e ir  c o n s titu e n ts )  do a c tu a lly  p la y  a 
p a r t  in  im m u n o s tim u la tin g  (or suppressing) e ffec t o f various a d ju v a n ts  —  an d  
i f  so, b y  w h a t m ech an ism s —  rem ains to  be e lu c id a te d .
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S H O R T  CO M  M U  N  IC A  T 1ON  

J u l ia  S z u j k ó - L a c z a

D EPA RTM EN T OF BOTANY, MUSEUM O F N ATURAL HISTORY, BUDAPEST 

(R eceived 1975 - 03 18)

T h e m osaic  endosperm  [4], x é n ia  an d  m etax en ia  [2], th e  h ig h  and  
d iffe ren t degrees of po lyp lo idy  o f seco n d a ry  endosperm  cells [6], h a v e  been 
w ell-know n p h en o m en a  in  one or m ore  species for m any  years.

D u rin g  in v es tig a tio n  o f P im pine lla  a n isum  from  an em bryo log ica l p o in t 
o f  view , I  saw  som e p rim ary  and  seco n d a ry  p h en o m en a  on and  in  th e  carpe ls , 
from  w hich  fo u r d irec t or in d irec t ro u te s  w ere connected  w ith  th e  en d o sp erm  
cell p o p u la tio n . T he p henom ena h av e  been  u nknow n  so far.

T h e  an ise  b rings a b o u t, a f te r  do u b le  fe rtiliz a tio n  [3, 5], 256 free  tr ip lo id  
en d o sp erm  nucle i (Fig. 3) in  8 12 d ay s. D u rin g  th is  tim e, th e  tw o  s ty l i  grow
(Figs 1, 2), th e  p ostflo ra le  n e c ta r  secre tio n  co n tin u es  [7], th e  m icropy le  rem ain s 
open  an d  th e  zygo te  is s till a t rest.

S im u ltan eo u sly  w ith  th e  fo rm a tio n  of free endosperm  n u c le i, m any

Fig. 1. F low er a fte r double  fe rtiliz a tio n  F ig. 2. B icarpel w ith the  well dev elo p ed  
in th e  em bryo  sac s ty li, th e  shape when th e  se c o n d a ry  fe r­

tiliza tio n  and  fusion inside th e  carpels 
evolves

5 A c t a  B i o l o g i e n  A c a d c m i . i e  S c i e n t i a r u m  H u n g a r i c a e 7976
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F ig . 3. Free e n d o sp e rm  nucle i, am ong th em  m a n y  sm all pollen tu bes, X 850 
A bbrevia tions: bp =  b ig  po llen  tu b es , cy = cy to p la sm e, fe =  free endosperm  nucleus, fe r 
=  fe rtiliz ed  endosperm  n u c leu s, fu  =  fusiform  free e n d o sp e rm  nucleus, mg =  m ic ro g am ete , 

nu  = nucleo li, sp — small pollen tu b e s , z =  zygote

F ig . 4. D ifferen t sizes o f  po llen  tu b es am ong th e  free  endosperm  nuclei, X 800

p o llen  g ra in s ap p ea r on  th e  surface of s tig m a , th e  pollen tubes su b se q u e n tly  
p e n e tra te  a t  f irs t th e  s ty le  a n d  la te r  the  c y to p la sm , am ong the  free endosperm  
n u c le i (F igs 3, 4, 5, 10, 11). The pollen tu b e s  a re  va riab le  in  size (F ig . 4). 
N ea r th e  large po llen  tu b e  (w hich is d a rk  lilac -co lo u red  am ong th e  free b lue  
en d o sp e rm  nuclei s ta in in g  w ith  to lu id ine  b lu e ), th e  endosperm  nucleus is
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F ig. 5. F u sifo rm  free endosperm  nucleus n e a r th e  g en era tive  cell in th e  m ass o f cy top lasm ,
X 750

Fig. 6. A big, ro u n d  fertilized  an d  m a n y  unfe rtilized  free endosperm  n u cle i, X 750

fu sifo rm  (F ig . 5). As th e  n e x t s te p  th e  fe rtiliz a tio n  of som e free  endosperm  
n ucle i ta k e s  p lace (Fig. 6). T hese n ucle i becom e te trap lo id . In  a d d itio n , tw o 
or m ore  free endosperm  nuclei fuse (F igs 7, 8, 9, 10), and la te r  th e  sam e  ensues 
nucleo li (F ig . 11). T he free end o sp erm  nuclei need th e  p resence  o f  num erous 
sm all po llen  tu b es to  fuse (F igs 3, 10).

5* A d a  Iliologica Academiae Scientiarum H angaricae 27, 1976
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F ig . 7. Tw o free endosperm  n ucle i o f  equal size before th e  fu sio n , u n d e r the zygote, X 750

Fig. 8. S tages o f  fu sio n  betw een  tw o e n d o sp e rm  nucle i, X 750

T h ese  la t te r  m ay  re p re s e n t la te r  th e  d iffe re n t degrees of po lyp lo idy  of 
en d o sp e rm  cells — d e p en d in g  on th e  n u m b er o f fu sed  free endosperm  nuclei.

A fte r  th e  fe rtiliz a tio n  o f  ce rta in  endosperm  nucle i and  th e  fusion  of 
o th e rs , th e se  g rad u a lly  fo rm  th e  m em branous cell w alls a ro u n d  th e  cy to p lasm  
c o n ta in in g  nucleus.

I  desig n a te  these  p h en o m en a  as th e  se c o n d a ry  fertiliza tio n  an d  th e  
fusion  o f th e  free en d o sp erm  nucle i in  the  anise.

C onsidering  th a t  th e  seco n d ary  endosperm  cells ta k e  form , and  th e  cell 
d if fe re n tia tio n  in to  “ n o rm a l”  cell begins, a f te r  th e se  s im ultaneous processes, 
I  su p p o se  th a t  free en d o sp e rm  nuclei c an n o t d ev e lo p  in to  com plete cells 
w ith o u t secondary  fe r tiliz a tio n  and  fusion 11 ].

Acta Biologica Academiae Scientiarum Hungaricae 2 7 , 1976
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Fig. 9. F used  en d o sp erm  nuclei w ith  tw o or th ree  nucleoli, X 750

10. D ifferen t phases o f th e  fusion  o f free en d o sp e rm  Fig. 11. Fusion  in sid e  th e  nucle-
n u cle i, in  th e  presence of sm all pollen tu b e s , x  750 us betw een th e  n u c leo li, X 750

Acta Biologica Academiae Scientiaruni IJungaricae 27, 1976
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IDENTIFICATION OF MOUSE CHROMOSOMES IN 
RODENT SOMATIC CELL HYBRIDS

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

S t . I m r e h ,* I. R a s k ó  and  G y . H a d l a c z k y

IN ST IT U T E  OF G EN ETICS, BIOLOGICAL RESEA R C H  C EN TR E , SZEG ED , HUNGARY 

(R eceived 1975- 08 - 0 1 )

I t  has been  re p o rte d  b y  H i l w i g  an d  G r o p p  [4] th a t  “ 33258 H o e c h s t”  
com pound  [2 ,2 (4 -h y d ro x y p h en y l)-6 -b en z im id azo ly l-6 -(l-m e th y l-4 -p ip e razy l)-  
-benz im id azo ld ih y d ro ch lo rid e] causes e lo n g a tio n  a t  th e  p ericen tric  reg ions 
o f m ouse chrom osom es. T h is phenom enon  is species-specific in a sense t h a t  
i t  w as n o t found  e ith e r  in  h u m an  or in o th e r  ro d e n t chrom osom es. T h e  species 
sp ec ific ity  o f e lon g a tio n  seem ed to  he a v a lu a b le  too l to  d istingu ish  m ouse  
chrom osom es in  in te rsp ec ific  som atic  cell h y b rid s . K im  and G r z e s c h i k  [5] 
re p o rte d  th a t  th e y  w ere ab le to  select th e  m ouse  chrom osom al se t in  h u m a n -  
m ouse h y b rid  cells, by  tre a tin g  th e  cells w ith  “ 33258 H oechst” . W e h a v e  
a t te m p te d  to  use th is  te ch n iq u e  in  th e  case o f  so m atic  cell hybrids o f  ro d e n t 
orig in . W e h av e  s tu d ied  m ouse-C hinese h a m s te r  h y b rid  cells for th is  p u rp o se .

A 9H T  (H G P R T  ) m ouse and  A23 (T K  ) Chinese h am ste r lu n g  cells 
w ere fused  accord ing  to  th e  s ta n d a rd  p ro ced u re  [3]. T he hybrids w ere se lec ted  
an d  c u ltiv a te d  in  F12 H A T  m edium  [1], su p p le m e n te d  w ith 5%  fe ta l  c a lf  
serum  (Flow  L ab .). T he ap p lica tio n  of a I6 -h  t r e a tm e n t  w ith  50 /tg /m l “ 33258 
H o e c h s t”  (k ind ly  p ro v id ed  by  D r. H . L o e w e , A F  H oechst) exerted  d iffe re n t 
effects on th e  fusion  p a r tn e rs . W e have o b se rv ed  pericen tric  e lo n g a tio n  v i r ­
tu a lly  on th e  w hole m ouse chrom osom al set (F ig . 1) h u t  none in C hinese h a m ­
s te r  cells.

I t  is well know n  th a t  from  th e  h y b rid  cells u su a lly  one pa ren ta l c h ro m o ­
som al se t is p re fe ren tia lly  lo s t during  cu ltiv a tio n . F ro m  m ouse-C hinese h a m s te r  
h y b rid s  chrom osom es of b o th  p a re n ts  can  be lo s t [2]. W e have t r e a te d  th e  
h y b rid  cells w ith  50 /rg/m l “ 33258 H o ech st”  fo r 16 h (previously  th e  h y b rid s  
w ere grow n in H A T  m edium  for th ree  weeks a f te r  th e  fusion has been  m ad e). 
C hrom osom es w ere p rep a red  accord ing  to  th e  s ta n d a rd  p rocedure, a f te r  a 
2-h m ito tic  a rre s t w ith  0.25 /tg/m l colcem ide (C IB A ), and  sta ined  w ith  5 %  
G iem sa or b a n d e d  w ith  th e  try p sin  d igestion  m e th o d  as described b y  R a y

* St . I m reh  w as a U N D P  fellow in Szeged, from  D ep t, o f N ucl. Medicine, H o s p . N o. 
2, C luj, R o m an ia
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F ig . 1. M etaphase  p la te  o f A 9H T  m ouse cell t r e a te d  w ith  “ 33258 H o ech s t” . (T he cell line 
h a s  se v e ra l m etacen tric  chrom osom es beside th e  su b m e ta ce n tric  and ae ro cen tric  ones. N ote

th e  e longated  p e ric en tric  regions.)

a n d  H a m e r t o n  [6]. O n th e  G iem sa-sta ined  sp reads there  are  ch rom osom es 
w ith  e lo n g a ted  p e ricen tric  regions (F ig . 2). A ccording to  th e ir  C -band ing  
p a t t e r n  o b ta in ed  b y  try p s in  d igestion  th e y  p ro v ed  to  be m ouse chrom osom es 
(F ig . 3).

I n  th e  m ouse C hinese h am ste r  h y b rid s  i t  is no t necessary  to  u se  G- or
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F ig . 2. M etaphase  p la te  o f A 9H T-A 23 h y b rid  cell tre a te d  w ith  “ 33258 H o e c h s t” . Arrow s
in d ica te  th e  h a m s te r  chrom osom es

C -band ing  in th e  f irs t  s tep  to  d isc rim in a te  th e  chrom osom es; fo r a quick  
te s t  th e  “ 33258 H o ech st”  t r e a tm e n t seem s to  be su itab le . H o w ev e r, i t  w ould 
be of in te re s t to  know  w h a t is th e  d ifference in  th e  p ericen tric  reg ions betw een  
th e  m ouse and  Chinese h a m s te r  ch rom osom es, responsible fo r th e  specific 
effect. T his question  is u n d e r in v es tig a tio n .
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F ig . 3. M ethaphase  p late  o f A 9 H T -A 2 3  hybrid  cell s ta in e d  w ith  th e  C -banding tech n iq u e . 
A rrow s in d ic a te  the h am ste r ch ro m o so m es
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CHANGING IMMUNO REACTIVITY OF THE 
LHRH-CONTAINING NERVE TERMINALS IN THE 

ORGANON VASCULOSUM OF THE LAMINA 
TERMINÁLIS*

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

G. SÉ T Á L Ó 1, S. V l G H , 1 A. V .  S c H A L L Y , 3 A. A r IMURA2 and B .  F l E R K O 1

D EPA R T M E N T OF ANATOMY, U NIV ERSITY  M ED ICAL SCHOOL, PÉCS, H U N G A RY 1, 
D EPA RTM EN T OF M ED IC IN E , TU LA N E U N IV ERSITY  SCHOOL OF M ED ICIN E2, AND EN D O CRIN E 

AND P O L Y P E P T ID E  LABORATORIES, V ETER A N S A DM IN ISTRATION  H O SPITA L2,
N EW  ORLEANS, LO U ISIA N A , U.S.A,

(R eceived 1975 — 09 — 13)

K a w a k a m i  [3] an d  B r o w n s t e i n  and  co-w orkers [2] rep o rted  th a t  lu te in ­
izing h o rm one-re leasing  horm one (L IIB H ) w as de tec ted  in th e  e x tra c ts  
m ade from  th e  m ed ia l p rech iasm atic  area  in c lu d in g  th e  organon vasculosum  
laminae terminális  (O V LT). This fin d in g  is c o n s is te n t w ith  tho se  of B a r r y  
an d  co-w orkers [1], Z im m e r m a n  an d  co-w orkers [12] and  N a i k  [6],  who 
fou II d L I IB H  -co n ta in in g  n eu ra l e lem ents in  th e  m edial p rech ia sm a tic  a rea . 
W e i n d l  [9] n o ticed  th e  s im ila rity  be tw een  th e  OVLT and  th e  m ed ian  
em inence. B o th  c o n ta in  nerve  endings te rm in a tin g  on, or n ea r, th e  b a se ­
m en t m em b ran e  o f th e  e x te rn a l surface o f  th e  organ , and  sy n a p tic  an d  
g ra n u la te d  vesicles are  ev id en t in th e  te rm in a ls  [10]. R ecen tly  W e n g e r  [10] 
rep o rted  th a t  fo u r a n d  fo u rteen  days a fte r  rem o v a l of th e  ovaries th e  la rg e r 
g ra n u la te d  vesicles, p o ssib ly  carry ing  p e p tid e  h o rm ones, a lm o st d isap p eared  
from  th e  n e rv e  te rm in a ls  o f th e  OVLT. W e d ec id ed , therefo re , to  in v e s tig a te  
w h e th e r sy n ch ro n o u s  changes in  th e  o estrous cycle  could be d e te c te d  in  th e  
im m u n o re a c tiv ity  o f th e  OVLT.

T h e  b ra in s  o f fem ale  ra ts  killed a t  v a rio u s  stages of th e  o estrous cycle 
w ere fix ed  in  Z a m b o n i ’s [11] fix a tiv e , d e h y d ra te d  in  g raded  alcohols, an d  em ­
bedded  in po lyw achs 1000 (Chem ische W erke H ü ls AG, 4370 M arl). L H R H  
w as d e te c te d  on 5 f im  th ic k  sections accord ing  to  th e  m eth o d  of Ma z u r k i e w i c z  
an d  N a k a n e  [5]. T h e  an tise ru m  to  L H R H  w as g en e ra ted  in  ra b b its . T his a n t i ­
serum  ap p e a re d  to  be specific , because o f lack  o f  cross-reaction  w ith  o th e r 
h y p o th a la m ic  an d  p i tu i ta ry  horm ones in  th e  rad io im m u n o assay  sy stem  for 
L H R H  [7]. Sheep a n ti- ra b b it  y-globulin  w as c o n ju g a te d  w ith  ho rserad ish - 
p ero x id ase  (S igm a, ty p e  V I) according to  th e  m e th o d  of K a w a o i  and  N a k a n e

* T h is w ork  w as su p p o rted  in p a r t  b y  th e  H u n g a ria n  A cadem y of Sciences an d  in 
p a r t  by  P o p u la tio n  Council G ra n t No. M74. 86, U S P H S  G ra n ts  AM 06555 and  AM 07467, 
an d  th e  V e te ra n s  A d m in is tra tio n .
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F ig . 1. O V LT of an in ta c t a d u lt  r a t  killed  in p ro estru s. N um erous reac tion  p ro d u c ts  o f DAB 
d u e  to  th e  b in d in g  of a n ti-L H R H  are  v isib le on, o r in  th e  im m ed ia te  v ic in ity  of, th e  cap illaries

of th e  OVLT
F ig . 2 . O V LT of an in ta c t a d u lt  r a t  k illed  in  m eta es tru s . N o te  th e  reduced  a m o u n t o f reac tio n  

p ro d u c ts o f D A B  in  th e  OVLT, as com p ared  to  Fig. 1

[4 ]. T h e  reac ted  sections w ere  developed  fo r pero x id ase  using d iam inobenz i- 
d in e  (D A B ) and h y d ro g en  p e ro x id e  as su b s tra te . Specific ity  of th e  s ta in in g  
w as  te s te d  by  using n o rm a l r a b b i t  serum  o r a n ti-L H R H  absorbed  w ith  L H R H  
in s te a d  o f th e  specific a n tise ru m .

F ig u re  1 shows th e  O V L T  o f an in ta c t  ad u lt r a t  k illed  a t th e  p ro es tro u s  
s ta g e  o f  th e  cycle. N u m ero u s  do t-like  D A B  reac tio n  p ro d u c ts , due  to  th e  
b in d in g  o f specific an tib o d ie s  an d  co rrespond ing  obviously  to  cross-sec tioned  
n e rv e  f ib re s  or te rm in a ls , a re  v isib le  on, o r in  th e  im m ed ia te  v ic in ity  of, th e  
c a p illa r ie s  of the  OVLT. T h e  L H R H -c o n ta in in g  nerve  fib res te rm in a tin g  in 
th e  O V L T  orig inate  from  L H R H -c o n ta in in g  nerve  cells s itu a te d  in  th e  sup ra- 
c h ia s m a tic  area, be tw een  th e  a n te rio r  com m issure an d  th e  op tic  ch ia sm , as 
w e ll as in  th e  n e ig h b o u rh o o d  o f th e  OVLT [8]. T hese im m u n o p o sitiv e  nerve  
ce lls  as w ell as th e  m a jo r i ty  o f th e  fib res  w ere observed  only  a t  th e  end  of 
d ie s tru s  an d  p ro estru s . A  co m p ariso n  o f F ig . 1 an d  F ig . 2 in d ica te s  c learly  
t h a t  th e  im m u n o re a c tiv ity  o f th e  n eu ra l e lem ents in th e  OVLT is m u c h  low er 
a t  m e ta e s tru s  th a n  a t  p ro e s tru s . T his f in d in g  to g e th e r  w ith  th a t  o f  W e n g e r  
[10] suggests  th a t  th e  O V L T  m ig h t p lay  som e role in  th e  con tro l o f th e  cyclic

A cta  Biologica Acadcmiae Scientiarum  Hungaricae 27, 1976



I M M U N O R E  A C T IV IT Y  O F  L I I R I I - C O N T A I N I N C  N E R V E S 77

re lease o f g o n ad o tro p h ic  horm ones. T his su g g estio n  is in a g re e m e n t w ith  
th a t  of K a w a k a m i  [3] w ho found th a t  th e  b io e lec trica l ac tiv ity  o f  th e  m ed ia l 
p rech ia s in a tic  a rea  co n ta in in g  th e  OVLT a n d  th a t  of the  a rc u a te  n u c le u s -  
m ed ian  em inence reg ion  f lu c tu a te d  in th e  sa m e  m an n er in ac c o rd a n ce  w ith  
th e  e stro u s cycle.
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RECENSIONES

B l o o m , W ., F a w c e t t , D. W .: A textbook of h isto logy
W. B. Saunders C om pany , P h ilad e lp h ia— L o n d o n —T o ro n to  (1975), pp. 1033, figs. 901.

T h is is th e  1 0 th  ed itio n  of “ A tex tb o o k  of h is to lo g y ” . Previously  i t  h a d  b een  ed ited  
b y  th e  la te  W. B l o o m  a n d  his co-au thors. T h is la s t e d itio n  was prepared  by  D . W . F a w c e t t .

T his ed ition  is based  m o stly  on th e  p rev io u s  ones, b u t some ch ap te rs  h av e  been 
th o ro u g h ly  rev ised . T h a t  w as necessary  because of th e  g re a t  am o u n t of the  new  d a ta  as well 
as th e  changed  a sp ec t o f som e questions.

T he book is n o t on ly  a synopsis of h isto lo g y , n eeded  for u n iv ers ity  ex am in a tio n s , 
b u t  th e  new est h istophysio log ical and  b iochem ical o b se rv a tio n s  are sum m arized  in  it ,  besides 
the  p a rticu la r , c lear an d  in s tru c tiv e , ligh t and e lectronm icroscop ic  descrip tion  o f various 
organs.

T he te x tb o o k  consists o f 36 chap ters . The f i r s t  p a r t  deals w ith m ethodical q u estio n s , 
the  second p a r t  w ith  cy to logy . In  th e  following c h a p te rs  th e  d ifferent tissues a n d  o rg an s  are 
described.

A n accu ra te  re ference lis t belongs to  each c h a p te r  and  an  a lphabetic  su b je c t in d ex  is 
a t  th e  end of th e  book.

I llu s tra tio n s  are crucia l p a r t  of h istological te x tb o o k s . In th is case th e  a u th o rs  add 
an  e x tra o rd in a ry  good p h o to  d o cu m en ta tio n  to  th e  te x t .  T here are ab o u t 900 lig h t and 
e lectron  m icrographs an d  p a r tly  coloured sch em atic  d raw in g s in the  book. T he in te re s tin g  
and v e ry  in s tru c tiv e  scan n in g  e lectron  m icrographs h e lp  th e  good un d erstan d in g  of th e  te x t  too.

T he exce llen t p h o to g rap h s  and  the  m ak in g -u p  o f th e  book d em onstra te  again  th e  h igh 
s ta n d a rd  of S au n d ers  C o m p an y ’s work.

L. K o v á c s  (B u d a p e s t)

P e a k e r , M., L i n z e l l , J .  L .: Salt glands in  b irds a n d  reptiles
M onographs o f  the Physiological Society No. 32. C am b rid g e  U niversity  P ress , C am bridge 
(1975), pp . 307, £ 9.0.

T his book is a com prehensive  survey of d a ta  co n cern ing  the  an a to m y  an d  physio logy  
of the  av ian  and  re p til ia n  sa lt g lands, w hich p lay  a n  im p o r ta n t  role in the  re g u la tio n  o f sa lt 
an d  w a te r  c o n te n t o f th e  o rgan ism .

T he f irs t p a r t  o f th e  m onograph  is d ev o ted  to  th e  av ian  salt glands. I t  c o n ta in s  the 
follow ing ch ap te rs : s tru c tu re  o f sa lt glands, m e th o d s em ployed  in its s tudy , n e rv o u s con tro l 
o f secretion , blood flow , th e  secre to ry  m echanism , fa c to rs  affecting  the  co n cen tra tio n  o f nasal 
flu id , horm ones an d  sa lt-g lan d  secretion, a d a p ta t io n  o f  th e  gland, in teg ra tio n  b e tw een  the  
g land and  o th e r o rg an s a n d  co m p arativ e  physio logy o f  th e  nasal glands.

T he second p a r t  o f th e  book includes c h ap te rs  o n  th e  sa lt glands of m arine  a n d  te rre s ­
tria l rep tiles  and  a b rie f  su rv ey  of th e  evo lu tion  o f s a l t  glands.

T he book is w r it te n  a t  a h igh  level, the  a u th o rs  succeeded in bring ing  to g e th e r  in an 
accessible form  th e  m o st im p o rta n t d a ta  o f the  l i te ra tu re .  T he volum e is well i llu s tra te d  and 
th e  d e ta iled  lis t o f re ferences m akes it easy to su rv e y  th e  sub ject. I t  m ay be reco m m en d ed  
for all b io logists in te re s ted  in co m p arativ e  p h y sio logy  an d  especially for those  w o rk in g  in 
the  field  o f reg u la tio n  o f ion an d  w ater c o n ten t o f th e  organism s.

J .  K o v á c s  (B u d a p es t)
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W a l k e r , W .  F ., J r . :  V e r t e b r a t e  d is s e c t io n
W . B . S a u n d e rs  C om pany, P h ilad e lp h ia  (1975), pp . 397.

T h e  purpose  of th is  book w as to  give a la b o ra to ry  m an u a l and detailed  d issec tio n  guide 
on  v e r te b r a te  an a to m y , to g e th e r w ith  som e in fo rm a tio n  a b o u t  the  th eo re tical a sp e c ts  o f  the  
a n a to m ic a l  tran sfo rm a tio n s th a t  h a v e  occurred  d u rin g  v e r te b ra te  evolution. O n th is  basis 
som e to p ic s  have  of necessity  b een  o m itted . The m a n u a l con ta ins extensive tre a tis e  on  the  
m ac ro sc o p ic  an a to m y  of fishes (a q u a tic  en v iro n m en t) , p rim itiv e  té trap o d es ( tra n s it io n  from  
th e  a q u a t ic  to  th e  te rre s tr ia l en v iro n m en t) , and m am m als  (te rrestria l an im als). T h e  stress 
p u t  o n  th e  m en tio n ed  groups g ives a v e ry  clear line o f e v o lu tio n  and ad ap ta tio n  o f v e r te b ra te s  
fo r s tu d e n ts  an d  specialists as well. On th e  o th er h a n d , th is  selection results in  a  n e a r ly  to ta l 
lack  o f d a ta  concerning av ian  a n d  re p tilia n  a n a to m y .

I n  th e  f irs t chap ters  the  re a d e r  will find  d e sc rip tio n s  o f p rim itive  ch ordates . T h e  n ex t 
p a r ts  d e a l w ith  the  co m p ara tiv e  a n a to m y  of d iffe re n t o rg an  system s of fishes, a m p h ib ian s  
a n d  m a m m a ls . The last p a r ts  of th e  vo lum e are d ev o ted  to  th e  technical problem s of d issec tion , 
e .g ., to  th e  killing  and p re se rv a tio n  o f an im als , in jec tio n  in to  th e  vascu lar system , e tc . A  se lec t­
ed  l is t  o f  re ferences and a su b jec t in d ex  are  also in c lu d ed .

T h e  book  is w ell-p rin ted  a n d  exce llen tly  i l lu s tra te d  (p a r t  of th e  figures a re  m ad e  in 
co lo u rs). I t  rep resen ts  a h ighly  v a lu a b le  source of in fo rm a tio n  on p ractica l v e r te b ra te  a n a to m y  
b o th  fo r  s tu d e n ts  and in s tru c to rs .

J . K o v á c s  (B u d a p e s t)
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International Union of Physiological Sciences
XXVIIth INTERNATIONAL CONGRESS OF 

PHYSIOLOGICAL SCIENCES
PARIS 1977

T he Congress will ta k e  p lace from  M onday J u ly  18th to  S a tu rd a y  J u ly  
23rd  1977. R ecep tion  desk  will open on S u n d ay  J u ly  17th  a t  th e  U n iv e rs ity  
P aris  V I, quai S a in t B e rn a rd , P aris.

A new  fo rm u la  has been chosen for th e  genera l o rgan izing  schem e of 
th e  Congress. I ts  f i r s t  p a r t  will be d evo ted  to  lec tu res  covering  th e  m ajo r 
fields o f  th e  P hysio log ica l Sciences. A few lec tu res  will em phasize th e  re la ­
tio n sh ip  of P hysio lo g y  w ith  o th e r  biological d iscip lines an d /o r w ith  socio- 
econom ical p rob lem s.

T he second p a r t  th e  C ongress begins on W ed n esd ay  th e  2 0 th . I t  aim s 
to  p ro m o te  c o n tac ts  b e tw een  s tu d e n ts  wrork ing  in  th e  sam e area. T herefo re  th e  
Scien tific  p rog ram  w ill be d iv ided  in to  sec tions rep resen tin g  th e  d ifferen t 
fie lds o f  th e  P hysio log ica l Sciences. For each sec tion  h a lf-d ay  sym posia  and  
free p re sen ta tio n s  (co m m u n ica tio n s or p oste rs) will ta k e  place, w ith o u t any  
overlap  betw een  th e m  in o rd er to  increase th e  a tte n d a n c e  a t  th e  various 
even ts. E ach  sec tion  w ill have  its  p roper conference room s, a m p h ith e a te rs  
an d  p o s te r  su rfaces. Sections will m eet in  th e  sam e geograph ica l a rea  so 
th a t  a close re la tio n sh ip  betw een  th e  d iffe ren t specia lists m ig h t be p rese r­
ved. Congress p a r tic ip a n ts  will be able to  choose th e ir  section(s) o f in te re s t.

B efore and  a f te r  th e  Congress, S ate llite  S ym posia  will tak e  p lace. A list 
of lab o ra to rie s  open  to  C ongress p a r tic ip a n ts  in te re s te d  in  sc ien tific  co n tac ts  
will be p rov ided .

A n y  fu r th e r  in fo rm a tio n  concerning th e  1977 Congress can be ob ta in ed  
th ro u g h  each N a tio n a l P hysio logical Society or b y  w ritin g  d irec tly  to  Congress 
S ec re ta ry :

P r. J .  S c h e r r e r , S e c re ta r ia t  du  X X V IIe  C ongres In te rn a tio n a l des Sciences 
P hysio logiques, U. E . R . P itié -S a lp ê triè re , C edex 1300, F-75300 P A R IS

B rune , F ran ce
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I. Dési

DAS
GEHEIMNIS VOLLE 
GEHIRN
Dieser Band ist ein Nachdruck des im Jahre 1973 erschienenen Werkes. In populär­
wissenschaftlichem Stil gehalten, vermittelt es der breiten Öffentlichkeit Kenntnisse 
über Struktur und Funktion des Gehirns. Der Leser erfährt von den Vorgängen, 
die in seinen Gehirnzellen beim Lesen eines Buches, bei der Aneignung und beim 
Wiedervergessen des darin behandelten Stoffes vor sich gehen. Auch werden die 
»Geheimnisse« des Traumes, der Hypnose und der Suggestion enthüllt. Der Lesestoff 
enthält außerdem Wissenswertes über Gehirnmodelle und »Kunsttiere«. Der Autor 
gibt einen recht großen Überblick über alle bisherigen Erkenntnisse, die die Funk­
tion des Gehirns betreffen. Vorerst schildert er kurz das peripherische und vegetative 
Nervensystem, die grundlegende biologische Tätigkeit der einzelnen Gehirnteile 
und kommt dann ausführlicher auf die Gehirnfunktionen höherer Ordnung zu 
sprechen. Er beschreibt sodann die wichtigsten Forschungsmethoden der Neuro­
biologie und schildert interessante Experimente mit Ratten, Hunden, Affen, ja 
sogar mit Stieren.
Die im Text verstreuten Karikaturen stammen von dem namhaften ungarischen 
Karikaturisten B. Balázs-Piri.

In  deu tscher Sprache ■ N ach d ru ck  ■ 256 Seiten  • 40 Abbildungen ■ 14 x 21 cm • 
G anzleinen

Eine Gemeinschaftsausgabe — vertrieben in der Deutschen Demokratischen 
Republik, in der Deutschen Bundesrepublik, in Österreich und in der Schweiz durch 
URANIA VERLAG, Leipzig, in allen anderen Ländern durch KULTURA, Buda­
pest, ISBN 963 05 0750 1
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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  pub lishes o rig in a l 
w orks in  th e  field  o f e x p e r im e n ta l biology.

M an u scrip ts sh o u ld  be addressed  to  D r. I r én  B er n á d , M a n ag in g  E d ito r , ACTA B IO ­
L O G IC A , 1082 B u d a p e s t, Ü llő i ú t  78, H u n g a ry .

T h e  M an u scrip ts sh o u ld  n o t exceed 16 ty p e d  pages in g en era l. T h e  m an u scrip ts  sh o u ld  
be ty p e d  doub le-spaced , o n  one  side o f th e  p a p e r . In  o rder to  a ssu re  ra p id  p u b lic a tio n , c o n ­
tr ib u to rs  a re  req u este d  to  su b m it  two copies o f  th e  m an u sc rip t in c lu d in g  an  a b s tra c t (m ax . 200 
w ords), tab les  and  fig u res . E a c h  tab le  sh o u ld  be  ty p e d  on a  s e p a ra te  sh ee t, n u m b ere d  a n d  
p ro v id ed  w ith  a t itle . A ll fig u res , e ith e r p h o to g ra p h s  or d raw in g s o r  g ra p h s , shou ld  be  n u m ­
bered  consecu tive ly . P h o to g ra p h s  should  b e  lab e lled  n o t d irec tly , b u t  o n  a  tra n s p a re n t  sh e e t o f  
p a p e r  co vering  th e  p h o to . F ig u re  legends sh o u ld  be ty p e d  in  se q u en ce  on  a se p a ra te  sh e e t.

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  pap er, 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 itia ls , fem ale  a u th o rs  use o n e  g iv en  n am 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 e d .

T h e  fu l l  paper  sh o u ld  be  d iv ided in to  th e  follow ing p a r ts  in  th e  o rd e r in d ica ted :

1. Abstract
2. Introduction
3. M aterial a n d  m ethod
4. R esults
5. D iscussion
6. References. P a p e rs  —  th e  e sse n tia l ones only —  c ite d  in  th e  m an u sc rip t sh o u ld  be 

lis ted  on  a sep a ra te  sh e e t in  a lp h a b e tica l o rd e r  acco rd ing  to  th e  f i r s t  a u th o r’s su rn am e. T h e  
references shou ld  be n u m b e re d  so th a t  e a c h  m a y  be re ferred  to  in  th e  t e x t  by  its  n u m b e r 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 sa m in e  in  tissue. J .  biol. C hem .
204, 553— 563.

2. D e D u ve , C. (1959) L ysosom es, a new  group  of c y to p la sm ic  p a rtic les. H a y a s h i,
T . S u b c c llu la r  particles. R o n a ld  P ress , N. Y.

3. U mbreit, W . E .,  B urris, R . H .,  Sta u ffe r , I. F . (1957) M anom etric  te c h n iq u es .
B urgess P u b lish in g  Co., M inneapo lis.

Short com m unica tion . M anuscrip ts , in  E n g lish , should  n o t  ex ceed  1 000 w ords (4 ty p e d  
pages) in c lu d in g  re fe ren ces. T he te x t o f  m a n u sc r ip ts  c o n ta in in g  ta b le s  a n d /o r figu res m u s t  
be  co rrespond ing ly  sh o r te r . A ccepted  s h o r t  c o m m u n ica tio n s  w ill be  pub lish ed  w ith in  six  
m o n th s  a f te r  subm ission  o f  m an u scrip ts . In  o rd e r to  speed u p  p u b lic a tio n , no p ro o f w ill be  
se n t to  a u th o rs .

A u th o rs  will be  fu rn ish e d , free o f ch a rg e , w ith  100 re p rin ts . A d d itio n a l re p rin ts  m ay  
be o b ta in e d  a t  cost.
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FORMATION OF ROOT HAIRS RY THE 
WHEAT TRITICUM VULGÄRE HOST. TRICHOBLASTS

N .  G .  P o t a p o v  and  V . N .  F i l i p p e n k o

D EPA R T M E N T O F PLA N T PHYSIOLOCY, LOMONOSOV STATE U N IV ER SITY ,
MOSCOW

(R eceived 1 9 7 4 - 1 0  — 24)

Abstract

T he process o f ro o t ha ir fo rm atio n  h a s  been  s tud ied  by  ligh t-, tran sm iss io n - 
a n d  scann ing  e lec tro n  m icroscopy. In  th e  cou rse  o f ro o t h a ir  developm en t a b re a k  of 
th e  o u te r  cell w all is observed  by  e lec tro n  m icroscopy . I t  ap p aren tly  o ccu rs  a f te r  
th e  b reak  of th e  f ib rilla r  layer. The b reak  o f th e  o u te r  lay e r of the cell w all is a ssum ed  
to  rep re sen t th e  b re ak  of th e  o u ter m ucilage, th e  cu tic le  and  the  ad jo in ing  am o rp h o u s  
m a tr ix  w ith  ir reg u la rly  o rien ted  cellulose m ic ro fib rils . T he scheme of successive  u ltra -  
s t ru c tu ra l  changes in  th e  o u te r  cell wall p a t te rn  d u rin g  ro o t h a ir fo rm atio n  is p re sen ted .

Introduction

Tlic in te re s t  in t h e  problem s of ro o t  ep iderm is  cell d i f fe ren t ia t io n  and 
fo rm a tio n  of roo t  h a irs  is increasing. T hese  processes seem to he c o n d i t io n e d  
by  a special s ta te  o f  epiderm is cells in  t h e  process of supp ly ing  th e  p la n t  
w ith  m inera ls  a n d  w a te r .  The root ep iderm is  cells ( the rh izoderm is  cells) of 
some p la n t  species are  de te rm ined  to  deve lop  in to  tr ichoblasts  or a t r ic h o b la s ts ,  
i.e., ro o t  ha ir  or hairless initials, a t an e a r ly  s tag e  of  developm ent.

T h e  d e te rm in a t io n  of  epidermis cells o f  th e  cereal g roup ,  so-called 
festuco id  ty p e ,  in to  tr ichob las ts  and  a t r ic h o b la s ts  is conditioned b y  th e  last 
a sy m m etr ica l  d iv ision of  th e  m eris tem atic  cell [7, 27, 28, 29]. W h e a t  is a ty p ica l  
re p re se n ta t iv e  of  th is  group. The co ns ide rab le  distinctions in a c t iv i t ie s  of 
t r ic h o h la s t  and  a t r ic h o h la s t  enzymes a n d  th e  changes in the  a m o u n ts  o f  DNA, 
R N A  a n d  p ro te in  d u r in g  d iffe ren tia t ion  w ere  reported  p rev io u s ly  [4— 6, 
8 — 11, 17, 18]. T hese  m etabolic  d is t inc t ions  be tw een  tr ichoblasts  a n d  a t r ic h o ­
b las ts  are reflec ted  in th e i r  u l t r a s t ru c tu re .  Som e d a ta  abou t ear ly  ap p e a ra n ce  
of the  u l t r a s t ru c tu ra l  d istinc tions of th e  tr ich o b la s ts  and a t r ic h o b la s ts  have  
been  o b ta in ed  by  e lec tron  microscopy [1, 2].

These d is t inc t ions  were re ta ined  up  to  th e  complete d ev e lo p m e n t  of  th e  
hairless cells a n d  th e  com pletion of th e  t r ic h o b la s ts ’ d if fe ren tia t ion ,  whose 
m orphological express ion  is d isplayed in th e  roo t hair  d eve lopm en t.

T here  is p le n ty  of  in form ation  a b o u t  th e  influence of d if fe ren t  fac tors  
on th e  g row th  a n d  deve lopm en t of root h a ir s  [16[. Nevertheless, t h e  m echan ism  
of roo t  ha ir  d e v e lo p m e n t  is no t  qu ite  c lear .

In  th e  p re se n t  w ork  the  process o f  ro o t  ha ir  fo rm ation  was in v es t ig a ted  
by  ligh t-  and  e lec tron  microscopy.

1 Acta Biologica Academiae Scientiarum Hungaricue 27, 1076
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Material and m ethod

T h e  roo ts  o f 2 -day-o ld  seedlings o f w heat T r iticu m  vulgare H o s t . v a r. R e d g r a i n  were 
u sed . Seeds were g e rm in a ted  in  th e  d a rk  a t  25— 27°C on  m o is t f ilte r paper in P e tr i d ishes. R o o ts 
o f seed lings o f 10— 15 m m  len g th , hav in g  ro o t h a irs , w ere  used  for a p p ro p ria te  t r e a tm e n ts .

L igh t microscope studies. R o o ts  o f w heat seed lings w ere fixed  in  C arnoy m ix tu re  [3] 
fo r 2 h  a t  room  te m p e ra tu re , h y d ro ly sed  in 1 N  HC1 fo r 8 — 10 m in a t  60°C an d  s ta in e d  by  
F e u lg en ’s tech n iq u e  [3]. U sing  fine  dissecting  needles, s tr ip s  o f epiderm is were se p a ra ted  fro m  th e  
ro o ts  on  glass slides a n d  p laced  in  a drop  of 40%  ace tic  acid . The 2 — 3 layers o f ep id e rm is  
s tr ip s  th u s  o b ta in ed  w ere covered  w ith  a cover slip. A fte r  s lig h t crushing one-layer s tr ip s  were 
o b ta in e d . T he cover slip edges w ere sealed w ith  a v a se lin e -p a ra ff in  m ix tu re  (1 : 1).

F o r th e  d e tec tio n  of R N A  th e  w heat ro o ts  w ere f ix ed  in B rodsky m ix tu re  fo r 1 h  and  
s ta in e d  w ith  ch ro m e-g allo cy an in  b y  E in arso n ’s te c h n iq u e  [3]. A fter sta in ing  th e  ro o ts  were 
im m ersed  in 1%  K O H  fo r 5— 10 m in to  dissolve th e  lam e lla r  substance b in d in g  cell files 
to g e th e r. U sing  th e  tech n iq u e  as described  above th e  s tr ip s  o f  epiderm is were o b ta in e d .

Scan n in g  electron microscope studies. T he p la n t  m a te ria ls  were p rep ared  b y  a m o d ified  
free z e -d ry in g  tech n iq u e  [14, 22j . T h e  un fixed  w h e a t ro o ts  w ere cu t off from  th e  seed lings 
a n d  freezed  for 3 0 - 45 m in . T he freeze-dry ing  w as c a rr ied  o u t w ith  a special te c h n iq u e  fo r 
2 .5— 3 h . T he dried sam ples w ere covered  w ith  a th in  gold f ilm  in  a vacuum  e v a p o ra to r  H ita c h i 
H U S -4 . T hese  sam ples w ere ex am in ed  in a H itach i H SM -2A  scanning e lectron  m icroscope, 
o p e ra tin g  a t  25 kV.

T ransm ission  electron microscope studies. T he w h e a t  ro o t segm ents from  ro o t  h a ir  
zone w ere  fix ed  in 4 %  g lu ta ra ld e h y d e  dissolved in  0.1 mol/1 p h o sphate  buffer of p H  7.2 — 7.4 
fo r 1 h , th e n  w ashed in  th e  sam e b u ffer and p o st-fix ed  in  2 %  O s 0 4 for 2 h. The f ix a t io n  w as 
c a rr ied  o u t  a t  room  te m p e ra tu re  (23°C). The p la n t  m a te r ia l  w as d eh y d ra ted  in  an  a lc o h o l-  
a ce to n e  series, sa tu ra te d  w ith  ace to n e—epoxy m ix tu re  a n d  em b ed d ed  in epoxy  resin  acco rd in g  
to  th e  m od ified  L u ft’s schedu le  [24]. The sections w ere o b ta in e d  w ith  LKB-8801 u ltra m ic ro ­
to m e , s ta in e d  w ith  lead  c itra te  by  R ey n o ld s’ tech n iq u e  [26]. T he sections w ere v iew ed  in  a 
H ita c h i H U  — 1 IK  e lec tro n  m icroscope op eratin g  a t  75 kV .

Results

T h e  spring-crop w h e a t  T riticum  vulgare H o s t , is a typ ica l r e p re s e n ta t iv e  
o f  fe s tu c o id  cereals. T h e  p re l im in a ry  d e te rm in a t io n  of root ep iderm is  cells 
in to  t r ic h o b la s ts  a n d  a tr ic h o h la s ts  of festucoid  cereals  is conditioned b y  th e  
la s t  a sy m m e tr ic a l  d iv ision o f  th e  in itia l m e r ism a tic  cell [7, 27, 28, 29].

As a consequence  of  a sy m m etr ica l  m ito s is  tw o  epiderm al cell ty p e s  
are p ro d u c e d .  The sh o r te r ,  denser  apical cell is d e te rm ined  to  develop  th e  
roo t  h a ir .  T he  longer b a sa l  cell rem ains hairless. T h e  s tr ic t  a l te rna tion  o f  long  
hair less  cells and  sho r t  t r ic h o b la s ts  in one cell ro w  is a typ ica l fea tu re  fo r  a 
given ty p e  of  rh izoderm is . T he  ra t io  of t r ich o b la s ts  to  a tr ichohlasts  is c o n s ta n t  
for a p a r t i c u la r  grass species and  can serve as  an  im p o r ta n t  t a x o n o m ic  
fe a tu re  [27].

L igh t m icroscopy

I n  th e  ep iderm is s tr ip s  o f  w hea t  roo ts  s ta in e d  by  gallocyanin s h o r t  
t r ic h o b la s ts  w ith  denser c y to p la sm  and  long a tr ic h o h la s ts  a l te rn a ted  in  t h e  
sam e lo n g i tu d in a l  cell row.

T h e  ra t io  of th e  tw o  ep iderm is  cell ty p es  to  each  other was c o n s ta n t ly  
1 : 1 (F ig .  la ) .

A d a  Biologica Academiae Scientiarum  Hungaricae 27, 1976
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F ig. 1. D iffe ren tia tio n  of w h eat rh izo d erm is. F o rm a tio n  of th e  ro o t ha irs , a — Cell ty p es  of 
rh izoderm is: tr ic h o b la s ts  (th b ) a n d  a tr ich o h la s ts  (a th b ); ch rom e—g allo cy an in , X 480; 

if, c, d, e — lo ca tio n  of the  nucleus d u rin g  th e  d ev elopm en t o f ro o t h a ir  (N = n u c le u s ) ;  X 480

In  th e  course  of roo t h a i r  dev e lo p m en t  th e  swelling of  cell w all  occurs 
opposite  to  th e  nucleus or a d ja c e n t  to  i t  ( F i g s l h —c). T hen , d u r in g  th e  growth 
o f th e  roo t  ha ir ,  th e  nucleus m oves  in to  th e  growing roo t ha ir  t u b e  a n d  usually 
occupies a c e n tra l  location. T h e  nucleus is f req u en t ly  s t ro n g ly  e longated  
(Fig. Id). T h e  w h e a t  roo t  h a i r  developed  in th e  apical d e p a r tm e n t  o f  the 
t r ichoh las t  cell, un d er  acu te  angle  to  the  cell wall surface (Fig. le ) .  T h is  is a 
typ ica l  fe a tu re  of  roo t ha ir  d e v e lo p m e n t  o f  festucoid cereal g rasses [27, 29].

1* Acta Biologica Academiae Scientiarum H ungaricae 27, 1976
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S ca n n in g  a n d  transm ission electron microscopy

T he u l t r a s t ru c tu ra l  changes in th e  p a t t e r n  of  th e  ou te r  cell wall during  
r o o t  h a ir  dev e lo p m en t  a re  o f  essential s ign if icance . T he  presence of  clearly 
d e l im i te d  layers, v iz .,  t h e  inne r  f ibrillar a n d  o u te r  am orphous  layers, in th e  
s t r u c tu r e  of th e  o u te r  rh izo d e rm is  cell walls a n d  ro o t  ha ir  walls a t  th e ir  base have  
b e e n  distinguished  b y  m a n y  investiga tors  [12, 20, 30]. T he am orphous  m a tr ix  of 
t h e  o u te r  layer con ta in s  p e c t in ,  protein  su b s tan ces ,  hemicellulose and  irregu la r ly  
o r i e n ta te d  microfibrils o f  cellulose. The in n e r  f ib r i l la r  layer  con ta ins  cellulose 
m icro f ib r i ls  laid dow n in para lle l  long itud ina l  a r ra y s ,  im p reg n a ted  w ith  lignin 
p e c t ic  an d  nonpectic  su b s tan ces .  These d a t a  a re  consis ten t  w ith  th e  m ultip le  
g ro w th  p a t te rn  of th e  cell wall proposed b y  H o w i n k  and R o e l o f s e n  [21]. 
T h e  o u te r  am orphous  l a y e r  continues a long  th e  ro o t  ha ir  wall, w hereas  the  
in n e r  f ib r i l la r  layer o r ig in a te s  only fu r th e r  b a c k  from  th e  hem ispherica l root 
h a i r  t ip  [12]. The presence  o f  mucilage anti a t h in  cuticle f ilm  covering  th e  
o u t e r  am orphous  lay e r  o f  t h e  ou te r  cell walls  o f  ro o t  ep iderm is cells a n d  roo t 
h a i r s  has  been d iscovered in  m a n y  p lan ts  [20, 30 ] .  T he presence of roo t  cuticle 
is d e f in e d  more clearly  b y  histochem ical s ta in in g  of the  ou te r  cell Avails 
w i th  d im e th y la m in o a z o b e n ze n e  [20]. D a ta  a b o u t  th e  presence of  cuticle 
on th e  o u te r  surface of  rh izo d e rm is  cell walls h a v e  so far rem ained w ithou t  
gen e ra l  acceptance.

T h e  process of  th e  ro o t  fo rm ation  was in v e s t ig a te d  also by  scann ing  
e le c t ro n  microscopy. F o r  th is  purpose th e  ch em ica l  f ix a t io n  of p la n t  m a te ­
r ia ls  a n d  th e  p re p a ra t io n  of  u l t ra - th in  sec tions a re  n o t  necessary  a n d  th is  
a llow s to  avoid  considerab le  changes o r ig in a t in g  in  th e  course of  th e  p ro ce ­
d u re s .  T h e  changes t h a t  o c c u r re d  after  f reeze-d ry ing  were negligible. The possi­
b i l i ty  to  observe th e  o u te r  surface of ob jec ts  is an  essential a d v a n ta g e  of 
s c a n n in g  electron m icroscopy .

T h e  sequentia l  s tages  o f  th e  root hair  f o rm a t io n  b y  w hea t  t r ich o b las ts  
a re  p re s e n te d  in Figs 2 a— c. T h e  local swelling o f  th e  cell wall on th e  ro o t  su r ­
face, o b se rved  by  scann ing  e lec tron  microscopy, is t h e  f i r s t  stage of roo t ha ir  
fo rm a t io n .  In  the  n e x t  s ta g e  of hair g ro w th  th e  o u te r  layer of th e  
t r ic h o b la s t  cell Avail b reaks .  T h e n  this layer o f  th e  o u te r  t r ich o b la s t  wall is 
ra ised  b y  th e  groAving ro o t  h a i r  tube  and is t u r n e d  b ack  m ain ly  to  one site 
f rom  th e  form ed hollow (F igs  2 a — b). S u b seq u en t ly ,  th e  ru p tu re d  and  raised  
p a r t  o f  th e  ou te r  layer  o f  th e  cell wall appears  to  die a n d  slough off from  th e  
ro o t  su r fa c e  as the  l a t te r  c a n n o t  be  detected  n ea r  th e  b ase  of th e  developed h a ir  
(Fig. 2c). T he  break a p p a r e n t ly  represents  th e  b re a k  of mucilage, roo t  cuticle 
a n d  an  ad jo ined  a m o rp h o u s  m a t r ix  Avith th e  ir reg u la r ly  o r ien ted  cellulose 
m icro fib rils .

Som etim es  in the  course  o f  th e  root hair  fo rm a t io n  the  b reak  of the ou te r  
cell w all  m a y  not be ob se rv ab le .  B u t the absence o f  th e  d is t inc t  p ic tu re  of
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Fig. 2. D ev elopm en ta l stages o f ro o t h a ir  fo rm a tio n , a the ru p tu red  w all is ra ised  and 
is tu rn ed  b ack  m ain ly  to one site from  th e  fo rm ed  hollow. Scanning e le c tro n  m icrograph , 

X 1 400; b th e  o u te r  layer of th e  cell w all is sloughing  off from  the  ro o t su rface . I t  canno t 
be d e tec ted  n ear th e  base of the d ev elop ing  h a ir. S canning  electron  m ic ro g rap h , X l  400
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F ig. 3. S tru c tu re  o f th e  o u te r  cell w all an d  of th e  ro o t h a ir ,  a  — S tru c tu re  o f th e  o u te r  
tr ic h o b la s t  cell tra il. Gl -  0 s 0 4, X 48 000; b — s tru c tu re  o f th e  cell w all of tr ich o b las t n e a r th e  
base  o f th e  ro o t h a ir  (1 =  in n e r  fib rilla r  layer, 2 =  o u te r  am o rp h o u s layer o f th e  tr ic h o ­
b la s t  cell w all, 2a =  o u te r  a m o rp h o u s  layer o f th e  ro o t h a ir) . Gl 0 s 0 4, X 30000; c — s t ru c ­
tu re  o f th e  o u te r  lay e r o f t r ic h o b la s t  cell wall fu r th e r  b a c k  fro m  th e  base of th e  ro o t h a ir. 
G1 — 0 s 0 4, X l5  0 0 0 ;d — s tru c tu re  o f th e  o u te r  lay e r o f th e  ro o t  h a ir  apex. Gl — 0 s 0 4, X 26 000

b r e a k  does n o t  m ean  t h a t  such  a phenom enon  does n o t  occur. This op in ion  
lias b e e n  su p p o r ted  b y  tran sm iss io n  electron m ic ro sco p y  (Figs 3a d). The 
presence o f  th ree  d is t in c t  lay e rs  of th e  ou te r  t r ic h o b la s t  cell Avail occurs n e a r  
th e  b ase  of  th e  roo t  ha ir .  T h e  m ore  electron dense in n e r  laye r  contains cellulose 
rnicrofihrils orien ted  p a ra l le l  to  th e  long itud ina l  axis  o f  the  cell; th e  m idd le  
an d  th e  o u te r  layers are  am o rp h o u s .  The roo t cu tic le  a n d  mucilage could n o t  
be c learly  d e tec ted  w ith  th e  g iven  f ixa t ive  schedule . I n  th e  course of th e  roo t  
ha ir  ex ten s io n  visible th in n in g  of th e  ou te r  layer  a d jo in e d  closely to  th e  m idd le  
am o rp h o u s  laye r  was observed  (Figs 3b -c). T h e n  th e  o u te r  layer o f  th e  t r i ­
ch o b la s t  cell Avail d isap p ea red  fu r th e r  back  from  th e  b a se  of the  hair, w hereas
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t h e  middle am orphous  layer  co n t in u ed  in to  th e  roo t  ha ir  wall. The microfibrils  
o f  th e  inner layer becom e more i r reg u la r  in d is tr ibu tion , an d  friable, to w ard s  
th e  ha ir  tip . The presence of the  in n e r  fibril la r  layer could n o t  be d e tec ted  at 
th e  roo t  hair  ap ex  (Fig. 3d).

I t  appears t h a t  th e  absence o f  th e  d is t inc t  p ic tu re  of th e  b re a k  of the  
o u te r  cell wall m a y  be  explained in  su ch  a w ay  th a t  th e  ru p tu re d  o u te r  a m o r­
phous  layer of th e  t r ich o b la s t  cell w all  in th e  given cases is closely ad jo in ted  
to  th e  cell wall o f  th e  developing ro o t  hair.

Discussion

The physiological d if fe ren tia t ion  of th e  rliizodermis cells in to  tr ich o b la s ts  
and  a tr ichob las ts  t a k e s  place ear l ie r  th a n  th e  m orphological changes  appear .  
This is su p p o r ted  b y  th e  app ea ran ce  of  differences in  th e  ac t iv i t ie s  o f  th e  p a r t ic ­
u la r  enzym es in  th e  im m a tu re  t r ich o b la s ts  and  a tr ichob las ts  [4— 11, 17, 18]. 
T hus ,  i t  appears  possible t h a t  th e  ro o t  ha ir  d eve lopm en t of fes tuco id  cereal 
grasses is connec ted  w ith  a special d irec tion  of the ir  m e tab o l ism  cond it ioned  
b y  th e  las t  a sy m m etr ica l  cell d iv is ion  [7, 17, 18]. T he  la t t e r  in  t u r n  is cond i­
t ioned  by  th e  cell p o la r i ty  [29]. T h e  p o la r i ty  of  th e  roo t cells as a w hole  ro o t  is 
conditioned  b y  a g rav i ta t io n  and  a d is t r ib u t io n  of  aux in  [15].

The presence of  certa in  e n v iro n m e n ta l  conditions is n ecessa ry  for  the  
ro o t  ha ir  dev e lo p m en t  of a g re a t  n u m b e r  of  p lan ts ,  th o u g h  th e  festucoid  
cereal grasses develop th e  ro o t  hairs  in  a wide range  of  e n v iro n m e n ta l  
changes [16].

The tr ich o b la s ts  as c o m p a re d  w ith  th e  d a u g h te r  hairless cells possess 
h igher p h o sp h a ta se ,  cy toch rom e  oxidase, succine dehydrogenase  a n d  pe ro x i­
dase enzym e ac tiv it ies ;  the  la rge  nucleus and  th e  nucleoli c o n ta in  large 
am o u n ts  of R N A , r ib o n u c leo p h o sp h a te  and  prote ins . T he  t r ic h o b la s ts  h av e  all 
fea tu res  of th e  m eris tem ic  cells, v iz., h igh ac tiv it ies  o f  th e  p a r t ic u la r  enzymes, 
th e  absence of  la rge  vacuoles, a w eak  d eve lopm en t of  th e  p las t id s ,  a great 
n u m b e r  of  th e  ribosom es in th e  c y to p la sm , large am o u n ts  o f  p ro te in s  a n d  RNA, 
a n d  th e  ab i l i ty  to  synthesize  D N A . How ever, th e y  are  u n a b le  to  divide. 
Rased on th e  peculiarities  c i ted  above, C u t t e r  and  F e l d m a n  [17] considered 
th e  t r ichob las ts  as su p e rm er is tem a tic  cells whose d e v e lo p m en ta l  process was 
delayed, th o u g h  th e  typ ica l m e r is tem a tic  fea tu res  h ave  been  re ta in ed .

The l i t e ra ry  d a ta  concern ing  the  a m o u n t  of  D N A  in th e  t r ichob las ts  
are inconsis ten t .  In v e s t ig a t in g  rliizodermis d iffe ren tia t ion  in H ydrocharis, 
C u t t e r  an d  F e l d m a n  [18] fo u n d  t h a t  a t  th e  m o m en t  o f  th e  co m ple tion  of th e  
earliest dev e lo p m en ta l  s tages (before roo t  ha ir  fo rm ation )  th e  t r ich o b la s t  
nuclei co n ta ined  8-times as m u c h  D N A  as th e  nuclei of th e  ne ig h b o u r in g  ha ir ­
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less cells, and  th e  l a t t e r  c o n ta in e d  the  doub le  D N A  a m o u n t  as com pared  w ith  
t h e  pro toderm is  cells. T here fo re ,  the  d e v e lo p m e n t  of  tr ichob las ts  in  H ydro- 
charis  is associated w i th  endom itos is ,  resu l t in g  in  a h igher degree of  polyploidy. 
F u r th e rm o re ,  th e re  a re  som e  d a ta  in l i te ra tu re  a b o u t  root hair  d eve lopm en t hy 
t h e  d ip lo id  tr ichob las ts  fo r  19 species of ang iosperm ic  p lan ts  [31].

P re l im ina ry  re su l ts  o f  q u a n t i ta t iv e  p h o to m e tr ic  d e te rm in a t io n  of  DNA 
in  th e  rh izoderm ic cell nuc le i  of w hea t  a n d  maize, s ta ined  by  F eu lgen ’s te c h ­
n iq u e  (unpublished  d a ta ) ,  h a v e  shown th a t  ro o t  ha irs  are  developed by  the  
t r ic h o b la s t s  w ith  th e  nucle i o f  all classes o f  th e  p lo idy  rep resen ted  in th e  zone 
o f  d iffe ren tia t ing  cells. T h e  D N A  increases in  a m o u n t  in  a large p a r t  o f  the  
rh izo d e rm is  cells d u r ing  d iffe ren tia t ion .  M any  in v es t ig a to rs  consider polyplo idy  
as a necessary  fac to r  o f  d if fe ren t ia t io n  [17, 18, 19, 25].

L i te ra ry  d a ta  a n d  o u r  pre l im inary  resu lts  suggest t h a t  polyploidy, 
b e in g  a necessary fac to r  o f  t h e  d iffe ren tia t ion  of  th e  rh izoderm is  cells for a large 
n u m b e r  of h igher p lan ts ,  is n o t  necessary for ro o t  h a i r  deve lopm ent.

T h e  high degree o f  t r ic h o b la s t  po lyp lo idy  in  H ydrocharis , associated  
w i th  endom itosis , a p p ea rs  t o  rep resen t a specific  fea tu re  of th e  Helobiae. 
T h e  d e la y  in the  em b ry o n ic  d eve lopm en ta l  s tage  is a general fea tu re  of  the  
t r i c h o b la s t s ’ origin and  d ev e lo p m e n t  [2, 18]. I t s  ap p ea ran ce  m igh t  be a t t r i b ­
u t e d  to  prolonged divisions o f  complex ty p e ,  to  endom itos is  or to  a sy m m etr ic  
m ito s is .

T h e  root ha ir  fo rm a t io n  is a m orphological expression  of the  rh izoderm is  
cell d if fe ren tia t ion . A lth o u g h  a t  th e  p resen t  t im e  l i t t le  is know n of a rule 
o f  th e  nucleus in th e  ro o t  h a i r  grow th, based  on l i te ra ry  d a ta  and  our own 
o b se rv a t io n s  it  m ay  be c o n c lu d ed  th a t  th e  fo rm a tio n  and  th e  deve lopm ent 
of  t h e  ro o t  ha ir  is in close co n n ec t io n  w ith  th e  to p o g ra p h y  a n d  th e  a c t iv i ty  
of  t h e  nucleus. The l i te ra ry  d a t a  concerned w i th  th e  b eh av io u r  of th e  nucleus 
are  c o n tra d ic to ry .  One in v e s t ig a to r  [13] r e p o r te d  t h a t  th e  nucleus occurred  
c o n s t a n t ly  ad jacen t  to  th e  ro o t  ha ir  t ip , o the rs  [23] observed  a con tinuous  
sh if t  o f  th e  nucleus d u r ing  th e  h a i r  tu b e  ex tension .

T h e  p a t te rn  of  th e  o u te r  cell wall undergoes considerab le  changes in 
th e  co u rse  of roo t h a ir  fo rm a t io n .  A ccording to  o u r  observa tions  ob ta in ed  
b y  s c a n n in g  and t ransm iss ion  e lec tron  m icroscopy a n d  on th e  hasis o f  l i te ra ­
tu re  d a t a  [1, 12, 16, 20, 30], w e offer the  following schem e of th e  successive 
u l t r a s t r u c tu r a l  changes.

I n  t h e  p resen ted  sch em e  (Figs 4a— d), th e  s t ru c tu re  of th e  ou te r  
cell w a l l  d isp lays an o u te r  a m o rp h o u s  and  an  in n e r  f ib r i l la r  layer. The form er 
c o n ta in s  th e  irregularly  o r ie n te d  cellulose inicrofibrils in  a m a tr ix  of hemi- 
cellulose, pectic  and p ro te in  su b s tan ces .  The in n e r  f ib r i l la r  layer  is formed 
b y  d e n se  cellulose microfibrils  o r ien ted  paralle l to  th e  long itu d in a l  axis o f  th e  
cell a n d  im p re g n a te d  w i th  t h e  l ign in  and  va r ious  su b s tan ces  of  pectic and  
n o n p ec t ic  n a tu re .
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F ig. 4. C hanges in s tru c tu re  o f  th e  o u te r  cell w all in the  course of the  ro o t h a ir  d ev e lo p m en t, 
(fb. 1. — in n er f ib rilla r lay e r; am . 1. th b . o u te r  am o rp h o u s lay er o f tr ic h o b la s t;  am . 1. rh .

o u te r  am o rp h o u s lay e r o f ro o t h a ir ; c t =  cu tic le ; m l. =  m ucilage); a — s tru c tu re  o f the  
o u te r  cell w all; b — s tru c tu re  o f  th e  cell wall o f t r ic h o b la s t in th e  f irs t stage of h a ir  d ev e lo p m en t; 
c — b reak  of th e  in n er f ib rilla r lay e r in  consequence  of th e  ro o t h a ir g row th ; d  b re a k  o f the

o u te r  lay e r o f th e  tr ic h o b la s t cell wall

The cell wall n ea r  th e  base  o f  th e  roo t  ha ir  consists of an  o u te r  and  a 
m idd le  am orphous  layer  and  an in n e r  f ib r i l la r  layer. The m iddle  a m o rp h o u s  
layer, be ing  a newly fo rm ed  ro o t  h a ir  wall, continues along th e  whole  hair. 
T he  o u te r  am orphous  layer,  rep re sen t in g  th e  ou te r  layer of th e  t r ic h o b la s t  
cell wall, and  the  inner  f ib ril la r  lay e r  are d isplayed only along s lm rt  length 
of  th e  cell wall n e a r  the  base of  th e  ro o t  hair .  The ex te rna l surface o f  th e  a m o r­
phous layers of the  o u te r  cell Avails a n d  th e  roo t  hair  Avails is covered  w i th  th in  
cuticle and  th e  layer  o f  mucilage.

T he  s t ru c tu ra l  o rgan iza t ion  of  th e  cell wall is a result of th e  cy to p lasm ic  
m etabo lic  a c t iv i ty  and  rep resen ts  an  in teg ra l  s t ru c tu re .  The p re se n te d  scheme 
(Figs 4 a— d) gives th e  whole p ic tu re  of  changes in the  s t ru c tu re  o f  th e  ou te r  
cell Avails dur ing  th e  process of  ro o t  h a ir  developm ent.  T h e  local swelling 
o f  th e  o u te r  wall is th e  f i rs t  s tage  o f  roo t  ha ir  fo rm ation . T h e  sw elling  of  the  
cell wall appea rs  opposite  to  th e  nuc leus  or nea rby .

T he  elongation o f  th e  roo t  h a ir  tu b e  seems to  ensue no t on ly  as a re su l t  of 
the  local ex tension  of th e  o u te r  cell wall, b u t  also as a resu lt  o f  th e  syn thes is  of
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n ew  s tru c tu res  o f  t h e  am orphous  layer. T h e  sy n th es is  of new cell wall s t ru c tu re s  
is u n d o u b te d ly  t h e  m a in  fac to r  o f  ro o t  h a i r  g row th .  The inne r  f ib r i l la r  layer ,  
be ing  less elastic t h a n  th e  am orphous layer ,  b re a k s  during  th e  e longation  of  th e  
ro o t  hair. The p resence  of  a b reak  is obvious f ro m  d a ta  of t ransm ission  e lectron 
m icroscopy  as well. I n  accordance  w ith  th e se  d a ta ,  th e  f ib ril la r  laye r  is a b se n t  
a long  th e  whole ro o t  h a i r  and i t  is d isp layed  on ly  fu r th e r  back  from  th e  ro o t  
h a i r  t ip .  Then  th e  b r e a k  o f  th e  ou te r  laye r  o f  t h e  cell wall, observed  b y  scann ing  
e lec tron  m icroscopy, ensues. The b reak  of th e  o u te r  layer involves th e  mucilage, 
t h e  cuticle, and  th e  ad jo in e d  am orphous m a t r ix  w ith  the  i r regu la r ly  o r ien ted  
cellulose m icrofibrils  (F ig . 4d). The presence  o f  tw o  am orphous layers  (o u te r  
a n d  m iddle  layers)  a n d  th e  inner f ib r i l la r  l a y e r  in  th e  basal p a r t  o f  th e  ro o t  
h a i r  wall is d isp layed .  T h e  ou te r  am o rp h o u s  la y e r  itse lf  is th e  old o u te r  la y e r  
o f  th e  tr ich o b las t  cell wall, the  m iddle  a m o rp h o u s  layer is a new ly  fo rm ed  
la y e r  o f  the  roo t  h a i r  wall. T he  absence in som e cases of th e  clear p ic tu re  of th e  
b re a k  of the  o u te r  l a y e r  o f  th e  t r ich o b la s t  Avail m a y  be due to  th e  close con ­
t a c t  o f  th e  r u p tu r e d  o u te r  am orphous la y e r  w i th  th e  roo t  ha ir  Avail. T hus  
th e  b re a k  of th e  o u te r  cell wall seems to  be  essentia l in  th e  process of  
ro o t  ha ir  fo rm a tio n  in  w h ea t .  D ifferent m ech an ism s  of roo t  ha ir  fo rm a tio n  
a re  n o t  expected  in  o th e r  p lan ts  e ither. T h e  e luc ida tion  of th e  m echan ism  
o f  ro o t  ha ir  fo rm a t io n  in  o th e r  p lan ts  a n d  th e  so lu tion  of a n u m b e r  of  re la ted  
p ro b lem s need f u r th e r  inves tiga tions.
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Abstract

W hen ra ts  are exposed to con tinuous  i l lum ination  pe rs is ten t  o e s t ru s  a n d  poly- 
follicular ovaries develop. T h y ro id ec to m y  a t  24 days  of age ( juvenile  r a ts )  p rev en ts  
the  onset of  pers is ten t  oes trus  and polyfollicular ovaries under  exposure  to  c o n s tan t  
light, and  irregular  ovu la t ion  continues to occur. R ep lacem en t  w ith  1.75 //g L -thyroxine  
in these ra ts  p roduces a prolonged oestrus.  However,  in a d u l t  p e rs is ten t-o es tro u s  ra ts  
(90 days after  exposure  to con tinuous  i l lum ination)  th y ro idec tom y does n o t  in te r ru p t  
pers is ten t  vaginal cornification. In  ra ts  receiving 100 /ig of tes to s te ro n e  p ro p io n a te  
subcu taneously  a t  5 days  of age, pe rs is ten t  oestrus and  polyfoll icular ovar ies  develop. 
T hy ro id ec to m y  a t  21 d ays  of age (juvenile)  p reven ts  the  onse t  of p e rs i s ten t  oestrus 
and  th e  d evelopm en t  o f  polyfoll icular ovaries, however,  ovu la t ion  is n o t  observed. 
R ep lacem en t  t r e a tm e n t-w ith  1.75 //g L-thyroxine in these ra ts  p roduces  a  p rolonged 
oestrus and  polyfollicular ovaries.  How ever,  in ad u l t  persis ten t  o es t rus  ra ts ,  th y r o ­
idec tom y a t  130 d ays  of age does n o t  in te r ru p t  pe rs is ten t  vaginal corn if ica t ion .  From  
these facts,  it  m ay  be inferred t h a t  c ircula tion  of a physiological level o f  thy ro id  
horm one in juvenile  r a t s  is necessary for the developm en t  of oestrogen b in d in g  receptors  
in the h y p o th a lam u s .  Therefore,  a h y p o th y ro id  s ta te  during  the juven i le  s tage  interferes 
with the  d evelopm en t  a n d  m a tu ra t io n  of h y po tha lam ic  controlled p i tu i t a r y  ovar ian  
function.

In troduc tion

W hen  ra ts  are exposed  to  con tinuous  i l lum ina tion , th e  o es trad io l  b in d ­
ing cap ac i ty  of th e  m edia l  p reop tic  area  (m PO A ) is red u ced  [10] a n d  pe r­
s is ten t  oestrus an d  polyfollicular ovaries develop [3]. In  r a t s  rece iv ing  a n ­
drogen  t r e a tm e n t  neo n a ta l ly ,  the  oestradiol b ind ing  c ap ac i ty  o f  th e  medial 
p reop tic  a rea  (m PO A ) is reduced  [6], th e  cyclic release o f  g o n a d o tro p in  is 
b locked, and  p e rs is ten t  oestrus and  polyfollicular ovaries develop  11 ].

The h y p o th y ro id  s ta te  changes h y p o th a lam ic  responsiveness  to  oestrogen
[9] and  causes an e r ra t ic  critical period  of gonado trop in  secre t ion  [8].

An a l te ra t ion  of h y p o th a la m ic  responsiveness to  oestrogen b y  th y ro id e c ­
to m y  m ay  m ake it  possible to in terfere  w ith  the  onset o f  p e rs is te n t  oes tru s  and 
polyfollicular ovaries in ra ts  exposed to  con tinuous  i l lum ina tion  or  t r e a te d  with 
androgen . This considera tion  p ro m p te d  the  p resen t  s tu d y  in to  th e  effect of 
h y p o th y ro id  s ta te  on th e  onset o f  p e rs is ten t  oestrus and  o v u la t io n  in ra t  
exposed to  con tinuous  i l lum ina tion  or t re a te d  n eo na ta l ly  w i th  androgen .
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Material and  m e th o d

Sprague D aw ley  fe m a le  r a t s  from our l a b o r a to r y  breed ing  colony were m ain ta in ed  
u n d e r  controlled t e m p e r a t u r e  (240C J:2)  and l igh t ing  schedule  ( l ight on a t  5 h  a n d  off a t  19 h) 
a n d  prov ided  l a b o ra to ry  food  a n d  tap  w a ter  ad lib. In  t h e  following exper im en ts  r a t s  were 
p lac ed  un d e r  con tinuous  i l lu m in a t io n  a t  40 d ays  of age.

E xperim ent 1. R e m o v a l  o f  thyro id  gland, inc lud ing  p a ra th y ro id  gland, was pe rform ed  
a t  24 days  of age. V ag in a l  o p e n in g  and degree of vag ina l  co rn if ica t ion  were observed a n d  daily  
v a g in a l  smears were re co rd e d .  L ap a ro to m y  for co n f i rm a t io n  of ovu la t ion  (ex am in a t io n  of 
t u b a l  ova  or corpus l u te u m )  w as  pe rform ed be tw een  8 a n d  10 a .m . on the  d ay  of oestrus smear.  
N ec ro p sy  was pe rform ed  on  all an im als  a t  130 days  of age a n d  the  ovaries were  exam ined  
h is to logically .

Experim ent 2. R e m o v a l  o f  thyro id  gland, inc lud ing  p a ra th y ro id  g land, was perform ed  
a t  24 days  of age. Da i ly  in je c t io n s  of 1.75 ^g  L - thyrox ine  in 0.1 ml saline (Sigma Chem. Co., 
S t .  Louis ,  Mo., purif ied  b y  recrys ta ll iza t ion)  were g iven  su b cu tan eo u s ly  a t  8 h  a n d  16 h  for 
21 d a y s  beginning 90 d a y s  a f t e r  exposure to con tinuous  i l lu m in a t io n  (130 days  of age). D a i ly  
v a g in a l  smears were re co rd e d  a n d  ovulat ion  was observed .  As a contro l purpose,  0.1 ml saline 
w a s  in jec ted  daily for  21 d a y s .  T h e  ovaries  were rem o v e d  a f te r  cessation of L-thyroxine t r e a t ­
m e n t  a n d  examined h is to log ical ly .

E xperim ent 3. R e m o v a l  o f  thyro id  gland, includ ing  p a ra th y ro id  g land, was perform ed  
in  r a t s  a f te r  exposure to  c o n t in u o u s  i llumination for 90 days .  Da i ly  vag ina l  sm ears  were reco rd ­
ed .  L ap a ro to m y  was p e r fo rm e d  once a week for c o n f i rm a t io n  of ovulat ion . The  ovaries w ere  
e x a m in e d  histologically 8 w eeks  af te r  thy ro idec tom y.

F o r  the following e x p e r im e n t s  testosterone p ro p io n a te  (100 /ig) was injec ted  in to  female 
r a t s  f rom  our l ab o ra to ry  b re e d in g  colony a t  5 days of age.

E xperim ent 4. R e m o v a l  o f  th y ro id  gland, inc lud ing  p a ra th y ro id  g land, was pe rform ed  
a t  24 days  of age. V aginal  o p e n in g  and degree of v ag in a l  co rn if ica t ion  were observed a n d  
d a i ly  vaginal  smears were re co rd e d .  L apa ro tom y for co n f i rm a t io n  of ovu la t ion  (exam ina t ion  
o f  tu b a l  ova and/or co rpus  l u t e u m  formation) was p e r fo rm e d  be tw een  8 and  10 h on d ay  
o f  o e s t ru s  smear. All an im a ls  w ere  sacrificed a t  130 d ays  o f  age, a n d  the  ovaries  were  exam ined  
h is to log ical ly

E xperim ent 5. R e m o v a l  o f  th y ro id  gland, includ ing  p a ra th y ro id  gland, was perform ed  
a t  24 d a y s  of age. Daily in je c t io n s  of 1.75 p g  L-thyroxine in 0.1 ml saline (Sigma Chem. Co., 
S t .  Louis ,  Mo., purified b y  recrys ta l l iza t ion )  were given su b cu tan e o u s ly  a t  8 h  and  16 h  for 24 
d a y s  beginning a t  130 d a y s  o f  age. Da i ly  vaginal smears were recorded.  The  ovaries were r e m o v ­
ed a f te r  cessation of L-thyrox ine  t r e a tm e n t  and exam ined  histologically .  As a control purpose,  
0.1 m l saline was injec ted  d a i ly  fo r  24 days beginning a t  130 d a y s  of age in thyro idec tom ized  
r a ts .

E xperim ent 6. R e m o v a l  o f  th y ro id  gland, including p a r a th y r o id  gland, was pe rform ed 
a t  130 d a y s  of age. Daily  v a g in a l  sm ears  were recorded;  l a p a ro to m y  was perform ed  once a 
w e ek  fo r  de te rm ina tion  of o v u la t io n .  The ovaries were e x a m in e d  histologically 8 weeks a f te r  
th y ro id e c to m y .

Results

E xperim en t 1. W h e n  in t a c t  ra ts  were exposed  to  con tinuous  i l lum ina tion  
a t  40  days  of age, 38 of  39 r a t s  becam e a n o v u la to ry  a n d  showed polyfollicular 
o v a r ie s  w ith  pers is ten t  o e s t ru s  (Table 1). T h y ro id e c to m y  caused a delay  of 
o n se t  o f  p u b e r ty  [8].

W h e n  th y ro id ec to m ized  ra ts  were exposed to  co n tinuous  i l lum ina tion  
a t  40 d a y s  of age, only  2 o f  26 ra ts  becam e a n o v u la to ry  and  showed po ly ­
fo ll icu la r  ovaries w ith  p e r s i s t e n t  oestrus. R esu lts  in  th e  o th e r  24 ra ts  were 
i r r e g u la r  oestrus cycles a n d  confirm ed ovu la t io n ;  polyfollicular  ovaries were 
n o t  o b se rved .  O varian  h is to lo g y  revealed p r im a r i ly  seco n d a ry  follicles w ith  
c o rp o ra  lu tea .

E xperim en t 2. In  th e se  thy ro idec tom ized  r a t s  u n d e r  con tinuous il lum i­
n a t io n ,  in jections of 1.75 pg  L - thyrox ine  produced  a p ro longed  oestrus (Table 2)
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Table 1

In fluence o f  hypothyroid state in  juven ile  rats on ovulation and vaginal 
cycles under exposure to continuous illum ination

T reatm ent regimens No. of 
rats

No. of rats 
showing 

persistent 
oestrus

No. of ra ts  
showing tuba l 
ova or corpora 

lutea

Group 1

I n t a c t  control rats 28 27 l

Thyroidectomized rats 13 2 и

Group 2

I n t a c t  contro l rats 11 11 0

Thyroidectomized rats 13 0 13

T hyro idec tom y was performed a t  24 days  of age, and  these ra ts  and in ta c t  con tro l  ra ts  
wrere exposed to continuous i llumination a t  40 days of age. Daily vaginal sm ears  were taken  
and  corpora lu tea  were examined histologically a t  130 days  of age (90 days  a f te r  exposure  to 
continuous i llumination).

w hich  ceased, on average, a t  12.3 days a f te r  cessation of  L -thy rox ine  
t r e a tm e n t .  D eve lopm en t of  po lyfo llicu lar  o v a ry  and o v u la t io n  were  no t 
observed (Fig. 1).

Table 2

Effect o f  L-thyroxine on ovulatory cycles in thyroidectomized rats under exposure  
to continuous illum ination

Treatm ent regim ens Onset of prolonged oestrus No. o f ra ts  
showing

A gent
Doses
(sg)

D uration
(day«)

No. of 
ra ts

No. of 
rats

Initial days** 
(days + S.E.)

corpora
lu tea

Saline 0.1 ml 21 13 0
.

13

L - th y ro x in e * 1 .7 5 x 2 21 и и 7.2 ±  2.5 0

* L -thyroxine (1.75 //g) w as  given subcu taneously  a t  8 h  and 16 h 
** In i t ia l  days  of the a p p ea ran ce  of prolonged oestrus

E xp erim en t 3. In  r a t s  w hich  were exposed  to  c o n t in u o u s  i l lum ina tion  
for 90 d ay s  pers is ten t o es tru s  a n d  polyfollicular ovaries d eve loped .  R em oval 
o f  th y ro id  g land  did no t in te r fe re  w ith  p e rs is ten t  vaginal co rn if ica t io n .  H is to ­
logical ex am in a t io n  of o v a r y  a t  30 d ay s  a f te r  th y ro id e c to m y  de te rm ined  
polyfo llicu lar  ovary  w ith  no  corpus  lu te u m  (Table 3).

E xp erim en t 4. W hen  in t a c t  r a ts  received 100 pg of te s to s te ro n e  propio­
n a te  a t  5 d a y s  of age, 20 o f  22 r a t s  becam e anov u la to ry  w ith  p e r s i s te n t  oestrus. 
The ovaries  were polyfollicular w ith  no corpus lu teum . W h e n  th y ro id e c to m y
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Thyroidectomized rats maintained under controlled light

70 80 90 100 110 120 130
Days after exposure to co n stan t light

F ig . 1. R ecords of daily  v a g in a l sm ears  of the th y ro id e c to m iz e d  ra ts . B asal do ts (.) re p re ­
se n t d io es tru s , m edial d o ts r e p re se n t  preoestrus(*) an d  u p p e r  d o ts  illu s tra te  o e stru s(‘) (v ag in a l 
co rn if ica tio n ). Above: 4 r a ts  (N os 1 — 4) m ain ta ined  u n d e r  co n tro lled  ligh t, below: 11 ra ts  
(N o s 5 — 15) exposed to  c o n tin u o u s  illum ination . H o riz o n ta l ax is  rep resen ts  days a f te r  e x p o ­
su re  to  con tinuous illu m in a tio n . A f te r  90 days exposure to c o n tin u o u s  illum ination , th e  ra ts  
re ce iv e d  da ily  in jections o f L -th y ro x in e  for th ree  weeks. U n d e r  con tro lled  light, da ily  in jec ­
tio n s  o f L -thyroxine do n o t p ro d u c e  a prolonged oestru s, h o w ev er, tre a tm e n t w ith  th is  reg i­
m en  u n d e r  continuous illu m in a tio n  p ro d u ces a prolonged o e s tru s  in  th e  th y ro id ec to m ized  ra ts

Table 3

Influence o f  thyroidectom y on ovulation in  adult ra ts made persistent 
oestrus by exposure  o f  continuous illum ina tion

Treatm ent regimens No. of 
rats

No. o f ra ts  
showing 

persisten t 
oestrus

No. of rats 
' showing corpora 

lutea

In ta c t  control ra ts 5 5 0

T hyroidectom ized ra ts П 11 0

R a ts  were exposed to  c o n tin u o u s  illum ination a t  40 d ay s o f age, and  thyro idectom y was 
perfo rm ed  a t  130 days of age (90 d ay s  a f te r  exposure of co n tin u o u s illum ination). Daily vaginal 
sm ears w ere tak en  and ovary  w as ex am in ed  histologically a t  30 d a y s  a fte r  thyroidectom y.
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was p e rfo rm ed  a t  24 d ay s  of  age, only  2 of  23 ra ts  developed po lyfo llicu lar  
ovaries a n d  p e rs is ten t  oes trus ;  th e  o th e r  21 r a t s  h a d  irregular  oestrus  cycles, 
while h is to logy  o f th e  o v a ry  showed p r im ar i ly  secondary  follicles w i th  no 
corpus lu te u m  (Table  4).

Table 4

In fluence o f  hypothyroid state in juvenile  stage on ovulation and vaginal cycles in  
neonatal androgen treated rats

T reatm ent regimens No. of 
rats

No. of rats 
showing 

persistent 
oestrus

No. of rats 
showing 

corpora lutea

G roup 1.

In ta c t  contro l ra ts 14 12 2
T hyro idectom ized  ra ts 15 2 0

G roup 2.

In ta c t  con tro l ra ts 8 8 0

T hyro idectom ized  ra ts 8 0 0

R a ts  received 100 f i g  tes to s te ro n e  prop ionate  in oil a t  5 days o f age and th y ro id ec to m y  was 
perform ed a t  24 days of age. D aily  vag inal sm ears w ere tak e n  and  corpora lu tea  w ere exam ined  
h isto logically  a t  130 days o f age.

E xp erim en t 5. I n  these  th y ro id e c to m iz e d  ra ts  (neona ta l  a n d ro g en  
t r e a tm e n t ) ,  in jec tions of  1.75 pg  L - thyroxine  were given daily  for  24 days 
beg inn ing  a t  130 d ay s  of age, p roduc ing  a prolonged oestrus; t h e  ovaries 
were po lyfollicular, b u t  w ith  no corpus lu te u m . H owever, th is  p ro longed  
oes trus  ceased a f te r  cessa tion  of  L -thyroxine  t r e a tm e n t  (Table 5).

E xp erim en t 6. R a t s  receiving 100 pg  o f  tes to s te rone  p ro p io n a te  a t  5 days 
of age becam e a n o v u la to ry  and  p e rs is ten t  oestrus . R em oval o f  th y ro id  g land  
a t  130 days  of age d id  no t  interfere w ith  pe rs is ten t  vaginal co rn if ica t ion ,  and  
th e  ovaries were polyfollicular w ith  no co rpus  lu teum  (Table 6).

Table 5

E ffect o f  L-thyroxine on ovulatory cycles in thyroidectomized rats

T reatm ent regimens Onset of prolonged oestrus No. o f rats 
showing

Agent
Doses
(mb)

D uration
(days)

No. of 
ra ts

No. of 
rats

Initial days* ** 
(days +  S.E.)

corpora
lu tea

Saline 0.1 ml 24 8 0 — 0

L -th y ro x in e 1 .7 5 x 2 24 12 12 9.4 ±  2.0 0

* L -thyroxine (1.75 /fg) were given su b cu taneously  a t 8 h and 16 h
** In itia l days o f th e  appearance of p ro longed oestrus
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Table 6

Influence o f  thyroidectomy on ovulation in  adult rats made persistent oestrus by 
neonatal androgen treatm ent

No. of 
ra ts

No. of rats No. of rats
T reatm ent regimens showing

persistent
oestrus

showing 
corpora lutea

In ta c t contro l ra ts 5 5 0

T hyroidectom ized ra ts 8 8 0

R a ts  received 100 fig  o f tes toste rone  p rop ionate  a t  5 days of age and  th y ro id ec to m y  was 
p e rfo rm ed  a t 130 days o f age. D aily  vaginal sm ears w ere tak en  and ovaries were exam ined  
h isto log ically  30 days a f te r  thy ro idectom y.

D iscussion

I n  ra ts ,  th e  a n te r io r  h y p o th a la m u s ,  inc lu d in g  the  m PO A , is necessa ry  
for  t h e  regu la t ion  of  t h y ro id  func tion  [2, 11]; in  add it ion ,  th e  a n te r io r  h y p o ­
t h a l a m u s  has been im p l ic a te d  as a site o f  o v a r ia n  horm one  feedback  in vo lved  
in  t h e  regu la t ion  of  g o n a d o tro p in  secretion [5, 12]. Lesioning of th e  a n te r io r  
h y p o th a la m u s  causes p e rs is te n t  oestrus a n d  po lyfo llicu lar  ovaries [5, 7].

I n  r a t s  exposed to  con tinuous  i l lu m in a t io n  or neona ta l  androgen  t r e a t ­
m e n t ,  th e  capac ity  of  oes trogen  b ind ing  in t h e  an te r io r  h y p o th a la m u s  is 
r e d u c e d  [6, 10] and re su l ts  in  b lockade of th e  cyclic release of g o n ad o tro p in  
a n d  th e  deve lopm ent of  p e rs is te n t  oestrus w i th  polyfollicular ovaries [1, 3]. 
I n  su c h  ra ts ,  th y ro id e c to m y  (hyp o th y ro id  s ta te )  in juven ile  ra ts  decreases  
h y p o th a la m ic  responsiveness to  oestrogen [9]. I n  add it ion , th y ro id e c to m y  
p r e v e n t s  th e  dev e lo p m en t  o f  pers is ten t  oes tru s  an d  polyfollicular ovaries. 
R e p la c e m e n t  t r e a tm e n t  w ith  L-thyroxine b r ings  a b o u t  re sum ption  of p ro ­
lon g ed  vag in a l  corn if ica t ion ;  how ever,  th is  p ro longed  oestrus ceases a f te r  t e r m i ­
n a t io n  o f  L-thyroxine t r e a tm e n t .  T h y ro id ec to m y  is effective on rep ro d u c t iv e  
cycles on ly  when p e rfo rm ed  in  th e  juven ile  r a t s ,  a n d  does no t  in terfere  w ith  
p e r s i s t e n t  vaginal co rn if ica t ion  and  polyfollicular  ovaries w hen perfo rm ed  in 
a d u l t  p e rs is te n t  oestrous ra ts .

T h e se  d a ta  suggest t h a t  th y ro id e c to m y  in ju v e n i le  ra ts  in terferes  w ith  
th e  fu n c t io n a l  m a tu ra t io n  of oestrogen b ind ing  recep to rs  in the  an te r io r  h y p o ­
th a la m u s .  F u r th e rm o re ,  an  ad d i t io n a l  reduc tion  o f  oestrogen bind ing  c a p a c i ty  
in th e  a n te r io r  h y p o th a la m u s  b y  th y ro id e c to m y  in r a t s  exposed to  con t in u o u s  
i l lu m in a t io n  or neona ta l  a n d ro g en  t r e a tm e n t  m a y  p re v e n t  the dev e lo p m en t  of  
po ly fo ll icu la r  ovaries and  p e rs is te n t  oestrus.

T here fo re ,  i t  implies t h a t  c ircu la tion  of a physiological level of th y ro id  
h o rm o n e  in juven ile  r a t s  is necessa ry  in the  fu n c t io n a l  m a tu ra t io n  of oestrogen  
b in d in g  recep to rs  in th e  a n te r io r  h y p o th a la m u s  concern ing  regu la t ion  of  
g o n a d o t ro p in  secretion.
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CARBOHYDRATES FROM HYDROCARBONS
II. F R E E  A N D  B O U N D  SU G A R S FR O M  Y E A S T  C E L L S G R O W N  ON n -H E X A D E C A N E  

E t id a l  W . J w a n n y  and M. Ma g d e l -d i n  H u s s e i n

LA BO RATORIES OF BIOCHEM ISTRY AND MICROBIOLOGICAL CH EM ISTRY,
NATIONAL RESEA RCH  C E N T R E , D O K K I, CAIRO, EGYPT

(R eceived 1975 — 01 — 08)

A b strac t

Candida lipolytica  (s tra in  10) w as grow n on an  n -hexadecane m ed iu m  w ith  and  
w ith o u t y eas t e x tra c t .  T he h a rv este d  d ry  cells were weighed a t  various s tag es o f g row th . 
T he free sugars from  th e  cu ltu res  w ere o b ta in ed  by  S oxhle t e x tra c tio n  w ith  85%  
e th y l alcohol. F u r th e r  q u a lita tiv e  an d  q u a n ti ta t iv e  analyses o f free m o n o saccharides 
in  th e  c o n ce n tra ted  alcoholic e x tra c ts  w ere m ade by  p ap er c h ro m a to g ra p h y . Glucose 
w as the  only free m onosaccharide  t h a t  cou ld  be id en tified  a t  va rio u s s tag es  o f g row th . 
T he ch ro m a to g rap h ic  analysis o f th e  ac id -h y d ro ly zed  y eas t cells in d ica ted  th e  presence 
of glucose an d  m annose as d o m in a n t b o u n d  sugars; galactose and  xy lose  w ere p re sen t 
in m inor q u a n titie s . In  th e  h a rv es te d  d ry  cells from  th e  y e as t e x tra c t-c o n ta in in g  
m ed ium , in genera l, g re a te r  am o u n ts  o f b o u n d  sugars were p resen t.

In tro d u c t io n

The u ti l iza t ion  of h y d ro ca rb o n s  as th e  sole carbon source b y  m icroor­
gan ism s h ave  been th e  sub jec t  o f  m a n y  studies. Concerning h y d ro ca rb o n -  
ass im ila t ing  yeas t ,  in pa r t icu la r ,  th e  p ro d u c t io n  of microbial cells f rom  h y d ro ­
carbons  has been  s tud ied  by  m a n y  a u th o rs  [7, 12, 16, 17]. T h e  p ro d u c t io n  of 
o rganic  acids from n-paraffins  by  y e a s ts  was w orked  ou t by o thers  [9, 11, 15, 18, 
19, 20]. In  add it ion ,  W a t a n a b e  a n d  H irai  [22] have re p o r te d  on microbial 
p ro d u c t io n  of f a t  and caro tenoids , a n d  N aomichi and  T a d a s h i  [10] s tud ied  
th e  u til iza t ion  of  n-paraffins  and  th e  p roduc tion  of v i ta m in  B 2 b y  yeasts .

A vailable  know ledge a b o u t  th e  p ro duc tion  of c a rb o h y d ra te s  b y  h y d ro ­
ca rbon-ass im ila t ing  y eas t  is, how ever ,  still scan ty . I iz uk a  a n d  co-workers
[5] inves t iga ted  th e  differences be tw een  th e  m onosaccharide  com p o n en ts  of 
hyd ro ca rb o n -a ss im ila ted  cells a n d  th o se  of ca rb o h y d ra te -a ss im ila ted  ones. 
O th e r  studies  on th e  com position  o f  th e  polysaccharide c o n te n ts  o f  yeas t  
cells grown on hyd ro ca rb o n s  a n d  glucose were carried o u t  b y  N a b e sh im a  
a n d  co-workers [8]. We have re p o r te d  [6] on the  ex trace llu lar  po lysaccharides  
o b ta in ed  from a h y d ro ca rbon-ass im ila t ing  yeast.

The p resen t  work was u n d e r ta k e n  to  explore the  possib ili ty  of  p roduc ing  
free and  b o und  sugars of com m ercia l and  clinical value b y  C andida lipolytica  
( s t ra in  10) cells grown on n -hexadecane .

A d a  Biologica Academiae Scientiarum Hungaricae 27, 1976



102 E . W . J  W A N N  Y  a n d  M . М . H U S S E I N

Material and m ethod

M icroorganism . T h e  h y d ro carb o n -a ssim ila tin g  y e a s t u sed  in th e  p resen t s tu d y , C andida  
lipo ly tica  (s tra in  10), w as o b ta in e d  th ro u g h  the  c o u rte sy  o f P rof. I v a n  M a l e k , D irec to r o f 
th e  In s t i tu te  of M icrobiology, C zechoslovak A cadem y o f  Sciences.

General culture conditions. T he y eas t was grow n on a s tock  m edium  co n ta in in g  2 g 
w ash ed  ag ar per 100 m l o f  liq u id  cu ltu re  m edium . T h e  liq u id  m edium  co n ta in ed  pe r lite r: 
10 m l n -hexadecane  (9 9 %  p u r i ty  o b ta in ed  from  P h illip s Co.), 3.4 g K H .,P O „  1.5 g N a .,H P 0 4 •
- 12 H 20 ,  0.7 g M g S 0 4- 7 H 20 ,  4.0 g (N H 4)2S 0 4, 0.1 g C aC l2, 1 m g F e S 0 4 • 7 H 20," 0.1 ml 
o ligoe lem en ts, and 0.1 g y e a s t  e x tra c t .  T he p H  was f in a lly  a d ju s te d  to  4.

F e rm en ta tio n  w as ca rried  o u t in 500-ml E rle n m ey e r flasks co n ta in ing  100 ml o f th e  
liq u id  m edium  and in o cu la te d  w ith  ab o u t 0.1 g o f 36— 48 c u ltu res . Two fe rm e n ta tio n  m ed ia  
w ere used  th ro u g h o u t; th e  f ir s t  w as th e  above-defined  liq u id  m edium , and  th e  second w as 
th e  sam e excep t th a t  i t  d id  n o t  co n ta in  y eas t e x tra c t.  T he in o cu la ted  flasks were shaken  a t  
30°C, a n d  the  y east cells w ere h a rv e s te d  a fte r  d iffe ren t in c u b a tio n  periods, by  f iltra tio n  th ro u g h  
M illipore H . A. m em brane  f i lte r ,  follow ed by  quick  w ash ing  w ith  d istilled  w ater and  th e n  e th e r. 
T h e  co llected  cells were d ried  o v er P 20 5 in  vacuo to  a  c o n s ta n t  w eight.

E xtraction o f  free  monosaccharides fro m  yeast cells. D ry  y eas t cells (2 g) were e x tr a c t ­
ed  w ith  85%  e th an o l fo r 20 h  in  a  Soxhlet a p p a ra tu s . T h e  alcoholic  e x tra c t was c o n ce n tra ted  
to  5 m l an d  th e  residual y e a s t cells were dried  u n d e r red u ced  p ressu re  over CaCl2, and  w eighed.

Iden tifica tion  o f  extracted free  monosaccharides. W e ex am ined  the  co n cen tra ted  a l­
coholic  e x tra c t  of y eas t cells b y  p a p e r  ch ro m a to g rap h y , u sing  n -b u ta n o l-e th a n o l-w a te r  (40 :
: 11 : 1 9, v /v ) [13], n -b u ta n o l-p y r id in e -w a te r  (6 : 4 : 3, v /v )  [21], and  p y rid in e -e th y l a c e ta te -  
a ce tic  a c id -w a te r  (5 : 5 : 1 : 3, v /v )  [3]. T he c h ro m a to g ra p h ic  pap ers  were sp ray ed  w ith  
an ilin e  d iphenylam ine  p h o sp h o ric  acid , aniline o x a la te  a n d  am m o n iaca l A g N 0 3 re ag e n t [2].

Quantitative determ ination o f  free  monosaccharides. T he m eth o d  of W lL S O N  [21] w as used  
fo r e s tim a tio n  of th e  free m o n o sacch arid es in c o n ce n tra ted  alcoholic  e x tra c ts  o f  y eas t cells.

Identifica tion  o f  bound sugars o f  yeast cells. A lco h o l-ex trac ted  y eas t cells were h y d ro ­
ly zed  w ith  2 N H 2S 0 4 [4] a n d  th e  h y d ro lysis p ro d u c ts  w ere id en tified  ch rom atograph ica lly . 
T h e  sam e tech n iq u e  w as u sed  as fo r free m onosaccharides.

Quantitative determ ination  o f  bound sugars o f  yeast cells. T he acid-hydro lyzed  sam ples 
w ere su b jec ted  to a q u a n ti ta t iv e  p a p e r  ch ro m a to g rap h y  [21] to o b ta in  each m onosaccharide  
in d iv id u a lly .

R esults and discussion

H arvesting  and alcohol extraction o f  yeast cells. T h e  y eas t  cells were h a r ­
v e s te d  a f te r  various in c u b a t io n  periods, then  e x t r a c te d  w ith  e thano l  for 20 h. 
T h e  w eigh ts  (g/1) of th e  h a rv e s te d  cells before a n d  a f te r  alcohol ex trac t io n  
a re  show n  in Table  1. T h e  m a x im u m  yield of th e  y e a s t  cells grown on the  y e a s t  
e x t ra c t - f re e  m edium  w as  re ach ed  af te r  120 h in c u b a t io n ;  th is  was a b o u t  
1/3 o f  th e  yield o b ta in ed  a f te r  96 h in the  p resence  o f  y e a s t  ex tra c t  (0.1 g/1). 
T h u s ,  f ro m  th e  econom ical p o in t  of view i t  is adv isab le  to  add  yeas t  e x t ra c t  
(0.1 g/1) to  th e  m ed ium  in s te a d  of con tinu ing  th e  fe rm e n ta t io n  process over 
120 h. F u r th e rm o re ,  T a b le  1 c learly  shows t h a t  th e  cells grown in th e  presence 
of  y e a s t  e x t ra c t  had  h ig h e r  co n ten ts  of e th a n o l-e x t rac ta b le  m ateria ls  th a n  
th o se  g row n w ithou t  y e a s t  e x t ra c t .  The p ro d u c t io n  o f  th e  e th an o l-ex trac tab le  
m a te r ia ls  reached  a m a x im u m  a f te r  48 h of in c u b a t io n  in  th e  presence, and  
a f te r  120 h in the absence  o f  y e a s t  ex trac t .
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T able  1

Production o f  Candida lipolytica (stra in  10) cells in  a medium  
containing n-hexadecane, in  the presence and  in  the absence o f  

yeast extract

Incubation
period

(h)

W eight of cells grown in 
yeast extract-containing 

medium (g/1)

W eight of cells grown in 
y east extract-free medium

(g/o
before alcoholic 

extraction
after alcoholic 

ex traction
before alcoholic 

ex traction
after alcoholic 

extraction

24 1.10 0.85 0.39 0.32

48 3.90 2.21 0.77 0.70

72 4.80 3.01 0.73 0.64

96 5.75 3.99 0.97 0.83

120 4.48 3.93 1.79 1.39

Table 2

Production o f  free  glucose by Candida  
lipolytica (stra in  10) cells grow n on the 

n-hexadecane m edium  in  the presence o f  
yeast extract

Incubation period Free glucose produced

(h)
1 (per cent of cells) j (mg/0

24 1.25 13.75

48 0.48 18.72

72 0.45 20.40

96 0.36 20.70

120 0.29 12.99

Free monosaccharide components o f  yea st cells. The paper c h ro m a to g ra m s  
o f all alcoholic e x t ra c ts  of yeast cells revea led  one sp o t  with m igra t ion  d is tances  
a n d  co lour reactions charac ter is t ic  o f  glucose. T ab le  2 shows th e  r a t e  o f  p ro ­
d u c t io n  of free glucose b y  Candida lipo ly tica  ( s tra in  10) cells g ro w n  on the  
y e a s t  e x tra c t-co n ta in in g  m edium . T h e  a m o u n ts  o f  free glucose p ro d u ced  
by  th e  y e a s t  cells g row n in the  absence  o f  y e a s t  e x t ra c t  were too  sm a l l  to  be 
d e te rm in e d  q u a n t i ta t iv e ly .

T h e  results  o f  th e  ch ro m a to g rap h ic  an a ly s is  of the free su g a rs  in  the 
y e a s t  cells dur ing  var ious  stages o f  g ro w th  in d ica te  t h a t  the  sole free  m ono­
saccharide  was glucose. This m ono sacch a r id e  d id  no t  exceed 5 .5 0 %  o f  the 
to ta l  a lcoho l-ex trac tab le  m ateria ls .  This obse rv a t io n  infers th e  presence 
of  o th e r  alcohol-soluble m ateria ls ,  such  as l ip ids  an d  absorbed h y d ro c a rb o n ,  
in th e  yeas t  cells.

T h e  results  also showed t h a t  free glucose was a b u n d a n t  on  t h e  first 
few days , th en  its a m o u n ts  decreased w ith  t im e ,  suggesting th a t  t h e  free  sugars
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c h a n g e  with inc reas ing  t im e  into po ly m ers  which cannot be  e x t r a c te d  
b y  alcohol. The a p p e a ra n c e  of  a high p e rc e n ta g e  (94.50%) of o th e r  alcohol- 
e x t r a c ta b le  m ater ia ls  m a y  p robab ly  be d u e  to  th e  presence of  th e  ab so rbed  
h y d ro c a rb o n  in th e  cell wall. The results t h u s  agree  with those o f  R a c h i n s k i i  

a n d  co-workers [14], w ho  s ta te d  th a t  t h e  a lk a n e  which h ad  e n te re d  th e  
cell w all  was to ta l ly  e x t r a c te d  in a S o x h le t  e x t ra c to r  w ith  e th a n o l - e th e r .

I t  is also e v id e n t  f ro m  th e  results t h a t  t h e  addition  of y e a s t  e x t r a c t  
to  t h e  n -hexadecane  fe rm e n ta t io n  medium s t im u la te d  the p ro duc tion  o f  y eas t  
cells a n d  free glucose, as well as other a lcoh o l-ex trac tab le  m ateria ls  a n d  b o u n d  
su g a rs .  This s t im u la t in g  effect can be a t t r i b u t e d  to  the  efficiency of th e  y e a s t  
e x t r a c t  as a n itrogen  sou rce  and/or to  its  a c t io n  as an essential fa c to r  for  th e  
g ro w th  and  p ro d u c t io n  o f  t h e  above-m en tioned  m ateria ls .

B o u n d  sugars o f  the yea st cells. The h y d ro ly s is  p roducts  of each  o f  th e  
a lco h o l-ex trac ted  cell sam p le s  were ana lyzed  b y  p a p e r  ch ro m a to g rap h y .  The 
R f v a lu e s  and colour re a c t io n s  of the su g a r  com ponen ts  of th e  h y d r o ly ­
sa te s  w ere  iden tica l w i th  those  of a u th e n t ic  galactose, glucose, m an n o se  
and  xy lose .

T o  de term ine  th e  m en tio n ed  sugars q u a n t i t a t iv e ly ,  correction  fac to rs ,  
v iz .,  1.056, 1.067, 1.208, a n d  1.147, were u sed  fo r  galactose, glucose, m an n o se ,  
a n d  xy lose ,  respectively . T h e  same correction fa c to r s  were p rev iously  c o m p u t ­
ed a n d  used [6] to  c o m p e n s a te  for the b re a k d o w n  effect of various h y d ro ly s is  
co n d i t io n s  on these  sugars .  T h e  q u a n t i ta t iv e  an a ly s is  of each sam ple  of  th e  
h y d ro ly z e d  yeast cells a re  g iven  in Table 3.

Table 3

B o u n d  sugars in the alcohol-exctracted Candida lipolytica  ( stra in  10) cells grown on m edia
containing n-hexadecane

Incubation
period

(h)

Yeast cells grow n on the yeast 
ex trac t-con ta in ing  

m edium

Y east cells grown on the  yeast 
extract-free medium

glucose mannose j galactose xylose | Total glucose | mannose galactose I xylose Total

(per cent of the alcohol-extracted  cells)

24 6.53 6.12 2.50 0.88 16.03 8.10 7.94 2.59 0.84 19.4
48 9.14 6.77 2.63 0.62 19.16 6.66 5.65 2.16 0.86 15.3
72 7.81 6.55 2.73 0.53 1.762 5.60 5.73 2.00 0.68 14.0
96 8.13 6.18 2.43 0.48 17.22 6.56 5.00 2.31 0.69 14.4

120 12.98 8.63 3.24 0.55 25.40 9.41 6.61 2.65 0.61 19.2

In  sp ite  of the  d iffe rence  between the  tw o  fe rm en ta t io n  m edia ,  all the  
h y d ro ly s a te s  of Candida lipo ly tica  (strain 10) cells revealed  a re la t iv e ly  h igh  
c o n te n t  o f  glucose a n d  m a n n o se  and a low c o n t e n t  of galactose a n d  xylose.
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B u t,  w hereas  th e  cells grown in th e  p resence  of yeas t  e x t ra c t  sh ow ed  the ir  
m a x im u m  c o n te n ts  o f  b o u n d  glucose, m a n n o se ,  and  galactose a f t e r  120 h of 
in c u b a t io n ,  th e  m a x im u m  for b o u n d  xy lose  appeared  after  24 h. I n  absence  
of y e a s t  e x t r a c t ,  on th e  o th e r  hand , th e  cells show ed the  peak of h o u n d  glucose 
and  ga lac tose  a f te r  120 h  of in cu b a t io n ,  w hile  the  peak  of b o u n d  m annose  
and  xy lose  a p p ea red  a f te r  24 h and  48 h, respectively . These re su l ts ,  collec­
t ive ly ,  in d ic a te d  th a t  m ost of th e  h o u n d  sugars  showed h igher  p e rcen tag es  
a f te r  120 h of in cu b a t io n ,  and th is  can  he  a t t r ib u te d  to  th e  a c c u m u la t io n  
of th e  re se rv ing  an d  cell wall po lysaccharides  in the  yeas t  cells a t  th is  la te  
s tage  o f  g row th .

T h e  resu lts  show n in Tables 1 and  3 in d ic a te  t h a t  the  increase  in  th e  p ro ­
d u c t io n  of  y e a s t  cells m a y  no t be a cco m p an ied  b y  an increase in  t h e i r  b o u n d  
sugar  co n ten ts .  T ab le  4 was th u s  so des igned  as to  express th e  p ro d u c t io n  of 
th e  endoce llu la r  b o u n d  sugars in mg/1. In  b o th  types  of yeas t  cells, t h e  m a x i­
m u m  yield  of  endocellu lar  hound glucose, m annose , galactose, a n d  xylose 
occurred  a f te r  120 h of incuba tion .

Table 4

Endocellu lar combined sugars produced by C andida lipolytica (stra in  10) groivn on media
containing n-hexadecane

Incuba­
tion

Cells grown on the yeast 
extract-containing medium

Cells grown on the y east 
extract-free m edium

period
(h) glucose mannose galactose xylose Total glucose mannose galactose xylose Total

(mg/o (mg/l)

24 55.74 52.24 21.34 7.51 136.83 25.68 25.16 8.21 2.66 61.71

48 202.01 149.62 58.13 13.70 423.47 46.69 39.61 15.14 6.03 107.47

72 235.42 197.44 8.229 15.98 531.13 35.78 36.61 12.78 4.35 89.52

96 324.57 246.72 97.01 19.26 687.56 54.58 41.60 19.22 5.74 121.14

120 509.75 338.91 127.24 21.59 997.49 131.18 92.14 36.94 8.50 268.76
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THE FERMENTATIVE PRODUCTION OF 
ACETONE-BUTANOL BY CLOSTRIDIUM 

ACETOBUTYLICUM
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CHEM ICAL FACTORIES, EG Y PTIAN  SUGAR AND D ISTILLA TIO N  COMPANY, 
EL-HA W A M DIA  AND NATIONAL RESEA R C H  C E N T R E , D O K K I, CAIRO
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A bstrac t

F o u rte en  d iffe ren t m edia w ere used  in th e  fe rm e n ta tiv e  p ro d u c tio n  o f a c e to n e -  
b u tan o l. T he h ig h est to ta l  yields w ere ach ieved  in m ed iu m  I. P o ta to  s ta rch  a n d  soluble 
s ta rch  were su itab le  as carbon  sources. T he b e s t c o n cen tra tio n s  o f p o ta to  s ta rc h  and  
soluble s ta rch  were 500.0 and  10.0 g/1, re sp ec tiv e ly . P ep to n e  was th e  m o st fa v o u ra b le  
n itro g en  source. T he b e s t c o n cen tra tio n  o f p e p to n e  was 4.0 g/1. C alcium  c a rb o n a te  
in 3.6 g/1 ac ted  as bu ffering  ag en t in  th e  fe rm e n ta tio n  process. The b e s t in it ia l  pH  
v a lue  of th e  fe rm e n ta tio n  m edium  was 6.0. T h e  o p tim u m  tem p e ra tu re  w as 32 — 33°C. 
T he fe rm e n ta tio n  process req u ired  120 h  to  o b ta in  m ax im u m  yields o f a ce to n e -b u ta n o l.

In tro d u c t io n

P a s te u r  was th e  f i r s t  to  show t h a t  b u ty l  alcohol is a d irec t p ro d u c t  
o f  fe rm en ta t io n .  T h e  a c e to n e -b u ta n o l  f e rm e n ta t io n s  are t ru e  fe rm e n ta t io n s ,  
in th e  sense t h a t  th e y  are anaerobic .  T h e  fe rm e n ta t io n s  are b ro u g h t  a b o u t  
b y  various s tra in s  of Clostridium  acetobutylicum  an d  closely re la ted  species or 
v a r ia n ts .  The im p o r ta n t  n e u t ra l  p ro d u c ts  fo rm ed  b y  these o rgan ism s  are 
n -b u tan o l ,  ace tone  a n d  e thano l.  T h e  microbiological p roduc tion  o f  ace tone  
a n d  b u ta n o l  was one of th e  f i rs t  large-scale  microbiological processes. The 
process has  been  o p e ra ted  p r im ar i ly  as a source  of  bu tano l ,  a l th o u g h ,  d u r ing  
W orld  W a r  I, ace tone  p roduced  b y  fe rm e n ta t io n  proved  very  usefu l in war 
factories for dissolving cordite.

T he  com m ones t  o f  th e  c a rb o h y d ra te  raw  m ateria ls  used in th e  a c e to n e -  
b u ta n o l  fe rm e n ta t io n  are molasses an d  corn . Several types  of molasses ( invert ,  
cane, beet) h av e  been  em ployed . I t  is, h o w ev er ,  ju s t i f ied  to  su p p le m e n t  the 
molasses m ed ium  w ith  a m m o n iu m  su lp h a te  a n d  p h o spha te  as sources  of 
n itrogen  and  phosp h o ru s ,  respec tive ly .  G ra in  w as often used as a c a rb o h y d ra te  
source d u r ing  th e  ear ly  work on th e  ace to n e—b u ta n o l  fe rm en ta t io n .  Since the  
s tra in s  of  C. acetobutylicum  are able  to  h y d ro ly se  s ta rch  and o th e r  p o ly sacch a ­
rides, th e  gra in  m ashes do no t need to  be h y d ro lyzed .  The use of  s t a r c h y  m a te ­

* T his w ork  fo rm s p a r t  o f a  M. Sc. thesis o f  M. Y a s s e i n , Chem ical F ac to ries , E g y p tia n  
Sugar an d  D istilla tio n  C om pany , E l-H aw am d ia , G iza, A rab  R epublic  o f E g y p t (A. R . E .)
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r ia ls  in  t h e  a c e to n e -b u ta n o l  fe rm e n ta t io n  has  been discussed [2, 3]. T h e  grain, 
w h ic h  is usually  maize, is screened, d eg e rm in a ted ,  and f ina lly  g ro u n d .  An 
8— 1 0 %  m ash  is p rep a red  a n d  cooked, u su a l ly  in  a continuous cooker  for  one 
h o u r  a t  ^ 1 3 0 ° C ,  to  ge la tin ize  s ta rch . N o fu r th e r  additions are necessary , 
s ince  t h e  m ash  (p H  6.0— 6.5) con ta ins  su ff ic ien t  quan ti t ies  o f  n i trogenous  
n u t r i e n t s  to  su p p o r t  g ro w th  of th e  b a c te r iu m . Some workers h av e ,  how ever,  
r e c o m m e n d e d  to  add  sti l lage  [3]. The sterile  masli is t ransfe rred  d i re c t ly  to 
t h e  fe rm e n to r .

S evera l  o ther  c a rb o h y d ra te  m a te r ia ls  h a v e  been exam ined  as ra w  m a te ­
r ia ls  in  th is  fe rm en ta t ion ,  inc lu d in g  glucose f rom  corn s ta rch  and w ood sugars 
o b ta in e d  b y  acid hyd ro lys is  o f  wood. W ood  sugars  in the  form o f  su lph ite  
w a s te  l iq u o r  have been u sed  [10] as also corncob hyd ro ly sa te s  which 
c o n ta in  xylose  [4, 5, 9— 13], b u t  use of th e se  m a te r ia ls  on a com m erc ia l  scale 
has  n o t  been  reported .

T h e  a im  of th is  w ork  is to  utilize raw  m ate r ia ls  such as E g y p t i a n  b lack  
s t r a p  m olasses  and o th e r  c a rb o n  and  n i t ro g en  sources for the  fe rm e n ta t iv e  
p r o d u c t io n  o f  a c e to n e -b u ta n o l  by  C. acetobutylicum .

M ateria l  and m e th o d

M aintenance  o f  C. acetobutylicum . The m icro o rg an ism  producing  a c e to n e -b u ta n o  
w as m a in ta in e d  in a m edium  co n ta in in g  th e  follow ing in g red ien ts : w et p o ta to  m ash  250 g, 
g lucose 5 g, calcium  carb o n a te  2 g a n d  (N H 4)2 S 0 4 1.5 g p e r litre . T he ing red ien ts were th o ro u g h ­
ly  m ix e d  a n d  tran sferred  in to  te s t  tu b es . T he te s t  tu b e s  w ere p lugged, and  sterilized  a t  120°C 
fo r 25 m in , cooled to room  te m p e ra tu re  an d  in o cu la ted  w ith  C. acetobutylicum. T he in o cu la te d  
tu b e s  w ere  in cu b a ted  a t  37°C for th re e  weeks to  o b ta in  lu x u r ia n t  g row th  and  sp o ru la tio n . The 
sp o ru la te d  tu b e s  were sto red  a t  5— 8°C in a re fr ig e ra to r.

F erm enta tion  media. C. acetobutylicum  was g row n  anaero b ica lly  in  14 d iffe re n t con­
s t i tu t iv e  m ed ia . The com position  o f  th e  m edia  (in g red ien ts  in  g/1) was as follows. M edium  I =  
p o ta to  s ta rc h  250.0, glucose 5.0, C a C 0 3 2.0 and  (N I I4)2S 0 4 1.5. M edium  I I  == soluble  s ta rc h
250.0, g lucose  5.0, (N H 4)2S 0 4 1.5 a n d  C aC 0 3 2.0. M edium  I I I  =  pure s ta rch  250.0, glucose
5.0, ( N H 4) 2S 0 4 1.5 and C aC 0 3 2.0. M edium  IV p ure  flour (1) 250.0, glucose 5.0, 
(N H 4) 2S 0 4 1.5, and  C aC 03 2.0. M ed ium  V =  glucose 10.0, (N H 4)2S 0 4 2.0, C aC 0 3 2.0 an d  
K H 2P 0 4 1.0. M edium  V I =  S ucrose  10.0, (N H 4)2S 0 4 1.5, K H 2PO , 1.0 and C a C 0 3 2.0. 
M ed ium  V I I  — corn steep liq u o r 250.0, glucose 5.0, ( N H 4)2S 0 4 1.5 and C aC 03 2.0. M ed ium  
V I I I  =  w o r t  250.0, glucose 5.0, ( N H 4) 2S 0 4 1.5 an d  CaCÖ3 2.0. M edium  IX  =  fo d d e r y e as t 
(4 0 .0 %  to ta l  p ro te in ) 250.0, glucose 5.0, (N H 4)2S 0 4 1.5 a n d  C aC 0 3 2.0. M edium  X  = fod d er 
y e as t (5 0 .0 %  to ta l p ro te in ) 250.0, glucose 5.0, (N H 4)2S 0 4 1.5 and C aC 03 2.0. M edium  
X I  =  so y b e a n  m eal 250.0, glucose 5.0, (N H 4)2 S 0 4 1.5 a n d  C aC 03 2.0. M edium  X I I  =  rice 
b ra n  250 .0 , glucose 5.0, ( N I i4)2S 0 4 1.5 and  C aC 03 2.0. M edium  X I I I  =  maize b ra n , 250.0. 
glucose 5.0 , (N H 4)2S 0 4 1.5 and  C aC 0 3 2.0. M edium  X IV  =- stillage (slope) 250.0, g lucose
5.0, ( N H 4) 2S 0 4 1.5 and  C aC 0 3 2.0. T h e  in itia l p H  v a lu e  of th e  m edia was ad ju s ted  to  6.3 — 6.6 
e x c e p t w h e n  in d ica ted  in th e  te x t .  T h e  d iffe ren t m edia  w ere d is tr ib u te d  in  500 ml E rle n m e y e r  
flask s, 250 m l in each. The flask s w ere p lugged  and  ste rilized  a t  120°C for 30 m in. T h e  tu b e s  
c o n ta in ed  th e  organism  in sp o ru la te d  fo rm ; th e  o rg an ism  w as h e a t shocked in a w a te r  b a th  
c o n ta in in g  bo iling  w ater for th ree  m in  and  su d d en ly  cooled to  room  tem p e ra tu re . T h en  th e  
m ed ia  w ere in o cu la ted  w ith  C. acetobutylicum . The flasks w ere in cu b a ted  a t  31°C fo r 72 h . A t 
th e  e n d  o f  th is  period , th e  p H  v a lu e  o f the  fe rm en ted  m ed ia , an d  the  am o u n ts o f ace to n e , 
b u ta n o l a n d  e th a n o l were e s tim a ted .

Carbon sources. The glucose in  M edium  I was rep laced  by  an  equal a m o u n t o f  soluble 
s ta rc h , su c ro se , m altose, m olasses, m annose, fructose, g lycero l, lactose or citric  acid  to  in v es­
tig a te  th e  su itab le  ingred ien t fav o u rin g  th e  fe rm e n ta tiv e  p ro d u c tio n  of a c e to n e -b u ta n o l b y  
C. acetobutylicum . The effects o f d iffe re n t co n cen tra tio n s o f p o ta to  s ta rch  and soluble s ta rc h  
on a ce to n e  b u tan o l fe rm en ta tio n  w ere investiga ted .
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Nitrogen sources. T he am m onium  su lp h a te  in  M edium  I was rep laced  by an  equal 
a m o u n t o f am m onium  th io c y a n a te , am m o n iu m  n itra te , am m o n iu m  chloride, sodium  n itra te , 
p ep to n e , am m onium  h y d ro x id e , u rea, am m o n iu m  p h o sp h a te  m onobasic  or am m o n iu m  o x a ­
late . T he effects o f d iffe re n t con cen tra tio n s of p ep tone  on a c e to n e -b u ta n o l fe rm e n ta tio n  were 
exam ined .

Calcium carbonate , in itia l p H  value o f  the m edium  and  incubation period. The in fluences 
o f d ifferen t co n cen tra tio n s  o f calcium  carb o n a te  (0.0 to 0 .4  g/1), o f the  in itia l pH  va lue  of the  
m ed ium  (5.0 to 7.0), te m p e ra tu re  (30 to 40°C) an d  in cu b a tio n  period  (24 to 120 h) on th e  fe r­
m en ta tiv e  p roduction  o f ace to n e-b u tan o l by  C. acetobutylicum  were inv estig a ted .

D etermination o f  butanol and ethanol. Jo h n so n ’s m eth o d  [8] was used.
D etermination o f  acetone. G oddw in’s m ethod  [6 | w as used.

Results

Ferm entation m edia

Different fe rm e n ta t io n  m ed ia  were used  in  th e  p roduc tion  o f  acetone- 
b u tan o l .  The a m o u n ts  o f  acetone, b u ta n o l  and  e th a n o l  p roduced  depended  on 
th e  con s t i tu en ts  o f  th e  fe rm en ta t io n  m edia  used . T he  fe rm e n ta t io n  m ed ium  
which produced m ax im u m  yield o f  to ta l  so lven ts  was M edium I (Table  1). T he  
f ina l  pH  values o f  th e  different media  ranged  b e tw een  5.4 and  6.7, depend ing  
on the  ingred ien ts  p resen t  in th e  m edium . T h e  a m o u n ts  o f  b u ta n o l  p ro d u ced  
in th e  d ifferent fe rm en ta t io n  m edia  were h igher  th a n  the  correspond ing

Table 1

The ferm entative production o f acetone-butanol by C. acetobutylicum in  different media

Medium
No. F inal pH*

Acetone, 
m g/100 ml 

pota to

n —Butanol, 
m g/100 ml 

po ta to

Ethanol, 
m g/100 m l 

potato

Total solvent, 
m g/100 ml 

potato

I 5.4 295 1036 62 1393

и 5.7 37 96 20 153

h i 6.7 49 104 4 157

IV 5.6 34 126 14 174

V 5.6 263 691 30 984

VI 5.2 281 725 44 1050

V II 6.7 77 106 18 201

V III 5.9 29 51 35 115

IX 6.3 56 135 22 213

X 6.1 63 190 11 264

X I 5.3 101 109 28 328

X II 6.2 44 144 n il 188

X III 6.4 24 110 24 158

XIV 5.3 10 39 10 59

* The in itia l p H  value of the  d ifferen t m edia w as ad ju s ted  to 6.3— 6.6
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a m o u n t s  o f  acetone  an d  e th a n o l .  T he  fe rm e n ta t io n  m ed ium  s u p p o r t in g  th e  
p r o d u c t io n  of a c e to n e -b u ta n o l  co n ta in ed  p o ta to  s ta rch , glucose, ca lc ium  c a rb o ­
n a t e  a n d  am m o n iu m  su lp h a te .  T h e  descend ing  o rder  of th e  d ifferen t f e rm e n ta t io n  
m e d ia  a r ran g ed  according to  th e  ace tone—b u ta n o l  yield was as follows: M edium  
1 ]> M ed ium  VI M edium  V M edium  X I  >  M edium  X  M ed ium  I X  >  
M ed iu m  V II  >  M edium  X I I  j> M edium  IV >  M edium  X I I I  M edium  
I I I  j>  M edium  I I  j> M edium  V I I I  M edium  X IV .

110

Carbon sources

M edium  I was selected to  s tu d y  th e  in f luence  of  d ifferent c a rb o n  sources 
on  t h e  fe rm en ta t iv e  p ro d u c t io n  o f  a c e to n e -b u ta n o l  by  C. acetobutylicum  
(T a b le  2). Soluble s ta rch  w as th e  best ca rbon  source for th e  fe rm e n ta t iv e  
p ro d u c t io n  of a c e to n e -b u ta n o l .  I t  was followed b y  sucrose. T he  a r ra n g e m e n t  
o f  t h e  d iffe ren t  carbon  sources accord ing  to  th e  descending p ro d u c t io n  of  ace­
to n e  b u ta n o l  was as follows: soluble s ta rch  sucrose j>  m a lto se  >

Table 2

In flu en ce  o f  different carbon sources on the ferm entative production o f  acetone-butanol by
C. acetobutylicum

Carbon sources Final pH*
Acetone, 

mg/100 ml 
po ta to

n —B u tan o l, 
mg/100 ml 

pota to

E thanol, 
mg/100 ml 

pota to

T otal yield, 
mg/100 ml 

po ta to

Soluble  s ta rc h 2.5 361 940 45 1 346

Sucrose 5.4 378 871 68 1 317

M altose 5.6 392 867 55 1 314

G lucose 5.7 336 858 43 1 237
M olasses 5.5 218 949 70 1 237
M annose 5.5 348 870 10 1 228

F ru c to se 5.6 329 850 45 1 224

G lycerol 5.3 319 850 50 1 219

L ac to se 5.4 339 820 45 1 204

C itric  acid 4.2 12 17 1 30

* T h e  in itial p H  value of th e  m ed ium  was a d ju s te d  to  6.3— 6.6

glucose molasses m an n o se  fruc to se  glycerol j>  lac tose  >  c i tr ic  acid. 
T h e  f in a l  p H  value o f  th e  f e rm e n ta t io n  m ed iu m  was be tw een  4.2 a n d  5.7.

T h e  p ro d u c t io n  of  ace tone—b u ta n o l  w as g rea t ly  affected by  th e  a m o u n ts  
o f  p o t a t o  s ta rch  added  to  th e  f e rm e n ta t io n  m ed iu m  (Table 3). T h e  to ta l

A cta  Biologica Academiae Scientiarum Hungaricae 27, 1976



F E R M E N T A T I V E  1 R O D U C T I O N  O F  A C E T O N E - B U T A N O L 111

Table 3

Effect o f  different concentrations o f  potato starch and soluble starch on the ferm entative production  
o f  acetone-bulanol by C. acetobutylicum

Potato starch
(*/i) Final pH*

Acetone 
m g/100 ml 

po ta to

n-Butano), 
m g/100 ml 

pota to

Ethanol, 
m g/100 ml 

potato

T otal yield, 
m g/100 ini 

potato

0 5.4 94 415 5 414

50 5.4 119 619 55 793

100 5.4 121 766 50 937

125 5.6 227 808 50 1 085

150 5.6 268 880 38 1 186

175 5.7 242 960 40 1 242

°00 5.8 304 942 39 1 285

225 5.3 300 1 027 37 1 364

250 5.6 325 1 000 51 1 375

275 5.4 329 1 023 40 1 392

300 5.4 353 1 095 42 1 490

350 5.6 369 1 121 101 1 591

to o 5.7 396 1 113 101 1 610

450 5.7 428 1 177 40 1 645

500 5.7 441 1 262 31 1 734

Soluble s ta rch  (g/1)

0 5.7 763 1 248 88 1 699

1 5.6 410 1 254 85 1 749
2 5.4 337 1 191 137 1 665

3 5.6 389 1 216 55 1 660

4 5.7 401 1 184 90 1 675

5 5.4 435 1 287 108 1 830

6 5.8 417 1 341 113 1 871

7 5.7 415 1 290 105 1 810

8 5.8 421 1 868 55 1 744

9 5.7 413 1 230 45 1 688

10 5.6 435 1 193 75 1 703

* The in itial pH  v a lu e  of th e  m edium  w as ad ju s ted  to 6.3 — 6.5

yield  (ac e to n e -b u ta n o l  -)- e thanol) increased  w ith  th e  increase o f  p o ta to  
s ta rch  concen tra t io n ,  reach ing  an o p t im u m  a t  500.0 g/1. At th e  end  o f  the  
fe rm en ta t io n  process, th e  pH  ranged b e tw een  5.4 a n d  5.7. The resu lts  o b ta in ed  
(Table  3) reflec ted  t h a t  th e  to ta l  yield increased  w ith  th e  increase of th e  soluble 
s ta rch  concen tra t ion ,  reach ing  its o p t im u m  a t  10.0 g/1. The final p H  va lu e  
o f  th e  fe rm en ted  m ed iu m  was 5.4— 5.8.
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N itrogen sources

P e p to n e  was th e  b e s t  n itrogen  source fav o u r in g  th e  p ro d u c t io n  of 
a c e to n e —b u tano l  (Table 4). T h e  yields of  b u ta n o l  were h igher t h a n  yields 
o f  b o t h  acetone an d  e th a n o l .  T he  order o f  th e  d ifferen t n i t ro g en  sources 
a c c o rd in g  to  the d e sc e n d in g  to ta l  yield (ace tone  -J~ b u ta n o l  -|- e thano l)  
w as  as follows: p e p to n e  />  am m o n iu m  n i t r a t e  7> am m o n iu m  su lp h a te  >
a m m o n iu m  chloride 7> so d iu m  n i t r a t e  >  a m m o n iu m  th io c y a n a te  ^ a m m o n i u m  
h y d r o x id e  >  urea >  a m m o n iu m  p h o sp h a te  m onobas ic  >  a m m o n iu m  o x a la te  
/>  a m m o n iu m  citra te  m e d iu m  w ith o u t  a d d i t io n  o f  n i trogen  source. B y  th e  end 
o f  t h e  fe rm en ta t io n  p rocess ,  th e  p H  had  d im in ished  to  5.3— 5.7.

Table 4

In flu e n ce  o f different nitrogen sources on the ferm entative production o f  acetone-butanol by
C. acetobutylicum

N itrogen sources F inal pH *
Acetone, 

mg/100 ml 
potato

n-B utanol, 
mg/100 ml 

po ta to

E thanol, 
mg/100 m l 

pota to

T otal yield, 
mg/100 ml 

potato

P e p to n e 5.5 319 1 133 55 1 507

A m m o n iu m  n itra te 5.7 296 1 123 32 1 451

A m m o n iu m  sulphate 5.5 310 993 53 1 356

A m m o n iu m  chloride 5.5 283 959 70 1 312

S o d iu m  n itra te 3.3 299 921 15 1 235

A m m o n iu m  th iocyanate 5.4 261 966 5 1 232

A m m o n iu m  hydroxide 5.4 249 938 30 1 217

U re a 5.5 242 927 42 1 21

A m m o n iu m  phosphate 5.5 276 873 60 1 209

A m m o n iu m  oxalate 5.3 281 689 39 1 189

A m m onium  citrate 5.7 319 598 55 972

N o n itro g en  source — — — — —

* T he initial pH  v a lue  o f th e  m edium  was a d ju s te d  to  6 .3—6.5

T h e  yields of to t a l  so lven ts  increased  w ith  th e  increase  of  p ep to n e  
c o n c e n tra t io n ,  reach ing  a n  o p t im u m  a t  4.0 g/1 (Table 5). T h e  f ina l  p ro d u c ts  
o f  so lven ts  were m a in ly  ace to n e  and n -b u ta n o l .  T he  f ina l  p H  v a lu e  was
5 .6 — 5.9.

Calcium carbonate , p H , temperature a n d  incubation period

Calcium c a rb o n a te  h a d  some effect on the  fe rm e n ta t iv e  p ro d u c t io n  
(T a b le  6). The to ta l  y ie lds increased  w ith  th e  increase  of ca lc ium  ca rb o n a te  
co n c e n tra t io n ,  reach ing  a n  o p t im u m  a t  3.6 g/1, above which a s ligh t decrease
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Table 5

Effect o f  the concentration o f  peptone on the ferm entative production o f  
acetone-butanol by C. acetobutylicum

Peptone
(*/>) Final pH*

Acetone, 
m g/100 ml 

potato

n-Butanol, 
mg/100 ml 

potato

E thanol, 
mg/100 ml 

pota to

T otal yield, 
mg/100 ml 

po ta to

0.0 5.8 348 1 365 0 1 713
0.4 5.9 416 1 321 4 1 741
0.8 5.7 384 1 352 52 1 788
1.2 5.6 425 1 338 57 1 820
1.6 5.9 394 1 430 0 1 824
2.0 5.8 440 1 382 10 1 832
2.4 5.8 420 1 411 9 1 840
2.8 5.8 428 1 408 19 1 850
3.2 5.8 432 1 425 19 1 876
3.6 5.8 423 1 470 17 1 900
4.0 5.8 442 1 487 2 1 931

* T he in itial pH value  of th e  m edium  was ad ju s ted  to  6.3— 6.6

Table 6

Effect o f  the concentrations o f  calcium carbonate on the ferm entative production  
o f  acetone-butanol by C. acetobutylicum

Calcium
carbonate

(g/o
F inal pH *

Acetone, 
mg/100 ml 

pota to

n-Butanol, 
mg/100 ml 

potato

Ethanol, 
mg/100 ml 

pota to

T otal yield, 
mg/100 ml 

po ta to

0 5.3 522 1 156 83 1 761
0.4 5.3 389 1 368 50 1 807
0.8 5.4 451 1 318 78 1 847
1.2 5.4 544 1 198 115 1 857
1.6 5.6 524 1 253 88 1 865
2.0 5.9 432 1 342 105 1 879
2.4 5.9 482 1 319 80 1 881
2.8 6.0 508 1 279 102 1 889
3.2 6.3 508 1 312 88 1 908
3.6 6.3 515 1 357 73 1 945
4.0 6.3 534 1 300 88 1 922

* The in itial pH v a lu e  o f th e  m edium  was ad ju s ted  to  6 .3— 6.6

w as shown. The f ina l p H  v a lue  of the  fe rm en ted  m ash  was 5.3— 6.0. The 
presence  of  calcium c a rb o n a te  (2.8— 4.0 g/1) buffered  th e  p H  v a lu e  o f  the  
m ed ium .
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As shown in T ab le  7, t h e  f in a l  b iosynthesis  o f  ace tone , b u ta n o l  a n d  e th a ­
nol d e p e n d e d  on the  in i t ia l  p H  of the m edium . T h e  yields increased  w ith  an 
in c re a se  in  the  initial p H ,  r each in g  its o p t im u m  a t  p H  6.0, above  w hich  a 
d e c re a se  in  the  to ta l  y ie ld s  w as  recorded. T here fo re ,  i t  is p re ferab le  to  ad ju s t  
th e  in i t i a l  p H  value of  th e  m e d iu m  at 6.0.

Table 7

E ffect o f  the in itia l p H  value o f  the medium on the production  o f  acetone-butanol
by C. acetobutylicum

In itia l pH Final pH
A cetone, 

mg/100 ml 
po ta to

n-Butanol, 
mg/100 ml 

potato

E thanol, 
mg/100 ml 

potato

Total yield, 
m g/100 ml 

potato

5.0 5.0 131 483 0 611

5.2 4.0 203 610 0 813

5.4 5.2 237 760 65 1 062

5.6 5.3 329 1 040 24 1 383

5.8 5.7 503 1 293 53 1 849

6.0 5.8 6 6 8 1 344 15 1 927

6 .2 5.8 707 1 282 15 1 904

4.6 5.8 486 1 319 33 1 838

6 .6 5.9 546 1 125 81 1 758

6 .8 6 .1 435 915 85 1 435

7.0 6.4 334 660 169 1 163

Table 8

Effect o f  tem perature on the fermentative production o f  acetone-butanol 
by C. acetobutylicum

Temperature,
°C Final pH*

Acetone, 
mg/100 ml 

potato

n-Butanol, 
mg/100 ml 

potato

Ethanol, 
mg/100 ml 

potato

Total yield, 
mg/100 ml 

potato

30 5.8 532 1 240 137 1 909

31 5.8 598 1 255 68 1 921

32 5.8 633 1 295 45 1 973

33 5.8 651 1 298 25 1 974

34 5.8 556 1 319 50 1 935

35 5.8 532 1 335 55 1 922

36 5.8 518 1 349 39 1 897

37 5.8 503 1 336 0 1 839

38 5.8 387 1 330 50 1 767

39 5.8 308 1 300 10 1 618

5.8 319 1 280 0 1 599

* The in itial p H  v a lu e  of the  m edium  w as a d ju s te d  to  6.0
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The ace tone—b u ta n o l  fe rm e n ta t io n  was g re a t ly  affected by  t e m p e r a tu r e  
(Table  8). The su i ta b le  te m p e ra tu re  for the  fe rm e n ta t io n  process w as 32—  
33°C, above w hich  a decrease in th e  to t a l  y ie ld  w as  recorded. The f in a l  p r o d ­
u c ts  were m a in ly  b u ta n o l  and ace tone . The in i t ia l  p H  value  o f  t h e  f e r m e n ta ­
tion  m edium  was a d ju s te d  to  6.0 a n d  a t  the  end  of th e  fe rm e n ta t io n  p r o ­
cess, it  was found  to  be 5.8.

The ace tone—b u ta n o l  fe rm e n ta t io n  was g re a t ly  affected b y  th e  in c u b a t io n  
per iod  as well (T ab le  9). The to ta l  yie lds inc reased  with  the increase o f  th e  
in c u b a t io n  period, reach ing  an o p t im u m  a t  96 — 120 h. The in itia l p H  v a lu e  
(p H  6.0) of th e  fe rm e n ta t io n  m e d iu m  fell to  5 .4 — 5.8.

Table 9

Influence o f  the incubation period on the ferm entative production o f  acetone-butanol
by C. acetobutylicum

Incubât ion 
period 

(hr)
F inal pH*

Acetone, 
mg/100 m l 

potato

n-Butanol, 
mg/100 m l 

potato

Ethanol, 
mg/100 ml 

potato

T otal yield, 
mg/100 ml 

potato

24 5.4 208 730 55 993

48 5.5 324 969 50 1 343

72 5.7 556 1 349 30 1 936

96 5.8 663 1 300 10 1 973

1 2 0 5.8 643 1 325 10 1 978

* The in tia l p H  value of the  m ed ium  was a d ju s te d  to  6.0

Discussion

The ace tone—b u ta n o l  p ro d u c t io n  b y  C. acetobutylicum  was show n to  be 
d e te rm in ed  b y  c e r ta in  factors, v iz., t h e  c a rb o n  a n d  n itrogen  sources in  th e  
fe rm e n ta t io n  m e d iu m , the ir  su i ta b le  c o n cen tra t io n s ,  calcium c a rb o n a te ,  
in i t ia l  p H  va lue  o f  th e  m edium , t e m p e r a tu r e  a n d  th e  in cu b a t io n  period.

F o u r teen  m e d ia  were used for  th e  f e rm e n ta t iv e  p roduc tion  o f  ace tone  
b u ta n o l  b y  C. acetobutylicum. M ed ium  I w as su itab le  for th e  p ro d u c t io n .  
A n y  o f soluble s ta rc h ,  sucrose, m a l to se ,  glucose, molasses, m annose , fruc tose ,  
glycerol and lac tose  w as a good c a rb o n  source for  th e  p roduc tion  o f  ace tone . 
Soluble  s ta rch  w as th e  most fav o u rab le  c a rb o n  source for the  to ta l  y ie ld  of 
so lvents  (acetone -f- b u tan o l  +  e th an o l) .  T he  b e s t  concen tra t ions  of  p o ta to  
s ta rc h  and  soluble s ta rch  favouring  th e  to ta l  y ie ld  were 500.0 an d  10.0 g/1, 
respectively . P e p to n e  was the  bes t  n i trogen  source  favouring  th e  p ro d u c t io n  
of  acetone—b u ta n o l .  T he  suitable c o n c e n tra t io n  of  pep tone  was 4.0 g/1. T he  
presence of ca lc ium  carbona te  in  th e  f e rm e n ta t io n  m edium  buffe red  th e  
acidic organic co m p o u n d s  l ibera ted  during  t h e  fe rm en ta t ive  p ro d u c t io n  of 
ace tone—b u tano l  a n d  th is  led to an  increase  in t h e  to ta l  yield, th e  bes t  concen-
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t r a t i o n  o f  calcium c a rb o n a te  being  3.6 g/1. T h e  bes t  in itia l p H  va lue  a n d  t e m ­
p e r a t u r e  of the  f e rm e n ta t io n  of  m ed ium  fav o u r in g  th e  p roduc tion  o f  a ce to n e -  
b u t a n o l  was 6.0 and  32— 33°C, respectively . T he  fe rm en ta t io n  process requ ired  
120 h  to  ob ta in  m a x im u m  yields of a c e to n e -b u ta n o l .

A c e to n e -b u ta n o l  f e rm e n ta t io n  b y  m icroorganism s is an  economic 
p ro c e d u re ,  especially in coun tr ie s  w here  th e  raw  m ateria ls  are  ava ilab le .  
S o m e  a u th o rs  claim t h a t  t h e  microbiological p ro d u c t io n  is more co s t ly  th a n  
th e  p ro d u c t io n  of th e  tw o  solvents  (ace tone  a n d  bu tano l)  by  p e trochem ica l  
in d u s t r ie s .  Actually , th e  coun tr ie s  w hich  h a v e  raw  agricu ltu ra l b y -p ro d u c ts  
c a n  p ro d u ce  the  tw o  so lv en ts  econom ically  b y  fe rm en ta t ion . I n  one  day, 
h o w e v e r ,  th e  crude p e t ro le u m  will be e x h a u s te d ,  while the  m icrobiological 
p ro d u c t io n  m ay  be f lou r ished  and  co n t in u o u s ly  used.

T h e  n -bu ty l  alcohol is used in a n u m b e r  o f  in d u s tr ia l  processes, rang ing  
f ro m  p ro d u c t io n  of la cq u e rs  to  e x t ra c t io n  of  an tib io t ics  from m ed ia .  Urea 
f o rm a ld e h y d e  resins an d  am ines  are also m a n u fa c tu red  using b u ta n o l .  Al­
th o u g h  th e  to ta l  annua l  o u t p u t  of b u ta n o l  in th e  U.S.A. has increased  s tead ily  
in  r e c e n t  years, the  c o n tr ib u t io n  m ade b y  b u ta n o l  fe rm en ta t ion  to  th is  to ta l  
o u t p u t  is diminishing. I t  is p robab le  t h a t  l i t t le  b u tan o l  is now p ro d u c e d  b y  
f e r m e n ta t io n  either  in th e  U.S.A. or in  G re a t  B rita in .  In  th e  f i r s t  place, 
c o m p e t i t io n  from b u ta n o l  p roduced  in th e  pe trochem ical  in d u s t ry  has  u n ­
d o u b te d ly  m ade deep in ro ad s  in to  a m a r k e t  h i th e r to  held by f e rm e n ta t io n  
b u ta n o l .  A second a rg u m e n t  against t h e  fe rm e n ta t io n  in d u s t ry  h a s  been 
t h e  s te e p  rise in the  price o f  molasses d u r in g  recen t  years. H o w ev e r ,  these 
r e m a r k s  app ly  m ain ly  to  th e  p roduc tion  o f  b u ta n o l  fe rm en ta t io n  in  coun tr ie s  
o f  t h e  w estern  world, for i t  is possible t h a t  Asian and  A frican coun tr ie s  
w h ic h  do n o t  have  large pe trochem ica l  in d u s tr ie s  m a y  still p roduce  b u ta n o l  
b y  fe rm e n ta t io n  a t  a p rice  which can co m p e te  w ith  th e  syn th e t ic  p ro d u c ts .  
T h e  econom ic position of  a c e to n e -b u ta n o l  fe rm e n ta t io n  is so m ew h a t  similar 
to  t h a t  o f  the  alcohol f e rm e n ta t io n  in d u s try .

D esp ite  m any  yea rs  o f  s tu d y  a n d  research , no entire ly  sa t is fac to ry  
w a y  h a s  y e t  been found  for increasing  the  low yields of b u tan o l  in th is  f e rm e n ta ­
t io n  o r  for  controlling th e  p ropor t ions  of  ace tone  an d  bu tan o l  in th e  p ro d u c t .  
S ince  th e  fe rm en ta t ion  has  been  o p era ted  p r im ar i ly  as a means for p ro duc ing  
b u t a n o l ,  m an y  a t te m p ts  h a v e  been m ade to  reduce  th e  p roduc tion  o f  acetone , 
in  f a v o u r  of  bu tanol.  Som e success has been  achieved by selecting s t ra in s  of 
C. acetobutylicum  t h a t  p ro d u ce  only 20— 2 5 %  acetone. A t te m p ts  h a v e  also 
b e e n  m a d e  to  reduce th e  ra t io  acetone to  b u ta n o l  in culture . Thus , ad d i t io n  of 
r a d o x  dyes has been c la im ed to  change th e  so lven t  ra tio ,  and  a d d in g  0 .1%  
n e u t r a l  red  increases th e  p ro p o r t io n  of b u ta n o l  by  ab o u t  25%  a t  t h e  expense 
o f  ace to n e .

O ne  of the  m a jo r  d isad v an tag es  a ssoc ia ted  w ith  th e  a c e to n e -b u ta n o l  
f e r m e n ta t io n  is th e  low y ie ld  of solvents o b ta in ed ,  th is  being, to  som e ex te n t .
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a reflection  of  th e  in a b i l i ty  o f  th e  bac te r iu m  to  to le ra te  concen tra t ions  of 
b u tan o l  exceeding 1 .3% . U sing  media c o n ta in in g  6 %  sugar, i t  is possible 
to  ob ta in  yields of a p p ro x im a te ly  2 %  m ixed  so lven ts .  A t te m p ts  h av e  been 
m ade  to  f ind  w ays of  overcom ing  th is  b y  u s in g  bac te r ia l  s tra ins  to le ra t in g  
h igher concen tra t ions  of b u ta n o l .  Selection o f  m u ta n t s  af te r  u l t ra v io le t  
i r ra d ia t io n  an d  a d a p ta t io n  o f  cu ltu res  have, on th e  whole, p roved  unsuccess­
ful, b u t  s ligh tly  g rea te r  to le ran ce  was o b ta in ed  b y  using inocula co n ta in ing  
large n u m b ers  of  ac t ive ly  g row ing  bacteria .  B a c te r ia l  cultures used in th e  
in d u s tr ia l  processes a re  in v a r ia b ly  m ain ta in ed  in  soil or sand. T he  inocu lum  
for seeding th e  large b a tc h e s  o f  media is g row n anaerob ically  in  successive 
volum es of m ed ium  w ith  th e  soil cu ltu re .
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EFFECT OF ENDOTOXIN ON THE PERITONEAL 
MAST CELLS IN MICE
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(R ece iv ed  1975 — 06— 12)

Abstract

E n d o to x in  a d m in is te re d  in tra p e rito n ea lly  has been fo u n d  to  decrease  the  a b ­
solu te  and  re la tiv e  n u m b e r o f  th e  p e rito n ea l m as t cells in  m ice. T he n u m b e r  o f peri­
tonea l m as t cells show ed a d o se -d ep en d en t b ip h asic  response to  en d o to x in . M axim al 
and  m ore co n sisten t decrease  in th e  p e rito n ea l m as t cell co u n t w as o b se rv ed  a t  ab o u t 
24 h an d  las ted  fo r a t  le a s t  4 d ays. M ast cell dam age also occu rred . T he possible 
m echan ism  of th is  p h en o m en o n  is discussed.

In troduc tion

I n  a p rev ious  p a p e r  [18] we repo r ted  on th e  en d o to x in - in d u ced  cellular 
a n d  p e rm e a b i l i ty  changes in  th e  per i tonea l  c av i ty  of  mice. I n  th is  com ­
m un ica t io n  d a ta  are p re sen ted  referr ing  to  th e  n u m b e r  of  m as t  cells (MCs) after 
endo to x in  (ET) ad m in is t ra t io n .

Material and method

E . coli О 86 en d o to x in  p re p a re d  according to W estphal’s m eth o d  [29] w as in je c te d  i.p. 
to  groups of ran d o m ly  b red  m ale  B A L B /c  mice. Saline was given to  co n tro l m ice o f th e  same 
age. A t th e  tim e in d ica ted , th e  m ice w ere anesthesized  w ith  e th e r (5 m in), th e n  3 m l o f  buffered  
sa lt so lu tion  (0.05 mol/1 p h o sp h a te  b u ffer pH  7.0; 0 .38%  N a-c itra te , 0 .58%  N aC l, 1 m g/100 ml 
phenol red) w as in jec ted  i.p . A fte r  g en tle  m assage th e  p e rito n eu m  w as exposed  a n d  th e  pe ri­
toneal flu id  w as sucked o ff w ith  a P a s te u r  p ip e tte .

F o r co u n tin g  the  MCs a fivefo ld  d ilu tion  of th e  p e rito n ea l flu id  was p re p a re d  w ith  buf­
fered  sa line  co n ta in in g  10%  in a c tiv a te d  norm al ra b b it  serum . F ive m ic ro liters o f  these  cell 
suspensions were placed on m icroscope slides w ith  an  a u to m a tic  m ic ro p ip e tte . T he d ro p s were 
dried  a t  37°C, th en  fixed im m ed ia te ly  in C arnoy’s so lu tion . A lcian b lu e -sa fra n in  s ta in in g  [261 
was perfo rm ed  according to B alogii’s m odification  as described by R öhlich a n d  Csaba 
[ 22 ].

T he abso lu te  n u m b er o f a p p a re n tly  in ta c t  MCs in th e  drop  (5 //1) was c o u n te d  a t  a m ag­
n ification  of 750, and calcu la ted  for 3 ml volum e.

O f these  cells only few  (less th a n  10% ) had  a lc ian  b lue-positive  g ran u le s , th e  g rea t 
m a jo rity  o f cells was sa fran in -p o sitiv e  (m atu re).

T he ra te  of MC dam age w as d e te rm in ed  from  G iem sa-sta ined  sm ears. F o r th is  purpose 
th e  cells were cen trifuged  (100 g for 15 m in), suspended  in one drop  of n o rm al r a b b it  serum  
and sm eared  on m icroscope slides. T h e  n u m b er o f n o n -in ta c t MCs (in clud ing  p red eg ran u la tio n ) 
as a p e rcen tag e  of to ta l  n u m b er  o f MCs was calcu la ted .
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Results

F ig u re  1 shows t h a t  a f t e r  th e  a d m in is t ra t io n  of  25 pg  ET , th e  peritoneal 
MC c o u n t  decreased in  th e  f i r s t  five hours, t h e n  a rise was observed  up  to  
t h e  1 0 th  h. This was fo llow ed  b y  a m ark ed  fall a t  24 h, las t ing  for several 
d a y s .

I t  is rem arkab le  t h a t  in  th e  early  hours following E T  in jec tion  an  inverse 
dose -response  re la t ionsh ip  w a s  observed, so t h a t ,  e.g., 100 pg of E T  m ay  
e v e n  increase  the n u m b e r  o f  MCs in the  p e r i to n ea l  c a v i ty  (Table 1). A more

Fig.
o —

1.  T h e  effect of 25 f ig  e n d o to x in  on  the  per itonea l  m a s t  cell count.  • ----- •  MC-count
—О W B C -coun t ;  th e  n u m b ers  in  p a ren theses  show th e  pe rcen tag e  of n o n - in tac t  m a s t  cells 

M e a n  +  SE ;  5 mice pe r  g roup

Table 1

The effect o f  g r a d e d  doses o f  endotoxin on the peritoneal mast cell count*

Treatm ent
5 hours 24 hours

M C x 103 W B C xlO 6 M Cx 10a W B C xlO 6

Saline 128 ±  12 13.4 ±  0.9 118.5 ±  12 14.1 ±  1.8

E T  10 f i g 77.5 ±  18 13.0 ±  2.9 83.2 ±  17 17.7 ±  2.7

E T  25 f i g 94 ±  16 13.6 ±  1.3 53.6 ±  10 15.1 ±  2.5

E T  100 f i g 167.5 ±  58 13.5 ±  2.7 43.8 ±  3 8.4 ±  2.1

* 6 mice per g roup:  m e a n  ±  SE
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consis ten t  a n d  p ronounced  fall in th e  ab so lu te  and  rela tive n u m b e r  o f  the  
pe r i tonea l  MCs was observed a t  24 h. T h is  decrease seemed to be in d e p e n d e n t  
o f  age (Table  2).

Table 2

The effect o f  endotoxin* on the peritoneal mast cell count in mice 
o f  various age

Ago in 
w eeks

T re a tm e n t M ast cell 
c o u n t  X 103

T o ta l WBC
co u n t X 10°

3 -  4 Saline 54.5 ±  7.9 4.06 ±  0.55

ET 23.2 ±  13.0 8.07 ±  1.65

5 6 Saline 83.1 ±  11.6 11.47 ±  1.52

ET 26.7 ±  1.7 12.15 ±  1.23

11— 12 Saline 157.0 ±  17.0 12.40 ±  0.80

ET 45.3 ±  5.8 14.90 ±  1.50

1 6 -  17 Saline 196.0 ±  22.0 19.40 ±  2.30

ET 36.1 ±  8.4 18.10 ±  2.70

* 24 h after  the  injection o f  25 p g  E T ;  m ean  ±  SE; 5— 6 mice pe r  group

T he progressive increase in th e  p e rcen tag e  of d e g ran u la ted  a n d  non- 
in ta c t  MCs u p  to  th e  5 th  h following E T  in jec t ion  is shown in F ig .  1. The 
signs of  d eg ran u la t io n  com pared  w ith  t h e  contro ls  are still v isible a t  24 h. 
T h u s  th e  decrease in  th e  n u m b e r  of MCs is due f irs t  of all to  MC dam age .

Discussion

O ur resu lts  are  in good accordance  w ith  th e  d a ta  of  U r b a s c h e k  [27],  
who observed  deg ran u la t io n  of th e  m esen te r ic  MCs following i.v . a d m in is ­
te red  E T  in species o the r  th a n  mouse. I t  seems to  be obvious t h a t ,  unlike 
a n t ig e n - a n t ib o d y  reac tion  involving I g E  a n t ib o d y ,  ET has no d i re c t  effects 
[2, 3, 14] on MCs a n d  its effect is p ro longed  in t im e .

T he  dam ag e  of MCs as a resu lt  o f  E T  a d m in is t ra t io n  m ay  be in te rp re te d  
as follows.

E T  a c t iv a te s  com plem en t [12, 13] th u s  genera ting  a series o f  com ple­
m en t-d e r iv ed  an d  o th e r  factors, e.g., ch e m o ta c t ic  [4, 25, 28], p e rm e a b i l i ty  
[21] fac tors ,  a n d  anap h y la to x in e  [10, 19, 20]. In  consequence of  th e se  even ts  
m em b ran e  lab il iza t ion  [16] and  cy to to x ic  effects [6, 15] occur. As MCs are 
know n  to  be th e  m o s t  sensitive cell ty p e  to  a v a r ie ty  of noxious a g e n ts ,  th e y  
m a y  be th e  f i r s t  to  reac t  w ith  harm fu l  s t im uli ,  th u s  in i t ia t ing  or  en h an c in g  
the  in f la m m a to ry  process. T here  is a n u m b e r  o f  substances in th e  organ ism

Act a Biologien Academiae Scientiarum Ilungaricae 27, 1976



1 2 2 I .  J Ó K A Y  a n d  E . K A R C Z A G

■which are  know n to  a c t  selec tive ly  on MCs. A m o n g  these  are some ca tion ic  
m acrom olecules:  th e  co m plem en t-de rived  a n a p h y la to x in e  [10, 19, 20], th e  
ca t ion ic  p ro te ins  fo rm  th e  PM N-lysosomes [17] a n d  nuclear  histones re leased  
from  th e  des troyed  cells.

T h e  la t t e r  tw o  su b s tan ces  m ight a c t  m a in ly  a t  a la te r  s tage , w hile  
a n a p h y la to x in  fo rm a t io n  is th o u g h t  to be t h e  p r im a ry  event lead ing  to  MC 
d am ag e .  The release of  b iogenic  amines a n d  t h e  visible MC d am age  m a y  
be tw o  consecu tive  s teps  dep en d in g  on th e  co n c e n tra t io n  of th e  d i s ru p to r  
ag en ts  [24].

T h e  r a th e r  su rp r is in g  f ind ing  th a t  a t  10 h a f te r  E T  injection n e i th e r  th e  
MC n u m b e r  no r  th e  p e r i to n e a l  cell p ic tu re  d iffe r  from  the  controls  s ign if i­
c a n t ly ,  m erits  a t te n t io n .  T h e  m echanism  of t h e  rise  in MC count a f te r  th e  5 th  
h o u r  is n o t  en tire ly  clear, b u t  in all p ro b ab i l i ty  i t  is due to  c o n tra re g u la to ry  
processes.

E T  is a pow erfu l s t im u la to r  of the  secre t ion  o f  glucocorticoids [1] a n d  
th e  l a t t e r  arc know n  to  in f luence  th e  genera t ion , d is r ibu tion  an d  m a tu r a t io n  
of  MCs [7, 8, 9]. A l th o u g h  some re levan t  d a t a  a re  still lacking, we suggest  
th e  following in te rp re ta t io n  for the  above p h en o m en o n .

Besides the  e v en ts  lead ing  to  MC d e s t ru c t io n ,  E T , or ra th e r  som e t is sue  
p ro d u c ts ,  s t im u la te  th e  A CTH -glucocorticoid  sec re t io n  [1]. The raised  g lucocor­
t ico id  level w ould  m obil ize  new  MCs, p re s u m a b ly  from  th e  th y m u s  [8, 9]. 
As a t  th e  same t im e  p e rm e a b i l i ty  and /o r  ly m p h  c ircu la tion  is also inc reased  
[18], th e  cell p o p u la t io n  o f  th e  peritoneal f lu id  w ould  exchange w ith  m o s t ly  
in ta c t  cells com ing a long  w i th  th e  blood s t r e a m  or ly m p h  a b o u t  10 h a f te r  
E T  a d m in is t ra t io n .  As th is  co n tra reg u la to ry  p rocess  is lim ited in d u ra t io n ,  
th e  g re a t  n u m b e r  o f  new  MCs would also fall v ic t im  to  the  des troy ing  effect 
o f  su b s tan ces  in d u c e d  b y  E T .

As rec ircu la t ion  is a p re requ is i te  of th e  a b o v e  exp lana tion , th e  decrease  
in  th e  n u m b e r  of  MCs in  th e  peritoneal f lu id  m a y  b e  a reflexion of th e  decrease  
in  th e  to ta l  easily m obil izab le  MC pool.

A p a r t  from  th e  role in  th e  in f la m m a to ry  process, litt le  is know n  a b o u t  
th e  significance o f  th e  E T -induced  MC d am age .  I t  can  only be h y p o th es ized  
th a t  th e  l ibe ra t ion  o f  som e MC con s t i tu en ts  and  th e  granule  p h agocy tos is  
m a y  h av e  a role in  th e  r e s t i tu t io n ,  prolifera tion  [11, 23] and  increase in a c t iv i ty  
[5] o f  th e  m on o n u c lea r-p h ag o cy t ic  and ly m p h o id  sys tem  after  E T  in jec t io n .
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A bstract

F ib rin o ly s is  in h ib itio n  by  a  m ix tu re  o f p o ta to  in h ib ito r and  E -am in o cap ro ic  
acid was g re a te r  th a n  m ig h t be ex p ec ted  fro m  th e  sum  of th e  a n tif ib r in o ly tic  effects 
o f these  in h ib ito rs  in v es tig a ted  sep a ra te ly . T h is  in h ib itio n  was o b se rv ed  in s tu d ies 
on th e  p lasm a  euglobu lin  frac tio n  and  in a sy s te m  co n ta in in g  iso lated  e le m en ts  o f  the  
f ib rin o ly tic  sy s tem . T h e  synerg istic  a n tif ib r in o ly tic  action  of the  p o ta to  p ro tea se  in 
h ib ito r  an d  E -am in o cap ro ic  acid is p ro b ab ly  due  to  th e  fac t th a t  these in h ib ito rs  have 
d iffe ren t m ech an ism s o f ac tio n  and  th u s  th e re  is no com p etitio n  be tw een  th e m  fo r the  
e ffectors in th e  enzym e m olecule.

In troduc tion

Two ty p e s  o f  fib rino lysis  inh ib ito rs  a re  d is tinguished  by th e i r  d ifferen t 
m echan ism s o f  an t i f ib r in o ly t ic  ac tion . S y n th e t ic  fibrinolysis in h ib i to rs ,  such 
as E -am inocap ro ic  acid  (EACA), t r a n s -4 -a m in o m e th y l  cyclohexane ca rboxy lic  
ac id  (AMCHA) a n d  p -am in o m e th y l  benzoic  acid (PAMBA), b lock  o n ly  the  
specific b ind ing  site  o f  p lasm in  w ith  f ib r in ,  w i th o u t  blocking th e  a c t iv e  cen tre  
o f  t h a t  enzym e and  reduc ing  its p ro teo ly tic  effect [1, 7, 9]. N a tu ra l  p o ly p e p t id e  
p ro tease  inh ib ito rs ,  w hich  include th e  p o ta to  inh ib ito r ,  block th e  ac tive  
cen tre  of  p ro teo ly t ic  enzym es, th u s  p re v e n t in g  the ir  p ro teo ly tic  a n d  f ib r i ­
no ly tic  ac t ion  [5, 12].

I t  has been found  th a t  a m ix tu re  of  d if fe ren t  agents which b r in g  ab o u t  
th e  sam e biological effect b u t  differ in th e i r  m echan ism  of ac t ion  f re q u e n t ly  
shows synerg is tic  effects [3, 11].

I t  m ig h t  the re fo re  be p resum ed  t h a t  a m ix tu re  of d ifferent fib rino lysis  
inh ib ito rs  which do n o t  com pete  be tw een  th em se lv es  for the  recep to rs  o f  th e  
enzym e w ould  h av e  a g rea te r  an tif ib r in o ly t ic  effect th a n  th e  sum  of th e  a n t i ­
f ib r ino ly tic  effects o f  each of the  co m p o n en ts  o f  the  m ixture .

Material and  m e th o d

T he p o ta to  p ro tease  in h ib ito r  (P P I)  was o b ta in ed  b y  th e  m ethod  p reviously  desc rib ed  [12]. 
E -am in o cap ro ic  acid  (EACA), p roduced  by  “ Z iolo lek” , Poznan , Po land .
Dog p lasm a  euglobu lin  frac tion  was o b ta in ed  b y  th e  isoelectric p re c ip ita tio n  m eth o d  

as described b y  K o w a l s k i  an d  co-w orkers [6].
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P la sm in  (ЕС 3.4.4.14), N ovo  In d u s try  A/S, C o p en h ag en , D enm ark .
T h ro m b in  (EC 3.4.4.13), th e  L ublin  Serum  a n d  V acc in e  L abora to ries, L u b lin , P o lan d , 

e x p re ssed  in  N IH  u n its  [10].
B o v in e  fibrinogen, free  fro m  plasm inogen a n d  fib rin -s ta b iliz in g  fa c to r ( fac to r  X I I I ) ,  

w as o b ta in e d  by  th e  m eth o d  o f K e k w ic k  and  co-w orkers [4].
P a lits c h ’s b o ra te  b u f fe r  a t  p H  7.6 was used  as so lv e n t for all th e  reag en ts .
T h e  a n tif ib r in o ly tic  e ffec t o f the  p o ta to  p ro tea se  in h ib ito r  and  E -am in o cap ro ic  acid  

w as in v e s tig a te d  on a p lasm a  eu g lo b u lin  frac tio n  (A) a n d  b y  m eans of p u rified  e lem en ts  of 
th e  f ib r in o ly tic  system  (B ). T h e  in v es tig a tio n s  were c a rried  o u t  w ith  two system s. In  sy s tem  
I th e  e ffe c t o f  single in h ib ito rs  w as s tud ied  and in sy s tem  I I  th e  effect of a m ix tu re  o f in h ib i­
to rs  w as  de te rm in ed .

(A ) In  th e  in v es tig a tio n s  on  th e  euglobulins in  sy s te m  I, 0.25 m l P P I  (20, 40, 80 and  
160 |«g/m l) o r EACA (1.6, 3 .2, 6.4 an d  12.8 mM/1) w as a d d e d  to  0.5 m l eug lobulin ; in  sy s tem  
I I ,  0 .25 m l o f a  P P I  and EA C A  m ix tu re , in w hich th e  c o n ce n tra tio n  of th e  single in h ib ito rs  
w as th e  sam e as in system  I , w as ad d ed  to  0.5 m l eu g lo b u lin  and  in  th e  co n tro l e x p e rim e n t
0 . 25 m l b o ra te  buffer was ad d ed  to  0.5 ml euglobulin . A fte r  3 m in  in cubation  a t  la b o ra to ry  
te m p e ra tu re ,  0.25 m l CaCl2 (0.025 mol/1) was added , an d  th e  fib rino lysis tim e in  a  w a te r  b a th  
a t  37°C w as determ ined.

(B ) In  th e  experim en ts  on th e  purified  e lem en ts o f  th e  fib rin o ly tic  system  in  sy s te m
1, 0.25 m l P P I  or EACA w as ad d ed  to  0.25 ml p lasin in  (0 .0 0 4 % ), in  system  I I ,  0.25 m l m ix tu re  
o f th e se  inh ib ito rs , in th e  sam e co n cen tra tio n s as u sed  in  th e  experim ents w ith  eu g lo b u lin s, 
w as a d d e d  to  0.25 ml p lasm in  an d  in  the  con tro l e x p erim e n ts  0.25 m l of b o ra te  b u ffer w as add ed . 
A fte r  3 m in  in cubation  a t  la b o ra to ry  tem p e ra tu re , 0.25 m l fib rinogen  (0 .2% ) a n d  0.25 ml 
th ro m b in  (10 u/m l) were ad d ed  to  b o th  system s an d  f ib rin o ly s is  tim e was d e te rm in ed .

R esu lts  and discussion

T h e  inh ib ition  of  eug lobu lin  f ib r ino ly tic  a c t iv i ty  by the  con cen tra t io n s  
o f  P P I  a n d  EACA used  in  th e se  ex per im en ts  w as  of  th e  same order, w hereas  
in t h e  sys tem s w ith  p u r i f ie d  elements g re a te r  an tif ib r ino ly tic  effects were 
o b ta in e d  w ith  PPT (Fig. 1). T h e  fibrinolysis  in h ib i t io n  by  a m ix tu re  o f  P P I  
a n d  E A C A  is much g re a te r  th a n  m igh t  be e x p e c te d  from  the  sum  of th e  a n t i ­
f ib r in o ly t ic  effects of th e  sam e  concen tra t ions  o f  b o th  inhibitors  in v e s t ig a te d  
s e p a ra te ly .  This effect w as observed  in th e  eug lobu lin  fraction  an d  to  a lesser 
e x t e n t  in  th e  purif ied  sy s te m s ,  being p a r t ic u la r ly  m ark ed  when high con cen ­
t r a t i o n s  of  these in h ib i to rs  were used.

T h e  synergistic  a n t i f ib r in o ly t ic  ac t ion  o f  P P I  and EACA p ro b a b ly  
occurs  because these f ib r in o ly t ic  inh ib ito rs  h a v e  different points  on w hich  
th e y  e x e r t  the ir  effect, t h e  fo rm er b locking th e  ac t iv e  centre  of p la sm in  an d  
th e  l a t t e r  causing th e  fo rm a t io n  of ineffective accep to rs  for p lasm in  b ind ing-  
site  on th e  peptide  chains o f  t h e  f ib rin  molecule. T h e  presence of b o th  in h ib ito rs ,  
P P I  a n d  EACA, a t  th e  sam e  tim e  p ro b a b ly  ra ises th e  s tab i l i ty  of  c o m ­
p lexes  o f  these  inh ib ito rs  w i th  p lasm in  or causes  deeper  conform ation  changes 
in  t h a t  enzym e.

T h e  stronger an t i f ib r in o ly t ic  effect of E A C A , b o th  alone and  in  m ix tu re s  
w i th  P P I ,  in the euglobulins  th a n  purif ied  sy s te m s  is in all p ro b a b i l i ty  due 
to  t h e  fa c t  t h a t  EACA shields stabilized f ib r in  f rom  th e  effects o f  p la sm in  
b e t t e r  t h a n  it  shields un s tab i l iz ed  fib rin  [8, 9].

A synergistic  an t i f ib r in o ly t ic  effect has also been  observed in in v e s t ig a ­
t io n s  on  a m ix tu re  of  E A C A  a n d  the  t ry p s in  in h ib i to r  isolated from  u r in e  [2].
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MM Summing up resu lts  ( PPI and EACA ) 
Ш З  PPI and  EACA

Fig. 1. T he a n tif ib r in o ly tic  effect o f th e  p o ta to  p ro tea se  in h ib ito r  ( P P I )  and E -am in o cap ro ic  acid 
(EA C A ) a n d  a m ix tu re  o f th e  tw o in h ib ito rs  te s te d  on a p lasm a euglobulin  f ra c tio n  (A) and  

in  a  p u r if ie d  sy s te m  (B). T he m ean  v a lu es o f th ree  d e te rm in a tio n s a re  g iven

T h e  f ib r in o ly t ic  inh ib ito rs  are w id e ly  used  in the  t r e a tm e n t  o f  f ib r in o ­
ly tic  h aem o rrh ag ic  d iatheses. One of th e  ch ie f  d isadvan tages  in  th e i r  p rac t ica l  
a p p l ic a t io n  is t h a t  large and  f re q u e n t ly  re p e a te d  doses are necessary  in  o rder  
to  m a in ta in  an  effective level of these  in h ib i to rs .  I t  m ay  therefore  be p re su m ed  
th a t  th e  ad m in is t ra t io n  of  a m ix tu re  o f  in h ib ito rs ,  w ith  its synerg is t ic  a n t i ­
f ib r ino ly tic  effect, w ould give a th e ra p e u t ic  re su l t  w ith  smaller doses.
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A bstract

In v estig a tio n s  Mere p e rfo rm ed  on  th e  effect o f predniso lone (0.5 m g/kg) on  the 
reg en eratin g  fem ora l a r tic u la r  cartilag e  of th e  knee jo in t  in  dogs th a t  h ad  b een  su b jected  
to se m ia rth ro p la sty . A fte r  70 d ay s o f prednisolone tre a tm e n t th e  dogs were k illed  and 
th e  reg en eratin g  a r tic u la r  cartilage  w as rem oved , m inced, an d  d ried  w ith  acetone. The 
acetone-dried  m a te ria l w as used fo r th e  d e te rm in a tio n  of ga lacto sam in e , glucosam ine, 
u ron ic  acid, su lp h a te , sialic acid an d  hydro x y p ro lin e . P redniso lone t re a tm e n t  elicited 
a q u a n tita tiv e  increase  in ga lacto sam in e  (30.2 % ), uronic acid  (76 .2% ), an d  su lp h a te  
(9 .1% ), while no d ifference w as observed  in sialic acid c o n te n t b e tw een  th e  tre a te d  
and  u n tre a te d  groups. F ro m  th e  m olar ra tio  of th e  m easured  co m p onen ts i t  ap p ears  th a t  
prednisolone p ro d u ced  an  increase  in ch o n d ro itin  su lp h a te  an d  h y a lu ro n ic  acid , an d  a 
decrease in th e  k e ra to su lp h a te  c o n te n t o f cartilage. B y com paring  th e  v a lu es m easured  
in th e  reg en era tin g  a r tic u la r  cartilag e  o f con tro l and  p red n iso lo n e -trea ted  dogs w ith  
th e  values o b ta in ed  in th e  m a tu re  a r tic u la r  cartilage, we m ay conclude th a t  prednisolone 

a t  least as reg ard s  th e  g lycosam inoglycans o f th e  ground  su b stan ce  — e x e rts  an  
accelera ting  effect on cartilage  regeneration .

In troduc tion

T he  effect o f  p redn iso lone  on th e  regenera t ing  a r t ic u la r  ca r t i lage  was 
s tu d ie d  in previous w orks  b y  histological and  h is tochem ical tech n iq u es  [5] 
a n d  b y  de te rm in ing  th e  hexosam ine  a n d  uronic  acid co n ten ts  [6]. F ro m  these  
inves t iga t ions  we h a v e  conc luded  t h a t  70 days a f te r  s e m ia r th ro p la s ty  the  
reg en era t in g  carti lage  t issue  of p redn iso lone-trea ted  an im als  co n ta in s  m a in ly  
y o u n g  chondrocy tes  em b ed d ed  in  a f ib rous g round  su bs tance .  B iochem i­
cally , th e  progress of  reg en e ra t io n  m a y  be charac ter ized  b y  a rise in  th e  glycos- 
am inog lycan  (GAG) c o n te n t  o f  carti lage  110]. The hexosam ine  a n d  uronic  
rac id  values were h ig h er  in  th e  p redn iso lone-trea ted  th a n  in  th e  con tro l  regen ­
e ra t in g  cartilages. I n  th e  p re sen t  w ork  we h ave  perfo rm ed  inv es t ig a t io n s  on 
o th e r  GAG com ponen ts  a n d  on th e  hyd rox y p ro l in e  co n ten t  o f  th e  reg en era t in g  
a r t ic u la r  cartilage.

M ateria l and  m ethod

S em ia rth ro p la sty  acco rd ing  to  K r o m p e c h e r  [7] was perform ed in  th e  left knee jo in ts  
o f  32 dogs. T he o p era tio n  consisted  o f rem o v a l o f the  cartilag inous surface  of th e  d is ta l p a r t  of 
th e  fem u r in c lu d in g  som e m m  o f th e  spongiosa  and m oulding a new a r tic u la r  surface . A fter
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o p e ra t io n  th e  dogs were d iv id ed  in  tw o  groups of 16 each . T he an im als  o f G roup I were given 
p re d n iso lo n e  orally , in  da ily  doses o f  0.5 m g/kg. G roup I I  com prised  th e  con tro ls.

S ev en ty  days a fte r  th e  su rg ica l in te rv en tio n  th e  dogs w ere killed and  th e  new ly-form ed 
re g e n e ra tin g  cartilage tissu e  w as rem o v ed  from  th e  a r tic u la r  surface . T he rem oved  tissue 
w as m in c e d  tho ro u g h ly , w ashed  in  ace to n e  and  dried . T he ace to n e -d ried  m ate ria l w as used  for 
th e  d e te rm in a tio n s . T he sam e p ro c ed u re  was app lied  to  th e  in ta c t  a r tic u la r  cartilage  of u n ­
t r e a te d  dogs.

H exosam ine  c o n te n t a n d  th e  galactosam ine/g lucosam ine  ra tio  were d e te rm in ed  as 
d e sc rib e d  b y  L u d o w i e g  a n d  B e n m a m a n  [9]. F o r th e  d e te rm in a tio n  o f u ron ic  acid , su lp h a te  
a n d  sia lic  acid D i s c h e ’ s [3], D o d g s o n  an d  P r i c e ’ s [4] an d  S v e n n e r h o l m ’ s [13] p rocedures, 
re sp e c tiv e ly , were used. H y d ro x y p ro lin e  was d e te rm in ed  acco rd ing  to S t e g e m a n n  and  
S t a l d e r ’ s [12] m ethod an d  th e  N  c o n te n t by  K je ld ah l’s m eth o d .

T h e  chem icals u sed  fo r th e  d e te rm in a tio n s  w ere p ro d u c ts  o f d iffe ren t facto ries; v iz ., 
F lu k a  (g lucosam ine, a c e ty la c e to n e , D ow ex ion ex change  resins); B ritish  D rug  H ouses 
L td .  (g a lactosam ine , carbazo le  a n d  g lucuron ic  acid); M erck (ch lo ram ine  T), and  R e an a l (all 
th e  o th e r  com pounds).

Results

T h e  q u a n t i ta t iv e  ch an g es  due to  predn iso lone  in  th e  GAG com ponen ts  
o f  th e  regenera t ing  a r t ic u la r  ca r t i lage  as com pared  w ith  th e  controls are shown 
in  F ig s  1 and  2. The to ta l  hexosam ine  co n ten t  increased  h y  20 .6%  (control: 
1.06 i  0.08 g/100 g; p red n iso lo n e - trea ted :  1.28 ±  0.13 g/100 g).

W ith in  the  to ta l  h e x o sam in e ,  th e  ga lac to sam in e  co n te n t  au g m en ted  
h y  3 0 .2 %  (control: 0.63 i  0.08 g/100 g; p red n iso lo n e - trea ted :  0.82 ±  0.11 
g/100 g). In  the g lucosam ine c o n te n t  the  increase  w as 14 .2%  (control: 0.43 ^

0.04 g/100 g; p red n iso lo n e - trea ted :  0.49 ±  0.04 g/100 g). The g rea tes t  in ­
c rea se  w as shown in th e  u ro n ic  acid c o n te n t :  76 .2%  (contro l:  0.76 i  0.07 
g/100 g; p redn iso lone- trea ted :  1.34 ±  0.18 g/100 g). T h e  rise in su lpha te  co n ten t

GALACTOSAMINE GLUCOSAMINE

□ control treated with prednisolone

F ig . 1. T o ta l  hexosam ine, g a lac to sam in e  an d  g lucosam ine c o n te n ts  o f  th e  reg en eratin g  a rticu la r  
cartilage in  co n tro l a n d  p red n iso lo n e-trea ted  dogs (g/100g d ry  tissue)
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□  control treated with prednisolone

Fig. 2. U ron ic  acid , su lp h a te  an d  sialic acid  co n ten ts  o f  th e  regenerating  a r tic u la r  cartilage  
in con tro l a n d  p red n iso lo n e -trea ted  dogs (g/100 g d ry  tissue)
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□ control treated with prednisolone

Fig. 3. H y d ro x y p ro lin e  an d  n itro g en  c o n te n t o f th e  re g en e ra tin g  a rticu la r  cartilag e  in  con tro l 
a n d  p re d n iso lo n e -trea ted  dogs (g/100 g d ry  tissue)

was only  9 .1 %  (control: 0.77 ±  0-12 g/100 g; p redn iso lone- trea ted :  0.84 ±  0.06 
g/100 g). No change was n o te d  in th e  sialic ac id  c o n te n t :  a value of  0 .16 ^  0.02 
g/100 g was m easu red  in b o th  groups.

T he  va lues  of  h y d ro x y p ro l in e  an d  n itrogen  a re  shown in Fig. 3. H y d r o x y ­
proline au g m e n te d  b y  16 .6%  in th e  t r e a te d  m a te r ia l  (control: 6.32 ±  0.27
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g/100  g; p redn iso lo n e- trea ted :  7.27 ±  0.35 g/100 g), while n i trogen  decreased  
b y  1 1 .3 %  (control: 10.88 g/100 g; p red n iso lo n e - trea ted :  9.68 g/100 g).

O n  prednisolone t r e a t m e n t  the  su lp h a te /h ex o sam in e  ra t io  decreased  
f ro m  0.73 to  0.66, an d  th e  su lp h a te /u ro n ic  acid ra t io  from 1.01 to  0.63.

Discussion

F r o m  the results  we h a v e  concluded t h a t  prednisolone t r e a tm e n t  elic­
i t e d  a rise  in the  GAG c o n te n t  o f  th e  reg en e ra t in g  a r t icu la r  cartilage. F ro m  th e  
c h a n g e s  of  the  m olar r a t io  o f  th e  d iffe ren t  GAG com ponen ts  we m a y  infer 
t o  t h e  change  in th e  d is r ib u t io n  of  th e  d iffe ren t  GAGs. On th is  basis , we have  
d e te r m in e d  the  d is t r ib u t io n  o f  hexosam ines in  t h e  different GAGs m easu red  
in  c o n t ro l  and p redniso lone t r e a te d  re g en e ra t in g  cartilages an d  in th e  in ta c t  
a r t i c u l a r  cartilage (Table  1).

T h e  galac tosam ine co rresp o n d in g  to  c h o n d ro i t in  su lphates  w as  found  
to  b e  3.5 /tmol in the  u n t r e a t e d  regenera t ing , 4.6 pm ol in p red n iso lo n e- trea ted  
re g e n e ra t in g ,  and 9.2 pm ol in  th e  in ta c t  m a tu re  carti lage . The uronic  acid  non-

Tablc 1

D is tr ib u tio n  o f  glycosaminoglycan components o f  regenerating articular cartilages in  control and  
prednisolone-treated dogs, and  in  intact articular cartilages o f untreated dogs

Glycosaminoglycan components

Regenerating ar 

control

ticu la r cartilage

prednisolone-treated

In ta c t
a rticu lar cartilage

g/100 g jU.mol/100 g g/100 g /гто1/100 g g/100 g I  jUmol/100 g

T o ta l  hexosam ine 1.06 5.9 1.28 7.1 2.76 15.4

G a lac to sam in e 0.63 3.5 0.82 4.6 1.65 9.2

G lucosam ine 0.43 2.4 0.49 2.5 l u 6.2

U ro n ic  acid 0.76 3.9 1.34 6.9 2.34 12.1

S u lp h a te 0.77 0.84 2.36

H y d ro x y p ro lin e 6.32 7.27 7.20

Sialic  acid 0.16 0.16 0.43

S u lp h a te /u ro n ic  acid 1.01 0.63 1.01

S u lp h a te /hexosam ine 0.73 0.66 0.85

G alac tosam ine-f-uron ic  acid, CS 3.5 4.6 9.2

U ro n ic  acid-(-glucosam ine, H Y 0.4 2.3 2.9

O th e r  glucosam ines, Ks, G P 2.0 0.2 3.3

T h e  values are ca lcu la ted  fo r 100 g ace tone-dried  tissue ; CS =  ch o n d ro itin  su lp h a te , 
H Y  =  hy a lu ro n ic  acid, K s =  k e ra to su lp h a te , G P =  g lycopro tein
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b o u n d  to  g a lac to sam in e ,  p robab ly  co r re sp o n d in g  to  hyaluronic  acid, was 
0.4 prnol, 2.3 pm ol,  a n d  2.9 pmol, resp ec t iv e ly .  T hus ,  on predniso lone t r e a t ­
m e n t  the  h y a lu ro n ic  acid  co n ten t  increased  a b o u t  sixfold. A t th e  sam e  t im e  
glucosamine n o n -b o u n d  to  uronic acid fell to  a b o u t  the  te n th  o f  th e  orig inal 
a m o u n t .  One p a r t  o f  glucosam ine is th e  c o m p o n e n t  of k e ra to su lp h a te  a n d  th e  
o th e r  p a r t ,  to g e th e r  w i th  th e  sialic acid, m a y  c o n tr ib u te  to  th e  fo rm a tio n  
of  g lycopro te ins . A ccord ing  to  our m e a s u re m e n ts  no change occurred  in  sialic 
acid (and p re su m a b ly  in  glycoprotein), th e re fo re  th e  m arked  fall in  th e  g lucos­
am ine  c o n te n t  seems to  be a t t r ib u ta b le  to  a considerable decrease in  kera-  
to su lpha tes .  Th is  m a y  also explain th e  inc rease  in  per cent of th e  su lp h a te  
co n te n t  which  w as  less t h a n  th a t  of c h o n d ro i t in  su lphate .  I t  is u n l ik e ly  t h a t  
su lp h a ta t io n  o f  k e ra to su lp h a te  would  h a v e  decreased to  such an  e x te n t ,  
therefore  we are  inc lined  to  th in k  t h a t  while  in  th e  control ca r t i lage  th e  su l­
p h a te  c o n te n t  derives  from  chondro it in  s u lp h a te  and k e ra to s u lp h a te  in 
a lm os t  equal a m o u n ts ,  in  th e  regenera t ing  c a r t i lag e  of p red n iso lo n e- trea ted  
an im als  th e  so m e w h a t  h igher to ta l  s u lp h a te  c o n te n t  belongs a lm o s t  en tire ly  
to  th e  a c c u m u la te d  chondro it in  su lp h a te ,  s ince  th e  k e ra to su lp h a te  c o n te n t  
o f  th e  t issue is v e ry  low.

C oncerning t h e  effect of glycocorticoids on  th e  GAG-sulphate  m e tab o l ism  
th e re  are d iv e rg e n t  d a t a  in  the  l i te ra tu re .  S om e  au thors  found  a decreased  
su lp h a te  u p ta k e  [1, 8 ] ,  o thers  an  increased  su lp h a te  incorpora t ion  [2]. A c­
cord ing  to  ou r  ob se rv a t io n s  prednisolone t r e a t m e n t  elicited a s light rise in  th e  
su lp h a te  c o n te n t .  A t  th e  same t im e  c h o n d ro i t in  su lphate  a n d  hya lu ro n ic  
acid  increased, w hereas  k e ra to su lp h a te  d ec reased  in q u a n t i ty .  F ro m  th is  it  
m a y  be conc luded  t h a t  here  a t r a n s fo rm a t io n  o f  sulphates occurs. In  ag ree ­
m e n t  w ith  th e  d a ta  o f  S c h il l e r  and  co-w orkers  [11] this seems to  in d ica te  
t h a t  p redn iso lone  a c ts  diversely on th e  d if fe ren t  GAGs, even in  th e  sam e 
tissue. T he  d ivergencies  in the  resu lts  o b ta in e d  by  the  d ifferen t a u th o rs  
are  p ro b ab ly  d ue  to  differences in th e  e x p e r im e n ta l  m ateria l ,  p r e p a ra t io n s  
em ployed , dosage, m e th o d s  and  o the r  co n d it ions .

F ro m  ou r  re su lts  i t  m a y  be concluded t h a t  on prednisolone t r e a t m e n t  th e  
ch o ndro it in  su lp h a te  a n d  hyaluronic  ac id  c o n te n t  of the reg en e ra t in g  a r t ic ­
u la r  carti lage  increases  a n d  —  a t  leas t  as f a r  as th e  GAG com p o n en ts  o f  th e  
g round  su b s ta n c e  are  concerned  — it  ex e r ts  a n  accelerating  effect on car t i lage  
regenera t ion .
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A bstrac t

The h is to m orpho logy  of th e  gastric  a p p a ra tu s , the pepsin level an d  th e  o p tim u m  
p H  for pepsin were in v es tig a ted  in Psittacula  kram eri (frugivore), L a n iu s  schach (c a rn i­
vore) and  Acridotheres tristis (om nivore) species o f birds. The p ro v e n tr ic u la r  g lands 
w ere found  to be m ade  up  of o x y n tico p ep tic  cells. The lobules o f th e  o x y n tico p ep tic  
cells are po ly h ed ra l: th e y  are th e  larg est in P . kram eri, and  the  sm allest in  A . tristis. 
H ow ever, th e ir  g re a te r  n u m b er in A . tristis  en ab les a h igher secretion  o f h y d roch lo ric  
acid  a n d  pepsin. T h e  villi are m ore developed  in  A . tristis th a n  in L. schach a n d  P . kra ­
meri. T he g izzard  is la rg e r in A . tristis  th a n  in  P . kram eri and  L . schach. T h e  c ircu la r 
m uscle in g izzard  is m ore developed  in P. kram eri an d  A . tristis  th a n  in th e  ca rn iv o re  L. 
schach. K oilin  lin ing  is b ese t w ith  h o rn y  cones, w hich  were well developed  in A . tr is tis , 
m o d era te ly  d ev elo p ed  in P. kram eri an d  a b se n t in L . schach.

T he pepsin a c t iv ity  is h igher in th e  p ro v e n tricu lu s  o f the  c a rn iv o ro u s L . schach 
an d  the  om nivorous A . tristis  th an  in th e  fru g iv o ro u s P. krameri. S ligh t pepsin  a c tiv ity  
w as also observed  in g izzard  tissue e x tra c ts  in all th e  th ree  species. T he o p tim u m  pH  
for pepsin  was found  to  be 1.5 for P. kram eri a n d  1.8 for b o th  L. schach a n d  A . tristis.

In tro d u c t io n

Clara  [4] d iscovered th e  o x y n t ico p ep t ic  cells in the  p ro v en tr icu lu s  
of th ru sh es .  The p ro v en t icu la r  g lands a re  m ult i lobu la r  in galliform  birds 
[3] a n d  un ilobu la r  in ducks  [22]. T he  v a r ia b i l i ty  in form and  size o f  gizzard 
has show n a close re la t ionsh ip  w ith  th e  ty p e  o f  food [18]. H isto logy  o f  s to m ach  
has been  s tud ied  b y  S t e i n b a c h e r  [21] in  Psittaculadae, passer ines  [17] 
and in Gallus domesticus  [24]. T he  in fluence  of  d ie t  on m u scu la tu re  in gizzard 
of g ran ivo rous  and  om nivorous  species has  been inves t iga ted  b y  L e n k e i t  
[15] an d  B r o u s sy  [1]. Their  koilin l in ing h as  been the  sub jec t  o f  th o ro u g h  
inves t iga t ions .

In fo rm ation  on th e  p H  value and pepsin  a c t iv i ty  in the  gas tr ic  a p p a ra tu s  
of b ird s  is very  l im ited . P resence of  acid a n d  pepsin in gastr ic  ju ices  was 
d e m o n s t ra te d  in p igeons b y  T i e d e m a n n  a n d  G m elin  [23] a n d  in  ch icken  by  
H e w it t  a n d  S c h e l k o p f  [13]. H e r po l  [9] observed  higher pepsin  levels in 
the  p rov en tr icu lu s  o f  carn ivores  th a n  in th e  gran ivorous birds.

Since c o m p ara t iv e  accoun t on th is  p a r t ic u la r  aspect o f  th e  d igestive 
sys tem  of he rb ivorous  (frugivorous), ca rn ivo rous  and  om niv o ro u s  b ird s
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does n o t  seem to  be su ff ic ien t  to  d raw  d e f in i te  conclusion, an a t t e m p t  was 
m a d e  to  inves t iga te  th e  h is tom orpho log ica l  pecu lia r i t ies  and pepsin level w ith  
i ts  p H  o p t im a  in the  gas tr ic  a p p a ra tu s  of th re e  species of birds hav ing  diverse  
food h a b i ts .

T h e  b irds  selected for  th is  s tu d y  inc lude  Psittacula krameri  S c o p o l i  

( fam : P s i t ta cu l id ae ) ,  L a n iu s  schach L i n n , (fam : L an idae)  an d  Acridotheres  
t irs tis  L i n n , (fam: S tu rn id ae ) .  P. krameri  (p a r ro t )  is a ve ry  com m on I n d ia n  
f ru g iv o ro u s  (herbivorous) b i rd  and  L . schach ( ru fous-backed  shrike) is a c a rn i ­
vo ro u s  b ird ,  feeding u p o n  lizards , y oung  am p h ib ia n s  and  large insects .  
A .  tr is t is  (desi m yna)  is an  om nivorous  b ird , feed ing  m a in ly  upon  grains, e a r t h ­
w o rm s  a n d  k itchen  scraps [20].

M ateria l  and  m ethod

Specim ens of P. kram eri, L . schach and  A . tristis  w ere collected , and m ain ta in ed  in  the  
la b o ra to ry  on th e ir  norm al d ie ts . F o r  th e  m orphological a n d  histo logical stud ies , a few  speci­
m ens w ere  d issected  and  th e  p ro v e n tr icu lu s  and g izzards w ere collected. For h istological s tu d ies  
th e  p ro v e n tr ic u lu s  was fixed  in alcoholic  B ouin’s (D uboscq  — B rasil) flu id  [14]. T he g izzard  
w as f ix ed  in  a slightly  m odified  aqu eo u s B ouin’s flu id  (fo rm alin , 60.0 m l; 5 %  p o tass iu m  
h y d ro x id e , 15.0 ml; and aqueous 1 %  picric acid, s a tu ra te d ,  15.0 ml).

D e h y d ra tio n , clearing a n d  em bedd ing  were c a rried  o u t  as usual. Serial sec tions of 
5— 7 f tm  th ick n ess  were cu t, an d  s ta in ed  w ith  H e id en h a in ’s iro n  h em atoxy lin  or D e lafie ld ’s 
h e m a to x y lin  and  c o u n te rs ta in ed  w ith  eosine or o range  G. T he s ta ined  sections w ere m icro- 
p h o to g ra p h e d .

P repara tion  o f  tissue extracts fo r  enzyme assay. F ro m  a n o th e r  set o f s ta rv ed  b ird s the  
p ro v e n tr ic u lu s  and  th e  gizzard  w ere rem oved  im m ed ia te ly  a f te r  dissection  and  w ashed  th o r ­
o u g h ly  w ith  double g lass-d istilled  w a ter. E ach  tissue w as hom ogenized in  5.0 ml o f trip le  
g lass-d is tilled  ice-cold w a ter in a m o r ta r  and pestle  w ith  th e  a id  o f acid- and alkali-free  sand  
u n d e r  cold  conditions. The h o m o g en a te  was th en  cen trifu g ed  for 10 to  15 m in a t  3 0 0 0 rev /m in . 
T he s u p e r n a ta n t  flu ids were co llected  in te s t  tu b es an d  k e p t a t  0°C.

A ssa y  o f  pep sin  and its o p tim u m  p H .  W e e s tim a te d  th e  a c t iv ity  of pepsin  by  th e  m eth o d  
of H e r r i o t t  [12] using haem o g lo b in  as su b s tra te , w ith  som e m odification . 2%  so lu tio n  of 
h aem o g lo b in  was ad ju s ted  to  p H  1.0, 1.5, 1.8, 2.0, 2.5 a n d  3.0 by  0.005 to  0.08 N HC1; 2.5 ml 
o f s u b s tr a te  an d  0.5 ml o f tissue  e x tr a c t  were p ip e tted  in  a tu b e  and  in cu b a ted  a t  37°C for 
10 m in . A fte r  in cu b a tio n , 5 m l 5 %  trich lo ro ace tic  acid  (TCA) w as added  and th e  p re c ip ita te d  
p ro te in  w as rem oved  b y  f iltra tio n . T o 2.5 ml o f th e  f i l t r a te  5 m l 0.5 N  N aO H  and  1.5 m l d ilu ted  
F o lin  p h e n o l re ag e n t w ere ad d ed , slow ly  w ith  co n stan t a g ita tio n . T he blue colour th a t  h ad  d ev el­
op ed  w as re ad  a fte r 5 m in in a B au sch  an d  L om b S p e c tro n ic —20 a t  660 nm . The colour value 
w as e x p re ssed  in  m illiequ ivalen ts o f ty ro s in e , using 10 _3 mol/1 ty ro sin e  in 0.2 N HC1 as s ta n d a rd . 
A haem o g lo b in -en zy m e b lan k  w as p re p are d  by  a d d in g  TCA  before th e  tissue  e x trac ts .

U n it. One u n it of p ro te in ase  w as defined as “ th e  a m o u n t w hich digests haem oglob in  
u n d e r  th e  s ta n d a rd  conditions, a t  a n  in itia l re su lting  in  th e  lib e ra tio n , per m inu te , o f a n  a m o u n t 
o f  sp lit  p ro d u c ts , no t p réc ip itab le  w ith  TCA, w hich gives th e  sam e colour w ith  th e  phenol 
re a g e n t as 1 m E q  of ty ro s in e” .

O ne, 2, 3, 4, 5 and 8 x l 0 ~ 4 pep sin  u n its  co rresp o n d  to  th e  release o f 1.8, 3.5, 5.0, 6.3, 
an d  11 X 1 0 -4 m E q  ty rosine , re sp ec tiv e ly , in to  5 ml o f  TCA f il t r a te  over and  above th e  b lan k .

E stim a tio n  o f  protein and calculation o f  specific activ ity . T he procedure  follow ed for 
p ro te in  e s tim a tio n  was th a t  o f  L o w ry  e t al. [16]. B ovine serum  a lb u m in  (Sigm a Chem., U . S. A.) 
was u sed  as s ta n d a rd . T he p ro te in s  in  th e  tissue e x tra c ts  w ere e s tim a te d  by the  above m eth o d  
an d  spec ific  a c tiv ity  was expressed  in  te rm s of u n its /m g  o f p ro te in .

Results

T h e  gastric  a p p a ra tu s  lies im m ed ia te ly  b e h in d  th e  s te rnum  in all th e  
th re e  species.
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Proventriculus

In  P. krameri  (Fig. 1) p ro v en tr icu lu s  is a large bulbous g la n d u la r  s t ru c ­
tu re  of  a b o u t  3.0 cm len g th  and  0.4 cm d iam e te r .  The posterior  w id e s t  region, 
m easu ring  a b o u t  0.8 cm in d iam ete r ,  passes in to  th e  p rom inen t  g iz z a rd  th rough  
an  orifice.

F ig. 1. T ran sv ersa l section o f th e  p ro v en tricu lu s o f P . kram eri o x y n tico p ep tic  cells (O P O  
m ucosal g lan d s (MG), and  m ucosal villi (M V );x 6 8

The mucosa is com posed  o f a single laye r  of co lum nar e p i th e l ia l  cells, 
p ro jec ted  in to  num erous  microscopic villi. T he  p ro v en tr icu la r  g lands  are 
com posed  of lobules, w hich  are tu b u la r  alveoli hav ing  o x y n t ic o p e p t ic  cells, 
a n d  ex ten d  deeply in  th e  lam ina  p ro p r ia  com m unica ting  w i th  t h e  lum en 
th ro u g h  th e  p r im a ry  a n d  secondary  duc ts  be tw een  the  villi. In  g e n e ra l  a p p e a r ­
ance, these  lobules seem po ly h ed ra l  in shape , an d  measure 0 .29— 1.5 m m  in 
le n g th  and  0.2— 0.6 m m  in w id th .  T h ey  ra n g e d  from 21 to  25 in  n um ber ,  
g ro u p ed  to g e th e r  in th e  form  of lobules a ro u n d  a com m on c e n t r a l  lum en.

I t s  ou te rm o st  lay e r  ( a b o u t  0.03 m m  th ick )  is a serosa m e m b ra n e  of 
m ésothélia l  cells. I t  is followed b y  th e  feeb ly  developed m u scu la r is  ex te rna ,  
d if fe ren tia ted  in to  an o u te r  th in  laye r  o f  long itud ina l  muscle f ib re s  (abou t 
0.068 m m  thick) and  an  in n e r  layer  o f  c ircu lar  muscle fibres ( a b o u t  0 .136 mm 
th ick ) .  The form er was fo u n d  in th e  form  o f  sm all in te r ru p te d  m u sc le  bands. 
T h e  m uscularis  m ucosa is a th in  a n d  d iscon tinuous  layer of c o n n e c t iv e  tissues 
t h a t  b ind  th e  lam ina  p rop r ia .  The subm ucosa  was very  much re d u c e d  in  volum e.

In  L. schach (Fig. 2) th e  p rov en tr icu lu s  is a bulbous and  g la n d u la r  organ 
a b o u t  1.5 cm length  a n d  0.5 cm in d iam ete r .  T he  mucosal ep i th e l iu m  is made
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F ig . 2 . T ransversal section  o f  th e  p roven tricu lus o f L . schach. O xynticopeptic  cells (O PC), 
m ucosal glands (M G), m u c o sa l villi (MV) an d  c irc u la r  m uscle layer (C M );x 6 8

F ig . 3. T ransversal section  o f th e  p roventricu lus o f A . tr is tis .  O xynticopeptic  cells (O PC), 
m u co sa l v ill i  (MV) and ep ith e liu m  (E P ) ;  X 68

u p  o f  a single layer o f  c o lu m n a r  epithelial cells, fo llowed by  a well deve loped  
la m in a  propria (ab o u t  1.5 m m  thick), which is s tu d d e d  with e longated  pro- 
v e n t r i c u la r  glands. T h e  v il l i  are m oderate in size. T he  muscularis ex te rn a  
is m o re  developed th a n  in  P .  krameri. I t  is d i f fe re n t ia te d  into an inne r  th ick  
l a y e r  o f  circular muscle f ib re s  (0.2 mm th ick) a n d  a poorly  developed o u te r
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lay e r  of lo n g i tu d in a l  muscle fibres (0.7 m m  th ick) .  The subm ucosa  is d is t inc t ,  
h a v in g  ly m p h a t ic s  a n d  blood vessels.

T he  p ro v e n tr ic u la r  glands are c o m p o u n d  tubuloalveoli  o f  v a r ia b le  size 
a n d  a b o u t  30 in  n u m b er .  The lobules a re  l ined  cuboidal ep ithe l ia l  (oxyn tico -  
pep tic )  cells. T h e  collecting ducts  o f  th e  lo b u la r  glands open in to  t h e  cen tra l  
lum en .

In  A .  tris tis  (Fig. 3) th e  p ro v e n tr ic u lu s  is bulbous and  g la n d u la r  a b o u t  
1.4 cm  in le n g th .  T he  an te r io r  region is 0.5 cm, while the  p o s te r io r  is a b o u t  
0.7 cm in d iam e te r .

The in n e r  m ucosal m em b ran e  is m a d e  up  of s ingle-layered cuboidal 
ep ithe l ia l  cells an d  th ro w n  in to  n u m e ro u s  large villi of h igh ly  m ucogenous  
n a tu re .  T he  w ell-developed lam ina  p r o p r ia  is packed  w ith  p ro v e n t r ic u la r  
g lands. These  lobules are som ew ha t sp h e ro id a l ,  va ry ing  f rom  0.2 m m  to 
0.7 m m  in le n g th  and  are  com posed o f  o x y n t ico p ep t ic  cells. T h e y  a re  a b o u t  
35 in  n u m b e r .  T h e ir  du c ts  open in to  t h e  c e n t ra l  lumen. T he  m u scu la r is  ex ­
te rn a ,  like in  L . schach, is well d i f fe ren t ia ted  in an inner (0.4 m m  th ic k )  layer  
o f  c ircu lar  muscles a n d  an o u te r  la y e r  o f  long itud inal muscles (0.07 m m  
th ick) .  T he  su b m u co sa  is reduced  in a m o u n t .  T h e  serosa (abou t 0.05 m m  th ick) 
was as usual.

Gizzard

I n  P. kram eri  th e  gizzard is a la rge  b l in d  m uscular  sac of  a b o u t  1.9 cm 
d ia m e te r  a n d  1.0 cm  th ick , ly ing on th e  r ig h t  side a t  th e  j u n c t io n  o f  p ro ­
v e n tr icu lu s  a n d  d u o d en u m .

H isto log ica l ly  (Fig. 4), the  m ucosal l a y e r  is composed o f  c o lu m n a r  ep i­
the l ia l  cells a n d  p ro jec ted  in to  n u m e ro u s  folds. I t  has simple c o m b -sh a p e d  
tu b u la r  g lands of  v a r iab le  size, m ade  u p  o f  cuboidal ep ithelia l cells, which 
possess f ine g ranu les  a n d  a large nucleus. T h e  elastic and  collagen f ib re s  w'ere 
found  nea r  th e  bases of  these glands. T h e se  g lands are know n to  sec re te  the  
koilin  lining. T h is  lay e r  including th e  g la n d s  was abou t 0.28 m m  th ic k .  The 
koilin is dense  a n d  p rov ided  w ith  h o rn y  cones. The lam ina  p ro p r ia  (ab o u t  
0.03 m m  th ick)  is followed by poorly  d e v e lo p ed  muscularis m ucosa  a n d  s u b ­
m ucosa . T he  o u te r  long itud ina l  muscle l a y e r  o f  muscularis e x te rn a  is reduced  
w hile  th e  in n e r  c ircu la r  muscle layer  is en o rm o u s ly  developed (2.8 m m  thick). 
T he  o u te rm o s t  covering  is th e  serosa (a b o u t  0.05 m m  thick) t h a t  h a s  th e  th ick  
ten d o n s .

In  L. schach (Fig. 5) the  gizzard is a sac-like m uscular s t r u c tu r e  ( length  
1.7 cm), m easu r in g  1.3 cm in d ia m e te r  a n d  0.9 cm in th ickness . T h e  koilin 
l in ing (0.15 m m  th ick )  is dense and  d a r k  greenish w ith  l inea r ly  a r ra n g e d  
h a rd  s treaks .  I t  is followed by  a w ell-developed  zone of e lo n g a te d  simple 
t u b u la r  ( a b o u t  0.25 m m  thick) g lands, l ined  by  cuboidal e p i th e l ia l  cells.
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F ig . 4. T ran sv e rsa l sec tion . G izzard  of P. krameri. K o ilin  (K O L ), a lveo lo -tubu lar g lan d s  
(ATG), lam in a  p ro p ria  (L P ) and c ircu la r m uscle  layer; X l7 0

F ig . 5. T ra n sv e rsa l sec tion . G izzard  of L . schach. K oilin  (K O L ) w ith o u t cones, a lv e o lo -tu b u la r  
g lands (ATG), lam in a  p ro p ria  (L P) an d  c irc u la r  m uscle layer; x l7 0

T h e  l a m in a  p ro p r ia  is p oo r ly  developed a n d  m uscu la r is  mucosa is a b s e n t .  
T h e  lo n g i tu d in a l  m uscle  la y e r  (2.0 m m  th ick )  occupies its  m a jo r  p o r t io n .

I n  A .  tristis  (F ig . 6a) th e  gizzard is a lo n g  (2.4 cm in length), h ig h ly  
m u s c u la r  sac m easu r in g  1.8 cm  in d iam ete r  a n d  1.2 cm  in thickness. I t s  ko il in  
l in ing  (a b o u t  0.2 m m  th ic k )  is ch arac ter ized  b y  -well-developed h o rn y  cones
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F ig. 6a. T ran sv ersa l section . G izzard of A . tristis. K oilin  (K O L) w ith  h o rn y  cones, alveolo- 
tu b u la r  glands(A TG ) an d  lam in a  p ro p ria  (L P ) ;X l7 0

Fig. 6b. T ran sv ersa l section . G izzard of A . tristis . W ell-developed c ircu lar m uscle lay e r
(CM); x 6 8

a n d  p e rp e n d ic u la r  s t r ia t ions  w ith  a l te rn a te  d a rk e r  s tr iae .  The cones a re  a r ­
ra n g e d  in  tw o or th ree  rows p rov id ing  su p p o r t  an d  s t re n g th  to  th e  koilin  layer.

A w e ll-m arked  zone of  e longa ted  sim ple com b-shaped  tu b u la r  glands 
lies b e n e a th  th e  koilin layer. These g lands of  a b o u t  0.25 cm le n g th  are  lined 
b y  g lan d u la r  cubo ida l  epithelia l  cells. T h e  lam in a  p rop ria  is in  th e  fo rm  of
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co n n e c t iv e  tissues, b u t  th e  m uscularis  in te rn a  a n d  subm ucosa  are lack ing . 
T h e  in n e r  c ircu lar  m uscle  la y e r  (2.8 m m  th ick )  o f  muscularis  ex te rn a  is well 
d eve loped ,  co n s t i tu t in g  th e  m a jo r  p a r t  o f  th e  g izzard  (Fig. 6b). T he  o u te r  
la y e r  is b o u n d  by  th e  o u te r  serosa, hav in g  th ic k  tendons .

P e p s in :  Fig. 7 shows th e  pFI ac t iv i ty  cu rv e  for pepsin. T he  o p t im u m  
p H  for p ro teo ly t ic  b re a k d o w n  of haem oglob in  b y  p roven tr icu lus  t issue  e x ­
t r a c t s  w as  1.5, 1.8 a n d  1.8 in  P. krameri, L .  schach and  A .  tristis, re spec ­
t iv e ly .

T h e  pepsin  ac t iv i t ie s  in  te rm s  o f pepsin  u n i ts  are shown in T ab le  1. 
M a x im u m  specific a c t iv i ty  was observed in  A .  tristis  and  least a c t iv i ty  in
P. kram eri.

pH

OPTIMUM CURVE FOR PEPSIN

F ig . 7. p H  o p tim u m  for pepsin : P. kram eri (P ); L . schach (L); A . tristis  (A)

Table 1

P epsin  activity in  proventriculus o f  P . kram eri, L . schach and A . tristis

Species
O ptim um

pH
A ctivity per ml of tissue 

extract 
(pepsin units)

Specific activity  
(pepsin units/m g 

of protein)

P . krameri 1.5 1.37 X 10-4 0.778 X  10-4

L . schach 1.8 1.67 X 10“ 4 O
l

X — 1

A . trisiis 1.8 2.49 x l O - 4 C
O X M 0 1
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Discussion

D u rin g  th e  p re se n t  in v es t iga t ions  th e  p roven tr icu la r  g lands  were  found  
to  be m ad e  up  o f ox y n t ico p ep t ic  cells a r ra n g e d  in the  form of lobu les  in lam ina  
p rop r ia .  In  P. krameri,  each lobule is large and  polyhedral in  sh a p e ,  which 
m a y  be responsible for e lab o ra t io n  of g rea te r  quan ti t ies  o f  hydroch lo r ic  
acid, to  m a in ta in  a re la t iv e ly  h igher  h y d rogen  ion co n c e n tra t io n  necessary  
for o p t im u m  ac t iv i ty  o f  pepsin  in th is  p a r t ic u la r  species (p H  1.5 vs .  1.8 for the 
o th e r  tw o  species) (Table  1 a n d  F ig . 7). I n  spite  of the  fa c t  t h a t  A .  tristis 
w h ich  being  an om nivorous  b ird  is capab le  of  digesting a m o re  com plex 
g roup  of pro te ins  (b o th  p la n t  a n d  an im al) ,  th e  lobules are th e  sm a l le s t  in  this 
species. However, th e  sm all size o f  lobules in  th is  species is c o m p e n sa te d  by 
th e  presence of the g re a te r  n u m b e r  o f  these  lobules, resu lting  in secre t ion  of 
m ore  gastric  pepsin a n d  hydroch lo r ic  acid. In  L. schach the  lobu les  a re  m o d e r­
a te  in size, slightly  e longa ted , fewer in n u m b e r ,  and the p ep s in  a c t iv i t y  per 
1 ml t issue e x t ra c t  was lower th a n  in  A .  tristis. This m ight be e x p la in e d  on 
th e  basis of the  sm aller  b o d y  size a n d  lesser q u a n t i ty  of food c o n su m e d  by 
L . schach.

T h e  m ucosal villi are poorly  deve loped  in P. krameri a n d  L . schach. 
This  obviously  suggests  t h a t  th e  food does n o t  s ta y  in th is  reg io n  for  diges­
t io n ,  b u t  is m ixed  w ith  th e  gastr ic  ju ice .  I n  A .  tristis , the  g la n d u la r  m ucosal 
villi are  developed. T h e  reason  m a y  be  to  increase the  m ucosal su rface  o f  g lan­
d u la r  ep ithe l ium  for h igher  m ucus  secretion  in order to lu b r ic a te  th e  food. 
Secre tion  of m ucus b y  th is  layer has  been  reported  by Ea r n e r  [6] in o the r  
b irds .

G izzard , th e  c rush ing  a n d  d iges tion  site  of food, show ed  re m a rk a b le  
v a r ia t io n s  a n d  m odif ica t ions  in  accordance  w ith  th e  feeding h a b i t s  o f  th e  bird . 
T h e  c ircu lar  muscle la y e r  o f  m uscu la r is  ex te rn a ,  in P. krameri  a n d  A .  tristis, 
is v e ry  well developed for c rush ing  th e  f ru i ts ,  seeds and grains  b y  i ts  r h y t h ­
mic m o v em en t .  In  L . schach th is  m u sc u la tu re  is less developed; i t  m a y  not be 
needed  for g rinding soft  an im a l  food. S im ilar a d ap t iv e  fea tu res  w ere  observed 
b y  R e e d  an d  R e e d  [19] in  haw ks a n d  owls. L e n k e i t  [15] a n d  B r o u s s y  [1] 
p o in ted  out t h a t  th e  m od if ica t ion  in  m u scu la tu re  of gizzard d e p e n d s  on the 
h a rd n ess  of food in g ran ivo rous ,  h e rb ivo rous  and  om nivorous b i rd s .

As A .  tristis  feeds on h a rd  grains  a n d  cutenoid  insects , ko il in  lining 
is p rov ided  w ith  w ell-developed h o rn y  cones and  p e rp en d icu la r  s tr ia t io n s .  
This  ty p e  of  to u g h  lin ing was well su ited  for fine crushing or g r in d in g  of hard 
g ra ins  an d  insects w i th  th e  help o f  s tone  pieces which are ca su a l ly  tak en  
d u r in g  feeding. S im ilar ty p e  of  cones was found  in g ra in -ea ting  p igeon  [25] 
a n d  s tr ia t io n s  in o th e r  b irds  [3].

W i th  respect to  P . krameri  a n d  L. schach the  koilin l in in g  is dense, 
p ro v id e d  w ith  m od e ra te ly  deve loped  cones in P. krameri, b u t  h a s  no cones
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in  L .  schach, whose food ,  i. e . ,  f lesh  of  fruits, fresh  seed s  and anim als, re sp ec t ­
i v e ly ,  are su ff ic ien tly  b r o k e n  b y  the help o f  b ea k s  a n d  p alata l folds. F a r n e r  
[8 ]  h a s  reported the la c k  o f  striae in koilin o f  b ird s  w h ich  feed on soft  food,  
a n d  con sp icu ous striae in  h erb ivorous and g ra n iv o r o u s  birds.

T h e  gizzard is m u c h  l a rg e r  in A .  tristis t h a n  in  P. krameri and  L . schach , 
b e c a u s e  due to the ab sen ce  o f  crop, it  perform s b o t h  th e  functions of  s to rage  
a n d  c ru sh in g  of food. I n  P .  kram er i  the sto rage  c a p a c i ty  of food is co m pensa ted  
b y  th e  presence of crop . D e s s e l b e r g e r  [5] a n d  Ca d o w  [2] have  rep o r ted  
a s im i la r  ty p e  of g izzard  in  o ther  frugivorous b i rd s .  T he  m odera te  gizzard 
in  L .  schach was c h a ra c te r iz e d  b y  its th in -w alled  a n d  bag-like n a tu re ,  which 
c le a r ly  indicates its  a c c o m m o d a t in g  n a tu re  in  re la t io n  to  the  food h ab it .  
S im i la r  conditions in o th e r  carnivores  (haw ks a n d  owls) have been rep o r ted  
b y  F a r n e r  [8].

T h e  op tim um  p H  fo r  pepsin  was 1.5 for P .  krameri,  and  1.8 for b o th  
I .  schach and A . tr is tis .  H e r p o l  and G r e m b e r g e n  [11] observed similar 
o p t i m u m  p H  for th is  e n z y m e  in carnivorous an d  g ran ivo rous  birds. F a r n e r  
17] also found o p t im u m  p e p t i c  ac tiv ity  of less t h a n  2 p H  units.

T h e  present re su l ts  (T a b le  1) have shown t h a t  pepsin  ac t iv i ty  is h igher 
in  t h e  proven tricu lus  o f  t h e  carnivorous and  o m n iv o ro u s  birds L. schach and  
A .  tr is tis  th a n  in th e  f ru g iv o ro u s  P . krameri.  H e r p o l  [9, 10] found  higher 
p e p s in  con ten t  in th e  p ro v e n tr ic u lu s  of ca rn iv o ro u s  th a n  granivorous b irds 
a n d  in d ic a te d  its c o r re la t io n  w ith  the high p ro te in  d iet .  The p resen t  results  
a re  in  conform ity  to  th e s e  resu lts .

T h e  slight pepsin  a c t iv i t y  observed in th e  t is sue  ex trac ts  of gizzards 
in  all  th re e  experim en ta l  b i r d s  m ay  be a t t r ib u te d  to  th e  gastric  pepsin c o n ta m i­
n a t i o n  because h is to log ica l ly  th e  epithelial l in ings o f  th is  region do n o t  show 
t h e  presence  of o x y n t ic o p e p t ic  cells. B u t H e r p o l  [9] has  reported  th e  presence 
o f  p e p s in  in the m u sc u la r  s to m ach  of ca rn ivo re  b ird s .  These resu lts  were, 
h o w e v e r ,  no t su p p o r ted  b y  histological s tud ies .

I n  view of th e  re su l ts  discussed above i t  m a y  be concluded t h a t  gizzard 
m a in ly  serves as site o f  a c t io n  for th e  gastric en zy m es  secre ted  in th e  p ro v e n t r i ­
c u lu s  in  all the  th ree  spec ies  of birds.
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FUNCTIONAL DIFFERENTIATION OF THE 
FSH-SYNTHESIZING CELLS IN THE PARS DISTALIS 
OF THE FETAL PITUITARY GLAND OF THE RAT*
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Abstract

The onse t o f FS H  syn thesis in th e  e m b ry o n ic  p i tu i ta ry  gland of th e  r a t  w as s tu d ied  
by  a perox idase-labelled  a n tib o d y  m ethod . T h e  f irs t  F S H -con ta in ing  cells a p p e a re d  on 
the  20 th  d a y  o f em bryon ic  life. F ro m  t h a t  d a y  onw ards, F S H  cells in creased  ra p id ly  
in n u m b er. I t  was found  th a t  in a d u lt a n im a ls  som e p itu ita ry  cells re a c te d  w ith  b o th  
an ti-H C G  a n d  a n ti-F S H  sera, in d ica tin g  th e  sim u ltan eo u s presence of L H  a n d  F S H  in 
th e  sam e cell.

Introduction

In  o rd e r  to  d e te rm ine  w hen the fe ta l  p i tu i ta ry  gland s ta r ts  to  in fluence  
ta r g e t  o rgans a n d  establishes a func tiona l  re la t ionsh ip  w ith  the  h y p o th a la m u s ,  
one has  to  kno w  f i rs t  th e  onset o f  h o rm o n e  syn thes is  in th e  cells o f  th e  pars  
distalis. D e te rm in a t io n  of  the  functional d if fe ren tia t ion  of the  t r o p h  horm one- 
p roduc ing  cells in  th e  p i tu i ta ry  g land  o f  th e  r a t  has been a t t e m p te d  in m a n y  
lab o ra to r ie s  a n d  in d ifferen t ways.

L ig h t  microscopical search for h o rm o ne-con ta in ing  cells in  th e  fe ta l  
p i tu i ta ry  g land  based  on t inc to r ia l ,  d im ensiona l  and  histochem ical p rinciples 
has failed to  give accu ra te  in fo rm ation  a b o u t  th e  beginning of h o rm o n e  s y n ­
thesis  in th e  cells o f  th e  pars  distalis. J ost  a n d  T a v e r n ie r  [2] a n d  P h illips  
and  S ch m id t  [10] have  been able to  d e m o n s t ra te  earliest th e  p resence  of 
basophilic  cells in  15.5- or 14-day-old fe ta l  r a t  p i tu i ta r ies ,  respec tive ly ,  b u t  no 
fu r th e r  in fo rm a tio n  could be o b ta ined  f rom  th e i r  work.

E lec tro n  microscopic inves t iga t ions  g ave  b u t  lim ited  in fo rm a t io n  on the  
h o rm one  c o n te n t  o f  th e  earliest g r a n u la te d  cells of th e  pars d is ta lis  because  
of th e  am biguous  c h a ra c te r  of these  cells a n d  th e ir  granules [13, 16].

D e m o n s tra t io n  of th e  presence o f  t r o p h  horm ones  in th e  fe ta l  p i tu i t a r y  
g land  of th e  r a t  w ith  bio- or ra d io im m u n o a ssa y  m ethods  [1] is l im i te d  b y  th e  
sen s i t iv i ty  o f  these  m e thods  and  by  th e  v e ry  low concen tra t ion  of  th e  ho rm ones  
in th e  p i tu i t a r y  a t  th is  age.

’ T his w ork  w as su p p o rted  in p a r t  by  th e  H u n g a rian  A cadem y of Sciences a n d  b y  P o p u la ­
tion  Council G ra n t No. M74. 86.
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T h e  m ost  accu ra te  d a t a  a b o u t  the  fu n c t io n a l  d ifferen tia tion  of th e  cells 
in t h e  fe ta l  [11] and  early  p o s tn a ta l  [12] a n te r io r  p i tu i ta ry  g land of th e  r a t  
h av e  b e e n  o b ta ined  w ith  th e  peroxidase-labelled  a n t ib o d y  m e th o d  [6]. These  
s tu d ie s  d e te rm in e d  th e  onset o f  horm one sy n th es is  in all cell types  of th e  p a rs  
d is ta l is  e x c e p t  in F S H  cells.

T h e  aim  of th e  p re sen t  w ork  was to  co m p le te  our knowledge a b o u t  th e  
f u n c t io n a l  d iffe ren tia t ion  of  p i tu i t a r y  cells in  t h e  fe ta l  adenohypophysis  w ith  
t h e  d e te rm in a t io n  of th e  on se t  o f  F S I l  syn thes is .

M ateria l  and m e th o d

T h e  o n se t of horm one sy n th esis  in  th e  L H  an d  F S H  cells of the  p a rs d is ta lis  o f  r a t  
e m b ry o s  (o rig ina lly  W is ta r  S tra in )  w as follow ed da ily  b e tw ee n  th e  14th d ay  of g e s ta tio n  an d  
b ir th . T h e  presence of sperm s in th e  v ag in a l sm ear o f th e  m o th e rs  was used to calcu la te  th e  age 
of th e  e m b ry o s . T he d ay  w hen  sperm s were found in  th e  sm e a r w as considered to be  th e  f i r s t  
g e s ta t io n a l  d ay . A fter C esarean sec tion , p itu ita ry  g lands o f th e  em bryos were excised  a n d  im ­
m ersed  in  cold  picric  ac id -fo rm a ld eh y d e  solu tion  [14] fo r 1 — 4 h, depending on th e  size o f  th e  
g lan d . A t  le a s t 6 fe tuses fro m  each  d ev elopm en tal s tage  co llected  from  d ifferen t m o th e rs  w ere 
e x am in ed . T he fix a tiv e  was w ashed  o u t w ith  several changes o f  cold 0.1 mol/1 p h o sp h a te -b u ffe r­
ed  sa lin e  (P B S ), p H  7.6. T he g lands w ere d eh y d ra ted  in  g ra d ed  alcohols and em bedded  in to  p o ly - 
w ach s 1 000 (Chem ische W erke, H ü ls) [4]. To rem ove th e  em b ed d in g  m edium , sections o f  th e  
g lan d s , 5 f im  in  th ickness, were f lo a ted  on PB S o v e rn ig h t. Sex of th e  em bryos was id en tif ie d  
b y  h is to lo g ica l in v es tig a tio n  of th e  gonads up  to th e  18 th  g e s ta tio n a l day  or, in o lder em b ry o s , 
b y  in sp e c tio n . M orphological fe a tu re s  o f th e  d iffe ren tia ted  F S H  and  LH  cells w ere ex am in ed  
also in  p o s tn a ta l  an im als. L u te in iz in g  horm one (L H ) or fo llic le -stim u lating  horm one (F S H ) 
w as lo ca liz ed  on sections b y  re a c tin g  th em  in itia lly  w ith  ap p ro p ria te  ra b b it  an tise ra*  a n d  
fo llow ed  b y  perox idase-labe lled  sheep a n ti-rab b it g a m m a  globulin.** The re ac te d  sec tions 
w ere  d ev e lo p ed  for perox idase  u sin g  hydrogen  p e ro x id e  a n d  e ith e r 3,3’-d iam in o b en z id in e  
(D A B ) (S ig m a) or a -n a p h th o l [7]. Som e sections were used  to  localize the  tw o horm ones s im u l­
ta n e o u s ly  [7]. Sections w ere m o u n te d  on glass slides a f te r  sta in in g .

C o n tro l sections fa iled  to  give colour re ac tio n  w h en  no rm al ra b b it  se rum  w as u sed  
in s te a d  o f  th e  specific one. S u itab le  con tro ls to  check  n onspecific  b inding of th e  p e ro x id ase - 
lab e lled  r a b b i t  a n tib o d y  an d  th e  su b s tra te  itself, gave also n eg ativ e  resu lts . E n d ogenous p e r ­
o x id ase  a c t iv ity  could be d e tec ted  in  red  blood cells on ly  a n d  was negligible un d er th e  c o n d i­
tio n s  o f  o u r  sta in in g  procedure .

Results

L FI-con ta in ing  cells a p p e a r  f i rs t  on th e  18 th  d a y  in the  cell cords s i t u a t ­
ing  c lo se s t  to  th e  lum en  of th e  fo rm er R a th k e ’s pouch . At this d ev e lo p m en ta l  
s tag e  th e  pars  distalis  seems to  grow b y  ap p os it ion  of new cell cords to  
th e  cell m ass  a lready  exis ting . D iffe ren tia t ion  o f  L H  cells in these  p e r ip h e ra l  
cell c o rd s  begins only on th e  subsequen t  days.

T h e  L H -co n ta in in g  cells rose s ign if ican tly  in  n u m b er  on th e  19 th  ges­
t a t i o n a l  d a y  (Fig. 1). T h ey  a re  f req u en t ly  found  in  groups an d  the ir  s t ro n g e r  
s ta in in g  ind ica tes  increased  ho rm o n e  con ten t  c o m p a re d  w ith  th e  cells f rom  th e

* R a b b it  an tise ru m  ag a in s t h u m an  chorionic g o n a d o tro p in  (Serono), w hich  cross- 
re a c ts  w ith  r a t  lu te in iz ing  h o rm one [5] and  against r a t  follicle s tim u la tin g  horm one (N IA M D D - 
-A -R A T  F S H S -6) were used  a t d iffe ren t d ilu tions w ith  P B S .

** P erox idase-labe lled  sheep a n ti- ra b b it  gam m a g lo b u lin  was p rep ared  acco rd ing  to  th e  
m e th o d  o f  N a k a n e  an d  K a w a o i  [ 8 ] .
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F ig . 1. L H -co n ta in in g  cells in  th e  p i tu i ta ry  g land  of a  19-day-old r a t  e m b ry o . X  160 
F igs 2a, 3a and 4a. L H  cells in th e  p i tu i ta ry  g lan d  of r a t  em bryos from  th e  2 0 th  a n d  21st days 

of in tra u te r in e  life an d  fro m  a n ew b o rn  r a t ,  respectively . X l6 0  
F igs 2b, 3b and 4b. F S II-co n ta in in g  cells in  th e  p i tu i ta ry  gland of ra t  em b ry o s fro m  th e  20th 
an d  21st d ay s  o f in tra u te r in e  life an d  fro m  a  n ew born  r a t ,  respectively . A rro w s in  Fig. 2b 

in d ica te  id en tica l areas; X 160. In se t in  Fig. 2b; x 6 4 0 . For d e ta ils , see te x t
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F ig . 5. L H  (brow n) and  F S H  (p in k ) cells in the p itu i ta ry  g la n d  o f an ad u lt ra t. F o r d e ta ils ,
see tex t. X 1 680

Fig. 6. LIT- (brow n) and  L H - a n d  F S H - (reddish-brow n) c o n ta in in g  cells in the p i tu i ta ry  g land
o f an a d u lt ra t. X 1 680
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prev ious day . No F S H -p o s i t iv e  cells can  be d e m o n s t ra te d  a t  th is  d ev e lo p m en ­
ta l  s tage  even b y  pro longed  incu b a t io n  tim e.

I t  was th e  20 th  d a y  o f  in t ra u te r in e  life w h en  b o th  L H  a n d  F S H  cells 
could be s ta ined  in ou r  m a te r ia l .  D is tr ibu tion  of  th e  L H  cells is s im ila r  a t  this 
age to  t h a t  o f  th e  a d u l t ’s, e. g., L H  cells h ave  a te n d e n c y  to  occupy  th e  pe r ip h ­
eral region o f th e  cell cords, m ak ing  co n ta c t  w i th  th e  sinusoids o f  th e  p i tu i ­
t a r y  g land (Fig. 2a). On th is  day , some p i tu i t a r y  cells h ind  small a m o u n ts  of 
F S H  antibodies , ind ica t in g  th e  onset of F S H  syn thes is  in th e  g land  (Fig. 2b).

R egard ing  L H  cells, only  q u a n t i ta t iv e  change  can  be obse rved  in the  
em bryos  from  th e  21st d a y  of in tra u te r in e  life (F ig . 3a). Changes are  more 
p ronounced  in connec tion  w ith  th e  F S H  cells. T h ey  increase in  n u m b er  
a n d  t e n d  to  ta k e  a pos i t ion  a t  th e  per ip h ery  of  th e  p r im it ive  cell cords (Fig. 
3b). T he ir  deep s ta in in g  ind ica tes  larger a m o u n t  of  th e  s to red  horm one. 
D is tr ib u t io n  of F S H  cells in  th e  p i tu i ta ry  g land  of th e  21-day-o ld  em bryos 
shows th e  sam e p ic tu re  as L H  cells on th e  19th  g es ta t iona l  day.

D is tr ib u t io n  of  th e  L H  cells in th e  n ew b o rn  r a t  was p rac t ica l ly  the  
sam e as t h a t  c h a rac te r is t ic  o f  th e  p i tu i ta ry  g lan d  of an ad u l t  an im a l .  The 
ro u n d  or oval L H  cells fo rm ed  rows along th e  sinusoids of th e  g land  (Fig. 
4a). In  new born  ra ts ,  a f u r th e r  increase can  be recognized in th e  n u m b e r  and 
h o rm one  con ten t  o f  th e  F S H  cells. T hey  are f re q u e n t ly  found in g roups  and 
h ave  per iphera l  positions in  th e  cell cords (Fig. 4b).

In  order to  te s t  th e  specificity  of our L H  a n d  F S H  an tise ra ,  we a t t e m p t ­
ed s im ultaneous  s ta in ing  of L H  and  F S H  cells in th e  sam e section f rom  e m b ry ­
onic p i tu i ta ry .  W e failed, however, th is  te s t  because  o f  the  high b a ck g ro u n d  
s ta in ing  of the  sections. W e will re tu rn  to  th is  p rob lem  in th e  discussion.

S im ultaneous  localiza tion  of th e  L H  a n d  F S H  cells was successful on 
ad u l t  p i tu i ta r ie s .  Some cells, s i tu a t in g  m ain ly  in th e  cen tra l  region o f  th e  pars 
distalis, showed pu re  b ro w n  or p ink  colour, in d ica t in g  t h a t  only  one o f  th e  
an t ise ra  was b ound  b y  th e se  cells (Fig. 5). O th e r  p i tu i ta ry  cells, h a v in g  p re f ­
e ren tia l ly  more pe r iphera l  position , showed m ixed  coloration. T h e  mixed 
b row n and  p ink  colour in d ica ted  th a t  these  cells b o und  b o th  a n t ise ra ,  con­
sequen tly ,  these cells r e a c te d  w ith  b o th  s u b s t ra te s  (Fig. 6).

No differences could  be observed be tw een  th e  sections of  m ale  or female 
p i tu i ta r ie s  regard ing  L H  a n d  F S H  cells a t  these  ages.

Discussion

D e te rm in a t io n  o f  th e  earliest d ay  when d iffe ren t  t ro p h  h o rm ones  appear  
in th e  pars  distalis o f  th e  p i tu i ta ry  gland of r a t  fetuses has been  a t te m p te d  
w ith  various m ethods . As a lread y  m entioned  in th e  in tro d u c t io n ,  l ig h t  m icro­
scopic inves t iga t ions  h av e  given only l im ited  in fo rm a tio n  a b o u t  ce llu la r  dif­
fe ren tia t ion  of fe ta l pars  distalis.
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E lec tro n  microscopie a p p ro a c h  of th e  sam e p rob lem  has been  perfo rm ed  
in s ev e ra l  laboratories  [3, 13, 16]. The earlies t  g ran u la ted  cells h a v e  been 
d e m o n s t r a te d  in the  r a t  e i th e r  on the  16th d a y  [13], or on th e  1 7 th  d a y  [16] 
o f  g e s ta t io n .  However, all o f  th e  au thors  failed to  iden tify  these  g ran u la ted  
cells concerning th e  h o rm o n e  con ten t  of th e  granules. Y o s h im u r a  and 
H a r u m i y a  [15] te rm ed  th e se  earlies t  g ran u la ted  cells as “ am b ig u o u s” , referring  
to  th e  u nknow n  d ev e lo p m e n ta l  o r ien ta t ion  of  th e se  cells. “ A m biguous  cells” 
c o n ta in  small granules, 50 n m  in d iam eter ,  w h ich  g radua lly  grow in size 
to  100— 160 nm d u r ing  la te  ges ta t iona l  days. T h e  cells a t  th is  deve lo p m en ta l  
s ta g e  a re  called “ in te r m e d ia te  cells”  b y  Y o s h im u r a  an d  H a r u m i y a  [15] 
a n d  seem  to develop f u r th e r  a long  the  acidophil a n d  basophil axis. S v a l a n d e r  
[13] in tro d u ced  so m ew h a t  d iffe ren t  c lassification  in which th e  “ am biguous 
ce ll”  o f  Y oshimura  a n d  co-w orkers  [16] was te rm e d  ty p e  1 cell. H e  was able 
to  m a k e  fu r th e r  c lass if ica t ion  w ith in  “ in te rm e d ia te  cells” and  d is t ingu ished  
ty p e  I I ,  I I I  and IV cells in  th is  class. A ccording to  his proposal, t y p e  I I ,  I I I  
a n d  IV  cells co rresponded  to  thy ro trop ic ,  so m a to tro p ic  and  gonado trop ic  
cells, respectively . T h e  t im e ta b le  of the  d if fe ren t ia t io n  of these  cells would 
be  t h e  18th day of in t r a u te r in e  life for th y ro t ro p ic  cells, an d  th e  19th  day 
for  b o t h  som ato trop ic  a n d  gonadotrop ic  cells. No fu r th e r  d iffe ren tia t ion  
h as  b e e n  a t te m p te d  b e tw e e n  gonado trops  by  th is  a u th o r  (Table 1).

R egard ing  the  g o n a d o tro p ic  cells of th e  p i tu i t a ry ,  th e  w orks o f  S étáló  
a n d  N a k a n e  [11, 12] give t h e  m ost detailed  in fo rm atio n .  Accord ingly , LTH  
cells a p p e a r  in the  e m b ry o n ic  p i tu i ta ry  g land on th e  17th d ay  of in t ra u te r in e  
life. T h e  n ex t  day, L H  cells a re  also presen t in th e  gland.

T h is  t im etab le  of  d if fe ren t ia t io n  of th e  g onado trop ic  cells can  be com ­
p le te d  now  with our re su l ts  o n  F S H  cells. F S H  cells app ea r  in th e  p a rs  distalis 
as t h e  la s t  t roph  h o rm o n e -p ro d u c in g  cells on th e  2 0 th  d ay  of in t r a u te r in e  life.

O ne can raise th e  q u e s t io n  w hether  th e  a n t is e ra  used in our in v es t iga t ion  
w ere  specific of n o t?  H a v in g  been unable  to  o b ta in  an tise ra  a g a in s t  th e  ß- 
c h a in s  o f  L H  and F S H , we decided  to  te s t  ou r  an t ise ra  w ith  doub le  s ta in ing . 
T h e  f a c t  t h a t  m any  cells in  t h e  a d u l t  p i tu i ta ry  g lan d  bound  clearly  only  one 
o f  t h e  an tise ra  (this w as in d ic a te d  by  the  a p p e a ra n c e  of pure  b ro w n  or p ink 
co lou r)  indicates t h a t  ou r  a n t ise ra  gave no cross reac tion  w ith  th e  o the r  
a n t ig e n .  The observa tion  t h a t  some gonado trop ic  cells (s i tu a t in g  m a in ly  at 
t h e  p e r ip h e ry  of the  p a rs  d is ta lis)  appeared  in m ixed  colours, in d ic a t in g  the  
s im u l ta n e o u s  presence o f  b o t h  L H  and F S H  in th e  same cell, is in  ag reem en t 
w i th  l i t e ra ry  data .  N a k a n e  [7] and P h i f e r  a n d  co-workers [9] observed 
t h a t  som e gonadotropic  cells con ta in  really b o th  L H  an d  F S H . T h e  d a ta  of 
P h i f e r  and  co-workers [9] are  especially v a lu a b le  in th is  re spec t  since th ey  
u sed  an t ise ra  against /1-LH a n d  /S-FSH.

T h e  problem t h a t  we failed to  perform  a doub le  s ta in ing  on em bryon ic  
p i t u i t a r y  can be exp la ined  on  th e  basis of our o b se rv a t io n  on o th e r  em bryonic
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t issues. Sections o f  e m bryon ic  tissues show a lw ays  higher b ack g ro u n d  s ta in ing  
th a n  ad u l t  m a te r ia l ,  a n d  high back g ro u n d  in te r fe re s  w ith  any  doub le  s ta in ing . 
P ro b ab ly ,  em bryon ic  tissues are less d if fe re n t ia ted  in respect of a n t ig e n e  city 
and , therefore , th e y  h av e  a ten dency  to  b in d  non-specifically  m ore  an tibod ies  
th a n  th e  tissues of  a d u l t  animals. The spec if ic i ty  of our F S H  a n t is e ru m  is 
su p p o r ted  also b y  th e  observa tion  t h a t  w i th  th is  an tise rum  no cells could  be 
s ta ined  before th e  2 0 th  d a y  of in t r a u te r in e  life, though  th e re  were m a n y  
L H  and  T S H  cells in  th e  p i tu i ta ry  gland o f  y o u n g e r  embryos.

T he  resu lt  o f  ou r  s tu d y  on th e  d if fe ren t ia t io n  of F S H  cells serves as 
add it iona l  d a ta  a b o u t  th e  func tional d i f fe ren t ia t io n  of th e  p i tu i t a r y  gland 
of th e  r a t .  Tab le  1 su m m arizes  the  results  o b ta in e d  in this sub jec t  w ith  various 
m e thods  and  a t  th e  sam e tim e ind ica tes  t h e  h igher “ resolving p o w e r”  of 
im m unohis to log ica l m e th o d s  in such in v es t iga t ions .

Table I

F un ctio n a l differentia tion  o f  the cells in the pars d ista lis  o f  the rat p itu ita ry  according to the
data o f  different authors

Authors
Days after copulation

Cell types
15. 1 16. I 17. 18, 19. 1 20. 21. 22

Y o s h i m u r a  e t a l. (1970) Am biguous cells 

T hyro trop ic  cells 

G onadotropic cells (m ale) 

Acidophil cells

S v A L A N D E R  (1974) Type I (am biguous) 

Type II  (TSH )

Type I I I  (ST H )

Type IV (g o n ado trop ic)

Sétáló  an d  N a k a n e  (1972) ЛСТН

LTH

TSH

LH

STH

P resen t au th o rs  (1976) i FSH

------  p resen t in all em bryos
- - - - p resen t in som e em bryos
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Abstract

Owing to  its  lack  of a h y p o p h y sia l s ta lk , th e  hypophysis o f th e  m arin e  fish, 
M u g il auratus, is o f th e  p la ty b a sic  ty p e . I t s  d iffe ren tia tio n  in to  ad en o h y p o p h y s ia l 
an d  n eu ro h y p o p h y sia l regions well con fo rm s w ith  th e  s itu a tio n  a lready  reco g n ized  in o th e r 
fishes. B u t, a lth o u g h  th e  ad en o h y p o p h y sis  show s d istinc tion  into pro-, m eso- a n d  m e ta ­
aden o h y p o p h y sis , th e  lineo-vertical a r ra n g e m e n t w hich th ey  assum e is n o t o f  com m on 
occurrence. B y c o n tra s t, th e  n e u ro h y p o p h y sis  fo rm s th e  usual c en tra l n e rv o u s  core, 
su rro u n d ed  by  th e  ad en o h y p o p h y sia l reg ions. T h e  acidophils c o n s t itu t in g  th e  p ro ­
aden o h y p o p h y sis , h av in g  a deep s ta in in g  a f fin ity , resem ble those in th e  m eso -ad en o - 
h y p o p h y sia l region. T he acidophils o f th e  m eso-adenohypophysis occupy  a sm a ll  reg ion , 
w hereas th e ir  assoc ia ting  cyanoph ils o ccu p y  a  la rg e r v en tra l region. T he m e ta -a d e n o ­
h y p o p h y sis  consists o f an  in teg ra l co n v o lu ted  sac  o f  ep ithelial am p h ip h ilic  cells . Such 
encloses th e  b u lk  o f th e  n eu ro h ypophysis. I t  is rem ark ab le  th a t  th e  n e u ro h y p o p h y s ia l  
f ib res  never in te rd ig ita te  am ong th e  m eta -ad en o h y p o p h y sia l cells, so th e y  a re  m ore 
closely re la te d  in a rran g em en t to  te tra p o d s  th a n  to fishes.

Introduction

A n a to m ica l  and h isto log ica l  d escr ip t ion s  o f  the te leostean  h y p o p h y s is  
or p itu i ta ry  gland h ave  been g iven  b y  B e l l  [ I ] ,  K err  [4], S c r u g g s  [21],  
P otts  [10],  M il l e r  [7] and S a t h y a n e s a n  [18].

More recen tly ,  de ta iled  s tud ies  on th e  p i tu i ta ry  gland of som e In d ia n  
f re sh w a te r  te leosts  have  been ca rr ied  o u t  b y  S a t h y a n e s a n  [19, 20 ]  and 
S in g h  a n d  Sa t h y a n e s a n  [23],  of som e Nile te leosts  by  R iz k a ll a  [11, 13], 
Y oak im  [24] a n d  K am el  and  co-w orkers [3] a n d  of some m ar in e  te leo s ts  by  
Sa g e  a n d  B e r n  [17].

I t  has  been revealed  t h a t  th e  h y p o p h y se s  of te leost f ishes  e x h ib i t  a 
r e m a rk a b ly  va r ied  s t ru c tu ra l  p a t t e r n .  T herefo re ,  the  m arine  te le o s t  fish, 
M u g il  aura tus , has been selected for th e  p re se n t  inves t iga t ion  in  o rd e r  to  
show to  w h a t  e x te n t  its  hypophysis  resem bles ,  to  or differs from, t h a t  o f  M ugil  
capito [12].

Material and m ethod

A d u lt specim ens (ab o u t 30 cm in  to ta l  len g th ) o f  M ugil auralus were f ish ed  o ff the  
L ib y a n  co ast, a t  T ripo li, du ring  A pril, M ay a n d  Ju n e . T he brains w ith th e  a tta c h e d  h y p o p h y ­
ses w ere carefu lly  d issec ted , an d  fixed  e ith e r  in  Z en k e r’s form ol or Gom ori’s f ix a tiv e . T h e  fixed  
b ra in s  w ere tr im m ed  to  sep ara te  th e  h y p o th a la m i w ith  th e  in ta c t h ypophyses. T h e  m ate ria l 
w as d e h y d ra te d , c leared  and  em bedded  in th e  u su a l w ay. Serial long itu d in a l a n d  tran sv erse  
sec tions o f  5 —6 /im  th ick n ess were cu t. H e id en h a in ’s a za n  s ta in  as m odified by  R iz k a l i.a [14], 
and  I ia lm i's  a ldehyde  fuchsin  s ta in  as m odified  by  D aw son  [2], were used .
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Results

T h e  p i tu i ta ry  g lan d  of M ugil auratus  h a s  a vertica l or do rso -v en tra l  
p o s i t io n ,  b u t  it  is s l igh tly  inclined tow ard s  t h e  an te r io r  side of th e  body .  
I t  is m ore  or less conical in  shape  and its b ro a d  basa l  or dorsal p a r t  is closely 
a t t a c h e d  to  th e  in fu n d ib u la r  region of th e  b ra in  (F ig . 1).

T h e  gland is d if fe re n t ia ted  into two m a in  d iv isions, the  ad en o hypophys is  
a n d  th e  neu ro h y p o p h y s is .  T h e  adenoh y p o p h y s is  consists of th ree  g la n d u la r  
reg io n s  ( the  pro-, meso- a n d  m eta -ad en o h y p o p h y s is ) ,  whereas th e  n e u ro ­
h y p o p h y s is  is fo rm ed  o f a core  of nervous t is sue  f ro m  which num erous  n e u ro ­
h y p o p h y s ia l  sheets o r  processes in te rd ig i ta te  in to  th e  surround ing  adeno- 
h y p o p h y s ia l  regions (Fig. 1).

F ig . 1. P h o to m ic ro g ra p h  of a s a g itta l  section of th e  p i tu i ta r y  g lan d  of M ugil auratus, sh o w in g
its  general s tru c tu re ; X 50.

A bbreviations: AC =  acidoph ils ; BC =  blood cap illa ry ; BS = blood sinusoid; CM =  collo idal 
m a te r ia l;  CY =  cyanoph ils; H R  =  hypophysia l recess; IN  =  in fund ibu lum ; IN R  =  in fu u - 
d ib n la r  recess; M SAH =  m eso-adenohypophysis; M TA H  =  m eta -adenohypophysis; N H  =  n e u ­
ro h y p o p h y s is ; N H P  =  n e u ro h y p o p h y sia l process; NSM  =  n eu rosecre to ry  m ate ria l; P A H  =  

p ro -ad en o h y p o p h y sis ; TCY =  th ird  cereb ra l v e n tric le ; Y =  vacuole
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The adenohypophysial g landu lar  regions 

T he  p ro -ad en o h y p o p h y s is

T h e  p ro -ad en o h y p o p h y s is  is th e  sm a lle s t  adenohypophys ia l  region 
and  occupies an a rea  a t  th e  an te r io r  side o f  th e  dorsal p a r t  of th e  g land  (Fig. 
1). I t  consists m a in ly  of  solid masses of  deep ly -s ta ined  acidophils  which 
are sep a ra ted  by  v ascu la r  n eu rohypophys ia l  shee ts .  However, f a in t ly -s ta in ed  
acidophils ,  ap p ro ach in g  th e  chrom ophobic  cond ition , are con fined  to  th e  
in n e r  p a r t  of th e  p ro -ad enohypophys ia l  reg ion  ad ja c e n t  to  th e  m a in  m ass of 
neu rohypophys is .  I n  general,  th e  acidophils  a re  e i ther  rounded  or po lygonal  
in shape, h u t  w ith  i ll-defined cell outlines. T h e y  possess nuclei o f  a large p ro ­
po r t io n a l  size w ith  p ro m in e n t  cen tra l  nucleoli (F ig . 2).

Fig. 2. P h o to m ic ro g rap h  o f p a r t  o f a lo n g itu d in a l sec tio n  o f th e  p i tu i ta ry  g lan d  o f M ugil 
aura tus, show ing th e  s tru c tu re  o f th e  p ro -ad en o h y p o p h y sis ; X 500

T h e  m eso-adenohypophysis

T he  m eso-adenohypophysis  c o n s t i tu te s  th e  largest aden o h y p o p h y s ia l  
region and  occupies an  a rea  a t  the  pos te r io r  side o f  th e  dorsal p a r t  o f  th e  gland. 
I t  ex ten d s  an te r io r ly  and  comes to  lie v e n t r a l  to  the  p ro -adenohypophysis .  
Also, i t  con tinues  v e n t ra l ly  all around  th e  g lan d  and  forms a th in  lay e r  which
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en v e lo p s  com pletely  th e  m e ta -ad en o h y p o p h y s is .  This th in  laye r  ap p ea rs  
loose as  i t  is highly p e n e t r a te d  by a plexus o f  blood sinusoids (Fig. 1).

T h e  m eso-adenohypophysis  consists o f  deeply  s ta ined acidophils  and  
c y a n o p h i ls  which exhibit  a def in ite  p a t te rn  o f  a r ran g em en t .  The dorsa l p o r t io n  
o f  t h e  m eso -adenohypophysis  is a lm ost a lw ays  fo rm ed  of acidophils ,  while 
i ts  v e n t r a l  portion  as well as th e  th in  layer, su rro u n d in g  the  m e ta -a d e n o h y p o ­
p h y s is ,  consist m ostly  of  cy anoph ils  (Figs 1 a n d  3).

F ig . 3. P h o to m icro g rap h  of p a r t  o f  a  long itu d in a l sec tion  of th e  p itu ita ry  g land  o f  M ugil 
auratus, show ing th e  s tru c tu re  o f th e  m eso-adenohypophysis; x 5 5 0

T h e  acidophils are u su a l ly  a r ranged  in to  solid masses of ro u n d ed ,  p o ly g ­
o na l  a n d  oval cells, s e p a ra te d  b y  vascu la r  neu rohypophys ia l  shee ts .  N o t 
all th e  acidophils are deep ly  s ta ined , h u t  som e of them , especially th o se  
w h ich  do  no t  lie in close c o n ta c t  w ith  the  n eu ro h y p o p h y s ia l  tissue, show  a fa in t  
c o lo u ra t io n .  In  general, t h e  acidophils  are sm a lle r  th a n  the  cyanoph ils ,  b u t
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sligh tly  larger th a n  the  p ro -a d e n o h y p o p h y s ia l  acidophils and th e y  a re  a p p a r ­
en t ly  resem bling  the  la t te r s ,  too  (Fig. 3).

T h e  region of th e  m eso -adenohypophys ia l  cyanophils  is la rg e r  in size 
t h a n  t h a t  o f  th e  acidophils (Fig. 1), a n d  th u s  th e  cyanophils are  th e  prevailing  
m eso -adenohypophysia l  cell ty p e .  T h e  cyanoph ils  are usua lly  a r ra n g e d  into 
solid m asses of  cells, se p a ra te d  b y  h igh ly  vascu la r  n eu ro h y p o p h y s ia l  sheets. 
Some cyanoph ils  ap p ea r  fa in t ly  s ta in ed  or even vacuo la ted ,  depend ing , 
p ro b a b ly ,  on th e i r  secre tory  ac t iv i ty .  In  general,  th e  cyanophils  a re  rounded ,  
oval or p y ra m id a l  in shape, w ith  ro u n d e d  eccentric  nuclei. T h e  v acu o la ted  
cyanoph ils ,  however, possess f la t te n e d  a n d  ch rom atic  nuclei w h ich  are  seen 
p ressed  aga ins t  th e  cell m e m b ra n e  (F ig . 3).

T he  m e ta -ad en o h y p o p h y s is

T h e  m eta-ad en o h y p o p h y s is  occupies an  area a t th e  v e n t ra l  p a r t  o f  the  
g land  a n d  appears  as a co n v o lu ted  ep ithe lia l  sac which encloses t h e  b u lk  of  the  
neu ro h y p o p h y s is .  I t  is com ple te ly  su rro u n d e d  by  the  m eso -adenohypophysis ,  
b u t  is p a r t ia l ly  sep a ra ted  from th e m  b y  blood sinusoids and n e u ro h y p o p h y s ia l  
sheets  (Fig. 1).

T he  m e ta -ad en o h y p o p h y s is  is m ad e  u p  of am phiphils  w h ich  show a 
s tr ik in g  v a r ia t io n  in the ir  s ta in ing  a f f in i ty  for acidic and  basic dyes. T hey  
are  also va r iab le  in shape, being po lygonal,  oval or e longated  a n d  w i th  p ro m ­
in e n t  la rge r  nuclei, com pared  w ith  those  o f  th e  o the r  a d e n o h y p o p h y s ia l  
cells. V acuoles of  va r iab le  size are  u su a l ly  seen w ith in  m e ta -a d e n o h y p o p h y s ia l  
cells a n d  th e y  con ta in  a h igh ly  re f rac t iv e  collodial m a te r ia l  w h ich ,  m ost 
p ro b a b ly ,  rep resen ts  the  ho rm o n a l  sec re to ry  p ro d u c t  of these  cells (Fig. 4).

The neurohypophysis

T he n eu rohypophys is  is m a in ly  fo rm ed  of nerve fibres (Fig. 2); i t  forms 
th e  cen tra l  core of  the  g land  a ro u n d  w hich th e  th ree  ad en o h y p o p h y s ia l  regions 
a re  a r ran g ed .  I t  gives off ve ry  few n e u ro h y p o p h y s ia l  processes w h ich  accom ­
p a n y  th e  blood vessels p e n e t ra t in g  th e  p ro -adenohypophysis ,  b u t  i t  arborizes 
ex tens ive ly  in to  th e  m eso -adenohypophys ia l  region. The b u lk  o f  th e  neu ro ­
h y p o p h y s is ,  however, is enclosed w ith in  th e  m e ta -ad en o h y p o p h y s is  a n d  it  is 
w o r th y  of m en tion  th a t  none o f  th e  neu ro h y p o p h y s ia l  processes a re  ever  seen 
in v a d in g  th e  m e ta -a d en o h y p o p h y s ia l  epithelia l  layer (Figs 1 and  4).

T he  hypophysis  o f  M u g il  auratus  is o f  th e  p la tybasic  ty p e ,  v iz .,  i t  is 
closely a n d  b road ly  connec ted  w ith  th e  hypo th a lam ic  floor o f  th e  b ra in  and 
lacks th e  hypophysia l  s ta lk .  T h e  na rro w  th i rd  cerebral v en tr ic le  expands  
a t  th e  h y p o th a la m ic  f loor o f  th e  b ra in  to  form  th e  in fu n d ib u la r  recess which 
c o n t in u es  in to  th e  p i tu i ta ry  g land  as a na rro w  hypophysia l  recess (Fig. 1).
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F ig . 4. P h o to m icro g rap h  o f p a r t  o f  a  long itud inal sec tio n  o f th e  p itu ita ry  g land  o f M u g il  
auratus, show ing th e  s tru c tu re  o f the  m eta -a d e n o h y p o p h y sis ; XSOO

Discussion

As far as know n, th e  adenohypophys ia l  reg ions d isp lay  th ree  modes of 
a r ra n g e m e n t .  In  th e  f i r s t  ty p e ,  the  pro-, meso- a n d  m e ta -adenohypophyses  
a re  a r ra n g e d  in an  a n te ro -p o s te r io r  d irection  ( l inea r  type ) ,  such as in  some 
I n d ia n  fresh-w ater  te leos ts  [2 0 ,2 3 ]  and in som e N ile  silurid  fishes [3, 11, 24]. 
T h is  l inea r  ty p e  of a r r a n g e m e n t  represents  th e  m o s t  p r im it ive  condition  [6]. 
I n  th e  second type , th e  p ro - ,  meso- and m e ta -a d e n o h y p o p h y ses  show a dorso- 
v e n t r a l  a r ran g em en t  (v e r t ic a l  type), such as in  C irrhina, R ita  a n d  Rohtee 
[18] a n d  in M ugil  capito  [12]. This ver t ica l  ty p e  o f  a r ran g em en t  has  been  
conside red  by  B e l l  [1] to  be  th e  highly evolved con d i t io n .  In  the  th i rd  ty p e ,  
th e  p ro -  and  m eso -ad en o h y p o p h y ses  show an  an te ro -p o s te r io r  a rran g em en t ,  
w hile  th e  m e ta -a d e n o h y p o p h y s is  comes to  lie v e n t r a l  to  th e m  (lineo-vertical 
ty p e ) ,  such  as in Salmo  a n d  Oncorhynchus [15, 16]. T h is  lineo-vertical ty p e  of 
a r r a n g e m e n t  m ay  r e p re s e n t  an  advanced  co n d i t io n  over  th e  p rim itive  l inea r  
t y p e  [6]. T he  a r ra n g e m e n t  o f  th e  a d en o h y p o p h y s ia l  regions in th e  p i tu i t a r y  
g lan d  o f  M ugil  auratus  o f  t h e  p resen t in v es t ig a t io n  m a y  be considered as th e  
n e a re s t  condition  to  th e  l ineo-ver t ica l  type , a n d  th u s  differs from th a t  recorded  
for  M u g i l  capito [12], in  w h ic h  th e  aden o h y p o p h y s ia l  regions show th e  v e r t ica l  
t y p e  o f  a rran g em en t .

W hile  the  p ro -a d e n o h y p o p h y s is  rep resen ts  th e  sm alles t  adenohypophysia l  
reg ion  of th e  p i tu i ta ry  g lan d  in M ugil  auratus,  i t  w as found  to  he th e  la rges t  
reg ion  a n d  consti tu te s  a b o u t  h a l f  of the  g land  in  M u g i l  capito [12]. T h e  p ro ­
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ad en o h y p o p h y s ia l  cells o f  these  two M ugil  species are  a lm ost a lw ays a r ra n g e d  
in to  co m p ac t  masses. T h is  cell a r ra n g e m en t  is considered by  P o t t s  [10] 
to  be an  ad v an ced  co nd it ion  over e ither  th e  co rd a i  cell a r ran g em en t  fo u n d  in 
Carassius  [1] a n d  C ypr inus  [22], or th e  fo llicu lar  a r ran g em en t  reco rd ed  for 
som e silurid  fishes [3, 7, 11, 13, 24].

T he  m eso -adenohypophysis  o f  M u g il  aura tus  represen ts  t h e  la rges t  
aden o h y p o p h y s ia l  region of th e  p i tu i ta ry  g lan d ,  whereas i t  c o n s t i tu te s  th e  
sm allest  region of th e  g land  in M ugil  capito  [12]. In  b o th  M u g il  species, 
i t  consists  of acidophils  and  cyanophils ,  a f in d in g  which differs f rom  w h a t  
has  been  recorded for m os t  teleosts where th e  m eso-adenohypophysis  con ­
sists o f  acidophils, cyanoph ils  and ch rom ophobes  [4, 10, 21]. In  M u g il  auratus  
th e  acidophils c o n s t i tu te  th e  dorsal p o r t io n  o f  th e  m eso-adenohypophysis ,  
while th e  cyanophils  fo rm  i ts  ven tra l  p o r t io n .  O n the  o ther  h an d ,  in M u g il  
capito  [12] the  acidophils  are  a b u n d a n t  a t  t h e  c en tre  of the  g land, w hereas  
th e  cyanophils  show a re m ark ab le  increase to w a rd s  its per iphery .

In  M u g il  auratus,  t h e  m e ta -a d e n o h y p o p h y s ia l  cells are of th e  a m p h i ­
philic ty p e ,  while in M u g il  capito  [12] th e y  a re  o f  the  acidophilic ty p e .  T he  
m e ta -ad en o h y p o p h y s is  form s a convolu ted  ep ithe lia l  sac which encloses th e  
b u lk  of  th e  neu ro h y p o p h y s is .  The endings of th e  neurohypophysia l  f ib res  com e 
in close co n ta c t  w ith  th e  inner  layer of t h e  m e ta -ad en o h y p o p h y s ia l  cells, 
a cond it ion  which s im u la tes  t h a t  found  in Lepidogobius  [5] and  t e t r a p o d  p itu i-  
ta r ies .  T hus ,  such a f in d in g  con trad ic ts  th e  ty p ic a l  piscine ch a ra c te r  in which  
th e  n eu rohypophys ia l  t issue  is in t im a te ly  asso c ia ted  w ith  t h a t  of t h e  m e ta ­
adenohypophys is  to  th e  e x te n t  t h a t  these t is su es  form a com plex  s t ru c tu re  
(see reviews in [8, 9]).

A ck now led gem en ts

T he a u th o r  is m uch  in d eb ted  to P rof. G. P eth es  (H ead  of Physio logy D e p a r tm e n t, 
U n iv e rs ity  of V e te rin a ry  Science, B u d ap es t, H u n g a ry ) fo r his con tinuous e n co u ra g em e n t, 
v a lu ab le  advice a n d  c ritic ism . I w ish also to  express m y  deep  g ra titu d e  to  th e  s ta f f  m em bers 
o f  th e  F isheries R esearch  C entre  (T ripoli, L ib y a) fo r  th e  facilities given in p ro v id in g  th e  
specim ens exam ined  in th is  w ork .
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THE HYPOTHALAMIC NEUROSECRETORY SYSTEM 
OF THE MARINE TELEOST FISH,

MUGIL AURATUS RISSO

W .  R i z k a l l a

ZOOLOGY D EP A RT M E N T , FACULTY OF SCIENCE, A IN  SHAMS U NIV ERSITY ,
ABBASSIA, CAIRO, EG Y PT

(R eceived 1975 - 0 8  15)

Abstract

The h y p o th a la m ic  neurosecre to ry  sy s te m  o f th e  m arine  fish, M u g il aura tus , 
consists o f tw o nucle i, v iz ., th e  nucleus p ra eo p tic u s  an d  th e  nucleus la te ra lis  tuberis. 
B o th  are p a ired , a n d  w hile those of th e  nucleus p raeo p ticu s  are v e rtica lly  a rran g ed  
as L -shaped  bodies, th e ir  s tran d -lik e  co u n te rp a r ts  in th e  nucleus la te ra lis  tu b e ris  e x ten d  
in an  a n te ro -p o ste rio r d irec tion . T he tw o c o n s titu e n t bodies o f th e  nucleus p raeo p ticu s 
lie on b o th  sides o f th e  th ird  cerebral ven tric le . E ac h  is d iffe ren tia ted  in to  a dorsal 
p a rs  m agnocellu laris and  a v e n tra l p a rs p a rv o ce llu laris . Л  nervous t r a c t ,  th e  hypo- 
th a la m o -h y p o p h y s ia l t r a c t ,  ex ten d s p o ste rio rly  fro m  each  body , b u t  i t  is n o t un til 
a f te r  th ey  p e n e tra te  th e  p i tu i ta ry  g land th a t  th e y  fuse in to  one s tru c tu re ,  th e  neu ro ­
h y p o physis. M any n eu ro sec re to ry  granules acc u m u la te  in th e  n e u ro h y p o p h y sis  a d ja ­
cen t to th e  m eta -ad en o h y p o p h y sia l region, an d  few er sc a tte re d  g ran u les o f v a ry in g  
sizes are also p re se n t along th e  h y p o th a lam o -h y p o p h y s ia l trac ts . In n e r to  these  hypo- 
th a la m o -h y p o p h y s ia l t r a c ts  ex ten d  th e  tw o bodies o f  the  nucleus la te ra lis  tu b eris  
along the  in fu n d ib u la r  reg ion . A xons from  th is  nucleus ex ten d  sidew ays, an d  as they  
m erge w ith  th o se  a d ja c e n tly  disposed of the  h y p o th a lam o -h y p o p h y s ia l t r a c ts ,  th ey  en te r 
th e  p i tu i ta ry  g la n d  as a un ified  s tru c tu re .

In troduc tion

T h e  discovery  o f  th e  h y p o th a lam ic  n eu ro sec re to ry  sys tem  in teleost 
fishes [16] and  th e  su b se q u e n t  detailed w ork  in th e  sam e field [10] have 
called th e  a t te n t io n  of  th e  neuroendocrino logis ts .  Thus , ad d i t io n a l  studies 
were su b seq u en t ly  ca rr ied  ou t  on Salmo  [1], on some c h o n d ro s te a n  fishes 
[11], on Lepidogobius  [7], on some m arine  te leos ts  [18], on A n g u il la  [8, 9] and 
on some In d ian  f re sh w a te r  te leosts  [12, 14, 15].

I t  has been revea led  t h a t  th e  h y p o th a la m ic  neu rosec re to ry  sys tem  of 
te leost fishes shows a s t r ik in g  v a r iab il i ty  as regards  its s t ru c tu ra l  p a t te rn .  
T herefore ,  th e  m ar ine  te leo s t  fish M u g il  auratus  has  been selected for  th e  pres­
e n t  inves t iga t ion  in o rd e r  to  reveal th e  to p o g rap h ica l  position  and  s t ru c tu re  
of  its  h y p o th a lam ic  n eu rosec re to ry  sys tem  an d  to  clarify  th e  re la tionsh ip  
betw een  th is  sys tem  a n d  th e  p i tu i ta ry  g land, a su b jec t  a b o u t  w hich  v e ry  little  
is know n as regards te leos t  fishes.
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M ater ia l  and m ethod

T h e  origin and len g th  o f M u g il  auratus specim ens a n d  th e  app lied  h isto log ical m ethods 
w ere  th e  sam e as described in  th e  acco m p an y in g  paper.

A f te r  fix ation , th e  fo re -b ra in s  w ith  th e  a tta ch e d  p i tu i ta ry  g lands were se p a ra te d  for 
f u r th e r  processing. G om ori’s c h ro m e  a lu m  h aem ato x y lin  — p h lo x in  s ta in  w as also u sed .

Results

T h e  hypo th a lam ic  n eu ro se c re to ry  sy s tem  of M u g il  auratus  consists 
o f  tw o  nuclei, viz., th e  n u c leu s  praeop ticus  a n d  th e  nucleus la te ra l is  tuber is .  
H y p o th a la m o -h y p o p h y s ia l  a x o n a l  t rac ts  ex ten d  from  these  nuclei to  the  
p i t u i t a r y  gland, where th e y  fo rm  th e  neu rohypophysis .

T h e  nucleus p ra e o p t ic u s  is located  a t  th e  h y p o th a la m ic  f loor an te r io r  
to  t h e  p i tu i t a r y  gland an d  ju s t  in  f ro n t  of th e  origin of  th e  optic nerves  f rom  the  
b ra in .  I t  is form ed of a p a i r  o f  L-shaped bodies w hich  are s i tu a te d  on b o th

F ig . 1. P h o to m icro g rap h  of p a r t  o f  a  tran sv erse  section  o f th e  h y p o th a lam ic  reg ion  o f M u g il  
auratus, show ing th e  to p o g ra p h y  of th e  nucleus p raeo p ticu s. x 8 5 . 

A bbrevia tions. AT =  axonal t r a c t ;  BC =  blood cap illa ry ; E L  =  ep endym al lin in g ; H B  =  
H e rr in g  bodies; H H T  =  h y p o th a la m o -h y p o p h y s ia l t r a c t;  H R  =  h y p o p h y sia l recess; IN  =  
in fu n d ib u lu m ; IN R  = in fu n d ib u la r  recess; MSAH m eso-adenohypophysis; N B  =  n e u ro ­
n a l b o d y ;  N G T =  neuroglia  tis su e ; N H  =  n eurohypophysis; N L T  =  nucleus la te ra lis  tu b eris ; 
N P O  =  nucleus p raeop ticus; N S G  =  neurosecre to ry  g ran u le s; N U  =  nucleus; P A H  =  p ro ­
a d en o h y p o p h y s is ; P M C = p a r s  m ag n o cellu la ris; PP C  =  p a rs  parvocellu laris; SM =  sec re to ry  

m a te ria l; TC V  =  th ird  cerebral ven tric le
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Fig. 2. P h o to m ic ro g rap h  of p a r t  of a long itu d in a l sec tion  of th e  h y p o th a lam ic  reg ion  of 
M u g il auratus, show ing th e  s tru c tu re  o f th e  nucleus p raeo p ticu s; x 5 4 5

sides of  th e  th i rd  cerebral ventric le . T h e  ho r izo n ta l  lim b of each L -sh ap ed  
b o d y  ex ten d s  an te ro -poste r io r ly ,  i.e. superf ic ia l ly  or v en tra l ly  a long  th e  in ­
fu n d ib u la r  region, while its  vertica l limb ex te n d s  ven tro -dorsa l ly  close to  th e  
th i rd  cerebral v e n t r ic u la r  wall (Fig. 1).

T he  nucleus p raeop ticus  consists o f  m ore  or less com pact  n eu ro n a l  bodies 
which are b o u n d  to g e th e r  by  a h ighly  v a sc u la r  neuroglia t issue (F ig . 2). 
The n eu rona l  bodies of  th e  vertical lim b, a n d  especially those lo c a te d  a t  its 
dorsal p a r t ,  are p re d o m in a n t ly  large and  re p re se n t  th e  pars  m agnocellu laris ,  
w hereas  th e  neu ro n a l  bodies of th e  h o r izon ta l  l im b are m ostly  sm all a n d  re p ­
resen t  th e  pars  parvocellu laris .  These tw o regions are continuous w i th  each 
o th e r  and  are sim ilar  in s t ru c tu re  (Fig. 1).

The n eu ro n a l  bodies of th e  nucleus p raeo p t icu s  are m ostly  po ly g o n a l  
in shape  a n d  possess large p ro m in en t  nuclei. T h e  neurop lasm  co n ta in s  coarse 
basophilic  g ranules  s ta in ing  w ith  a ldehyde  fuchsin  and  chrome a lu m  liaem a- 
toxv lin .  These granules v a ry  in am o u n t  in  th e  d ifferen t neuronal bodies  and  
even  in one and  th e  sam e neurona l  body . In  th e  la t te r  case, th e  p e r in u c lea r  
area  con ta ins  a large a m o u n t  of  basophilic  g ranu les ,  an d  th u s  a p p e a rs  more 
deeply  s ta in ed  t h a n  th e  per iphera l  one (F ig . 2).

The p a rs  m agnocellu laris  and  pars parvoce llu la ris ,  o f  e ither  side, c o n t r ib ­
ute  to  th e  fo rm a tio n  o f  an indep en d en t  r ig h t  or left h y p o th a la m o -h y p o p h y -  
sial t r a c t .  These axons arise diffusely, b u t  soon th e y  aggregate  a n d  becom e 
consolidated  to  form  a n u m b e r  of closely se t  bund les ,  cons t i tu t in g  a de f in i t iv e  
h y p o th a la m o -h y p o p h y s ia l  t r a c t  (Figs 1, 3 a n d  4). E a c h  t r a c t  e x te n d s  along
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F ig . 3 . P h o to m ic ro g ra p h  of p a r t  o f a  tran sv erse  section  o f  th e  p i tu i ta ry  g lan d  of M u g il auratus  
sh o w in g  th e  h y p o th a la in o -h y p o p h y s ia l trac ts , th e  nuc leu s la te ra lis  tu b eris and  the  in fu n d ib u la r

an d  h y p o p h y sia l recesses; X75

Fig. 4. P h o to m ic ro g ra p h  of p a r t  o f a  tran sv erse  section  o f th e  p itu ita ry  g land  of M u g il au ra tu s , 
sh o w in g  th e  in fu n d ib u la r and  h y p o p h y sia l recesses a n d  th e  h y p o th a la in o -h y p o p h y s ia l

tra c ts ;  x 7 0
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Fig. 5. P ho to m icro g rap h  o f p a r t  o f a  lo n g itud inal sec tio n  of th e  p i tu i ta ry  g lan d  of M ugil 
auratus, show ing th e  nucleus la te ra lis  tu beris and  th e  in fu n d ib u la r  an d  h y p o p h y s ia l

recesses; X l3 5

th e  hyp o th a lam ic  f loor to w ard s  th e  p i tu i ta ry  g land a n d  p e n e t ra te s  i t  ind ep en ­
d e n t ly  (Fig. 4). A t  th e  dorsal region of th e  g land, th e  r ig h t  a n d  left hypo- 
th a lam o -h y p o p h y s ia l  t r a c t s  jo in  each o the r  (Fig. 4), a n d  th e n  ex ten d  ven- 
t ra l ly  form ing a n eu ro h y p o p h y s ia l  core, a ro u n d  w hich  th e  pro-, meso- and  
m e taad en o h y p o p h y s ia l  regions are  a rranged .

T h e  axons of  th e  h y p o th a la m o -h y p o p h y s ia l  t r a c t s  are  e i the r  typ ica l ly  
b ead ed  or un iform ly  s ta in ed .  T h e  beads are  of v a r iab le  size a n d  represen t  
th e  neurosecre to ry  m a te r ia l  or H err ing  bodies a n d  th e i r  presence m a y  be 
ta k e n  as a phenom enon  o f th e  ho rm onal secretion  of  th e  nucleus praeop ticus .  
Scarce neurosecre to ry  m a te r ia l  is only found a ro u n d  th e  b lood  vessels r a m i­
fy ing  in th e  p ro -ad en o h y p o p h y s ia l  region (Fig. 5). B u t ,  a m o d e ra te  am o u n t  
o f  th is  m a te r ia l  is seen in th e  m eso-adenohypophysis ,  b o th  be tw een  th e  cell 
m asses and  be tw een  th e  in d iv idua l  cells. An enorm ous a m o u n t  o f  neurosecre­
to r y  m ateria l ,  how ever, occurs a t  the  m e ta -ad en o h y p o p h y s ia l  region. This 
m ay  be a t t r ib u te d  to  th e  fac t  t h a t  the  neu rosec re to ry  m a te r ia l  is s to red  a t  
th e  pe r ivascu la r  axo n a l  endings close to  th e  m e ta -a d e n o h y p o p h y s ia l  epithelial 
laye r  (Fig. 3). A lthough  th e  neu rosecre to ry  m a te r ia l  is fo u n d  in dense aggre­
ga tions  to  th e  e x te n t  t h a t  i t  forms a con t in u o u s  lay e r  l in ing th e  m eta-  
adenohypophys ia l  ep ithelia l  region, y e t  th is  m a te r ia l  is n e v e r  seen w ith in  this 
region.

Some of th e  axons  o f  th e  h y p o th a lam o -h y p o p h y s ia l  t r a c t s  h av e  ex tra -  
h y p o phys ia l  p e r ivascu la r  end ings th ro u g h  th e ir  course  a long th e  h y p o th a lam ic  
floor. Besides, o th e r  axons  te rm in a te  on th e  e p en d y m o cy te s  l in ing th e  in ­

Acta Biologica Academiae Scientiarurn Hungaricae 27, 1976



168 W . R I Z K A L L A

f u n d ib u la r  and h y p o p h y s ia l  recesses. These recesses co n ta in  v a ry in g  q u a n ­
t i t i e s  o f  a secretory  su b s ta n c e ,  s ta inab le  w ith  a ldehyde  fuchsin  and  chrom e 
a lu m  h a e m a to x y l in  (Figs 3, 4 a n d  5). Most p ro b ab ly ,  th is  su b s tan ce  is th e  n e u ­
ro s e c re to ry  m ateria l  of th e  n u c leu s  praeop ticus .  I t  seems to  reach  th e  in fu n d i­
b u la r  a n d  hypophysia l  recesses  v ia  the ir  lining ep en d y m o cy te s .

T h e  nucleus la teralis  tu b e r i s  is a n o th e r  pa ired  s t ru c tu re .  I t  lies posterior  
to  t h e  nuc leus  p raeop ticus ,  e x te n d in g  along th e  in fu n d ib u la r  region which 
faces  t h e  p i tu i ta ry  g land. T h is  n uc leus  consists o f  tw o  lo n g i tu d in a l ly  or antero- 
p o s te r io r ly  arranged  s t r a n d s  o f  n eu rona l  bodies which  occupy  an inw ard  
p o s i t io n  to  the  h y p o th a la m o -h y p o p h y s ia l  t r a c ts  of th e  nuc leus  praeop ticus  
(F igs  3 a n d  5).

T h e  neurona l  bodies o f  t h e  nucleus la tera lis  tu b e r is  are  loose and  less 
v a s c u la r iz e d  th a n  those  of  t h e  nuc leus  p raeop ticus .  T h e y  show a reduc tion  
in  size in  th e  an te ro -pos te r io r  d irec tion , a n d  th e  m a jo r i ty  o f  th e m  h av e  an 
a c id o p h i l ic  s ta in ing a ff in i ty ,  a p p e a r in g  light green or ph lox in  positive. Some 
n e u r o n a l  bodies, and  especia lly  th o se  loca ted  poste r io r ly ,  how ever,  show a 
b a so p h i l ic  s ta in ing aff in i ty  as t h e y  are  a ldehyde fuchsin  or ch rom e a lum  h a e m a ­
to x y l in  positive , similar to  th e  neu ro n a l  bodies of  th e  nucleus praeop ticus  
(F ig .  5). B u t ,  th e  neurona l  b od ies  of  th e  nucleus la te ra lis  tu b e r is  are less a b u n d a n t  
in  b a so p h i l ic  neurosecre to ry  m a te r ia l  th a n  those  of  th e  nucleus p raeopticus.  
M ost  p ro b a b ly ,  the  axons w h ic h  arise  from th e  nucleus la te ra l is  tube r is  merge 
w i th  th o s e  consti tu t ing  th e  h y p o th a la m o -h y p o p h y s ia l  t r a c ts  o f  th e  nucleus 
p r a e o p t i c u s  before the ir  e n t r a n c e  in to  the  p i tu i ta ry  g land.

Discussion

M u g i l  auratus  possesses tw o  h y p o th a la m ic  n eu ro sec re to ry  cen tres , 
v iz .,  t h e  nucleus p raeop ticus  a n d  th e  nucleus la te ra l is  tube r is ,  s im ilar  to  w h a t  
has  b e e n  recorded  for o th e r  te le o s t  fishes b y  B r e h m  [3] a n d  G a b e  [5]. In  
som e  te leo s ts ,  however, a s ing le  h y p o th a la m ic  n eu ro sec re to ry  cen tre ,  the  
n u c le u s  p raeop ticus ,  has  b een  desc r ib ed  [6, 17].

T h e  nucleus p raeo p t icu s  m a y  assum e var ious  shapes in  te leost fishes, 
as i t  e i t h e r  consists of h o r iz o n ta l ly  p laced  e longa ted  bodies such  as in  Carassius 
[13], v e r t ic a l ly  set bodies s u c h  as in  R ita  a n d  Heteropneustes  [14, 15], 
U  s h a p e d  bodies such as in Clarias  [12] or L -shaped  bodies such  as in M u g il  
aura tus  o f  th e  presen t in v e s t ig a t io n .

T h e  nucleus p raeop ticus  o f  M u g i l  auratus  c o n t r ib u te s  to  th e  fo rm ation  
o f  t h e  r i g h t  and left h y p o th a la m o -h y p o p h y s ia l  t r a c t s  w hich  p e n e t ra te  in ­
d e p e n d e n t ly  th e  p i tu i ta ry  g la n d  w h ere  th e y  fuse a n d  form  th e  n e u ro h y p o p h y ­
sis. I n  Clarias  [12] and  Heteropneustes  [15], how ever, th e  r ig h t  and  left h y p o ­
th a la m o -h y p o p h y s ia l  t r a c ts  g ive  rise poste rio rly  to  a n u m b e r  of  la te ra l  t ra c ts
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which jo in  to  fo rm  a v e ry  closely a p p ro x im a te d  pa ir  of m edian t r a c t s .  The 
r ig h t  an d  left t r a c t s  a n d  th e  m edian  t r a c ts  jo in  to  form a com m on t r a c t  a t  th e  
hypop h y s ia l  s ta lk .

Some axons of  th e  h y p o th a la m o -h y p o p h y s ia l  t ra c ts  o f  M u g il  auratus  
s ep a ra te  from  th e i r  m a in  course and  te rm in a te  on the  h y p o th a lam ic  blood 
vessels or th e  ep en d y m o cy te s  lining th e  in fu n d ib u la r  and  hy p o p h y s ia l  re ­
cesses. Similar axo n a l  ex trah y p o p h y s ia l  te rm in a t io n s  have been described  in 
A nguil la  [19]. Lepidogobius  [7], Clarias 112] a n d  R ita  [14].

T he  axons of  the  nucleus la teralis  tu b e r is  o f  M ugil  auratus  seem to 
merge w ith  those  c o n s t i tu t in g  th e  h y p o th a la m o -h y p o p h y s ia l  t r a c ts  o f  th e  n u ­
cleus p raeop ticus ,  and  th u s  th e  bu lk  of  th e  n eu ro sec re to ry  m a te r ia l  o f  these  
nuclei reaches th e  p i tu i t a r y  gland b y  an a x o n a l  t ran sp o r t .  H ow ever ,  th e  
close p ro x im ity  o f  th e  n eu rona l  bodies of  th e  nuc leus  la teralis  tube r is  to  th e  
h y p o th a lam ic  b lood  vessels a n d  th e  in fu n d ib u la r  recess suggests th e  possib ili ty  
of  th e  diffusion of  th e i r  neurosecre to ry  m a te r ia l  in to  these cavities. T hese  f in d ­
ings coincide w ith  th o se  recorded  for Salvelinus  [2 ] .  B rehm  [3] s ta te d  t h a t  th e  
neurosecre to ry  m a te r ia l  o f  th e  nucleus la te ra l is  tube r is  is released d irec t ly  
in to  th e  th i rd  cereb ra l  ven tr ic le ,  w hereas P a l a y  [10] opined th a t  th is  m a te ­
rial reaches th e  p i tu i t a r y  gland by  an ax o n a l  t r a n s p o r t .  Stahl  a n d  L e r a y  
[18], however, sugges ted  a tu b e ro — ep e n d y m o — hypophysia l p a th w a y  and  
v ascu la r  t r a n s p o r t  as a l te rn a t iv e  m e thods  for  conduction  of th e  neu ro se ­
cre to ry  m a te r ia l  o f  th e  nucleus lateralis  tube r is .
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Abstract

Subcellu lar f rac tio n s  were p repared  from  Streptom yces griseus No. 45-H  at 
d ifferen t stages o f  life cycle, an d  th e ir  p ro teo ly tic  a c tiv ity  w as exam ined . The h ig h est p ro te o ­
ly tic  a c tiv ity  w as fo u n d  in  th e  24- and  72- h-old  v e g e ta tiv e  h y phae, th e  low est in the  
restin g  spores. Spores con ta in ed  ab o u t 9—30%  of th e  p ro teo ly tic  a c tiv ity  o f veg eta tiv e  
cells. A t th e  age of 16 h  a b o u t 80% , a t  26 h  7 0% , a t  72 h  4 0% , and in spores ab o u t 
60%  of the  p ro teo ly tic  a c t iv ity  w as p a rticu la te . T he g re a te s t p a r t  of th e  p ro teo ly tic  
a c tiv ity  could be in h ib ited  b y  E D TA , lower levels o f serine and  su lfh y d ry l p ro tease  
activ ities were d e tec ted  in  th e  cell-free e x tra c ts  o f v e g e ta tiv e  cells.

In troduction

T h e  aim of these  exp er im en ts  was to  s tu d y  th e  in trace llu la r  p ro teo ly tic  
a c t iv i ty  of Streptomyces griseus  No. 45-H  d u r in g  th e  life cycle in  o rder  to  
f ind  th e  c ircum stances  fav o u rab le  for o b ta in in g  in ta c t  func tiona l  r ibo­
somes.

In  a prev ious w ork  we repo r ted  [7] t h a t  spore  ribosomes o f  S . griseus  
No. 45-H  were s tab le  d u r in g  th e  isolation p ro ced u re ,  b u t  in th e  case of  vege­
ta t iv e  cell ribosom es i t  was necessary  to  use p ro tea se  in h ib ito r  to  ge t  a re ­
p roducib le  ribosom al p ro te in  profile  in one-d im ensiona l  po lyacry lam ide  gels. 
We also found  t h a t  w ash ed  ribosomes from  v e g e ta t iv e  hy p h ae  h a d  higher 
pro teo ly tic  ac t iv i ty  t h a n  ribosom es from spores [8].

M aterial and m ethod

T he experim en ts  w ere carried  o u t w ith  a  s trep to m y cin -n o n -p ro d u c in g  v a r ia n t  o f
S. g riseus, No. 45-H . T he ch ara c te riz a tio n  of the s tra in  w as p u b lish ed  elsew here [9].

M ycelia were c u ltu red  in  filte red  soybean m ed iu m  in  500 m l E rlen m ey er flask s a t 
27°C, an d  h a rv ested  a t  s ta te d  in te rv a ls .

Spores and  old v eg e ta tiv e  hyp h ae  were p ro d u ced  fro m  a  72-h cu ltu re  as follow s: the  
cu ltu re  w as h a rv ested , w ashed tw ice w ith  sterile  b id istilled  w a te r  an d  once w ith  0.01 mol/1 T ris-H C l 
buffer, p H  7.6, co n ta in in g  0.003 mol/1 m agnesium  a c e ta te  ( th is  buffer was used  th ro u g h o u t 
th e  ex p erim en ts), re suspended  in cold buffer and  so n icated  fo r 5 m in  in ice b a th  w ith  an  MSE 
u ltra so n ic  d is in teg ra to r (M easuring  and  Scientific  E q u ip m e n t L td .,  Pow er U n it No. 3 000) 
a t  an  in te n sity  o f 1.4— 1.5 A, A m m eter position . U n d e r th ese  c ircum stances h y p h ae  w ere 
d is ru p te d , w hereas th ere  w ere no m orphological a lte ra tio n s  in  th e  spores. A fte r son icating
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th e  susp en sio n  was cen trifuged  a t  10 000 g for 10 m in , th e  s u p írn a ta n t  served  as a  cell-free 
e x tr a c t  o f  72-hour-old v e g e ta tiv e  m ycelia , th e  pe lle t co n ta in ed  the  spores. T he spores w ere 
w a sh e d  tw ice w ith  cold b id is tilled  w a te r  a n d  once w ith  b u ffer, and stored  a t  — 20°C u n til used .

Spores were free o f v e g e ta tiv e  cells and  cell d eb ris as ju d g ed  in th e  p h a se -c o n tra s t  
m icroscope.

Cell-free e x tra c ts  from  m y ce lia  (ex cep t th e  72-hour cu ltu re) and from  spores w ere p re ­
p a re d  b y  b reak ing  in a  B ra u n  cell hom ogenizer (m odel M SK). T en ml suspensions o f m ycelia  or 
sp o res w ere shaken w ith  50 g o f 0.10 — 0.11 m m  d iam e te r glass beads for 1 o r  2 m in , r e ­
sp e c tiv e ly . Glass beads w ere s e p a ra te d  b y  c en trifu g a tio n  fo r 20 m in a t  5000 g , an d  w ashed  
tw ice  w ith  buffer.

S u p e rn a ta n ts  were com b in ed , tr e a te d  w ith  3 //g /m l D N ase (W o rth in g to n  B iochem ical 
Co., R N ase-free) for 15 m in  in ice b a th , th e n  frac tio n a ted  b y  th e  m eth o d  o f O r l o w s k i  and  
W h i t e  [6] w ith  some m o d ifica tio n s . A fter tre a tm e n t w ith  D N ase, th e  susp en sio n  was c e n tr i­
fu g ed  in  an  MSE H ighspeed 18 cen trifu g e  a t  10 000 g for 10 m in , and  a p o rtio n  o f th e  su p e r­
n a ta n t  ( S I )  was cen trifuged  a t  27 000 g fo r 60 m in  to  y ield  a p a rticu la te  f ra c tio n  (P  I) an d  
a s u p e rn a ta n t  frac tion  (S II) .  A p o rtio n  of S I I  was cen trifu g ed  in an  M SE S u p ersp eed  TC 50 
c e n trifu g e  a t  140 000 g for 90 m in  to  y ield a second p a r tic u la te  frac tio n  (P  I I )  a n d  a su p e r­
n a ta n t  frac tio n  (S III ) .

P ro te in  in f ractions was d e te rm in e d  by  the  m e th o d  of L o w ry  an d  co-workers  [3], 
u s ing  bov ine  album in as a  s t a n d a rd ,  th en  th e  p ro te in  concentr .  tion of f rac t ions  was un ifo rm ly  
a d ju s te d  to  2 mg per ml w i th  buffer .

P ro tease  a c tiv ity  o f th e  frac tio n s  w as d e te rm in ed  as descibed b y  M a t h e s o n  an d  
M i k u l i k  [4], using 2%  casein  (S e rv a , v ita m in  free) in 0.1 mol/1 T ris-H C l (p H  7.9) as su b s tra te  
[5]. F o u r  m l casein and 0.4 ml f ra c tio n s  w ere in cu b a ted  a t  30°C. A t 0, 3. 6 a n d  20 h  0.6, m l 
d ig es ts  w ere rem oved , p re c ip ita te d  w ith  1 m l 6 %  TCA an d  sto red  a t  0°C for 30 m in . Sam ples 
w ere cen trifu g ed  and 1 ml s u p e rn a ta n t  was m ixed  w ith  2 m l 0.5 mol/1 N aO H , th e n  0.6 ml phenol 
r e a g e n t  w as added  and e x tin c tio n  w as read  a t  650 m g  in  a U nicam  SP  1800 sp e c tro p h o to ­
m ete r.

N e u tra l  m etal p ro tea se s w ere  in h ib ited  w ith  E D T A  [2], alkaline serine p ro tea se s w ith  
P M S F  [1, 2] and  th io l p ro tea se s w ith  PCM B, each re ag e n t a t  a c o n cen tra tio n  of 10 -3  mol/1.

A b b rev ia tio n s used : E D T A  =  e th y le n ed iam in e te tra ac e tic  acid , P M S F  =  pheny l-
m e th y lsu lfo n y lflu o rid e , PCM B =  p ara-ch lo ro m ercu rib en zo ate .

R esu lts  and d iscussion

Cell-free ex trac ts  of v e g e ta t iv e  cells o f  S . griseus  No. 45-H  in all e x a ­
m in e d  s tages of d e v e lo p m e n t  h a d  h igher p ro teo ly tic  ac t iv i ty  t h a n  spores 
h a d  (F ig . 1).

D u r in g  the  life cycle th e  changes in th e  p ro teo ly tic  ac t iv i ty  o f  veg e ta t iv e  
cells a re  in good corre la t ion  w ith  th e  m orphological changes of  th e  cu ltu re . 
D u r in g  th e  f irs t  24 h of v e g e ta t iv e  g row th  th e  in trace llu la r  p ro teo ly t ic  ac t iv i ty  
in c re a se d  ve ry  qu ick ly , t h e n  ra p id ly  decreased in  th e  following tw o  hours  
(F ig  1). D uring  this per iod  th e  ex trace llu la r  p ro teo ly tic  a c t iv i ty  o f  th e  cu ltu re  
b r o th  a t ta in e d  a high level, w h ich  was accom pan ied  by  a g rea t  lysis o f  v e g e ta ­
t iv e  h y p h a e  [9]. A fte r  lysis a secondary  g ro w th  phase  began  a n d  from  th is  
p e r io d  o f  th e  life cycle b o th  v e g e ta t iv e  and  rep ro d u c t iv e  e lem ents  were seen 
in t h e  cu l tu re  [9].

A t  72 h of age, th e  old v e g e ta t iv e  h y p h a e  a n d  th e  re p ro d u c t iv e  e lem ents  
were  s e p a ra te d  from each o th e r  and  th e ir  in trace l lu la r  p ro teo ly t ic  ac tiv it ies  
were d e te rm ined .  Fig. 1 show s t h a t  th e  old veg e ta t iv e  h y p h a e  were  more 
a c t iv e  t h a n  th e  spores.
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T ime

Fig. 1. P ro te o ly tic  a c tiv ity  in cell-free e x tra c ts  (frac tio n s  I) from  d ifferen t phases o f  develop  
m en t of S. griseus  No. 45-H . T he solid line a t  th e  age o f 72 h  rep resen ts the  p ro teo ly tic  a c tiv ity  
o f old v e g e ta tiv e  h y p h ae , th e  d o tte d  one th e  p ro teo ly tic  a c t iv ity  of spores. D etails  a re  g iven  in  
th e  te x t .  In tra c e llu la r  specific a c tiv ity  was expressed  in  d A e50 per 0.8 mg p ro te in  p e r  20 h. 
The dashed  line shows th e  p ro teo ly tic  a c tiv ity  o f th e  c u ltu re  b ro th  during  th e  life cycle; values 

are expressed  in d A 650 per 0.4 ml cu ltu re  b ro th  per 20 h

T h e  h ighes t  p ro teo ly t ic  ac t iv i ty  w as fo u n d  in th e  24- a n d  72-hour-  
old v e g e ta t iv e  cells, th e  low est one in th e  re s t in g  spores.

T ab le  1 shows th e  d is t r ib u t io n  of  p ro te o ly t ic  ac t iv i ty  b e tw een  soluble 
and  p a r t ic u la te  frac tions of  cell-free e x t ra c ts  f ro m  different stages o f  dev e lo p ­
m ent. I n  y o u n g  v e g e ta t iv e  cells (16 h) 8 0 %  o f  th e  pro teo ly tic  a c t iv i ty  was 
p a r t icu la te ,  p re su m ab ly  m em brane-  a n d  r ibosom e-hound ,  and  a t  th e  end 
of the  life cycle, in th e  old veg e ta t iv e  h y p h a e ,  th is  value decreased to  4 0 % ; 
in spores to  60% .

W e fo u n d  th a t  60 —8 0 %  of th e  p ro te o ly t ic  ac t iv i ty ,  te s ted  a t  p H  7.9 in 
cell-free e x t ra c ts  from e i th e r  veg e ta t iv e  cells o r  from  spores, can be  in h ib i te d  
by  E D T A  w hich  was effective in every  sub ce l lu la r  f rac tion  of v e g e ta t iv e  cells 
and of spores.

T he  in h ib i to ry  effect o f  PM S F  var ied  b e tw een  0 and  40%  in th e  d ifferen t 
fractions. T h e  p ro teo ly tic  a c t iv i ty  of f rac t io n  P  1 iso lated  from a 26-h  cu ltu re  
could he in h ib i ted  more effectively by  P M S F  th a n  t h a t  o f  f rac t ion  P  I from
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Table 1

V alues o f  particulate proteolytic activity  o f  cell-free extracts fro m  different stages o f  development o f
Streptomyces griseus N o. 45 -H

Age of mycelia Particu la te  act ivi ty
(hours) (per cent)

16 80

26 73

72 40

spores 60

16-h m ycelia .  The p ro teo ly t ic  ac t iv i ty  of f rac t io n s  P  I I ,  ob ta ined  from  vege­
t a t i v e  cells, was in h ib i ted  b y  P M S F  be tw een  20 and  35% . PM S F  w as found  
w i th o u t  effect on th e  a c t iv i ty  o f  fraction  P  I I  f rom  spores.

T h e  in h ib i to ry  effect o f  PCMB was e x a m in e d  w ith  subcellu lar f rac t ions  
o f  26- a n d  72-h cultu res . T h e  soluble f rac t ions  f ro m  b o th  cultures h a v e  h igher  
P C M B  sen s it iv i ty  th a n  p a r t ic u la te  frac tions have .

W h e n  a com b in a t io n  o f  E D T A , P M S F  a n d  PCMB was used, each a t  
1 0 -3  mol/1, th e  ac t iv i ty  of  th e  soluble frac t ion  of  a 26-h culture  was com p le te ly  
in h ib i t e d ,  b u t  a p p ro x im a te ly  5— 10%  of th e  p ro teo ly t ic  ac t iv i ty  of p a r t ic u la te  
f r a c t io n  (P  I  and  P  I I )  was fo u n d  to  be in sens i t ive  to  th e  t r e a tm e n t .

T h e  above d a ta  agree w i th  our earlier re su l ts  [7, 8] t h a t  spore r ibosom es 
were  fo u n d  more “ s ta b le ”  d u r in g  th e  iso la t ion  procedure, as spores  h av e  
m u c h  w e a k e r  in trace llu la r  p ro teo ly tic  a c t iv i ty  t h a n  vege ta t ive  cells have . 
I n  o th e r  respects  th e  know ledge  of these  re su l ts  will help us to  e la b o ra te  
th e  co n d i t io n s  un d er  w h ich  in ta c t ,  fu n c t io n a l  ribosomes can be o b ta in e d  
f rom  S .  griseus  No. 45— H.

A ck now ledgem ent

W e are  in d eb ted  to Mrs. I. R ó z s a  for skillful te c h n ica l assistance.
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Abstract

A m icro ch am b er was developed for th e  e x am in a tio n  of b iological specim ens in 
n early  n a tu ra l e n v iro n m en ts , in an  e lectron  m icroscope, a t  ^  70kV a cce le ra tin g  voltage. 
T he ch am ber can be supplied  co n tinually  w ith  th e  sam ple  and  w ith  th e  re ag e n ts , which 
m akes it su itab le  fo r th e  s tu d y  of biochem ical reac tio n s , too. T e m p e ra tu re  and  v apour 
pressure in th e  ch am b er can be contro lled  and  th e  th ick n ess o f the specim en  can  be varied . 
T ransm ission  e lec tro n  m icrographs of biological specim ens, such as h u m a n  blood cells, 
bull gam etes and  B a cillu s  subtilis have been o b ta in ed . M obility of m icroorgan ism s, which 
is regarded  as a c rite rio n  of the  w et s ta te , has been observed.

Introduction

Since the  in t ro d u c t io n  o f  the  e lec tron  microscope, th e  inves t iga t ion  
o f  w et biological specim ens has been a p e rm a n e n t ly  recu rren t  p ro b lem , nam ely , 
d ry in g  changes th e  specim en  and m ay  d es tro y  its u l t r a s t ru c tu re  [1, 2]. The 
in v es t iga t ion  by  e lec tron  microscopy of biological specimens in n e a r ly  na tu ra l  
env iro n m en ts  w ould  offer new possibilities in m a n y  fields of  re sea rch .

Material and method

S tu d y in g  w et b io logical specim ens in e lectron  m icroscope m eets m a n y  difficulties, 
as th e  w et s ta te  m u st be k e p t in h igh v acuum  (1 0 -4 — 10 “ 5 to rr) . A g rea t deal o f  e ffo r t has been 
ex p an d e d  to  overcom e these  d ifficu lties and “ en v iro n m en ta l ch am bers”  hav e  b een  designed 
to  m ain ta in  specim ens in th e  w et s ta te  [5, 11, 15]. T hese ch am b ers are d iv ided  in to  tw o types: 
s ta tic  [1 — 4, 9, 18] an d  d y n am ic  [6, 10, 13, 14, 16, 18, 19] cham bers . In  th e  fo rm er one, the  
specim ens are k ep t in a closed space and  are se p a ra ted  from  th e  vacu u m  space o f th e  electron 
m icroscope by th in  e le c tro n -tra n sp a re n t w indow s. In  th e  la t te r  one, th e  spec im en-space  is 
d irec tly  connected  to  th e  colum n-space and  the  p ressu re  in th e  cham ber is co n tro lled  by allow­
ing a gas to  flow a ro u n d  th e  specim en.

T he presence o f w indow s leads to a  serious re d u c tio n  in reso lu tio n  a n d  co n trast. 
T he f irs t  “ sealed” ty p e  c h am b er was co n stru c ted  by  Ma rton  [12]. A p p lica tio n  o f  s ta tic  ch am ­
bers w as fac ilita ted  by  th e  in tro d u c tio n  of h igh vo ltag e  e lectron  m icroscopes ( I I VEM , bigger 
p e n e tra tin g  power). T he f irs t  HV EM  ex p erim en t w as carried  o u t by D u p o u y  [2]. T he use of 
I IVEM  involves som e a d d itio n a l problem s. A lthough th e  ra d ia tio n  dam age is reduced , the  
e la stic  sca tte rin g  in th e  specim en  is decreased w ith  increasing  inelastic  sc a tte r in g , acco rd ­
ingly  th e  co n tra s t is red u ced . P ho to g rap h ic  em ulsions a re  less sensitive  to  1000 kV  th a n  those 
of low er energy and  th is re su lts  in a loss in sen sitiv ity , a t  a  HV EM .

I t  is no easy ta sk  to  develop an a p p ro p ria te  w et ch am ber for b io logical in v estig a ­
tio n s . U sing  th e  w e t-tech n iq u e  the  following th ree  p rob lem s are to  be solved:
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(1 ) I t  is highly im p o r ta n t to  keep th e  specim ens in  th in  lay e r and  in th e  w et s ta te  
in d ee d . A  p rev ious d ry ing  o u t  o r freez ing  canno t be alow ed. A la te r  in tro d u c tio n  o f  w a ter 
v a p o u r  does n o t help any  m ore, b e ca u se  m o st of the  livinlg p rocesses are n o t reversib le.

M o tio n  of specim ens (see e. g. F ig . 7) un d er e lec tro n  m icroscopical in v es tig a tio n s  has 
b een  re c o rd e d  in the  “ H y g ro -E lm i”  m icrocham ber (F ig. 1) fo r th e  f irs t tim e. T hese m o vem en ts 
a re  th e  conclusive  proof for th e  w e t s ta te  o f th e  biological spec im en .

(2) R ad ia tio n  dam age o f th e  sam ple  (by ionizing a n d  w arm in g  effects o f th e  e lec tro n  
b e am , a s  w ell as the  p rob lem  of “ d e a th ”  o f living specim ens [7]) m u s t be reduced .

(3 ) Im age  co n trast a n d  re so lu tio n  m u st be im proved  (w h ich  are  degraded  b y  th e  th ic k ­
ness o f  th e  specim en and d is to r tio n  cau sed  by  the  sca tte rin g  o f th e  su rro u n d in g  gas).

R esu lts and discussion

A  new  experim enta l  t e c h n iq u e  using the  m ic ro ch am b er  “ H y g ro -E lm i” 
( d y n a m ic  type)  has been d e v e lo p ed .  I t  allows sa t i s fa c to ry  conditions for  th e  
in  v itro  s ta te :  the  w e t  s t a t e  of specimens is i l lu s t ra te d  b y  o bse rva tion  
of  m o v e m e n t ;  rad ia t ion  d a m a g e  is reduced  b y  v e ry  sho r t  exposure  t im e , 
b y  coo ling  the sample, b y  c o n t in u o u s  fresh spec im en  supply , b y  low beam  
c u r r e n t ;  c o n tra s t  is increased  b y  using th in  specim en  layers  [19]. T he  ch a m b e r  
is a t t a c h e d  to a Zeiss E F -4  e lec tro n  microscope (acce lera t ing  vo ltage  67 kV, 
e le c t ro n  beam  curren t  10 -3  to  10~2 A c m ' 2). I t  c an  of course be a d a p te d  to  
a n y  t y p e  of  commercial e le c t ro n  microscope.

T h e  inside space of  t h e  c h am b er ,  i.e., th e  spec im en  space is connec ted  
to  t h e  co lum n space of th e  e lec tron  microscope th r o u g h  en trance  a n d  ex it  
a p e r tu r e s  of  100 pm d ia m e te r .  T h e  pressure in th e  c h a m b e r  nearly  corresponds  
to  t h e  equ ilib r ium  v a p o u r  p re s su re  a t  the  given t e m p e ra tu re  of th e  sam ple . 
T h is  is achieved by  s u p p ly in g  v ap o u r  from  b u ffe r  system s while th e  
s t r e a m in g  ou t is d am p ed  b y  tu rb u le n t  cu rren ts  developed  a t  th e  na rro w  
a p e r tu r e s .  T he cham ber is c o n t in u a l ly  supplied w ith  specim ens and  th e  t e m p e r a ­
t u r e  a n d  pressure are co n tro l led .  F u r th e rm o re  th e  specim en m ay  be t r e a te d  
in  s i tu  w i th  chemical r e a g e n ts  an d  th e  su b se q u e n t  reac tion  m o n i to re d  
s im u l ta n e o u s ly .  The e lec tron  m icrog raph  can be reco rded  on a f ilm  w ith  a 
c a m e ra .

F ig u re  1 shows th e  sch em e  of th e  cham ber. T h e  p ressu re  inside th e  c h am b er  
is m a in ta in e d  by w a te r  v a p o u r  coming from a b u ffe r  system . Cooling t r a p s  
filled w i th  liquid n itrogen  a re  m o u n ted  around  th e  c h am b er  th u s  p rev en t in g  
th e  v a p o u r  from en tering  th e  e lec tron-optica l co lum n . An in s t ru m e n t  regu la tes  
a n d  m e a su re s  the  te m p e ra tu re .

T ransm iss ion  e lectron m ic rog raphs  on ob jec ts  such  as h u m a n  red  and  
w h i te  b lo o d  cells, bull g a m e te s  a n d  Bacillus subtilis  h ave  been o b ta in e d  in 
p h ys io log ica l  solutions, w i th o u t  a n y  con tras t  m a te r ia l ,  u n d e r  near  equ il ib r ium  
w a te r  v a p o u r  pressure, a t  10°C an d  with exposure  of  ~ 1 0 - 4 C c m ' ! . These 
are  i l lu s t r a te d  in Figs 2— 7 (low m agnification , X  1 000 to  4 000). In  Figs 2 
a n d  5 t h e  film was exposed  d irec t ly  to  th e  t r a n s m i t t e d  electrons. I n  Figs 
3. 4. 6 a n d  7 the  film was e x p o sed  from the  f lu o re scen t  screen w ith  a 35 m m

A d a  Biologica Academiae Scientiarum Hungaricae 27, 1976



I N  V I T R O  E L E C T R O N  M IC R O S C O P Y 179

ELECTRON I BEAM

Fig. 1. Schem e o f th e  m ic ro ch am b er “ H y g ro -E lm i”

Fig. 2. E ry th ro c y te s

F ig. 3. H u m a n  w hite  blood cell
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.

F ig. 4 . C om ponents in h u m an  b lood

F ig . 5. Bacillus subtilis

Ê 0

F ig . 6. Bovine sp e rm ato zo a
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Fig. 7. D isp lacem ent o f b u ll gam ete . (There is a 1/24 sec in te rv a l be tw een  consecu tive  sho ts)

cine-cam era  m o u n ted  ou ts ide  th e  e lec tron-optical device ( the  crosses ind ica te  
th e  screen centre).

T he  m icrographs 3 a n d  4 show cy top lasm ic  s t ru c tu re s .  T h e  jo ined  
Bacillus subtilis is to  be seen in  th e  liquid as a t r ian g le ;  Fig. 5 shows its shadow , 
too. In  th e  ТЕМ  of bov ine  sperm atozoa  (see Fig. 6) th e  nucleus can  be 
d istinguished  which is d a rk e r  th a n  the  su rro u n d in g  cy to p la sm a .  Cells f lo a t  and 
tu m b le  in the  ch a m b e r  in d ica t in g  a dep th  of  l iqu id  a t  leas t  equal to  th e  cell 
th ickness ,  as shown in Fig. 7. T rue  active cell m ob il i ty  was observed b u t  has 
no t y e t  been recorded .

F u r th e r  dev e lo p m en t  of  th e  cham ber  a n d  th e  record ing  a p p a ra tu s  is 
in progress and s tu d y  o f  var ious  biological specim ens is be ing  pursued .
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ELECTRON MICROSCOPIC AUTORADIOGRAPHY OF 
SEROTONIN UPTAKE IN THE GANGLIA OF THE 

FRESH-WATER MUSSEL (ANODONTA CYGNEA L.)

K. E l e k e s

BIOLOGICAL R E S E A R C H  IN STITUTE OF T H E  H U N G A R IA N  ACADEMY OF SCIENCES,  
TIHANY, H UN GARY

(R eceived 1 9 7 5 -1 1  — 28)

Abstract

A fter in  vitro  in cu b a tio n , the  u p tak e  o f lab e lled  sero ton in  was in v es tig a te d  by  
e lectron  m icroscopic a u to ra d io g ra p h y  in th e  g a n g lia  o f fresh -w ater m ussel (A nodonta  
cygnea L.). T he lab e lled  sero ton in  was p rim arily  ta k e n  up  by  the  axons o f th e  neurons. 
T he silver g ra ins cou ld  a lw ays be localized o v e r ax o n s con tain ing  eccen tric  dense- 
core vesicles w ith  a  d iam e te r  of 100—200 nm . T h e  re su lts  suggest (a) th e  po ss ib ility  of 
th e  electron  m icroscopic  id en tification  of se ro to n in -co n ta in in g  neurons, a n d  (b) the  
d irec t role o f th e  eccen tric  dense-core vesicles in th e  sto rag e  of sero ton in .

In troduction

T h e  general occu rrence  of th e  dense-core vesicles in the  cen tra l  nervous  
sys tem  of f re sh -w a te r  m ussel has been p roved  b y  several electron microscopic 
(EM) inves t iga t ions  [9, 17, 28]. Following g lu ta ra ld e h y d e  osm ium  te t ro x id e  
f ix a t io n ,  5 types  of vesicles were d istinguished in th e  cen tra l  neurons of  Anodonta;  
c lear (60— 80 nm ), sm all  dense-core (70— 120 n m ) ,  large dense-core (120 — 
180 nm ), eccentric  dense-core  (100— 200 nm ) a n d  peptidergic  n eu ro sec re to ry  
(100— 190 nm ) ones [7]. According to  d e n s i ty -g ra d ie n t  cen tr ifuga tion ,  th e  
sero ton in  (5HT) c o n te n t  o f  th e  Anodonta  gang lia  is m ain ly  bound  to  th e  synap- 
tosom e frac tions a n d  th e  EM  investiga tions show ed  th a t  these syn ap to so m es  
con ta in ed  dense-core vesicles [10]. After  in  vitro  incuba tion  th e  u p ta k e  of 
:!H -5 H T  was uneq u iv o ca l ly  localized in th e  ax o n  profiles of th e  ganglia  [6]. 
C o n tra ry  to  form er re su l ts  [29, 31], the  above  f in d in g s  suggest the  in t ra -a x o n a l  
localization of 5H T  in th e  ganglia. The aim of th e  p re se n t  work was th e  u l tra -  
s t ru c tu ra l  localization  o f  th e  storage site o f  5 H T  in th e  cen tra l  neu rons  of  th e  
fresh -w a te r  mussel.

Material and m ethod

A d u lt specim ens o f th e  fresh -w ater bivalve A n o d o n ta  cygnea L. were used  in o u r ex ­
p erim en ts . T he d issected  g an g lia  o f th e  anim als w ere in c u b a te d  in 3 ml A n o d o n ta  saline [16] 
c o n ta in in g  3H -5H T  in a  co n ce n tra tio n  of 0.5 and 1.5 n m o l/m l (specific a c tiv ity  500 m C i/m m ol, 
A m ersh am ) for 20, 50 a n d  120 m in  a t  20 and 25°C, re sp ec tiv e ly . F o r EM a u to ra d io g ra p h y , m a te ­
rials of 50 and  120-m in in c u b a tio n  were used because o f  th e ir  m ore  in tensive  labelling  d e tec ted
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b y  l ig h t  m icroscope. Follow ing a  sh o r t  w ash ing  in A n o d o n ta  saline, th e  gan g lia  w ere fix ed  in 
3 %  g lu ta ra ld e h y d e  (d ilu ted  in  A n o d o n ta  saline) for 2 h . P o s tfix a tio n  was p e rfo rm ed  in 2%  
O s 0 4 b u ffe re d  w ith  s-collidine [1] fo r 30 m in  a t  0°C. A fte r d eh y d ra tio n , th e  g a n g lia  w ere em ­
b e d d e d  in  A ra ld ite  (D u rcu p an , ACM , F luka). A fter p o ly m eriza tio n , 2 fim  th ic k  sec tio n s were 
c u t, d e p o s ite d  on glass slides a n d  co a ted  b y  d ipp ing  [15] in Ilfo rd  K-5 em ulsion  d ilu te d  1 : 1 .  
A fte r  10 or 15 days of ex posure , th e  ra d io a u to g ra p h s  w ere processed in K o d ak  D 19, sta in ed  
w ith  to lu id in e  blue and  ex am in ed  w ith  ligh t m icroscope. A reas showing th e  m o s t in ten siv e  
r a d io a c t iv i ty  were chosen for EM  au to ra d io g ra p h y . U ltra - th in  sections cu t on  an  L K B  U ltro- 
to m e  I I I  u ltram ic ro to m e  w ere d ep o sited  on  glass slides b earin g  a celloidin f ilm  [8], double 
s ta in e d  w ith  u ran y l ace ta te  a n d  lea d  c itra te , sligh tly  v ap o rized  w ith  carbon  [24] a n d  coated  
b y  d ip p in g  in  em ulsion Ilfo rd  L-4 d ilu te d  1 : 4. A fte r 2 o r 5 m onths o f ex p o su re  th e  ra d io ­
a u to g ra p h s  were developed in  M icro d o l-X  (E a s tm a n  K o d a k  Co.). The cello id in  film s were 
f lo a te d  o n  d istilled  w a ter a n d  th e  a rea s  carry in g  th e  sec tions were p icked up  on  c o p p e r grids. 
S ec tio n s  w ere  exam ined in  a  T E S L A  BS 413A e lectron  m icroscope.

Results

A ccord ing  to  earlier  ligh t-m icroscope investiga tions [6] th e  3H -5 H T  
cou ld  cha rac te r is t ica l ly  be localized in  axon  profiles in th e  A nodon ta  ganglia, 
w hile  th e  per ikarya  of th e  cor t ica l  laye r  seem ed only very  r a re ly  to  he la- 
he lled . T h e  labelled 5 H T  w as no t  tak en  up  a t  all b y  the  glial cells.

T h e  presen t EM  au to rad io g rap h ic  observa tions  prove also u n e q u iv ­
ocally  t h e  axonal u p ta k e  of  3H -5 H T  (Figs 1, 2). T he  greatest  p a r t  o f  t h e  axons 
in c o rp o ra t in g  exogenous 5 H T  co n ta ined  vesicles. Among th e  vesicle  types 
fo u n d  in  th e  central nerv o u s  system  of Anodonta  cygnea [5, 7] th e  c lear  (60— 
80 n m ) ,  a n d  m ainly  th e  eccentric  dense-core (100—200 nm), vesicles were 
o b se rv e d  in the  labelled a x o n s  (Figs 3, 4, 5a). T h e  grains were v e ry  f re q u e n t ly  
loca lized  over eccentric dense-core  vesicles (Figs 4, 5b). In  o th e r  cases, the  
s i lver  g ra ins  were found  o v e r  axons c o n ta in in g  also n um erous  dense-core  
vesicles  o f  smaller d ia m e te r  (7 0 — 120 nm) (Figs 5b, 6).

Som etim es , in th e  course  of  our EM  ana lysis  silver grains were  also seen 
o v e r  a few perikarya . In  all cases, th e  so m a ta  con ta ined  dense-core  vesicles. 
B e cau se  of  the  rare  occurrence  of grains th e  s ta t is t ic a l  analysis o f  th e i r  d is t r i ­
b u t io n  w as no t perfo rm ed  a t  all.

Discussion

S im ila r ly  to  l igh t microscopic  au to rad io g rap h ic  results  [6], th e  EM 
ones show ed  also th e  p r im a ry  axona l  u p ta k e  o f  exogenous 3H - 5 H T  in the 
gan g l ia  o f  fresh-w ater  mussel.  This is in good ag reem en t  with th e  ex p e r im e n ta l  
o b se rv a t io n s  ob ta ined  on th e  ganglia of H elix  pom atia  [20]. In  t h e  course 
o f  th e  l ig h t  microscopic a u to ra d io g ra p h y  of th e  ganglia [6], we supposed  
th e  m acrom olecu la r  b in d in g  o f  th e  exogenous 5 H T  on the basis o f  th e  com ­
p a r iso n  o f  the  g lu ta ra ld eh y d e -f ix ed  m ater ia ls  w ith  those fixed w ith  p a ra fo rm -
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F ig . 1. Low -pow er m ag n ifica tion  electron  m ic ro g rap h  ta k e n  from  th e  v isceral gan g lio n  of th e  
fresh -w ate r m ussel. Silver gra ins are seen o v er ax o n  profiles (arrow s); X 12 000

Fig. 2. Labelled  ax o n  in  th e  neuropile  o f th e  p ed al ganglion  co n ta in ing  clear a n d  eccen tric
dense-core vesicles; X 28 600

a ldehyde  [22]. A ccord ing  to  D e s c a r r i e s  a n d  D r o z  [3] as well as D u c r o s  

[4] th e  increased  axonal  incorpora t ion  o f  th e  exogenous n o rad ren a l in e  and  
5 H T , respectively ,  m a y  be explained b y  th e  presence of a m acro m o lecu la r  
com plex  a t  th e  te rm ina ls .  A t th e  sam e t im e ,  th e  EM au to ra d io g ra p h y  c learly  
proved  th e  view [30] t h a t  the  5H T  c o n te n t  o f  th e  neuropile o f  th e  A nodonta  
ganglia  could n o t  be de tec tedf luorescence-h is tochem ica lly  because  o f  th e  lower 
sens i t iv i ty  of th e  Fa lck-H il la rp  m e thod .
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Fig. 3. H ig h -reso lu tio n  ra d io a u to g ra p h y  of a p re te rm in a l ax o n  profile con tain ing  m an y  eccen ­
tr ic  dense-core vesicles; X 42 000

F ig . 4. S ilv er g ra ins over eccen tric  dense-core vesicles (arrow s). An axon  (asterisk ) show ing  
o n ly  sm all dense-core  vesicles is u n lab e lled ; X 38 500

T h e  3H -5 H T  u p ta k e  i tse lf  m ight he considered  a specific p h e n o m e n o n  
on th e  basis  of th e  am ine c o n cen tra t io n  (1 0 - 6 —  1 0 -7) M/ml employed. I n  th e  
c e n t ra l  ne rv o u s  sy s tem  of b o th  v e r te b ra te s  [18, 25] a n d  in v e r teb ra tes  [11, 19] 
th e  u p t a k e  sy s tem , being  ch a rac te r is t ic  o f  th e  5 H T  inco rpo ra t ion  exists, b e tw een  
th e se  co n c e n tra t io n  values.
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Fig. 5a — b. (a) P re sy n a p tic  a rea  show ing clear a n d  eccen tric  dense-core vesicles. T h e  labelling  
can  be o b se rv ed  over th e  sy n ap tic  connection  th o u g h  a n o th e r  axon  contain ing  sm all dense-core 

vesicles is also in  th e  v ic in ity  o f  th e  g ra in ; X 28 600 
(b) E le c tro n  m ic ro g rap h  of an axon  profile  w ith  sm all dense-core and  eccen tric  dense-core 
vesicles. A silver g ra in  is ex ac tly  seen ju s t  o ver an  eccen tric  dense-core vesicle o f la rg e  d iam e te r

(arrow ); X  28 600

F ig. 6. L abelled  axon  in th e  neurop ile  o f th e  p ed a l ganglion . E ccentric  dense-core  as well as 
sm all dense-core vesicles a re  also seen; X 26 400

As regards th e  subcellu lar  loca liza t ion  o f  5H T, the  p re se n t  results  
su p p o r t  fo rm er ones ob ta ined  a f te r  d if fe ren tia l  and  density  g ra d ie n t  c e n t r i ­
fu g a t io n  [10], since the  labelled  5 H T  is charac ter is t ica l ly  b o u n d  to  axons 
c o n ta in in g  dense-core vesicles. The e lec tron  m icrographs show t h a t  t h e  silver 
gra ins  can  m ost  f req u en t ly  be localized over  axons  conta in ing  m a n y  eccentric  
dense-core  vesicles w ith  a d ia m e te r  o f  100— 200 nm . F requen tly ,  s i lver  grains 
were d irec t ly  seen over such vesicles. Severa l  a t te m p ts  have  b e e n  m ade 
in o rd e r  to  localize 5H T  electron m icroscopically  in the  nerv o u s  sys tem  
of molluscs an d  o th e r  in v e r teb ra tes .  T h e  s to rage  o f  5H T  was sh o w n  to  he 
b o u n d  to  dense-core vesicles [14, 20, 21] am o n g  which eccentric  dense-core
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vesicles occurred  w ith  m ore  or less f requency  [2, 12, 23, 26, 27]. A t  th e  sam e 
t im e ,  how ever, EM  inves t ig a t io n s  after  re se rp in e  t r e a tm e n t  [29] a n d  EM  
a u to ra d io g ra p h ic  f ind in g s  [18] refer to  the  d o p a m in e  conten t of the  dense- 
core  vesicles in  th e  m ussel ganglia. So, th e  p re sen ce  of the eccentric  dense- 
core vesicles seems to  be th e  only and c h a ra c te r is t ic  morphological fe a tu re  of 
c e r ta in  axons of th e  c e n t ra l  nervous system  o f  A nodonta  cygnea. These  axons  
also show  th e  b in d in g  o f  labelled  5HT. T h e re fo re ,  th e  results of H o w e s  a n d  
co-w orkers  [12] a n d  o u r  ow n ones suggest t h e  possib ili ty  of th e  u l t r a s t r u c ­
tu r a l  iden t i f ica t io n  of  se ro ton in -con ta in ing  a x o n s  b y  th e  presence of th e  eccen ­
tr ic  dense-core  vesicles in  t h e  ganglia of th e  f re sh w a te r  mussel. F u r th e rm o re ,  
th e  d irec t  labelling o f  t h e  eccentric  dense-core vesicles m ay  ind ica te  also th e i r  
d i re c t  role in the  s to rag e  of  5H T. This h y p o th e s is  needs support  b y  EM  a u t o ­
rad io g rap h ic  in v es t ig a t io n  of :{H -dopam ine  a n d  ;5H -noradrenal ine  u p ta k e .
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A bstrac t

M edial h y p o th a lam ic  tissue o f 1 to  4 d ay s old ra ts  was d issoc ia ted  a n d  cu ltu red  
in  vitro fo r 8— 10 days. N eu ro n al p e r ik a ry a  w ere d em o n stra ted  by  s u p ra v ita l  m e th y l­
ene blue sta in in g  and  e lec tro n  m icroscopy . S ynapses w ith ty p ica l vesicles a n d  subsyn- 
ap tic  th ick en in g  were also observed . 3H -G A B A  was tak en  up in to  a  sm all p e rcen tag e  
of th e  cells in  th e  cu ltu res . N euron-like  p e r ik a ry a  and long p rocesses a c c u m u la te d  the 
labe l while m an y  neu ro n s co n ta in ed  m u ch  less ac tiv ity . Som e a s tro g lia l a n d  oligo- 
dendroglial cells an d  processes also acc u m u la te d  GABA. A few neu ro n s in  th ese  cu ltu res 
co n ta ined  ace ty lcho linesterase . I t  is concluded  th a t  neurons c o n c e n tra tin g  G A B A  and 
co n ta in ing  ace ty lch o lin esterase  are p re se n t in  th e  h y p o th a lam u s o f  r a ts  o f 1 to  4 
days o f age an d  can be m a in ta in ed  in d issoc ia ted  cell culture.

In tro d u c t io n

Tissue cu ltu re  m e thods  have re cen t ly  been developed t h a t  c an  be used 
in th e  s tu d y  of various aspects  o f  ce n tra l  nervous function , a n d  th e  h y p o ­
th a la m u s  has been m a in ta in e d  in o rgan  cu l tu re  [2, 3, 6, 9, 10, 11]. A n in  vitro 
m e th o d  for m a in ta in in g  h y p o th a la m ic  cells could be especially  usefu l since 
th e  various ty p es  of  h y p o th a la m ic  neu rosecre to ry  cells a n d  in te rn e u ro n s  
are  know n  to  be in f luenced  by  a large  n u m b e r  of neuronal,  h o rm o n a l  and 
h u m o ra l  fac tors  an d  th u s  th e ir  basic  p ropert ie s  are ve ry  d if f icu lt  to  s tu d y  
in  vivo. W e now p resen t  a m e th o d  for ob ta in in g  an in  vitro d is soc ia ted  cell 
cu l tu re  from th e  h y p o th a la m u s  to g e th e r  w ith  evidence for th e  existence 
o f  sy n ap t ic  connections a n d  a t  leas t  tw o  ty p es  of neurons in th e se  cultu res . 
D u r in g  th e  p re p a ra t io n  of  th is  m a n u s c r ip t  descriptions of d issoc ia ted  cell 
c u l tu re s  from  h y p o th a la m ic  tissue were pub lished  [1, 12, 13].

M ateria l  and  m ethod

One to  four d ay s old ra ts  derived  fro m  o u r colony of CFY origin were u sed . A fte r  decap i­
ta t io n  th e  b ra in  was rem oved  u n d e r  s te rile  con d itio n s. Two shallow  tra n s v e rse  c u ts  were 
m ad e  a t  th e  an te rio r  ends o f th e  op tic  ch iasm a an d  th e  m am illary  body , an d  a b o u t  1 m m  deep 
a n d  w ide p o rtio n  of m edial h y p o th a la m ic  tissue  be tw een  these cu ts  w as ex cised  w ith  fine 
scissors.
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T h e  h y p o th a lam i w ere w a sh e d  several tim es w ith  E ag le ’s m ed iu m  enriched w ith  a n ti ­
b io tic s  (200 iu/m l penicillin , 100 ,ug/m l o f s trep tom ycin  a n d  100 ,Mg/ml of neom ycin), 20%  fe ta l 
c a lf  se ru m  and  6 m g/m l glucose, c u t  to  pieces of ab o u t 1 m m 2 a n d  th e n  th e  cells were dissoci­
a te d  e ith e r  by  tr itu ra tio n  th ro u g h  a  P a ste u r p ip e tte  o r b y  in c u b a tio n  a t  37°C in a  m ed iu m  
c o n ta in in g  0.25%  try p s in  (D IF C O ) fo r 10 m in follow ed b y  10 m in  s tirr in g  in the  sam e m ed ium  
w ith  a m ag n e tic  s tirre r. T h e  d isso c ia ted  cells were se d im e n ted  b y  cen trifugation  a t  600 g 
fo r 10 m in  and resuspended  in a  4 : 1 m ix tu re  of E ag le ’s m ed iu m  conta in ing  6 mg/1 m l g lu ­
cose a n d  20%  feta l calf se rum . T h e  cells were p la ted  a t  a  c o n c e n tra tio n  of 10c/m l in to  F a lco n  
p la s tic  P e tr i  dishes e ith e r on  th e  in e r t  surface or on a  co v erslip  covered  by a th in  lay e r of 
c o a g u la te d  p lasm a. In c u b a tio n  w as carried  ou t a t  37°C in a n  a tm o sp h ere  co n ta in in g  5%  
c a rb o n  dioxide. The m ed iu m  w as chan g ed  a t 48 or 72-h in te rv a ls .

Som e of th e  cu ltu res  w ere  su p ra v ita lly  s ta in ed  w ith  0 .0 0 2 %  m ethylene blue [8], or 
im p re g n a te d  w ith  silver acco rd in g  to  H olm es’ m ethod . A cety lch o lin es te rase  (AChE) a c tiv ity  
w as d e m o n s tra ted  using  K a rn o v s k y ’s th iocholin iodide m e th o d  [4]. :IH-GABA (G am m a- 
a m in o b u ty r ic  acid—2, 3— 3H , A m ersh am , specific a c t iv ity :  10 Ci/mM) u p tak e  was s tu d ied  
b y  in c u b a tin g  the  cu ltu res in  a  m ed iu m  contain ing  1.25— 10 /tC i/m l 3H-G ABA. A fter 15-m in 
in c u b a tio n  th e  cu ltu res w ere w a sh e d  3 tim es for 5 m in  w ith  m ed iu m  contain ing  no GABA 
a n d  f ix e d  w ith  2.5%  g lu ta ra ld e h y d e , w ashed and  dried . A u to ra d io g ra p h s  were p rep ared  by  
ex p o sin g  K o d ak  A R  10 s tr ip p in g  f ilm  for 1 — 7 days.

A  few  cu ltu res w ere p ro cessed  for electron m icroscopy  b y  f ix a tio n  in  2%  g lu ta ra ld eh y d e  
in  cac o d y la te  buffer of p H  7.4 fo r  2 h , w ashing o v e rn ig h t, p o s tf ix in g  in  1%  0 s 0 4 for 1 h  and  
e m b e d d in g  in D urcu p an  ACM. U lt ra - th in  sections were s ta in e d  w ith  lead  c itra te  an d  u ra n y l 
a c e ta te  an d  exam ined in a JE M  6-A S electron  m icroscope.

Results

T h e  dissociated h y p o th a la m ic  cells were ro u n d  and  variable  in size. 
T h e y  a t ta c h e d  to  th e  p la s t ic  or the p lasm a-covered  coverslip in ab o u t  24 h 
a n d  were  seen to  send  o u t  processes after h a v in g  b een  cu l tu red  for 2 4 —48 h. 
A f te r  a week the  b o t to m  o f  th e  dish was covered  b y  an  alm ost con tinuous  
l a y e r  o f  cells. Some of th e  cells in this layer were  n e u ro n s  as shown by  s u p ra ­
v i t a l  s ta in in g  w ith  m e th y le n e  blue, silver im p re g n a t io n  and  electron m icros­
c o p y ,  b u t  most of th e m  p ro v e d  to  be of n o n -n e u ro n a l  (ependym al and  glial) 
cells. A few synapses h a v e  also been o bse rved  b y  electron microscopy

(Fig- !)•
Som e of the  neu ro n - l ik e  cells and long processes s trongly  accu m u la ted  

ra d io a c t iv i ty  in th e  p re sen ce  o f  low c o n c e n tra t io n s  of :iH -G A BA  (Figs 2 
a n d  3). The u p ta k e  p ro v e d  to  he sa tu rab le ,  since no  u p ta k e  was observed  
in  c u l tu re s  exposed to  :iH -G A B A  in the  presence  of  10 -4 M non-labelled  
G A B A . Only less th a n  a b o u t  2 %  of the  cells c o n c e n t r a te d  GABA; h u t  exac t  
c o u n ts  were no t m ade , since th e  num ber  of G A B  A -co n cen tra t in a  cells va r ied  
b e tw e e n  dishes as well as a t  d ifferent sites in  th e  dishes. This parallels th e  
in  vivo  f ind ing  th a t  on ly  a m in o r i ty  of h y p o th a la m ic  neurons take  up  3H - 
G A B A  af te r  infusion in to  t h e  th ird  ventric le  [4].

A few A C h E -co n ta in in g  cells (less t h a n  1 %  of all cells present) were 
also obse rved  in a n u m b e r  o f  h y po tha lam ic  cu ltu res .  M ost of the  cells sen t out 
a t  le a s t  one A C hE-positive  process  (Fig. 4) and  were  seen in clusters con ta in ing  
2— 5 cells.
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F ig. 1. E lec tro n  m icrograph  show ing  synapses in a hyp o ­
th a la m ic  cell cu ltu re  m ain ta in ed  for 10 d ay s  in  vitro. Arrows 
p o in t to th e  synap tic  c o n ta c ts . SV = synap tic  vesicles. 
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F igs 2— 3. L ig h t m icroscopic a u to rad io g rap h s  from  a h y p o th a lam ic  cell cu ltu re  exposed to  3H-G A BA . N ote  th e  cells covered  b y  
accu m u la tio n s o f silver g ra ins over th e  cell bod y  and  processes. G iem sa s ta in , X 2 960
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Fig. 4. C holinesterase-positive  cells w ith  long processes in  a  h y p o thalam ic  cell cu ltu re . N ote 
th e  absence of the  reac tio n  p ro d u c t in th e  b ack g ro u n d  cells. T hiocholine m eth o d  [4], X 250

Di scuesion

O ur results  as well as those pu b l ish ed  by  W il k in so n  a n d  co-workers 
[13], B e n d a  and co-workers [1] an d  V i t r y  an d  co-workers [12] show  t h a t  it  
is possible to  ob ta in  and cu l tu re  d issocia ted  hyp o th a lam ic  neurons . H ow ever,  
th e  yield is low a t  p resen t  and  b e t te r  cu l tu re  conditions as well as o th e r  m a n ip ­
u la t ions  (e.g. add i t io n  of  nerve  g row th  fac to r)  m igh t  be necessary  to  ob ta in  
cell cu ltu res  w ith  more h y p o th a la m ic  neurons . Our e lectron microscopic 
re su lts  suggest, a l though  do n o t  p rove ,  t h a t  synapses be tw een  th e  neurons 
develop in these cu ltu res ,  since some synapses  in a few cell c lu m p s  m ight 
h av e  been preserved  during  th e  d issocia tion  process. F o r  p ro v in g  in  vitro 
synap togenesis  in h y p o th a la m ic  cell cu ltu res ,  longer su rv iva l t im es  and/or 
th e  s tu d y  of la rger  n u m b e r  of  cu ltu res  w i th  th e  electron microscope m ig h t  be 
necessary .

8 * Acta Biologica Academiae Scientiarum Ilungaricac 27, 1976



196 G . l i.  M A K A R A  e t  ni.

T h e  presence a n d  g ro w th  of neurons in  ou r  cu ltu res  ate in d ica ted  b y  
th e  fo llow ing findings: (1) som e cells resem bled  m ult i-  or b ipolar neu rons ,
(2) sy n a p se s  w ith  th e  ch a rac te r is t ic  u l t r a s t ru c tu ra l  fea tures  could be id e n ­
t if ied ,  (3) ne tw orks  of  long processes were im p re g n a te d  w ith  silver by  th e  
H o lm es  m e th o d ,  and  (4) som e bi- and m u l t ip o la r  cells con ta ined  A C hE. 
M oreover ,  cells w ith  long to r tu o u s  processes, s t ro n g ly  concen tra t ing  1 2 3 4 5 6 7 8 9 10 11H -G A B A , 
h a v e  also been found . T hese  cells seem to  c o n c e n tra te  specifically G A B A  
since lab e l l in g  w ith  o th e r  am ino  acids, such as g lu ta m a te ,  revealed a w idesp read  
a n d  a lm o s t  uniform  labelling  of all cells.

I f  n eu rosec re to ry  cells a n d  h y p o p h y s io tro p h ic  releasing and  in h ib i t in g  
fac to rs  c a n  be d e m o n s t ra te d  u n d e r  these  cond it ions ,  such cultures m a y  serve  
as a u se fu l  model sy s tem  for s tu d y in g  a w ide v a r ie ty  of problem s, such as 
n e u r o t r a n s m i t t e r  ac t ion  on neurosecretion , in te rre la t ionsh ips  of e lectr ical 
a n d  se c re to ry  phenom ena , h o rm o n a l  and  h u m o ra l  effects on neurosecre tion , 
etc. T h e  a d v a n ta g e s  of  th is  m odel include th e  e x p e r im e n ta l  control over m a n y  
basic  v a r iab le s  of th e  sy s tem , th e  easy p e n e t ra t io n ,  and even d is t r ib u t io n ,  
o f  su b s ta n c e s .  Moreover, cells m a y  be s tu d ied  f i r s t  b y  electrophysiological 
te c h n iq u e s  an d  th en  th e  sam e cells m igh t  be s tu d ie d  b y  ligh t or electron m icros­
copy  a f t e r  app ly ing  specific h is tochem ical s ta in in g  m ethods.
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RECENSIONES

H. H a y d e n : L ab o ra to ry  physics for the life sciences 
S au n d ers P u b lishers, P h ilad e lp h ia  (1975), pp . 428.

The aim  of th is  book  is n o t  involved in th e  t it le . I t  is p resum ab ly  m ean t as a  h an d b o o k  
for U n iv ersity  p re p a ra to ry  courses. The sty le  and  a r ra n g e m e n t of th e  volum e are  ty p ica lly  
A m erican , in a p o sitive  sense. T he selection of c u rric u lu m  does no t agree e n tire ly  w ith  our 
sim ilar courses and  secondary-school p ractice. E x erc ises s ta r tin g  like this: “ tak e  a  25 cm  in 
len g th  m a th e m a tic a l p e n d u lu m . . . ”  or, “ m easure a cc e le ra tio n  by direct o b se rv a tio n  o f th e  
free falling of a b o d y . . do n o t seem  to be th e  m ost im p o r ta n t  from  the  aspect of life sciences. 
N everthe less , these  exercises are pedagogically  v a lu a b le . T he ra th e r h igh -so u n d in g  tit le , 
th e  A m erican  book-cover an d  th e  e laboration  of th e  b o o k  are  ex trem ely  su itab le  fo r arousing  
an d  keep ing  up  in te re s t  in m ethods of m easu ring  in  physics, w hich are in th em se lv es 
ra th e r  d ry , b u t  c e rta in ly  develop precise th in k in g . In  th is  beau tifu l handbook , th e  p ro tocoe  
form ulas are a c red it especially  w orth  m entioning. V a rio u s  coord inate  papers a n d  fu n c tio n s  
necessary  du rin g  exercises a re  also presen ted . T hus, besid es th e  179 pages of te x t  th e  vo lum e 
of th e  book is increased  to  428 pages. A fter th e  22 p ra c t ic a ls  teachers are given v e ry  useful 
in s tru c tio n s .

A H u n g a rian  tra n s la tio n  of the  book would c e r ta in ly  en rich  our secondary-school e d u ca ­
tion  lite ra tu re .

G y . T u r c h á n y i  ( B u d a p e s t )

B iokybernetik  (B iocybernetics). Vol. 5
M ateria lien  des I V .  In terna tionalen  Sym posium s  “ B io kyb ern e tik” , Leipzig , 79 22, Septem ber•>
1973.
V E B  G. F ischer V erlag, J e n a  (1975), pp. 368.

T his volum e co n ta in s  th e  m ate ria l of th e  fo u r th  In te rn a tio n a l Sym posium  “ B io cy b e r­
n e tic s” . N ow adays we freq u e n tly  w itness the  aim  w h ich , concern ing  a problem , se ts  to  o b ta in ­
ing a  high-level in te g ra te d  know ledge instead  of a m osaic-like  descrip tion  given b y  th e  d iffe r­
e n t b ranches o f science. A fa ir exam ple  of th is  aim  is g iv en  by  th is sym posium , w here  re su lts  
o f th is  ty p e  were p resen ted  a n d  w hich gave possib ilities fo r researchers o f d iffe ren t p rev io u s 
tra in in g  to g e t in to  c o n ta c t w ith  o r to  stren g th en  these  c o n ta c ts . In  biological system s m a n y  p h e ­
nom ena are re la ted  to  th e  p rob lem s of co m m u n ica tio n  a n d  control, and cy b ern e tic s  as an 
ap p ro ach  h a s  p roved  v e ry  fru itfu l in the research  of th e se  processes. The book co n ta in s  ab o u t 
tw o -th ird  o f th e  p ap ers  de livered  a t  the  sym posium  (a b o u t  50 papers), and  consists o f the  
follow ing six ch ap te rs :

P rocessing  of in fo rm a tio n  in the c en tra l n e rv o u s  system  
R ecep to rs  an d  re ce p to r  m echanism s 
Processing  o f in fo rm a tio n  in  th e  v isual sy s te m  
P a t te rn  reco g n itio n  in  th e  visual system  
P a t te rn  reco g n itio n  (general and tech n ica l a sp e c ts)
R eg u la tio n  an d  a d a p ta tio n

The pap ers  give an  a ccu ra te  account of th e  re la tio n  ch aracte riz in g  the p resen t s tag e  o f the  
p rogress o f biology an d  cyb ern e tic s . B iocybernetics is a  com plex  science, w hich can  p rogress 
in several w ays, v iz., (a) b io logy  and  cybernetics m a y  p ro ceed  on d ifferen t p a th s  an d  m ee t 
on ly  a t  th e  sy n th esis o f th e  m ate ria l or (b) th e  e x p lo ra tio n  o f a given problem  p roceeds from  
th e  beg inn ing  along th e  lines o f  th is  com plex ap p ro ach .
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I n  th e  volum e we can  f in d  n um erous p ap ers  fo r b o th  cases, b u t for th e  sake  o f  illus­
t r a t io n  we m en tio n  exam ples fro m  th e  c h ap te r  on rece p to rs . In  th e  work “ C o m p ara tiv e  s tu d y  
o f th e  u l tra s tru c tu re  o f a r th ro p o d a l m ech an o recep to rs”  ( I I .  F ü l l e r , A. E r n s t ) th e  a u th o rs  
d e sc rib e  e lec tro n  m icroscopic m o rp h o lo g y  of th ree  d iffe re n t ty p es of m ech an o recep to rs  and 
give th e ir  co m p ara tiv e  analysis. In  th is  w ay, th e y  c o n tr ib u te  to  th e  d a ta  on a b io log ical s tru c ­
tu re  th e  sy n th esis  of w hich w ill be m ade possible j u s t  b y  th e  aid of the c y b e rn e tic a l a p ­
p ro a ch .

O n th e  o th e r h an d , th e  p a p e r  “ On th e  t ra n s d u c tio n  m echanism  in biological re ce p to rs  
w ith  sp ec ia l em phasis on m ech an o recep to rs”  co n ta in s  m ain ly  theo re tical cy b e rn e tic a l con sid ­
e ra tio n s . T he au th o r exp lains th e  tran sd u cin g  a c tio n  o f recep to rs by  the  a id  o f a  general 
t r a n s d u c e r  m odel and uses th e  m a th e m a tic a l so lu tio n  o f th e  m odel for in te rp re ta tio n  o f the  
e x p e r im e n ta l  re su lts  in th e  l ite ra tu re . W orks of such  ty p e  m ay  suggest new p rob lem s fo r  ex p eri­
m e n ta l  w orkers.

A s an exam ple of the third o f papers we m ention  the work of B. B romm “ On the im ­
pulse form ation  in the receptor in  the view  of the ionic theory of stim ulation” , in w h ich  the 
author m akes an experim ental stu d y  on the form ation of the rhythm ical responses and for the 
in terp retation  of his results he applies the ionic theory of stim ulation. He describes th e  model 
by a partia l differential equation and compares its com puter-m ade solution to his ow n results 
and, based on this com parison, draws conclusions on the formation m echanism  o f action  
poten tia l.

I t  m ay  be s ta ted  in genera l th a t  in its  six c h a p te rs  th e  vo lum e gives a n u m b er o f v a lu ab le  
re s u lts  fo r th e  s tu d y  of p h en o m en a  listed  as th e  m ain  p ro b lem s. The experim en ta l p a r ts  con­
ta in  v e ry  accu ra te , u p -to -d a te  e lectrophysio log ical m easu rem en ts , and in th e  m a th e m a tic a l 
m o d el c o n stru c tio n  we fin d  a b o u t whole a rm ory  o f m o d ern  m ath em atics  (g rap h  th e o ry ,  m a­
t r ix  a r ith m e tic s , processes, etc .). T he book seems to  be a u sefu l a tt i tu d e  form ing in fo rm a tio n  
sou rce  for physio logists, b io log ists, researchers o f th eo re tic a l m edical sciences, a s  w ell as 
fo r p h y s ic is ts , m a th em a tic ian s a n d  engineers in te re s te d  in  biological problem s.

I. Ta rjá n  (B u d a p es t)

Y a l k o v i c , V.: Trace elem ent ana ly sis
T a y lo r  a n d  F rancis L td .,  L o n d o n  (1975), pp. 229, £  7. — .

K no w led g e  of trace  e lem en ts  is now  in d isp en sab le  in all the  dom ains o f life , science 
a n d  te c h n ic s . N ow adays th e  te rm  “ trace  e lem en ts”  is u sed  to denote e lem en ts fo u n d  in 
c o n c e n tra t io n  of the  o rder o f one  p a r t  per m illion (p p m ) or sm aller, in d iffe re n t sy stem s. 
T h e  b o o k  deals w ith  th e  occurrence  in  n a tu re  o f t ra c e  e lem en ts  and  w ith  the m o d ern  a n a ly tic a l 
te c h n iq u e s  b y  w hich c o n ce n tra tio n s  a t  p p m  levels can  be  m easured . The book  o p e n s  w ith  
th e  d e sc rip tio n  of th e  genesis o f  th e  cosm ic m a t te r  u n d e r  th e  physical co n d itio n s ex is tin g  
in  s ta r s ,  a n d  th e  g rad u a l fo rm a tio n  of heav ier e lem en ts  o f  th e  periodic system  fro m  lig h te r 
o nes, f ro m  th e  nuclear “ fuel”  o f  s ta rs , i.e. from  h y d ro g e n  and  helium . The a u th o r  g ives a 
d e ta i le d  desc rip tio n  of trace  e lem en ts  an d  of th e ir  re la tiv e  abundance  in th e  soil, w a te r  and 
a ir. O w ing  to  m an ’s ac tiv itie s , th e  d is trib u tio n  of tra c e  e lem en ts can be a ffec ted . I n  fact, 
e n v iro n m e n ta l  po llu tion  resu lts  fro m  th e  in tro d u c tio n  of d iffe ren t substances in to  th e  m arin e , 
a tm o sp h e r ic  and  soil e n v iro n m en t. T he a u th o r calls a tte n tio n  to th e  biological consequences 
o f  th e  p o llu tio n  of the  a ir, w a te r  a n d  soil as i t  is th e  e n v iro n m en ta l equilibrium  of tra c e  e lem en ts 
t h a t  e n su re s  th e  v iab ility  and  h e a lth  of th e  b iological sy s te m s on the  earth .

T h e  book  gives an  overall v iew  o f th e  role p lay e d  b y  trace  elem ents in  th e  b io log ical 
sy s te m s , th e  im p o rtan ce  of th e  essen tia l e lem ents in  c a ta ly tic  processes a t  th e  m olecu lar 
lev e l, in  th e  m ain ten an ce  of D N A  an d  R N A  s tru c tu re s  a n d  in p ro te in  syn thesis. T h e  ro le of 
t r a c e  e le m en ts  in  b io logy and  m edicine  in connection  w ith  problem s of h e a lth  a n d  disease 
a sso c ia te d  w ith  the  geochem ical en v iro n m en ta l b ack g ro u n d  (e. g., carcinom a, no rm al a n d  p a th o ­
log ica l h aem atopo ies is , e tc .) is d iscussed . The book g ives a  d e ta iled  descrip tion  o f th e  general 
a sp e c ts  o f  tra c e  e lem ent in v es tig a tio n  including th e  m o st sensitive  an aly tical m e th o d s , neu ­
t ro n  a c t iv a t io n  analysis, X -ray , a n d  o p tica l em ission sp ec tro sco p y , atom ic a b so rp tio n  ana ly sis , 
m ass sp e c tro m e try , an d  th e  ap p lic a tio n  of these  m e th o d s  to  trace  e lem ent a n a ly s is . Less 
a t te n t io n  is p a id  to op tica l sp ec tro sco p y  on w hich tra c e  e lem en t investiga tion  is b a se d . The 
boo k  is com plem en ted  w ith  a g re a t  n u m b er of tab le s  a n d  figu res con tain ing  v a lu a b le  d a ta  on 
th e  su b je c t.

T h e  book can be useful to  all those  who are  j u s t  e n te rin g  the  field o f t r a c e  e lem en t 
a n a ly s is  a n d  to  those who are m ore  deeply  in te res ted  in  these  problem s. The e x ce lle n t book, 
w r i t te n  m ain ly  from  th e  p h y sica l v iew po in t, gives g en era l an d  special in fo rm a tio n  on  all the 
a sp e c ts  o f  trac e  e lem ent analysis.

I. F ö l d e s  (D eb recen )
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Immunobiology of trophoblast
E d .  E d w a r d s , R .  G., H o w e , C. W . S., J o h n s o n , M. H .
C am bridge U niversity  Press, L ondon  (1975), pp. 284. £  6. — .

T he tro p h o b la st a t  a v e ry  early  stage in the  dev elo p m en t o f an e m b ry o  is highly 
specialized for in te rac tio n  w ith  th e  m other. Being an tig en ica lly  n e u tra l and  a c tin g  as a selec­
tiv e  im m unological filte r b e tw een  m o th e r and foe tus, i t  is o f c en tra l im p o rtan ce  in  m ain ta in ­
ing th e  survival o f th e  fo e tu s , an tigen ically  foreign to  th e  m other. The p ro p e rtie s  o f these 
cells, th e ir response to  th e  endo crin e  and  im m unological com ponen ts o f p reg n an cy , are the 
c en tra l concern of th is book. I t  is the  f irs t of a series o f m eetings in w hich specific  topics in 
im m u n o rep ro d u ctio n  will be d e b a ted . This volum e is m ain ly  based  on the  m ate ria l o f a con­
ference held in 1974 in th e  Physio log ical L ab o ra to ry  of th e  C am bridge U n iv ersity .

A ntigenic to p o g rap h y  an d  in te rac tio n s of an tib o d ies  and  cells w ith  su rface  an tigens 
a re  discussed by A la n  M u n r o  on th e  basis of the  flu id  m osaic m odel o f m em b ran e  s tru c tu re  
(p roposed  by S i n g e r  and  N i c h o l s o n ). A fter general an d  tech n ica l con sid era tio n s he shows 
b y  e lectron  m icroscopy o f ra b b it  b las to cy sts th a t  tro p h o b la s tic  cells hav e  all th e  featu res 
assoc iated  w ith  secretory  ep ith e lia l cells and suggests th a t  th e  an tigen ic  d e te rm in a n ts  expressed 
on th e  outside  of the  tro p h o b la s t  d iffer from  the  d e te rm in a n ts  expressed  on th e  inside. R. 
G a r d n e r  w rites ab o u t th e  p re -im p lan ta tio n  origins, p ro p e rtie s  and  early  p o st- im p la n ta tio n  
dev elo p m en t o f tro p h o b la s t cells as revealed  by recen t ex p erim en ts . B i l l i n g t o n  sum m arises 
th e  p lacen ta l o rgan ization , u l tra s tru c tu re  and h is to ch em istry  in th e  m ost e x ten siv e ly  in v esti­
g a ted  species: m ouse and  m an , s tressing  th a t  as the  ev o lu tion  o f th e  v iv iparous s ta te  an d  th e  im m u­
nological system  has occurred  side by  side all o th er p lacen ta l form s m ust have  been biologically 
successful in their d ev elopm en t.

S eparate  ch ap ters  deal w ith  th e  p e ri-im p lan ta tio n  tro p h o b la s t, th e  p o st- im p lan ta tio n  
p lacen tae , and the  an tig en s sh a red  by tu m o r cells, and  fo e ta l o r gonadal cells.

V ery in teresing  is H o w e ’s co n trib u tio n  ab o u t ly m p h o cy te  physio logy d u rin g  preg­
n an cy . The use of in vitro  te s ts  for stu d y in g  lym phoid  cell tro p h o b la s t in te ra c tio n  is review ed 
an d  suggestions for fu r th e r  s tu d y  a re  ou tlined . A p re lim in a ry  ex p erim en t in w hich  th e  tran sfer 
o f m ouse spleen cells sensitized  to  HCG causes loss o f develop ing  em bryos is described .

A s t u d y  o f  B o r a n d  a n d  c o -w o rk e rs  r e f lec ts  t r o p h o b l a s t  e n d o c r in o lo g y  a n d  im m u n e  
p r iv i l e g e  f ro m  a n o t h e r  v i e w p o i n t :  t h e  t r e a t m e n t  o f  t r o p h o b la s t i c  cells w i t h  n e u r a m in id a s e  
r e s u l t s  in t h e  loss o f  t h e i r  im m u n o lo g ic a l  f e a tu re ,  b u t  s u b s e q u e n t  t r e a t m e n t  o f  t h e  cells 
w i t h  HCG r e s to re s  p r o t e c t i o n  to  t h e  t r o p h o b la s t  cells.

D iscussing the  im m u n o g en ic ity  o f the  p lacen ta  an d  tro p h o b la s t, B a g s h a w e  an d  S y l v ia  
L a w l e r  also th in k  th a t  ev idence  fo r th e  presence o f a llo an tig en s on th e  tro p h o b la s t  o f labo­
ra to ry  an im als rem ain  c o n tro v e rs ia l. In  m an, b o th  A B O  an d  H L A  an tigens are  p ro b a b ly  rep ­
re sen ted  on tro p h o b la s t an d  in  th e  case o f HLA  an tig en s m ay  even be im m unogenic .

A d i n o l f i  review s th e  h u m an  p lacen ta  as a filte r  fo r cells an d  p lasm a  p ro te in s . F inally , 
by  A n n e  M c L a r e n , ev idence is review ed bearing  on th e  h y p o th es is  (C l a r k e  a n d  K i r b y , 
1966) th a t  an tigen ic  d isp a rity  b e tw een  m other and em b ry o  is beneficial to  th e  d ev elo p m en t of 
th e  em b ry o , and  th is effec t c o n tr ib u te s  to the m ain ten an ce  o f h is to co m p a tib ility  po lym or­
phism . I t  is concluded th a t  th e  h y p o th esis  is no longer ten a b le , as th e  e x p e rim e n ta l fo u n d a­
tio n s  on w hich th e  h y p o th es is  w as orig inally  based are no longer secure.

T hus, from  electron  m icroscopy  to h is to co m p a tib ility  p o lym orph ism , all th e  existing  
b o d y  of know ledge and  th eo ries  a re  questioned  and  d iscussed  in th is  book.

Gy . P e t r á n y i  (B u d ap est)

Antibody structure and molecular immunology
Proceedings o f  the N in th  F E B S  M eeting , Budapest 1974 , Vol. 36.
E d s J .  G e r g e l y  and G. A. M e d g y e s i , A kadém iai K iadó , B u d a p es t (1975, 170 pages), 60 figures. 
P rice: F o rin t 100. — .

T he p resen t volum e c o n ta in s  th e  proceedings o f  th e  in v ite d  lec tu res de livered  on im- 
m u n o ch em istry  a t  th e  N in th  F E B S  M eeting held in B u d a p es t, A ugust 25 — 30, 1974. The 
su b je c t of the  book is d iv id ed  in to  tw o p arts .

The lec tu res of the  f ir s t  p a r t  deal w ith the  p rob lem s of an tib o d y  s tru c tu re  an d  function . 
All th e  12 lec tu rers are o u ts ta n d in g  ex p erts  of th is  new  to p ic  o f b io ch em istry  an d  im m uno- 
ch em istry .
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T h e  f irs t  paper p re sen te d  b y  J .  D . Ca p r a  w as con cern ed  w ith  th e  s tru c tu re  o f heavy  
v a r ia b le  reg ions. New d a ta  on  h y p e rv a r ia b le  regions, th e  co m b in in g  site an d  id io ty p e  specific­
i ty  w ere  p resen ted . The to p ic  o f  e v o lu tio n  of im m unog lobu lin  V region genes w as covered  by 
A. C. W a n g . J .  C. J a t o n  su g g ested  som e allo typ ic  specificities in  h y p e rv ariab le  reg ions.

F .  M. P o u l s e n  stu d ied  th e  sm a ll confo rm ational changes o f  IgG  m olecule b y  hydrogen- 
t r i t iu m  ex ch an g e  technique. J .  R . C l a m p  fo und  th ree  ty p e s  o f o ligosaccharide  u n its  in  im m u n o ­
g lo b u lin s . D . B e a l e  stu d ied  th e  s t ru c tu re  of porcine IgM .

F .  F r a n e k  a tte m p te d  to  s tu d y  th e  an tib o d y  fu n c tio n  w ith  resp ec t to  m u ltiv a len ce  of 
a n tib o d y  a n d  antigen, as well as th e  influence of m acrom olecu les on th e  in te rac tio n . J . 
G e r g e l y  a n d  G. A. M e d g y e s i  r e p o rte d  on re su lts  con cern in g  th e  p re fe re n tia l re a s ­
so c ia tio n  o f  autologous an d  h e te ro lo g o u s  chains of im m u n o g lo b u lin s. The lo ca liza tio n  of r a t  
a llo ty p ic  specificities were su m m a riz e d  b y  R. S. N e z l i n . О. V. R o k h l i n  s ta te d  t h a t  allelic 
gen es a re  n o t  equally  active  d u r in g  a n tib o d y  fo rm atio n . R a t  m onoclonal im m unog lobu lins 
w ere s tu d ie d  by  H. B a z i n . T h e  h ig h  incidence of Ig E  sec re tin g  tu m o u rs  allow ed th e  s tu d y  
o f c a ta b o lism  of th is im m u n o g lo b u lin . T he com plem ent b in d in g  a c tiv ity  o f r a t  m onoclonal 
im m u n o g lo b u lin s  was p re sen ted  b y  G. A. M e d g y e s i .

T h e  second p a r t o f th e  b o o k  d ea ls  w ith  some p ro b lem s of ly m p h o cy te  re ce p to rs  and 
a n tib o d y  syn thesis. The five re p o r ts  g ive  an  ou tline  o f th e  to p ic  w ith o u t covering  all th e  cu rren t 
t r e n d s .  T h e  o u tstan d in g  p a p e r on  c o n tro l o f an tib o d y  fo rm a tio n  w ritte n  by  A. R . W il l i a m s o n  
su m m a riz e s  th e  different levels o f  c o n tro l m echanism s re g u la tin g  th e  b iochem ical ev en ts  in 
im m u n o g lo b u lin  synthesizing  cells. T . H . R a h r it s  ap p ro ac h ed  th e  p rob lem s o f V a n d  C gene 
in te r a c t io n  w ith  m olecular h y b r id iz a t io n  ex p erim en ts o f m essenger R N A .

T h e  following pap ers  r e p o r t  on  the  ly m p h o cy te  m em b ran e  recep to rs . R . M. E. 
P a r k h o u s e  found  a T  ly m p h o c y te  specific  p ro tein  w ith o u t im m u n o g lo b u lin  c h arac te ris tic s . 
T h e  m e m b ra n e  associated IgM  w as fo u n d  to be in  co rre la tio n  w ith  im m u n o co m p éten ce  of 
p ig  fo e tu se s  (L . J a r o s k a v a ). T he lo ca liz a tio n  and fu n c tio n  o f F c  recep to rs  o f В ly m p h o cy tes  
a n d  m ac ro p h ag e s  were su m m ariz ed  b y  G. SÁRMAI.

A t th e  end of each lec tu re  re fe re n ce s  are p resen ted .
T h e  v e ry  in te resting  a n d  v a lu a b le  volum e discloses m a n y  new  asp ec ts  o f m olecu lar 

im m u n o lo g y  and  gives th e  m o st r e c e n t  d a ta  on the  co rre la tio n  b e tw een  s tru c tu re  a n d  fu n c tio n  
of a n tib o d ie s . The book m ay  be o f  g re a t  in te res t n o t o n ly  fo r im m u n o ch em ists  b u t  also for 
b io c h e m is ts  and  m olecular b io lo g is ts  involved in  m o d ern  im m unology . W ith o u t being  a 
c o m p le te  rev iew  of the  field  th e  v o lu m e  gives rise to  n u m ero u s  th o u g h ts  a n d  a ttra c ts  
a t te n t io n  to  th e  trends of fu tu re  im m u n o ch em istry .

S. R . H o l l á n  (B u d ap es t)

Human genetics. Vol. 1
A. A . N i c h i p o r o v i c h . H all e t  C o., B o sto n  (1975), pp . 120, U S  $ 2 2 ,— -f- 10% .

T h is  book deals w ith  th o se  to p ic s  o f hum an  genetics, w here th e  g re a te s t p rog ress has 
b een  m a d e  during  the la s t few  y e a rs . I t  has  four ch ap te rs . T he f ir s t  c h ap te r  w as w r itte n  by  
B u l a n o v  a n d  G r i n b e r g  a b o u t th e  lin k ag e  of hu m an  genes an d  a b o u t the  m app ing  o f th e  h u ­
m a n  chrom osom e. The d iffe ren t m e th o d s  o f m apping are  described : the  geneological analysis 
w ith  m a th e m a tic a l p rocedures, th e  cell h y b rid izatio n , th e  gene loca lization  by  th e  analysis 
o f  ch ro m o so m e  v arian ts and  of th e  cases w ith  chrom osom e a b e rra tio n  (d u p lica tio n , dele tion), 
f u r th e r ,  th e  in  situ  h y b rid iza tio n . T h e  descrip tion  of gene lin k ag es and  — if i t  is kno w n  — 
th e ir  lo ca liza tio n  can also be fo u n d  in  th is  chap ter. T he second p a r t  o f th e  book  w as w ritte n  
b y  A. P . Z a k h a r o v  ab o u t new  m e th o d s  of chrom osom e ex am in a tio n : th e  e x am in a tio n  of the  
d if fe re n t  sp ira lization  of th e  ch ro m o so m es, th e  f lu o rescen t b a n d s , G iem sa b a n d in g , th e  in  
situ  h y b rid iz a tio n  and th e  su p p o sed  m echan ism  of these  reac tio n s . The a u th o r  of th e  th ird  
c h a p te r  is K . D. K r a s n o p o l s k a y a . T h is  ch ap ter deals w ith  th e  in v es tig a tio n  o f th e  inborn  
e rro rs  o f m etabo lism  in cell c u ltu re s  a n d  gives a d esc rip tion  a b o u t th e  general p a th o p h y s i­
o logy  o f  th is  group of diseases. A  w e ll-co n stru c ted  tab le  gives a good su rv ey  a b o u t th e  large 
co llec tio n  o f  d a ta . In  th e  la s t  c h a p te r ,  w rit te n  by  A. D . T a m a r k i n a , th e  b iochem ical a b e rra ­
tio n s  o f  chrom osom e anom alies, m o s tly  o f triso m y  21, are d escribed . A t th e  end of each  c h ap ­
te r  a  s h o r t  su m m ary  and a good co llec tio n  of references can  be  found .

T h is  book  gives a good su rv e y  a n d  lis t  of references fo r th e  sc ien tis t who is in te res ted  
in  th e  ab o v e-m en tioned  to p ics o f  h u m a n  genetics. The re su lts  a n d  th e  references o f th e  las t 
th re e  y e a rs  a re  no t included in  th is  v o lu m e, th e  f irs t ed itio n  of w hich  ap p eared  in R ussian  
in 1973.

D. S c h u l e r  (B u d ap est)
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Human gene mapping, 2
Rotterdam Conference, 1974.
E d. D. B e r g s m a . S. K arg er, B asel M ünchen P a ris  — L ondon  New Y ork  S y d n e y  (1975), 
pp . 310, S F r. 7 9 . -

T he m apping  of th e  h u m a n  chrom osom es is one o f th e  m ost fa sc in a tin g  a n d  rap id ly  
develop ing  b ran ch  of h u m an  genetics. R ecen t resu lts  on h u m an  gene m apping  p re sen te d  a t  th e  2nd 
In te rn a tio n a l Conference are  collected  in th is  book. T h e  f irs t  p a r t  o f the  vo lu m e c o n ta in s  the 
re p o rts  o f th e  com m ittees d ealin g  w ith  th e  m ap  of th e  1st an d  2nd chrom osom e, w ith  th e  ch ro ­
m osom e co n stitu tio n  of th e  o th e r  au tosom es an d  of th e  X  chrom osom es. T h e  gene linkages, 
d e te c te d  by  fam ily  s tud ies b u t  w ith  y e t u n k n o w n  lo ca lizatio n , are also d esc rib ed . T h e  ch ap te r  
a b o u t th e  gene m arkers u sed  in th e  h u m an  gene m ap p in g  (enzym e, p ro te in , a n tig e n  a n d  o th er 
m ark ers) has a  p rac tica l va lue  fo r th e  in te res ted  sc ien tis ts . In  th e  second p a r t  o f th e  book, 
sh o rt pub lica tio n s can be fo u n d  concern ing  m eth o d s o f gene m apping  (e.g. in  s itu  h y b rid i­
za tio n , gene m app ing  b y  exclusion  in  som e chrom osom e ab erra tio n s, lin k ag e  a n a ly s is , e tc.), 
a b o u t th e  gene loca lization  o f severa l m arkers and  a b o u t gene linkages. Som e o f  th e m  rep re ­
sen t new  d a ta , o thers confirm  earlie r, y e t u n p ro v ed , p u b lica tio n s. T he ex ce llen t co llection  of 
new  d a ta  on h u m an  gene m ap p in g  an d  th e  h igh  n u m b er o f  references m ake th is  v o lu m e  very  
useful b o th  for research  w orkers o f th is  to p ic , an d  fo r sc ien tists  in te res ted  in th is  new  field  of 
h u m an  genetics.

D. S c h u l e r  (B u d ap es t)

T i m o f e e f f - R e s s o v s k y , N . V ., V o r o n c o v , N. N ., J a b l o k o v , A. N .: Kurzer Gundriss 
der Evolutionstheorie
Y E B  G u stav  Fischer V erlag , J e n a  (1975), pp . 285, figs 132, M 36.

No d o u b t th a t  th e re  is a g re a t need of a m o d ern , com prehensive hook on  th e  th e o ry  of 
ev o lu tio n  by w hich th e  e x p e rts  o f m an y  d iffe ren t sc ien tific  b ranches can p ro f it  a  g re a t deal. 
T he necessity  to  learn  as m uch  a b o u t  the  ev o lu tio n  as possib le  seems to  be in e v ita b le  fo r every  
b io log ist in a b ro ad er sense, reg ard in g  ev ery b o d y  dealing  w ith  living th in g s , as a  biologist. 
T h is is w hy  Professor S t u b b e ’s (ed ito r) co n tr ib u tio n  in  p reparing  th e  G erm an  ed itio n  of 
T j m o f e e f f - R e s s o v s k y ’s book  is w arm ly  welcom e.

T he original R u ss ian  ed itio n  was p ub lished  in 1969, and  the  p re sen t G erm an  version 
is n o t m erely  a tra n s la tio n ; also  th e  s tru c tu re  o f th e  book  has been a ltered .

W riting  a book b y  th re e  d iffe ren t a u th o rs , recognized researchers in  th e ir  su b jec t, 
invo lves some ad v an tag es  an d , also, some d isa d v an tag es . T h is holds tru e  to  th is  bo o k  as well, 
especially  because the  a u th o rs  a re  liv ing  fa r from  one a n o th e r  (Moscow— O b n in sk —V lad iv o ­
stok ) an d  belong to  d iffe ren t g en era tio n s o f sc ien tists . T h is m eans th a t  d iffe re n t v iew s have 
been  g a th e red  to form  a n  e n ti ty ,  b u t  i t  also m eans t h a t  some prob lem s re a p p e a r  several 
tim es th ro u g h o u t the  te x t.

T his book consists o f th re e  m ain  p a r ts , v iz ., I. Life and  E v o lu tio n , I I .  T h e  Process 
o f M icroevolution , H I. P re se n t In te rp re ta t io n  of th e  B asic  F ac ts  o f E v o lu tio n . I t  d eals w ith 
p ro b lem s like th e  d ev elo p m en t o f life on e a r th , D a rw in ’s th eo ry  an d  th e  id eas o f  ev o lu tio n , 
th e  e lem en ta ry  facto rs a n d  m a te ria l  of th e  ev o lu tio n , th e  m ain  steps and  d irec tio n s  o f  evo lu ­
tio n , th e  m icro- and m acrophy logenesis, th e  p rogress, pace and  form s of e v o lu tio n , as well 
as th e  role o f en v iro n m en t an d  a d a p ta t io n  includ ing  th e  prob lem s of th e  b io sp h ere . T he book 
can read ily  be used for all those  who w ish to  ge t a cq u a in te d  w ith  the  m ost im p o r ta n t  p rob lem s 
o f th e  evo lu tion .

T he am ple list o f b ib lio g rap h y , m ore th a n  900 references, gives a g re a t su p p o r t  fo r those 
who wish to deal in ten se ly  w ith  th e  prob lem .

G. S z e m e r e  (Szeged).

The use of genetics in insect control
E d . R . P a l , M. J .  W h i t t e n . E lsev ie r/N o rth -H o llan d , A m ste rd am  (1974), p p . 241.

T his book consist o f 11 p ap ers , selected from  th e  m atte rs  o f th e  14 th  In te rn a tio n a l 
C ongress o f E ntom ology , held  in  C anberra , A u s tra lia , in  A ugust, 1972. As i t  is u su a l in  such 
cases, c e rta in  un b a lan ced n ess is a lm o st inescapable , p a r ticu la ry  if th e  su b je c t covered  is so 
new  an d  controversial. In  m y op in ion , the  b est ed ito ria l policy was chosen: d iff icu ltie s  are 
n o t avo ided , b u t  uncovered .

Acta Biologica Academiae Scientiarum Hurigaricae 27, 1976



2 0 4 R E C E N S IO N E S

R esearch  program m es d e v o te d  to  developm ent o f new  genetic  contro l m e th o d s are 
a n y th in g  b u t  no t cheap an d  th e s e  m ethods are h a rd ly  to  be useful if app lied  alone. 
M o reo v er, each  insect species m u s t be  trea te d  as a sep a ra te  p ro b lem . On the  o th er h a n d , i t  is 
also tru e  t h a t  resu lts  achieved in  a  p a r tic u la r  case — if th e y  are  ad ap ted  p roperly  — m ig h t 
be h e lp fu l in  solving o th er p ro b lem s. P ap e rs  are selected  in acco rd an ce  w ith  th is co n sid era tio n  
o v e rla p p in g s  are successfully re d u ce d . In  sp ite  of the  e ssen tia lly  p rac tica l goals of these  s tud ies 
m o re  acad em ic  aspects of genetics a re  inev itab ly  en rich ed  b y  th em . To illu stra te  o n ly  (hoping 
t h a t  I w ill n o t be accused to  be  u n fa ir  e ith e r by a u th o rs  o f th is  book or by  th e  read e r), 
in th is  c o n te x t  I should like to  m e n tio n  th e  paper on in c o m p a tib ili ty  in Culex p ip ien s. B u t in 
e v e ry  o th e r  p ap er one can f in d  v a lu a b le  add itions to  g enetics, en v iro n m en ta l sciences a n d  o th e r 
d isc ip lin es o f biology. For th e se , a n d  for e lim ination  o f fa lse  ex p ec ta tio n s an d  m isbeliefs 
sh a red  b y  specia lists and n o n -sp ec ia lis ts , th is  volum e d eserves ev ery o n e’s a tte n tio n  in te re s ted  
in  re la te d  problem s.

T. PÁTKAI (B u d a p es t)

H il l , D.: Agricultural insect pests of the tropics and their control
C am b rid g e  U n iversity  Press, L o n d o n  (1975), pp. X Y I -f- 516, £  12.

P ro fesso r D e n n i s  H i l l ’s b o o k  is an excellent ex am p le  h o w  th is k ind  of w ork shou ld  be 
w r i t te n .

T h e  h e a r t  of the  book , th e  c h a p te r  on 250 m ajo r tro p ic a l in sect pests, is o rgan ized  along 
ta x o n o m ic  lines. D iscussion of e v e ry  species follows th e  sam e p a tte rn ,  including scien tific  
n a m e , co m m o n  nam e, fam ily , h o s ts , dam ag e, pest s ta tu s , life h is to ry , d is trib u tio n  (w ith  m aps!), 
c o n tro l,  f u r th e r  reading — th is  lis t sp eak s  for itself. A d d itio n a lly , good and clear line-d raw ings 
o f im ag o s  an d , if  it is n ecessary , p ic tu re s  o f bo th  sexes to g e th e r  w ith  d ev elopm en tal stages 
as w ell as f ig u res showing c h a ra c te r is tic  form s of dam age are  g iv en  for each species. O bviously , 
i n  sp ite  o f th e  title , due to  th e  w orld -w ide  d is trib u tio n  o f m a n y  species, even th is  a p p a re n tly  
sp ec ia l c h a p te r  is defin itely  u sefu l fo r  sc ien tists w orking o u ts id e  th e  tropics.

T h e  sam e holds tru e  fo r c h a p te rs  on princip les an d  m eth o d s  of pest con tro l, chem ica l 
c o n tro l o f  p e sts , no t to  m en tio n  th e  glossary and th e  sizab le  b ib liography . In d eed , w hile  
d id a c tic a l a n d  practica l aspects a re  p u rsu ed  down to  th e  level o f use of sho rt d rinks fo r t r a n ­
s it io n a l p re se rv a tio n  of in sect sp ec im en s under tro p ic a l c o n d itio n s, th is  does n o t d im in ish  
a t  a ll th e  sc ien tific  correctness re q u ire d . C onsequently , a lto u g h  th e  book is p rim arily  in te n d e d  
fo r u se  as te x tb o o k  for u n d e rg ra d u a te s  and p o stg ra d u a tes , th e  re su lt surpasses th is  in te n tio n  
co n sid e rin g  n o t only the  c o n te n t b u t ,  I  am  afraid, th e  p rice  to o . I t  is well w orth  a p lace on  the  
b o o k sh e lf  o f professional p ra c t i t io n e rs  of id en tification  a n d  co n tro l of insect pests, m o reover, 
in  a ll a g r ic u ltu ra l  or b iology lib ra r ie s . N evertheless, be ing  p ro d u ced  according to  th e  well- 
k n o w n , a lw ay s delightfu l s ta n d a rd s  o f  C am bridge U n iv e rs ity  P re ss , it m ay  be ra th e r  ex p en siv e  
fo r in d iv id u a ls  o th er th a n  th e  sp ec ia lis t.

T. P á t k a i  (B u d a p e s t)

D e B a ch , P.: Biological control by natural enemies
C am b rid g e  U n iversity  Press, L o n d o n  (1974), pp. X I  -j- 323, £ 5 .5 0 .

I t  is n o t difficult to  a p p re c ia te  th e  harm fu l effec ts o f pestic ides used in creasing ly  in 
w o rld ’s a g ricu ltu re . This is s tre sse d  b y  th e  au th o r, w ho show s m an y  no t yet fu lly  ex p lo ited  
p o ss ib ilitie s  offered by  b io logical co n tro l. According to  his p e rsu asiv ely  p resen ted  op in ion , 
c a re fu lly  designed, in teg ra ted  use o f  biological con tro l, o th e r  non-chem ical m eth o d s a n d  p es­
tic id e s  h a rm less  to hum an  e n v iro n m e n t w ould cause a s u b s ta n t ia l  red u ctio n  in  th e  a m o u n t of 
p e s tic id e s  u sed . In  th is w ay, b e s id es  p rev en tio n  of h e a lth  a n d  en v iro n m en ta l p ro b lem s, costs 
o f  p e s t  c o n tro l m ight well be re d u c e d .

O w ing  to  its  m arked  c la r ity  o r  even  d idactic  ex p o sitio n  o f th e  sub ject and  th e  lau d ab le  
in te n t io n  o f th e  au th o r to cover a lm o s t all possible a sp ec ts  in  som e d e ta il, th is volum e is useful 
fo r e v e ry o n e  in te res ted  in  these  p ro b lem s. For re sea rch  w o rk e rs , th e  v a s t a m o u n t o f d a ta , 
e sp ec ia lly  h is to rica l ones e m b ed d ed  in  en th usiastic  s to ries , a re  in te res tin g .

I t  is som ew hat d isa p p o in tin g  th a t  ap p aren tly  lit t le  a tte n tio n  was paid  to th e  i llu s tra ­
tio n s . T h e  da rk n ess of several o ld , h is to ric a lly  im p o rta n t, p h o to g ra p h s  is som ehow e x p la in ab le , 
b u t  i t  is m u ch  m ore d ifficult to  u n d e rs ta n d  w hy th ere  are  tw o  se p a ra te  photos signed as F ig . 12 
o r w h y  F ig . 20e — depicting  an  o rd in a ry  sh ipboard  is in se r te d  upside down.

T. P á t k a i  (B u d a p es t)
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H o p e , A. A., W a l k e r , N. A.: The physiology of g ia n t  a lga l cells 
C am bridge U n iv e rsity  P ress , L ondon (1975), pp . 201, £ 8.50 .

M icroscopic algae h av e  been excellent su b jec ts  o f  physiological experim en ts  fo r a  long 
tim e. P a rtic u la rly , u n ice llu la r algae are su itab le  fo r so lv ing  physiological p ro b lem s, as th ey  
are easy to influence an d  d iv ide  rap id ly . T hus, re su lts  a re  availab le  in a  few h ours.

T he a u th o rs  o f th is  b o o k le t are physic ists , w ho  discuss th e  b iophysical p h y sio logy  of 
g ian t algal cells. T he h a b itu d e  o f  unicellu lars is in d e p e n d e n t, while in m u ltice llu lar o rg an ism s 
v ita l processes proceed a t  a  h ig h er level and are m u ch  m ore com plicated . T hus, th e  g ia n t  algal 
cells have  proved  v e ry  useful for experim en tal pu rp o ses.

T he book has severa l g re a t m erits: (a) th e  su b je c t  has been excellen tly  su m m arized  
and  m an y  valuab le  l ite ra ry  references have been lis te d ; (b ) m a th e m a tic a l fo rm ulas a re  app lied  
w henever possible; (c) th e  precise p resen ta tion  of th e  su b je c t is exem plary ; (d) new  a p p a ra ­
tu ses an d  m ethods are  ex ce llen tly  described; (e) th e  ion  tra n sp o r t  is th o ro u g h ly  d iscussed .

A u thors p re sen t a h is to rica l approach  to  th e  su b je c t ;  a fte r a  re tro sp ec t, p re sen t k n o w l­
edge is recorded, and  th e  th eo re tic a l and p rac tica l p e rsp ec tiv e s  are discussed.

T he volum e consists o f 12 chap ters, a  su b je c t in d ex , preface and a  list o f sy m b o ls and 
ab b rev ia tio n s. G ian t a lgal cells as experim ental su b je c ts  (C h aro p h y ta , C h lo ro p h y ta : H ydro- 
d ic ty o n , P h a e o p h y ta , R h o d o p h y ta ) , The 200 y e a r h is to ry  of physiology, W a te r  re la tio n s , 
P e rm eab ility  to  n o n e lec tro ly te s , C om partm en ts a n d  ionic  co n cen tra tions, Ion ic  f lu x es  and  
k in e tic  m odels, E lec trica l p ro p e rtie s  of m em b ran es, A c tio n  po ten tia ls  in C h a ro p h y te  cells, 
S tu d ies  o f ac tiv e  tra n s p o r t-c a tio n s , S tudies o f ac tiv e  tran sp o rt-a n io n s , The tra n s p o r t  an d  use 
o f carb o n  d ioxide an d  b ica rb o n a te  ions, P ro to p lasm ic  s tre am in g  are the sub jec ts  d iscussed  in 
th e  ch ap ters . E ach  c h a p te r  is d iv ided  in su b ch ap te rs .

T he book is co m p le ted  by  an  A ppendix . T he t i t le s  are as follows: N otes on e q u a tio n s  
an d  th e ir  d e riv a tio n , R a te s  o f energy conversion in C h a ra  e t  G riffithsia .

T he list o f re ferences is v e ry  deta iled ; 363 t i t le s  and  an index te rm in a te  th e  book.
T he b eau tifu l e lec tro n  m icrographs, the  ta b le s , g ra p h s  and d iagram s are  w o rth  special 

m en tion ing .
T he volum e w ill be o f in te res t to physio log ists , b iophysic ists , u n iv e rs ity  te a c h e rs  an d  

s tu d e n ts . A H u n g a rian  tra n s la tio n  of the  book is w a rm ly  recom m ended by  th e  rev iew er

T . H o r t o b á g y i  (B u d a p e s t)

Co o p e r , L. P .: P ho to sy n th esis  ami productivity in  d iffe re n t environm ents
C am bridge U n iv e rsity  P re ss , L ondon  (1975), pp. 715, £  22 — .

T his v a lu ab le  m an u a l p resen ts th e  research  w o rk  perform ed by the  n u m ero u s  p la n t 
physio log ists and eco log ists w ho have co llaborated  in th e  In te rn a tio n a l B iological P ro g ram m e  
for h u m an  w elfare. T h e  v e ry  d iv arica tin g  papers a n d  m a n y  d a ta  are syn thesized  in e ig h t m ain  
ch ap te rs  an d  num ero u s su b ch ap te rs . F irs tly , th e  u t i l iz a t io n  of ligh t energy in th e  b io sphere , 
v iz ., in woods, in a g r ic u ltu re , in  the  tu n d ra  and  d e se rts  is co m p arativ ely  discussed. H e reu p o n  
th e  w a te r  ecosystem s are  d e a lt  w ith , reflecting  p r im a ry  p roduction .

W ith in  th e  large  ecosystem s, au th o rs  consider th e  cap ab ility  of p h o to sy n th es is  o f the  
single organs o f v a rio u s p la n ts . In  add ition , th e  e ffec ts  o f life phenom ena like re sp ira tio n , 
in te rn a l tra n sp o r t,  g ro w th , m in eral n u tr itio n  a n d  th o se  of en v ironm en ta l fac to rs  on  p la n t 
p ro d u c tiv ity  are ex am ined .

A t la s t, th e  possib ilities o f increasing th e  p ro d u c tiv i ty  of p h o tosyn thesis are d iscussed .
The volum e su b s titu te s  m an y  original sources b y  p resen tin g  a precise lis t o f th e  origin 

o f d a ta  given in th is  vo lum e.
T his excellen t com prehensive  m anual is v a lu a b le  fo r ecologists and p la n t physio lo g is ts  

as well as for s tu d e n ts  a n d  teachers in tra in ing .
V. F r e n y ó  (B u d a p e s t)

Cush in g  D. H.: M arine  ecology and fisheries
C am bridge U n iv ersity  P ress , L ondon  (1975), pp. 278, figs 68, £ 3.90 .

T he a u th o r is p a r tic u la r ly  concerned w ith  th e  ap p lica tio n  of q u a n tita tiv e  m eth o d s 
o f m easu rem en ts fo r fish  stocks. H is newly pub lish ed  b o o k  has been focussed to  fish  p ro d u c ­
tion  problem s in th e  sea. A very  useful glossary is fo u n d  a t  th e  fo re-part of th e  boo k  co n ta in in g  
the sym bols and  a b b rev ia tio n s  being used in th e  te x t .  T h e  book covers som e specia l fields
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o f m a rin e  ich th y o lo g y  w ith  th e  follow ing 12 c h ap te rs : P ro d u c tio n  cycles in  space a n d  tim e ; 
P ro d u c tio n  cycles in  upw elling  a rea s ; T he p a r t  p lay e d  b y  n u tr ie n ts  in the  sea; M odels o f  p ro ­
d u c tio n  in  th e  sea; T he c ircu its  o f  m ig ra tio n  an d  th e  u n i ty  o f  fish  stocks; G row th  a n d  d e a th  
in  th e  sea ; T h e  p o p u la tio n  d y n am ics  o f fishes; F ish  s to ck s an d  the  p ro d u c tio n  cy cles; Food 
w ebs in  th e  sea; T em poral changes in  th e  sea; C lim atic  changes in  life in  th e  sea; T h e  re g u la tio n  
o f f ish  p o p u la tio n s  by  n a tu re  a n d  b y  m an.

T h e  boo k  is a rranged  in  th re e  m ain  p a r ts . T h e  f ir s t  fo u r chap ters  describe th e  m ech a ­
n ism s o f  p ro d u c tio n  in th e  sea, th e  basic p a ra m e te rs  a n d  th e  m odels th a t  h a v e  been 
d e v e lo p ed . T h e  second group  of fo u r c h ap te rs  deals w ith  th e  biology of fish  s to c k s , th e ir  
p o p u la t io n  dy n am ics depend ing  on th e  v a r ia b ili ty  o f  th e  p ro d u c tio n  cycles. T he th i r d  and  
fo u r th  g ro u p  o f ch ap ters  describes m ore general th em es, th e  use o f food-chain s tu d ies  to  f ish ­
eries b io lo g is ts , th e  n a tu re  o f c lim atic  change an d  th e  m a tc h  in  tim e of larv a l p ro d u c tio n  and 
t h a t  o f  th e ir  food.

T h e  illu s tra tio n  is o f h ig h -q u a lity  s ta n d a rd , th e  l i te ra tu re  c ited  com prises e v e ry  essen ­
tia l  w o rk . T h e  volum e can be reco m m en d ed  to  all th o se  tea ch e rs , research  w orkers a n d  s tu d e n ts  
w ho a re  in te re s te d  in p o p u la tio n  an d  p ro d u c tio n  ecology.

P. B író  (T ih a n y )

E . T . B u r t t : The senses o f  a n im a ls
T h e  W y k e h a m  Science Series, W y k eh a m P u b lic a tio n s  L td ,  L ondon  and W in ch este r (1974). 
pp . 160, £  2.50.

T h e  a im  of th is book to  p ro v id e , in a  sh o rt a n d  accessible form , th e  m o st im p o r ta n t  
in fo rm a tio n  a b o u t the  senses o f an im als . T he vo lum e is based  on the  a u th o r’s le c tu re s  given 
to  seco n d  y e a r  s tu d en ts . I t  consists o f  e ig h t ch ap te rs  co m p lem en ted  w ith  an  in d ex  a n d  a  sh o rt 
list o f ad v ised  lite ra tu re . C h ap te r 1 deals w ith  th e  g en era l p rincip les of th e  s tru c tu re  a n d  fu n c ­
tio n  o f sense  o rgans. The follow ing ch ap te rs  a re  d ev o ted  to  th e  chem ical senses ( ta s te , o lfac tio n  
a n d  ch em o rec e p tio n  in w a te r and  soil), m ech an o recep to rs  a n d  hearing , including éch o lo ca tio n . 
T w o c h a p te rs  cover the  p rob lem s o f vision in  v e r te b ra te s  a n d  in  a rth ro p o d s an d  cep h a lo p o d s  
s e p a ra te ly . I n  th e  last tw o c h ap te rs  th e  e lectric  sense o f fishes, th e  pain , tem p e ra tu re , h u m id ity  
a n d  m a g n e tic  field  recep tion  are described . In  all c h a p te rs  th e  discussion of phy sio lo g ica l 
d a ta  is p re ce d ed  by  a desc rip tio n  o f th e  general m o rp h o lo g y  an d  u ltra s tru c tu re  o f th e  given 
re c e p to r  a n d  th e  basic physical p rincip les o f i ts  fu n c tio n , w hich  g rea tly  fac ilita te s  th e  re ad in g  
o f th e  t e x t .  T he volum e is well i llu s tra te d  a n d  has a good tech n ica l p resen ta tio n . I t  is w r i t te n  
p r im a r i ly  fo r u n d e rg ra d u a te  s tu d e n ts , b u t m ay  be reco m m en d ed  for all those  w ish ing  to  have  
a  su rv e y  a b o u t  th e  p re sen t s ta te  o f  know ledge of an im a l senses.

J .  K o v á c s  (B u d a p e s t)

D evelopm en t and regeneration  in  th e  nervous system
B ritish  M edica l B u lle tin , Vol. 30 , N o. 2, M ay , 1974.

In  th e  B ritish  M edical B u lle tin  as u su a l th e  a c tu a l  p rob lem s of a rap id ly  d ev e lo p in g  
b ra n c h  o f  science are discussed. B io log ists an d  p h y sic ian s are w idely in te res ted  in th e s e  su b ­
jec ts .

T h e  15 pap ers  in th e  issue u n d e r  rev iew  to u ch  a ll th e  m ain  problem s being in  th e  cen tre  
o f  th e  in te re s t  o f neurological re sea rch .

In  th e  In tro d u c tio n  J. Z. JÜNG em phasizes t h a t  th e  to ta l  of the  papers p re se n ts  an  
u p - to -d a te  p ic tu re  of th e jin te rre la tio n s  betw een  th e  re g u la to ry  fu n c tio n s o f the  n e rv o u s sy s te m , 
in h e r ita n c e , a n d  the  defence m echan ism s o f th e  o rg an ism .

T h e  f i r s t  th ree  pap ers , “ A xon  and  cell n u m b e rs”  (M. C. P r e s t i g e ), “ C ellu lar 
re sp o n ses to  ax o to in y  an d  re la te d  p ro ced u res”  (W . E . W a t s o n ) and  “ N eural sp e c if ic ity ”  
(R . M. G a z e ), p re sen t v a luab le  d a ta  on th e  cellu lar p h en o m en a  in  th e  nervous sy s tem . R .  F. 
M a r k ’s p a p e r , “ Selective in n e rv a tio n  of th e  m uscle” , p re sen ts  an  in te res tin g  rev iew  o n  th e  
n e u ro m u sc u la r  ju n c tio n  and  its  reg en e ra tio n . R . B a l á z s  in  h is pap er “ Influence o f m e ta b o lic  
fa c to rs  on  b ra in  dev elo p m en t”  d iscusses th e  in fluence o f e x tra n eu ra l facto rs on th e  d e v e lo p ­
m e n t o f th e  b ra in . M. B e r r y  an d  A. C. R i c h e r s  (“ Im m u n o lo g y  and  neural re g e n e ra tio n ” ) 
p re se n t a  new  hyp o th esis  to  ex p la in  th e  erro rs in  n eu ro ax o n  reg en e ra tio n  in th e  CNS o f m am m als  
a n d  th e  e rro rs  in the  im m u n o activ e  s ta tu s  an d  in th e  re la te d  p ro te in  synthesis. T h e  re g e n ­
e ra t io n  is th e  su b je c t o f th e  la s t p a p e r  (W . J .  M c D o n a l d : “ R eg en eratio n  in re la tio n  to  clin ical
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lesions o f the  c en tra l n ervous system ” ) as well. In  a p a p e r  en titled  “ P la s tic ity  o f  sy n a p se s”  
B. G. Cragg analyses th e  num erical and in te n s ity  ch an g es o f synapses on a m orpho log ical 
and  e lectrophysio log ical basis. M. J .  K eating  ( “ T h e  ro le o f visual function  in th e  p a tte rn in g  
o f b inocu lar v isual connections” ), com paring  th e  v ision  o f am phib ians and m am m als , con ­
cludes th a t  the  v isual fu n c tio n  of am ph ib ians p lays an  im p o r ta n t  role in the ev o lu tio n  a n d  m o d ifi­
ca tio n  of b inocu lar vision . In  the p ap er “ C au sa tio n  o f n eu ra l tube  effects: clues fro m  ep ider- 
m iology”  som e im p o r ta n t  causal facto rs o f CNS m alfo rm atio n s  are discussed b y  J .  L eck . 
J .  D obbing  and  J .  L. S mart (“ V ulnerab ility  o f d ev elo p in g  b rain  and b eh av io u r” ) a t t e m p t  to 
c la rify  th e  re la tio n sh ip  betw een  the  changing  p h y sic a l a n d  chem ical conditions o f  th e  b ra in  
an d  th e  d ev elo p m en t o f h u m an  behaviour. J .  TizzARD (“ E arly  m aln u tritio n , g ro w th  and 
m en ta l develo p m en t in m an ” ) exam ines the  s tru c tu re  a n d  th e  function  of th e  b ra in  in re la tio n  
to th e  develo p m en t o f th e  child’s in te llect. S im ila r su b je c ts  are discussed by  T . G. B ower 
( “ D evelopm en t o f in fa n t  b eh av io u r” ) and  by A. B . D. Clarke and Ann  M. Clark  (“ M ental 
re ta rd a tio n  and  b eh av io u ra l change” ).

T here  is no d o u b t th a t  th is issue deserves m u ch  in te res t.
I. TÖRŐ (B u d a p es t)

R ecent stud ies of hypo thalam ic  function
Proceedings o f  the International Sym posium  on R ecent Studies o f  H ypothalam ic F unction  

Calgary , 1973.
E d. Led e r is , K ., Cooper , K. E. S. K arger, B asel (1974), pp. 434, SF r. 135 — .

An increasing  b o d y  of evidence ind ica tes th a t  th e  d iverse  functions of th e  h y p o th a la m u s  
are  in te rre la te d  an d  th a t  th ere  is an overlap  of d iv e rg e n t functions in h y p o th a la m ic  areas. 
T h is suggests th e  p o ss ib ility  of a non-specificity  o f h y p o th a la m ic  neurons. In  th e  S y m posium  
th e  lead in g  w orkers in te re s ted  in various asp ec ts  o f  th e  h y p o th a lam u s p resen ted  th e ir  recen t 
fin d in g s an d  discussed  th e  h ighly in te g ra te d  s t ru c tu ra l  a n d  functional o rg a n iz a tio n  o f  th e  
h y p o th a la m u s . T hree  h y p o th a lam ic  fu n c tio n s were d iscussed  in detail. (1) H y p o th a la m u s  and 
horm ones. S ix teen  p a p ers  were devo ted  to  th is  su b je c t. A m ong o thers, the  co n tro l o f a n te r io r  
p i tu i ta ry  horm ones (h y p o th a lam ic  releasing  h o rm o n es , n eu ro tran sm itte rs , h o rm o n a l feed ­
b ack), th e  h y p o th a la in o -n eu ro h y p o p h y sea l sy s tem  a n d  th e  functional id en tif ic a tio n  o f  h y p o ­
th a lam ic  n eu rons h av e  been dea lt w ith . (2) M etabolic  a n d  b ehav ioural aspects o f h y p o th a la m ic  
fu n c tio n . C o n trib u tio n s discussed effects o f alcohol, an g io ten sin  and essentia l am in o  acid s on 
th e  la te ra l h y p o th a la m u s , role of the  h y p o th a la m u s  in th e  con tro l of card io v ascu la r fu n c tio n s  
an d  of ingestive  b eh av io u rs  and  h y p o th a lam ic  ch an g es in  h iberna to rs . (3) H y p o th a la m u s  in 
th e rm o reg u la tio n , dealing  w ith  fever, p ro s tag lan d in s  in fever, hypo thalam ic  co n tro l o f th e rm o ­
re g u la to ry  b eh av io u r, ionic concepts o f th e  se t-p o in t fo r body  tem p e ra tu re , h y p o th a la m ic  
blood flow  and a n eu ro n al m odel o f tem p e ra tu re  re g u la tio n . A t the  end of th e  P ro ceed ings 
th ere  is a su m m ary  o f th e  final sessions in w hich  g en era l aspects of endocrine a n d  non-endo- 
crine  fu n c tio n s o f th e  h y p o th a la m u s were consid ered .

T he book p ro v ides useful in fo rm ation  to  all th o se  who are in te rested  in th e  h y p o th a la ­
m u s, i. e ., to neurom orpho log ists, physio logists, neuroendocrino log ists and c lin icians.

B. H alász (B u d a p es t)

My er s , R. B ., Ca ntin o , E. C.: The gam m a p artic le
A  study o f  cell-organelle interactions in the developm ent o f  the water mold Blastocladiella  
em ersonii
M onographs in D evelopm en ta l Biology, Vol. 8. S. K a rg e r , Basel M ünchen —P a r is — L ondon  
N ew  Y o rk —S y d n ey  (1974), pp. 117, S F . 67.

T his m onograph  provides a  com prehensive rev iew  on gam m a particles o f  th e  zoospore 
o f fungus Blastocladiella emersonii. T he gam m a p a rtic le  is an  unusual D N A -co n ta in in g  c y to ­
plasm ic organelle , w hich  was discovered by  one o f  th e  a u th o rs  some 20 years ago. L a te r  on, 
i ts  s tru c tu re , genesis an d  b iochem istry  were in v es tig a te d  in d e ta il, and in th is vo lu m e th e  m ost 
im p o r ta n t resu lts  a ccu m u la ted  du ring  th is tim e are  b ro u g h t together.

T he book consists o f 12 chap ters  co m p lem en ted  w ith  a list of references fu lly  covering  
th e  lite ra tu re  on th e  su b jec t. Following the  h is to rica l in tro d u c tio n , the a u th o rs  d eal w ith  the
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u l t r a s t ru c tu re ,  genesis an d  d ecay  of th e  gam m a p a rtic le s . S ep ara te  chap ters are d e v o te d  to 
th e ir  s ta in in g  p ro p e rtie s , iso la tion  and  chem ical co m p o sitio n . I t  is shown th a t  th e  p a rtic le s  
c o n ta in  D N A , R N A  an d  h igh  ch itin  sy n th e tase  a c tiv ity . T h e  effect of visible lig h t on  g am m a  
p a rtic le s  is described  in  d e ta il. In  th e  las t ch ap ter th e  fu n c tio n  of the  gam m a p a rtic le s , th e ir  
in v o lv e m e n t in cell-w all sy n th e s is , th e  problem s o f th e ir  a u to n o m y , co n tin u ity  an d  possib le  
occu rren ce  in o th e r  a q u a tic  fu n g i are analysed.

T h e  book  is well w rit te n  a n d  co n ta in s a large  n u m b e r  o f illu stra tions. I t  m ay  be m o st 
useful fo r  m ycolog ists, m icrob io log ists and  for all th o se  in te re s ted  in cell organelles c a rry in g  
e x tra n u c le a r  D N A .

J . K ovács (B u d a p e s t)

B asic biology course
T r ib e , M. A ., E raut , M. R ., S nook , R . K .:
Book 1. L igh t m icroscopy , pp . 108, £ 2.75. Book 2. E lectron-m icroscopy and cell structure , pp . 
117, £  2.75. Book 4. Ecological p rincip les, pp. 160, £  2.75. Book 6. Photosynthesis, p p . 77, 
£ 2.40. C am bridge  U n iv e rs ity  P ress , L ondon  (1975).

T h e  g ig an tic  cu m u la tio n  of know ledge calls fo r fu r th e r  developm ent of teach in g  te c h ­
nics. T h e  Sussex In te r  U n iv e rs ity  T each ing  P ro je c t T eam  h as  a tte m p ted  th e  w ritin g -u p  of 
fu n d a m e n ta ls  in  b io logy in  th is  re sp ec t. T he four v o lum es rev iew ed  below are m em bers o f  th is  
series a n d  d isp lay  an  exce llen t exam ple  o f scheduled  teach in g . E ach  volum e is e x ce llen tly  
i llu s tra te d , b o th  th e  sch em atic  d raw ings and th e  q u e s tio n -a n sw er m ethod fa c ili ta te  self- 
co n tro l d u rin g  lea rn in g  an d  th u s  p ro found  know ledge can  be acquired .

In  th e  f irs t  book th e  v a rio u s k inds o f m icroscopic p ic tu re , th e  types o f m icroscopes an d  
th e  n h y sic s  o f m icroscopy  are described , am ong o th e rs . T h e  stereo- and phase c o n tra s t  m ic ro ­
scopes a re  discussed  in such  a  c lear w ay th a t  th e  re a d e r  can  lea rn  to recognize a t  f i r s t  sig h t 
th e  v a r io u s  so rts  of o b jec tiv es an d  th e ir  ap p lica tio n  in p ra c tic e . Size analysis in  m ic ro sco p y  
an d  the: te c h n ic s  o f p re p a ra tio n  are  also discussed. M oreover, th e  rough  s tru c tu re  o f cells an d  
ch ro m osom es a n d  th e  s tru c tu re  of Drosophila  and  c e r ta in  cy to log ical and genetical fu n d a m e n ta ls  
are p re sen te d .

In  th e  second vo lum e an  ex ce llen t a tla s  o f c y to lo g y  is p resen ted  in the  fo rm  o f q u es­
tio n s a n d  an sw ers, an d  v e ry  good draw ings help u n d e rs ta n d in g . As a com pletion , m o d ern  
m eth o d s  ap p lied  in cell bio logy, fo r exam ple, u l tra c e n tr ifu g a tio n , rep lica  m eth o d , freeze ­
e tc h in g  a n d  scann ing  e lectron  m icroscopy  are rev iew ed . A v e ry  useful d ic tio n ary  is fo u n d  a t  
th e  en d  o f th e  vo lum e. R eferences in  th e  te x t  help th e  a p p lic a tio n  of the  record ing  ta p e  an d  
film  slides enclosed in  th e  su p p lem en t.

In  th e  fo u rth  book sp ark lin g  d iagram s d isp lay in g  ex p erim en ts  guide the  re ad e r  from  
th e  ecological p rob lem s of lakes to  th e  closed ecological sy s tem  of space-ships. A se p a ra te  
c h a p te r  d eals w ith  m an  an d  ecosystem , stressing p ro b lem s due  to  dem ographic ex p losion  an d  
e n v iro n m en ta l po llu tion .

A lth o u g h  all vo lum es of th e  series are ex ce llen t, V olum e V I seems to be th e  m o st 
d id ac tic . A u th o rs  ex p la in  w ith  th e  help  of d iagram s, chem ica l deductions and e lec tro n  m ic ro ­
g rap h s  th e  e x tre m e ly  co m plica ted  process o f p h o to sy n th es is . T he m ost m odern th eo ries  a n d  
e x p e rim e n ts  are rev iew ed , an d  th e  read er is show n th e  p a th w a y  leading to th ese; th u s ,  a 
full p ic tu re  is p re sen ted  o f th e  p ro b lem s re la ted  to  p h o to sy n th es is : the  question  o f b in d in g  
of l ig h t en erg y , its  tran s fo rm a tio n  an d , finally , th e  course  o f  fa t  and carb o h y d ra te  s tro ra g e  
are  d iscussed . T he volum e is co m ple ted  w ith  a series o f slides a n d  a recording tape .

S ch ed u led  teach in g  often  seem s forced. H o w ev er, in  these  volum es it  seem s q u ite  
n a tu ra l  a n d  th is  p roves th e  g re a t experience of th e  a u th o rs  in  teaching. Could th e  te a ch in g  
of all su b je c ts  be solved in th is  m ode, i t  w ould m ean  a g re a t facility  to s tu d en ts  a n d  e v e ry ­
bod y  in te re s te d  in th e  su b jec t.

G. Csaba (B u d a p e s t)

P rogress in  a lle rg y , 18
E d. K allós, P ., W aksm an , B. H ., d e  W eck , A. S. K a rg e r , B ase l—M ünchen— P aris — L o n d o n  
— N ew  Y o r k —Syd n ey  (1975), pp . 477, figs 46, S F r. 1 8 7 —.

T h e  f ir s t  volum e of th e  p re sen t series appeared  u n d e r  th e  ed ito rsh ip  of K allós e t al. w ith  
the  a im  to  m a te  in  a sequence of con tinu ing  review s th e  clin ical aspects of prob lem s caused  
by  a lle rg ic  d iseases an d  th e  p e rsp ec tiv e s opened b y  new  serological and im m unological p roce-
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d ures. I t  in au g u ra ted  a p o p u la r  tre n d : th e  serial p u b lica tio n  of deta iled  rev iew  a rtic le s . This 
new  vo lum e con ta ins review s on a c tu a l to p ics  o f basic an d  clinical im m u n o lo g y  b y  som e of 
th e  m o st co m p eten t research  w orkers in  th e  field.

T he an tigen  recognition  b y  an tig en -sen sitiv e  T  an d  В cells is rev iew ed  b y  D iener  
an d  Lang uea n  from  the  U n iv e rsity  o f  A lb erta . T hey  expose m ost o f th e  c u r re n t  view s on 
th e  n a tu re  of cell recep to rs , on m odes of an tig en  recogn ition , on im m une in d u c tio n  and  on 
th e  m echan ism  of triggering  of an tig en -sen sitiv e  cells. T hey  show in a lu cid  m an n e r how 
im m unolog ical research  is u n dergo ing  a tra n s it io n  from  p a ram ete rs  o f a n tig e n -in d u c ed  ly m p h o ­
cy te  p o p u la tio n  dynam ics to  th e  search of triggering  m echanism s co n tin g en t on  a n tig e n  recep­
to rs , th e  cell m em brane as a d y n am ic  s tru c tu re  w hich p rov ides anchorage fo r a n tig e n ic  recep tors 
a n d  th e  cy top lasm  w hich tra n s la te s  th e  specific signals o f a n tig e n -re c ep to r in te ra c tio n  into 
b iochem ical event.

T h e  review  on im m unological to le ran ce  by  H oward and Mitchison (L o n d o n ) gives 
a tim e ly  accoun t of the  c u rre n t concep tions. A m ong th e  m ain m echanism s lea d in g  to  an  a b ­
sence o f im m une response, th e  selective e lim in a tio n  of lym phocy te  clones, th e  en h an cem en t 
phen o m en o n  produced by an tib o d es  in te rfe rin g  w ith  th e  access of a n tig en  to  lym p h o cy tes , 
th e  reversib le  to lerance b y  b lock ing  of ly m p h o cy te  recep to rs  by an tigen  or a n tig e n -a n tib o d y  
com plexes and the  id en tifica tio n  of su p p resso r ly m p hocy te  popu lations a re  th o ro u g h ly  d is­
cussed. T he m ost im p o rta n t ad v an ces in th is  su b jec t, according to  the  rev iew ers, a re  th e  an a l­
ysis of d is tin c t tolerance ev en ts  in T  an d  В cells, a grow ing u n d erstan d in g  of th e  b in d in g  to  В 
cell recep to rs  w hich leads to  to le ran ce  a n d  th e  de lin eatio n  and p a rtia l a n a ly s is  o f several 
a c tiv e  suppression  system s.

T he p resen t s ta te  o f a ffa irs as well as th e ir  personal experience on a n tig e n ic  co m p etition  
a re  ex ten siv e ly  p resen ted  b y  L iacopoulos (H ô p ita l B roussais, Paris) and B en  E fraim  (U n iver­
s ity  o f Tel Aviv). T hree  m ain  m echan ism s are  proposed : ob lite ra tio n  of th e  h a n d lin g  of an tigens 
b y  m acrophages, inh ib itio n  of an tig en -sp ec ific  T or В cells by  o th e r cells th ro u g h  release 
o f in h ib ito ry  factors, finally  th e  still co n tro v ersia l issue of com petition  fo r a  lim ite d  nu m b er 
o f  p o te n tia l  im m u n o co m p eten t cells.

T h e  in te res t o f m olecu lar im m uno logy  is increasing ly  focused on th e  s t ru c tu ra l  e lem ents 
an d  d y n am ic  in te rac tio n  tak in g  p lace on th e  ly m p h o cy te  m em brane. The rev iew  b y  Ladoulis , 
Gill, Chen  and Misra from  th e  P itts b u rg h  School o f M edicine p resen ts  n o t on ly  an  ev a luation  
o f  a  re la tiv e ly  crude know ledge b u t  gives a p e rspec tive  for research  w ith in  th e  n e x t years. 
M em branolog ists and  biologists on one h an d  an d  classical im m uno log ists on  th e  o th er 
h a d  lit t le  to  say in com m on. T he scene is now rap id ly  changing: the  te c h n iq u es  o f physical 
ch em istry  and  m em brane ch em istry  h av e  developed to  th e  p o in t w here m an y  to o ls  are now 
av a ilab le  for s tudy ing  th e  s tru c tu re  an d  in te rac tio n s  o f cell m em branes an d  th e  progress in 
im m u n o b io lo g y  has defined m an y  c ritica l phen o m en a  in the  im m une response. T h e  tim e has 
now  com e for com bining these  tw o approaches.

T he review  by  H olmgren (G o th en b erg ) and  Smith (U n iversity  o f T ex a s) deals w ith 
a  clinical p rob lem : the  im m onological asp ec ts  of u r in a ry  t ra c t  infections. T he an tig en ic  com ­
p osition  and  biological p ro p e rtie s  o f germ s an d  th e  persistence of an tig en s seem  to  re la te  
d irec tly  to  th e  severity  and c h ro n ic ity  o f in fec tion . W hereas extensive  d a ta  h a v e  accu m u la ted  
o n  th e  presence and  possible role of serum  an tib o d ies , an o th e r im p o rta n t a sp e c t is discussed 
h e re: th e  possible role of local an d  cellu lar im m une response in the  in fection  a n d  in  th e  devel­
o p m e n t o f chronic in flam m ato ry  lesions.

A n tigens involved in  th e  p ro d u c tio n  of e x p erim en ta l en cep h alo m y elitis  a re  review ed 
b y  N iedieck  (U n iv ers ity  o f H am b u rg ). As show n in a review  of her ow n w o rk  lip id  an tigens 
sh o u ld  n o t be neglected in th e  im m unolog ical ev a lu a tio n  of d em yelina ting  d iseases.

Cross reac tions betw een  an tig en s from  m am m alian  tissues and  b a c te r ia  a re  reviewed 
b y  Lyampert  and  D anilova (G am aley a  In s t i tu te ,  Moscow). T his im p o r ta n t  to p ic  gives a 
clue to  u n d e rs tan d  au to im m u n e  d iseases an d  lesions consecutive to im m u n iz a tio n  against 
in fec tio u s diseases, as well as in su ffic ien t response to  im m uniza tion . O ur know ledge  on cross­
re ac tin g  an tigens is fa r from  com ple te : n a tiv e  p ro te in s an d  po lysaccharides c o n ta in  h idden 
d e te rm in a n ts  w hich m ay be un co v ered  o n ly  by  tre a tm e n t w ith ap p ro p ria te  enzym es.

T here  is a con tinuosly  increasing  a m o u n t o f know ledge in th is d y n a m ic a lly  developing 
field  o f m edicine. The seven c h ap te rs  o f th e  p resen t volum e are based on a b o u t 1 900 references. 
In  o u r w orld g e ttin g  from  d ay  to  d ay  n a rro w er personal co n tac ts  an d  v e rb a l in fo rm ation  
reco n q u ered  th e ir form er role in ce rta in  fields o f m edicine which are in th e  c en tre  o f in te res t, 
as im m unology  and  allergology: p rin ted  m ate ria l as i t  is published will be o u td a te d . T herefore, 
i t  is co rrec tly  s ta ted  by  th e  co n tr ib u to rs  o f th e  f irs t ch ap te r: since th is  m a n u sc r ip t was sub ­
m itte d  fo r pub lica tion  in F e b ru a ry  1973 som e of the  co n ten ts  m ay no t a c c u ra te ly  re flect the 
c u rre n t s ta te  o f knowledge. T his s ta te m e n t stresses th e  fa c t th a t  the  em ergency  o f  im m unology 
an d  a lle rg y  as one of the  m ost ac tiv e  fields o f m edical an d  biological re sea rch  m ak es a general
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su rv e y  v e ry  d ifficult. One h as to  ag ree , how ever, w ith  th e  in tro d u c to ry  rem ark  of D e W eck 
in th is  c o n te x t th a t  th e  p u b lic a tio n  o f review  articles on  to p ic s  o f  b asic  an d  clinical im m unology  
will re m a in  an  im p o rta n t a n d  re w a rd in g  endeavour. T his is th e  re aso n  w hy th is vo lum e should 
be o f  specia l in te res t to  n ep h ro lo g is ts , allergologists and  m icro b io lo g ists  as well.

K. K irály (B u d a p es t)

P ro g re ss  i n  allergy, 19
E d . K allós, P., W aksman , B. H ., d e  Weck, A. S. K a rg e r , B asel—M ünchen— P a ris— 
L o ndon  — N ew  Y o rk —S y d n ey  (1975), pp . 312, figs 19, S F r . 128 — .

T h is  new volum e c o n ta in s  a s  u su a l reviews on top ics o f  c u rre n t in te res t in fu n d a m e n ta l 
im m uno logy . P a rtic u la r  em p h asis  is p laced  on the  d iverse  p o p u la tio n s  o f lym phocy tes , on the 
p ro b lem  of lym phocyte  tr ig g e rin g , on  th e  role o f cyclic n u c le o tid e s  as second m essengers in 
im m u n e  response and on th e  m ec h an ism  of the  m acrophage’s p a r tic ip a tio n  in the  in fla m m a to ry  
process.

T h e  im m unologically  c o m p e te n t  cell capable o f u n d e r ta k in g  an  im m unological response 
is th e  sm all lym phocy te . T he tw o -c o m p o n e n t concept o f th e  ly m p h o id  system : T cells, w hich 
are  con cern ed  w ith  th e  d e lay ed  (ce llu la r) allergic response , a n d  В cells, which are th e  p re ­
c u rso rs  o f th e  a n tib o d y -sec re tin g  p lasm a  cells, hav e  been  g en era lly  accepted . L y m phocy tes 
a re  n o t  sessile cells. F ord , fro m  th e  D ep artm en t o f P a th o lo g y  of th e  U niversity  o f M an­
c h es te r , gives a deta iled  a cc o u n t o f  th e  m igration  of ly m p h o c y te s  a n d  shows th a t  ly m p h o cy tes  
a re  n o m ad ic  cells w hich hav e  re c e n tly  come from  th e  b lo o d  a n d  w hich  re tu rn  to  th e  blood 
w ith in  a period  of hours. A large p oo l o f lym phocytes is shu ffled  co n tin u o u sly  betw een th e  spleen, 
th e  ly m p h  nodes, P ey e r’s p a tc h e s  an d , on a m uch sm alle r scale, in to  m any  n o n-lym pho id  
tissu es. U ncom m itted  an d  c o m m itte d  ac tiv a ted  ly m p h o c y te s  h av e  th e ir  own m ig ra to ry  
p ro p e rtie s . T he d ifferen tia l m ig ra tio n  o f these  cells dep en d s , f i r s t ly ,  on  th e ir  selective affin ities 
fo r th e  endo the lium  of sm all v esse ls in  lym phoid tissue a n d  in flam ed  tissue and , secondly, 
on  th e  a b ility  to segregate a f te r  e n te r in g  th e  lym phoid  tissu e . T h e  ly m p h o cy te  m em brane  w ith  
i ts  d isp lay  of d ifferent s tru c tu re s  a n d  recep tors is th e  decisive  fa c to r , how ever, th e  m olecular 
b a sis  o f  these  processes h a s  re m a in e d  obscure.

T he presence of reag in ic  a n tib o d y  in  th e  serum  of a llerg ic  p a tie n ts  was f irs t d em o n s tra ted  
b y  P r ausnitz , who had  p ass iv e ly  sensitized  his fo rearm  b y  in tra c u ta n e o u s  in jection  of serum  
fro m  h is allergic colleague, K u s t n e r . Id en tifica tio n  of re ag in ic  a n tib o d y  as IgE  w as based 
on  p ro g ress  in s tru c tu re  an d  c la ss ifica tio n  of im m u nog lobu lins. In  th e  review  of T . and  K. 
I shikaza  from  the  Jo h n s  H o p k in s  U n iv ersity , on th e  b io logy  o f im m unoglobulin  E , a  com ­
p reh en siv e  review  is given on th e  m o lecu la r basis o f reag in ic  h y p e rsen s itiv ity . The m o st im p o r­
t a n t  b io log ical p ro p e rty  o f Ig E  is i ts  c ap ab ility  to  b ind  th ro u g h  its  F c  p o rtio n  w ith  th e  specific 
re c e p to rs  to  th e  surface of b a so p h ilic  granulocy tes an d  m a s t cells o f th e  hom ologous species. 
On c o n ta c t  w ith  the  specific a lle rg en , basophils and  m as t cells w ith  surface-bound  Ig E  release 
h is ta m in e , slow -reacting su b s ta n c e  an d  eosinotactic  fac to r, w h ich  are  responsible fo r clinical 
signs a n d  sym ptom s of th e  im m e d ia te  allergic reaction . T he p re re q u is ite  of the  re leasing  p ro ­
cess is p ro b a b ly  bridging of ce ll-b o u n d  Ig E  molecules by  e ith e r  th e  an tig en  or a n ti- Ig E  and  
n o t  th e  “ capp ing” : th e  p o lar p a tc h -lik e  red is trib u tio n  of cell su rface  IgE . B ridging of cell- 
b o u n d  Ig E  molecules m ay  b rin g  Ig E  receptors to  close p ro x im ity  causing changes in  cell 
m em b ran e  stru c tu re , w hich  in it ia te s  enzym atic  sequences lead in g  to  th e  release o f chem ical 
m ed ia to rs .

T a d a , from  the  C hiba U n iv e rs ity , Ja p a n , deals w ith  th e  re g u la tio n  of reaginic a n tib o d y  
fo rm a tio n  in  anim als, a to p ic  to  w h ich  th e  au th o r re n d ere d  im p o r ta n t  experim en ta l c o n tri­
b u tio n . T he im portance o f th e  s tu d y  lies in the  id en tificatio n s w h ich  cause the  e levated  reagin ic 
a n tib o d y  fo rm ation  leading to  h u m a n  reaginic diseases; on th e  o th e r  han d , know ledge ab o u t 
th e  re g u la to ry  m echanism  in re ag in  p roduction  w ould give a clue to  th e  th e ra p eu tic  a p p li­
c a tio n  in  these  diseases. B esides e x tr in s ic  factors (an tig en , i ts  dose, ro u te  of a d m in istra tio n ) 
th e  c ru c ia l facto rs lie in th e  c e llu la r ev en ts  of the host, a m o n g  th e m  th e  inductive  an d  in h ib i­
to ry  in te rac tio n s  betw een T  a n d  В cells, w hich lead  to  th e  e n h an c em e n t and suppression  of 
reag in  response. These in te ra c tio n s , e ith e r antigen-specific  o r  non-specific, are m ed ia ted  by 
soluble  fa c to rs  whose chem ical a n d  biological properties are now  in  th e  process of being e luc idated . 
E v id en ces  on anim als in d ica te  t h a t  Ig E  В cells are h igh ly  T -ce ll d ep en d en t and m ore suscep­
tib le  to  th e  T  cells’ reg u la to ry  in flu en ces th a n  o ther В cell ty p e s . IgE -producing  cells seem  to 
h av e  a h ig h -affin ity  recep to r fo r a n tig e n  and thus th e ir  re sp o n se  is easily  influenced b y  the
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dose and  form  of the  an tigen . D iffe ren t approaches to  the  suppression  o f reag in ic  a n tib o d y  fo rm a­
tion  are  d iscussed .T he f irs t is th e  in d u c tio n  of im m unological to le ran ce  in Ig E -p ro d u c in g  cells 
b y  deletion  of certa in  В cell clones. A n o th er prom ising ap p ro ach  is th e  in d u c tio n  of im m u n o ­
logical to le rance  in T  cells b y  large  doses of non-allergenic ca rrie r  ach iev ing  an  an tig en -in ­
d ep en d en t to le rance . A fu r th e r  po ss ib ility  is the  an tigen-spec ific  suppression  by  suppressor 
T  cells (a possible e x p lan a tio n  fo r th e  long-term  hy p o sen sitiza tio n  th e ra p y ). T h is can be a n ti­
gen -in d ep en d en t as i t  is seen w ith  som e a d ju v a n ts , T  cell m itogens w hich  sw itch  o ff reagin 
response. Serum  Ig E  a n tib o d y  (b locking an tib o d y ) can  suppress p re -estab lish ed  fo rm atio n . 
F u r th e r  stud ies are, how ever, n ecessary  before such an  im m u n o th e ra p y  can  be app lied  to 
h u m an  reag in ic  diseases w hich  are  h am p ered  by the  o v e rt d ifferences in  th e  re g u la to ry  m echa­
nism s betw een  an im al species.

T he las t review  in th e  p re se n t volum e, by  H irschfeld  from  th e  S ta te  In s t i tu te  for 
B lood G roup Serology, S to ck h o lm , challenges th e  cen tra l dogm a of im m uno logy : th e  n o n ­
specificity  o f an tibod ies from  th e  co n cep tu a l p o in t o f view . I t  is now  generally  accep ted  th a t 
n o t only the  im m unoglobulin  p o p u la tio n  co n stitu tin g  an  im m une serum  is h igh ly  specific for 
th e  eliciting  an tigen , b u t also th e  in d iv id u a l im m unoglobulins c o n s titu tin g  th is  p o p u la tio n . 
H ow ever, th e  exceptions from  th e  general v a lid ity  o f th e  dogm a, i.e. th e  cross reac tio n s 
betw een an tig en s which h av e , beclouded , from  th e  early  d ay s o f serology, th e  spec ific ity  of 
ag g lu tin a tio n s, ham p er th e ir  use fo r unequivocal diagnosis. H irschfeld  tran sfo rm ed  serologic 
reac tions in to  verbal codes an d  an a ly zed  them . He s ta te s  th a t  in d iv id u a l an tib o d ies  are com ­
plex: cross reac tin g  and m u ltisp ec ific . T h is view  is in  congruence w ith  recen t ex p erim en ta l 
resu lts , viz., th a t  an tib o d y -co m b in in g  regions con ta in  subsites a t  w hich s tru c tu ra lly  diverse 
an tigen ic  d e te rm in an ts  b ind . T h e  m erit o f H irschfeld’s review  is th e  analysis o f th e  con­
cep tu a l fram ew o rk  itself w h a t he  calls “ m etasero logy”  in c o n tra s t  to co n v en tio n al serology, 
w hich  is th e  descrip tion  of o b se rv a tio n s. A ccording to  H irschfeld’s idea , “ m etasero lo g y ” 
analyses th e  ru les and s tru c tu re s  o f ou r own th in k in g  w hich decide how know ledge is ob ta in ed  
an d  o rgan ized  in serology an d  how d a ta  are th ereb y  d is to rted . B y  th e  exam ples o f the  R h  
an d  ABO blood group system s, it has  been shown th a t  th e  sam e o b se rv a tio n s m ay  be exp la ined  
on the  basis of the d ifferen t m ap p in g  surfaces of an tib o d ies as well as on  th e  basis o f d iv ers ity  
o f  an tigens.

T he selective suppression  of im m une response, a th e ra p eu tica lly  p rom ising  area  
since th e  successful p rev en tio n  o f e ry th ro b las to s is  fe ta lis by  passive  sen sitiza tio n  w ith  a n ti-R h  
sera , is ex tensively  review ed by  F itch (D ep artm en t o f P a th o lo g y , U n iv e rsity  o f Chicago). 
A m ong th e  d ifferen t m echan ism s m en tio n ed  (m asking of an tig en ic  d e te rm in a n ts  by  a n tib o d y  
m olecule, a lte ra tio n  of an tig en  c a tab o lism , feed-back reg u la tio n ) th e  su p p resso r effect o f an ti- 
id io ty p ic  an tib o d ies w hich re a c t w ith  recep to rs o f specifically  reac tiv e  ly m p h o cy tes  is e m p h a ­
sized as an  especially in te re s tin g  an d  prom ising m eans. T here  a re , how ever, trem en d o u s 
d ifficu lties in app ly ing  th is  a p p ro ac h  to m an.

T he review  by B igazzi a n d  R ose on sp on taneous au to im m u n e  th y ro id itis  in an im als 
gives a m odel to  u n d e rs ta n d  th e  H ash im o to  th y ro id itis  in m an. T he review' sum m arizes the  
o b se rv a tio n s and  in v es tig a tio n s  o f th e  last decade on au to im m u n e  th y ro id itis , in itia te d  f irs t 
b y  W it ebsky  and  ex ten d ed  a n d  co n tin u ed  efficiently  by  th e  B uffalo  g roup  to  h y p o th y ro id  
obese ch ickens and  la te r  on o th e r  an im al species (ra ts , dogs, m onkeys) in w hich spon tan eo u s 
au to im m u n e  th y ro id itis  resem b lin g  H ash im oto  th y ro id itis  o f h u m an s occur. T he p rerequ isite  
o f th e  d ev elopm en t o f th is  sp o n ta n eo u s  disease is a genetic  p red isposition  w hich seem s to 
follow th e  p a tte rn  of po lygenic  in h eritan ce . A v iral in fection  of th e  th y ro id  in genetically  
suscep tib le  ind iv iduals seem s to  be th e  p rim ary  ev en t.

T his new' volum e w ith  i ts  exce llen t and com prehensive review s, each  w ith  u p -to -d a te  
references, should  be of special in te re s t to  allerg ists, ex p erim en ta l p a th o lo g ists  and  m icro­
bio logists, as well as to basic an d  clinical im m unologists.

K. K irály (B u d ap es t)

D elling, G.: E ndokrine  O steopath ien  (E ndocrine  hone diseases)
G. F ischer V erlag, S tu t tg a r t  (1975), pp . I l l ,  figs 32, DM 74 .

T h is book let, the  9 8 th  in th e  series “ V eröffen tlichungen  aus de r P a th o lo g ie” , review s 
m orphological sub jects. M odern  q u a n ti ta t iv e  m orphological a n d  fu n c tio n a l m eth o d s applied 
in connection  w ith  bone b io p sy  are  d iscussed. The precise d iagnosis o f bone diseases can  be 
on ly  p a r tia lly  estab lished  by  p a th o physio log ica l m ethods. T he book  d raw s a tte n tio n  to  the  
fa c t th a t  th e  classical X -ra y  p ic tu re s  are  ra th e r  u n su itab le  for th e  u n am b ig u o u s d e te rm in a tio n  
of patho log ica l courses in v a rio u s  bone diseases.

9 * A d a  Biologien Academiae Scienliorum Hungaricae 27, 1976
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A fte r a Preface an d  In tro d u c tio n , bone p re p a ra tio n  m eth o d s n o t in vo lv ing  décal­
c if ic a tio n  are  d em o n stra ted , a n d  th e ir  g rea t a d v an tag e  is stressed . T h is c h ap te r  involves 
m ic ro rad io g ra p h y  and q u a n ti ta t iv e  m o rp h o m etry , an d  th e  c ritic ism  of these  m eth o d s. The 
n e x t  c h a p te r  describes th e  n o rm a l bone s tru c tu re  as revea led  by  m o d ern  m ethods. The 
fo u r th  c h a p te r  sum m arizes th e  n ew es t lite ra tu re  of p a ra th o rm o n e , ca lc ito n in  an d  v itam in  
D . T h e  rev iew  of v itam in  D a n d  i ts  m etab o lites  an d  th e  d em o n s tra tio n  of th e ir  horm onal 
p ro p e rtie s  are p a rticu la rly  m o d ern . T h e  sub jec ts  of th e  la s t  m ain  c h ap te r  are p a ra th o rm o n e , 
c a lc ito n in , “ D horm one” , g ro w th  h o rm one, th y ro id  h o rm one, g lycocortico ids an d  th e  sex 
h o rm o n es . B ased on th e  d e m o n s tra tio n  of th e  d y n am ic  m orphology  of bone tissu e , th e  au th o r 
d isp lay s  th e  clinical consequences o f  increased  or reduced  p ro d u c tio n  of th e  above substances.

T h e  extensive  u p -to -d a te  l is t  o f references an d  th e  exce llen t illu s tra tio n o  need special 
m en tio n in g . The colour p h o to s , b e a u tifu l in them selves, p rov ide  a g re a t help  to read ers  of 
l i t t le  experience  in m orpholog ical m e th o d s , in  in te rp re tin g  p a tho log ica l p ic tu res .

T h e  m ethods p resen ted  in  th e  book let are a g re a t aid  to  b o th  th e  c lin ician  and  th e  re ­
se a rc h  w o rk e r in te rested  in th e  m e ta b o lic  disorders o f th e  bone.

W e hope th a t  th is sh o rt rev iew  will draw  a tte n tio n  o f H u n g a rian  e x p e rts  to  th e  th e o re t­
ica l a n d  p rac tica l significance o f u p -to -d a te  m eth o d s in  bone m o rpho logy  an d  will stim u la te  
in tro d u c tio n  of these m ethods.

I. H olló (Budapest)

P ro ceed in g s of the Third C onference on O rigin of Life
P la n e ta ry  Astronom y. E d. M a r G U L IS , L. Springer V erlag , B e rlin — H eid elb erg — N ew  Y ork 
(1973), pp . 268, figs 28.

T he volum e p resen ts th e  to p ic s  o f debate  of th e  conference o rg an ized  by  th e  “ S m ith ­
so n ian  I n s t i tu te ”  in the  course o f  its  In te rd isc ip line  C om m unication  d ra f t  p rog ram m e. The 
C onference  w as held betw een  27 F e b ru a ry  and  1 M arch, 1970, in  S a n ta  Y nez (California). 
I h is  w as th e  th ird  in a series o f C onferences on th e  o rig in  of life.

N in e te en  fam ous re p re se n ta tiv e s  of biology, b io ch em is try , geology, e a r th  an d  space 
re se a rc h , exobiology and b o rd e rlin e  sciences p a rtic ip a te d  in th e  conference. Scientific  know l­
edge  on th e  M oon and M ars w ere an alysed  and  discussed from  th e  asp ec t of th e  orig in  of 
life.

T h e  discussions w ere e q u a lly  d iv ided betw een th e  M oon and  th e  M ars. T he d a ta  con­
c e rn in g  th e  M oon were m ore a c tu a l ,  w hile in fo rm atio n s on th e  M ars w ere o ften  based  p u re ly  on 
sp e c u la tio n .

A fte r  an  analysis of d a ta  co n cern ing  th e  M oon surface , Moon fo rm atio n s, c ra te rs , th e  so- 
called  re g o lith s , th e  prob lem s o f M oon glass were d iscussed. T he age of th e  M oon w as discussed 
in  d e ta il,  fu r th e r  on, the  th eo ries  o f  th e  possible origins o f th e  Moon. F in a lly , th e  re su lts  of the  
o rg an ic -ch em ica l analysis o f M oon sam ples and  th e ir  m icrobiology w ere p resen ted .

K now ledge concerning th e  M ars was o b ta in ed  in  th e  f ir s t  p lace b y  o b se rv a tio n s m ade 
b y  th e  M ariner 6 and 7. T he m a in  su b je c t was th e  com position  of th e  M ars a tm o sp h e re . The 
“ a tm o sp h e ric a l pressure” , a q u eo u s  v ap o r, C 0 2 and  N 2 were cen tra l su b jec ts  o f th e  debate. 
D a ta  o b ta in e d  up  to  th e  p re se n t on  th e  M ars surface, th e  c ra te rs , th e  “ w e a th e r”  conditions 
a re  in  th e ir  m ajo rity  d isp u tab le  o r  speculative .

T h e  ex trem ely  in te re s tin g  d iscussions — som etim es on ly  consisting  of rem ark s and  h a lf  
se n ten c es  — are exciting  fo r th e  re a d e r , b u t  rep resen t a d ifficu lt ta sk  for th e  review er. Besides 
th e  read in ess , the  spark ling  o f th e  d iscussions, th e  o ften  very  frien d ly  fo rm , i t  deserves m en tio n ­
ing  th a t  an  im m ense scope of k now ledge, en ligh tened  from  several asp ec ts , w as p resen ted  a t 
th is  conference.

T h e  volum e is a rea l m ine o f in fo rm atio n  for b io logists, a s tro n o m ers, chem ists, bio­
ch em is ts , geologists and for w o rk ers  o f m any  o th er fields o f science.

Gy . K i s z e l y  (Szeged)

C o w a n , S. T ., Steel , C. C.: M a n u a l for the  id en tificatio n  of m edical b ac teria
C am b rid g e  U n iv ersity  Press, L o n d o n  (1974), pp . 238, US $ 14.95.

T h e  second ed ition  of th e  in te rn a tio n a lly  fam ous vo lum e consists o f  nine ch ap ters , 
v iz ., C lassification  and n o m e n c la tu re ; M edia: co n stitu e n ts  an d  ste rilisa tio n , P rinc ip les of iso­
la t io n ;  C harac te rs  and c h a ra c te ris a tio n ; T heory  and  p rac tice  o f b a c te ria l id en tifica tio n ;

Acta Biologica Academiae Scientiarum  Hungaricae 27, 1976



H E C E N S I O N E S 213

C harac ters o f G ram -p o sitiv e  b ac teria ; C h arac te rs  o f  G rain-negative  b a c te r ia ; Id e n tif ica tio n  
by cards: T ax o n o m y  in th eo ry  and practice. I n  a n  A p p en d ix , p rep ara tio n  o f c u ltu re  m edia, 
sta in in g  of b ac te ria , c la ss ifica tio n , in te rn a tio n a l n o m en c la tu re  and a b b rev ia tio n s  an d  o th er 
q u estions of p rac tica l im p o rta n ce  are dealt w ith . In  a  sep ara te  ch ap ter th e  m ost im p o rta n t 
chem icals and su b s tan ces an d  th e ir m an u fa c tu re rs  a re  listed .

This volum e is a  g re a t practical aid for ro u tin e  bacteriological lab o ra to rie s . The so- 
called m in i-defin itions, th e  large num ber o f d e ta iled  d iagnostic  tables, the  c lear sty le  an d  con­
ciseness deserve special m ention ing .

T his book has n o t been w ritten  for use in th e  lib ra ry , its real place is on  th e  she lf o f the 
bacterio logical lab o ra to ry .

T he b e au tifu l g e ttin g -u p  of the volum e c red its  th e  Cam bridge U n iv e rs ity  Press.

Mária M. H erbai  (B u d ap est)

C urren t topics in  m icrobiology and im m unology , Yol. 65
Springer V erlag, B erlin  H e idelberg—New Y ork  (1 974), pp. 160, figs 26, DM 66. , U S $ 2 7 .

The 65 th  vo lum e of th is  well-known series rev iew s the  new est re su lts  in th ree  in te res tin g  
su b jects, nam ely , (1) th e  m olecular biology of a d en o asso c ia ted  v iruses (K . I. B e r n s ), (2) the 
m ost recen t know ledge of th e  com m itm ent o f В ly m p h o c y te s  (J. L e f k o v i t s ) an d  (3) th e  DNA- 
d ep en d en t in  vitro enzym e syn thesis (M. S c h w e i g e r  a n d  P. H e r r l i c h ). All th ree  review s are 
well illu stra ted  and  p re sen t h ighly  valuable re ferences.

A lthough  the  book  was p lanned on  th e  f i r s t  p lace for experts in th e  g iven  sub jects, 
it will be of g re a t exped ience  to physicians, b io lo g ists  a n d  u n iv ers ity  s tu d e n ts .

The p ro m p t p re sen ta tio n  of the new est d a ta  a n d  p u b lica tio n  of th e  op in io n  o f a u th o ritie s  
on th e  su b jec t b o th  c red it th e  Publishers. As u su a l th e  volum e is of a d eq u a te  size an d  of best 
q u a lity .

Mária M. H erbai  (B u d ap est)

K is s , F . A.: V ascu lariza tion  and tissue d iffe ren tia tio n
Studio  Biologien H u n g a rica , 14.
A kadém iai K iadó , B u d a p e s t (1975), pp. 168.

D uring m an y  decades o f investigation  on th e  p ro b lem s of bone fo rm atio n  an d  in  general 
o f b rad y tro p h ic  tissues, K rompecher’s school h a s  recognized the sign ificance o f v ascu la ri­
za tion . T his volum e co n ta in s w ork perform ed on one o f th e  side-paths o f these  in v estiga tions, 
ex am in in g  and  p rov ing  th e  s tim u la ting  effect o f  v a rio u s  tissue e x tra c ts , e sp ecia lly  ad renal 
e x tra c ts , on v ascu la riza tio n . The following e x p e rim e n ta l model was ap p lied  b y  th e  au th o r: 
(a) in con tro ls: va rio u s o rg an s and  tissues w ere tra n s p la n te d  onto th e  ch o rio a llan to ic  m em ­
bran e  of th e  ch icken  em b ry o , th e  ingrow th  o f b lood  vessels was in v es tig a ted : (b ) the  degree 
of g ro w th  was d e te rm in ed  in such cases w hen th e  tra n s p la n ts  were im m ersed  in an  ad renal 
e x tra c t before tra n s p la n ta t io n . The ex p erim en ts  unam b ig u o u sly  p roved  t h a t  th e  v a scu la ri­
zation  of b ra d y tro p h ic  tissues (W h arto n ’s je lly , im m a tu re  cartilage, em b ry o n ic  b ra in , keloid) 
needed a p rev ious im m ersion  in the ad ren a l e x tr a c t .  M ature  cartilage w as n o t vascu larized  
in th e  sam e c ircu m stan ces . T he experim en ts a re  im p o r ta n t  from  th e  p o in t o f d ev elopm en tal 
biology: th ey  prove  th e  necessity  of a v a sc u la riz a tio n  facto r during  tis su e  d iffe ren tia tio n . 
F rom  the  p rac tica l p o in t o f view , the v a sc u la riz a tio n  factor(s) m ay be invo lved  in  callus fo r­
m atio n  in corneal v a sc u la riza tio n  or even in th e  re p a ra tio n  of m yocard ia l in fa rc tio n s .

The m orphob io log ica l effectuation  o f th e  e x p e rim e n ts  is im pressive, th e  d o c u m e n ta tio n  
is convincing. O nly one g ro u p  of d istu rb in g  q u e stio n s  has rem ained open: w h a t substance  
induces v ascu la riza tio n  ? fu r th e r  on, of w h a t orig in  is th is  su b stan ce?  — cortico - o r m edullo- 
ad ren a l origin o r w h e th e r th e  effect is the  re su lt o f  a jo in t  effect of bo th  a n d  if  so, th en  wh y ?

T he g e ttin g -u p  o f th e  book is beau tifu l, th e  illu s tra tio n s  and tab les  a re  d em o n s tra tiv e . 
T his volum e, su m m ariz in g  th e  work of an  e m in e n t school, in which th e  a u th o r  h im self has 
p layed  a p ro m in en t ro le, will be valuable for b io log ists, surgeons, and w orkers o f borderline 
sciences.

G. Csaba  (B u d ap est)
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STUDIES ON CARTILAGE FORMATION 
XIX. OXYGEN AND GLUCOSE SUPPLY 

OF THE REGENERATING ARTICULAR SURFACE

Cs. H a D H Á ZY  a n d  S. V A R G A

IN ST IT U T E  OF ANATOMY, HISTOLOGY AND EM BRYOLOGY, AND CEN TRA L RESEARCH LA B O R A T O R Y ,
MEDICAL U N IV E R S IT Y , D EB R EC E N

(R eceived  1975 — 02 — 05)

Abstract

C om plete rem oval of th e  a r tic u la r  ca rtila g e  in  dogs is followed by  re g e n e ra tio n  
o f th e  a r tic u la r  surface. A t th e  s ite  o f th e  bone  w o u n d , g ranu la tion  tis su e  d evelops, 
w hich la te r  d iffe ren tia te s  in to  ca rtilag e . T he 0 2a n d  glucose supply  of th e  re g e n e ra tin g  
a r tic u la r  su rface  is ensu red  b y  th e  sy n o v ia l f lu id , b y  th e  large exposed su rface  o f th e  
m ed u lla ry  c av ity , an d  by th e  c ap illa ry  n e tw o rk  of th e  g ranu la tion  tis su e . O xygen  
a n d  glucose su p p ly  of th e  a r tic u la r  su rface  in d iffe re n t stages of d iffe re n tia tio n  has 
been  s ta tis t ic a lly  analyzed. I t  is su g g ested  th a t  in  th e  early  stage of re g e n e ra tio n  0 2 
su p p ly  com es p red o m in an tly  from  th e  cap illa rie s  o f th e  g ranu la tion  tis su e . L a te r  on, 
as cap illa riza tio n  regresses, th e  oxy g en  su p p ly  o rig in a tin g  from  th e  sy n o v ia  an d  
m ed u lla ry  c a v ity , assum es a m ore  im p o r ta n t  role. In  th e  stage of c a rtilag e  re g e n e r­
a tio n  an  o x y g en -defic ien t s ta te  can  be su p p o sed  in  th e  en tire  a rticu la r  su rface , h u t 
a reas d iffering  in  oxygen supply  m ay  be fo rm ed  ow ing to  local differences (d u e  m ain ly  
to  th e  e x te n t  o f v ascu la riza tio n  a n d  degree  of reg en e ra tio n  of the  su b c h o n d ra l bone 
lay er). A t th e  site  o f chondrogenesis, co n d itio n s  a llow ing aerobic m etab o lism  o f cells 
w ith  red u ced  0 2 req u irem en t seem  to  be en su red . G lucose supply  d e riv in g  fro m  th e  
a b o v e-m en tio n ed  sources satisfies th e  h ig h es t glucose req u irem en ts o f th e  cells in 
th e  reg en e ra tin g  a rticu la r  surface.

Introduction

D u rin g  bone re p a ir  we usu a lly  fin d  ca rtila g e  in  th e  en v iro n m en t exposed  
to  m echan ical forces. F o rm atio n  an d  a c c u m u la tio n  of cartilage is u su a lly  
preceded  b y  a m ark ed  reduction  in  th e  c a p illa ry  ne tw ork  of th e  g ra n u la tio n  
tissu e . T he jo in t occurrence of v a sc u la r  p a u p e r iz a tio n  and  chondrogenesis [21] 
has led to  th e  sup p o sitio n  th a t  a cau sa l re la tio n  m ay exist b e tw een  th e se  
p h en o m en a  [11, 21, 22]. In  th is  co n cep tio n  w hich  a ttr ib u te s  a fo rm a tiv e  or 
p red isposing  effect to  decreased c irc u la tio n , th e  question  of 0 2 an d  glucose 
su p p ly  is of e ssen tia l im p o rtan ce .

T he e x p e rim e n ta l m ateria l co n sis ted  o f th e  reg en era tin g  a r t ic u la r  s u r ­
face o f dogs [11]. B efore in v estig a tin g  th is  m a te r ia l as regards its  0 2 a n d  glucose 
su p p ly , we h a d  s tu d ie d  th e  flu id  c ircu la tio n  o f th e  in ta c t  a r tic u la r  c a rtila g e  
w hich  com es from  th e  synovial f lu id , from  th e  arcade-like cap illa ry  n e tw o rk  
reach in g  th e  m arg in  o f the  a r tic u la r  ca rtilag e  (circu lus a rticu li vascu lo su s) 
an d  from  th e  so-called  subchondra l cap illa ries  u n d erly in g  the  a r tic u la r  su rface

A d a  liiolof>ica Academiae Scienliarum Ilungaricae 27, 1Q76
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[7, 9, 29]. S chem atic  illu s tra tio n  of th e  b lood  a n d  flu id  supply  o f th e  a r t ic u ­
la tio n  is show n in F ig . 1.

T h ere  is a s tr ik in g  difference in c a p illa r iz a tio n  betw een re g e n e ra tin g  an d  
in ta c t  ca rtilag es . T h e  a r tic u la r  surface (g ra n u la tio n  tissue) is ch a rac te rized  
b y  a m a rk e d  cap illa ry  n e tw o rk  deriv ing fro m  th e  subchondral vessels, w hich  
h a d  b een  cu t th ro u g h  a t  th e  opera tion  b u t  soon  regenerated , an d  to  a sm all 
e x te n t  from  th e  c ircu lus a rticu li vascu losus. As i t  has been d e m o n s tra te d  b y  
d iffe re n t m ethods [12] th e  e x te n t of c a p illa r iz a tio n  regresses as reg en era-

C irc u lu s  a r t ic u l i  
va scu lo su s

F ig . 1. Schem e of n u tr i t iv e  su p p ly  of a rticu la r c a r tila g e  a f te r  O t t e  [29], m od ified  b y  th e  
a u th o rs .  F lu id  su p p ly  o r ig in a tin g  from  th e  villi ( th e ir  cap illaries) of th e  a reo la r sy n o v ia l 
m em b ran e . T he flu id  is a b so rb ed  th ro u g h  th e  p o rtio n s  o f  th e  adipose m em b ran e  by  m ean s 
o f cap illa rie s  w ith  a sp ec ia l s tru c tu re . F u r th e r  su p p ly in g  source: the  subchondral cap illary  
netw ork, fro m  th e  m e d u lla ry  cav ity . The cap illa ry  loops o f  th is  ne tw ork  are in  p a r t ,  fo u n d  
in  th e  sm all co m m u n ica tio n s o f th e  subchondral b o n e  la y e r . T he peripheral cartilag e  p o rtio n s  

are  p a r t ly  supp lied  b y  th e  c ircu lus articu li vasculosus

t io n  progresses. A n o th e r  ch a rac te ris tic  fe a tu re  is th a t  th e  m ed u lla ry  c a v ity  is 
e x te n s iv e ly  open in  th e  d irec tion  of th e  “ a r t ic u la r  surface” . T ho u g h  ow ing 
to  th e  reg en e ra tio n  o f th e  su b chondra l bone la y e r , th e  open b o u n d a ry  su rface  
b e tw een  th e  g ra n u la tio n  tissue  and  spong iosa  decreases, i t  also serves as a 
sou rce  o f  supp ly . T h e  sy n o v ia l flu id  of th e  o p e ra te d  jo in t is likew ise im p o r ta n t  
in  th is  respect.

O n th e  basis o f  kn o w n  princip les, we h a v e  m ade a tte m p ts  to  s tu d y  th e  
d if fe re n t com ponen ts o f th is  supply ing  sy s te m  (synov ia l flu id , m e d u lla ry  cav-
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i ty  and  v ascu la r  ne tw ork  of th e  g ra n u la tio n  tissue) to  get in fo rm a tio n  re ­
gard ing  th e  e x te n t  of oxygen and  glucose su p p ly  of th e  reg en era tin g  a r tic u la r  
surface.

M ateria l an d  m ethod

T he d a ta  an a ly zed  in th e  p resen t s tu d y  d e riv e  from  experim en ts on 146 dogs. Som e 
of th e  ex p erim e n ts  h a d  been carried  o u t  earlie r. T h e  an im als were o p e ra ted  on  th e ir  left 
knee jo in ts . A fte r  open ing  th e  jo in t,  th e  a r tic u la r  cartilag e  of th e  d istal p a r t  o f  th e  fem ur, 
to g e th e r w ith  a few m illim eters o f the  u n d e rly in g  spong iosa , was rem oved , a  new  a r tic u la r  
surface  was fo rm ed  from  th e  spongiosa, a n d  th e  w o u n d  was closed (for d e ta ils , see [11]). 
A nim als w ere k illed  7, 20, 33 an d  70 d a y s  a f te r  o p e ra tio n .

F rom  each  age group  th e  m a te ria l o f 10 dogs w as used  in the  ex p erim en t. G ra n u la tio n  
tissue pieces ( 3 x 3  m m ) w ith  a bony  la y e r  w ere excized  from  th e  condyles o f th e  re g en e ra tin g  
a r tic u la r  su rface  a n d  from  th e  in te rco n d y la r  fossa. T h e  pieces were fixed in  S u sa ’s m ix tu re  
and  em bed d ed  in p a raffin . The sections (10 /m i) w ere  s ta in e d  w ith  h a em a to x y lin -e o sin . In  
each  an im al 3 d iffe ren t places of th e  a r tic u la r  su rface  w ere exam ined , on 10 se c tio n s  each. 
T he th ickness o f th e  covering  cartilage  w as m ea su re d  a n d  th e  num bers of th e  c ro ss-sec tions 
o f capillaries seen in  th e  re s tr ic ted  v isual fields o f  an  eye-piece were counted . F ro m  th e  e x te n t  
o f th e  a rea  ex am in ed  and th e  th ickness o f th e  sec tio n  we have  calcu la ted  th e  le n g th  (L ) of 
th e  cap illa ry  as described  by  Opit z  a n d  S c h n e id e r  [28]. T his value  and  th e  d a ta  o f th e  
th ick n ess of th e  cartilage  were co rrec ted  to  fresh  m a te ria l  by  tak in g  in c o n s id e ra tio n  th e  
sh rink ing  e ffec t o f th e  h isto techn ical p ro ced u res. In  th e  section , the  closed p a r t  (spongious 
trab ecu la )  a n d  th e  open p a r t  (spongious c av ity )  o f th e  borderline  betw een th e  g ra n u la tio n  
tissue an d  spongiosa  have  also been d e te rm in e d  a n d  th e ir  ra tio s  calcula ted .

O xygen con su m p tio n  was m easu red  b y  W a rb u rg ’s m anom etric  m ethod  [27] in  m ate ria l 
tak e n  from  48 dogs (12 dogs in each age group). In  a d d itio n , in m ate ria l de riv ed  fro m  a n o th e r 
48 dogs, an aero b ic  glycolysis was d e te rm in e d , likew ise  w ith  W arb u rg ’s m e th o d  [13]. F rom  
th e  q u a n titie s  o f C 0 2 ob ta in ed  on th e  basis o f th e  fo rm u la  given by  W a rbu rg  [34], acco rd ing  
to  w hich 1 m l C 0 2 corresponds to  4 m g glucose u tiliz e d  b y  th e  tissue, we h a v e  ca lcu la ted  
the  co n su m p tio n  o f glucose.

In  fu r th e r  10 dogs th e  0 2 pressu re  in th e  b lood o f peripheral capillaries w as ex am ined  
w ith  C lark’s e lectrodes.

Results

B leeding caused  by th e  o p e ra tio n  gives rise to  a h aem ato m a  from  w hich 
g ran u la tio n  tissu e  develops. On th e  7 th  p o s to p e ra tiv e  day  (F ig . 2) a rich ly  
vascu larized  g ran u la tio n  tissue covered  by  f ib r in  is seen on th e  spong ious 
bone. In  th e  superfic ia l layer o f th e  sp o ng iosa , bone fo rm ation  is going  on. 
T he new bone trab ecu lae  show an  ir re g u la r  p a tte rn . A fter 20 d ay s  (F ig . 3), 
th e  tissue  o f  th e  a rticu la r  su rface  is m ore  m assive and  less v a scu la rized . 
T here  is a m ore  ac tiv e  bone fo rm a tio n  a t th e  bo rder o f th e  bone a n d  g ra n u la ­
tio n  tissu e ; th e  new  bone tra b e c u la e  s i tu a te d  in  th e  v ic in ity  of th e  b o rd e rlin e  
show  a p a ra lle l a rran g em en t.

On th e  33rd  day (Fig. 4), sm all c a r tila g e  islets are p resen t a t  th e  b o rd e r 
betw een  th e  spongiosa and g ra n u la tio n  tissu e . These islets and  th e ir  en v iro n ­
m en ts are devoid  o f vessels. F o rm a tio n  o f  bone trab ecu lae , p a ra lle l w ith  th e  
b o u n d a ry  su rface  is con tinued . In  th e  70 -day  stage  (Fig. 5), th e  so-called  
su b ch o n d ra l bone lay er closing th e  m ain  p a r t o f th e  spongious c a v itie s , m akes

1*
Acta Biologien Acadernine Scientiarum Hungaricae 27, 1976



2 1 8 CS. I IA D H Á Z Y  e t  a l.

F ig . 2. R e g en e ra tin g  a r tic u la r  su rface , 7-day stage. T h e  spongiosa  stu m p s (a) are  co v ered  
b y  r ic h ly  vascu la rized  g ra n u la tio n  tissue (b), env elo p ed  b y  fib rin  (c). H aem ato x y lin -eo sin ,

X 95

F ig . 3. R e g en e ra tin g  a r tic u la r  su rface , 20-day stage. P o o rly  v ascu la rized  g ran u la tio n  tis su e  (a). 
R elow  th is  lay e r bone fo rm a tio n  (b) is going on a t  th e  g ra n u la tio n  tissue—spongiosa b o rd e r.

H aem ato x y lin -eo sin , X 95

F ig . 4. R e g en e ra tin g  a r tic u la r  su rface , 33-day stage. O n  th e  spongiosa g ra n u la tio n -tis su e  
b o rd e r , in  th e  p a r tly  re g en e ra ted  su b ch o n d ra l bone la y e r  (a) a sm all cartilage is le t (b ) can  
be  seen . M ore superficially  v a scu la rized  connective  tis su e  (c) is visible. H aem ato x y lin -eo sin ,

X 95

F ig . 5. R eg en e ra tin g  a r tic u la r  su rface , 70-day stage. O n  th e  bo rd er of th e  spongiosa  a n d  
g ra n u la tio n  tissue th e  su b c h o n d ra l bone layer co n ta in s n u tr i t iv e  com m unications (a) /<  a n d  
a m o d e ra te ly  large cartilage  is le t (b). I ts  im m edia te  e n v iro n m e n t is devoid of vessels; to w a rd s  
th e  su rfa c e  a  connective  tissue la y e r  con ta in ing  n a rro w ed  a n d  occluded vessels (c) c an  be

seen. H aem a to x y lin -eo s in , X 95

its  a p p e a ra n c e . S u p p o rted  b y  th is  layer, large coalescing  islets are p re se n t in 
th e  re g e n e ra tin g  a r tic u la r  su rface  near th e  sp o n g io sa . T he rest of th e  “ a r tic u la r  
su rfa c e ”  is com posed o f  a poorly  v a scu la rized  fib ro u s tissue. O ccasionally , 
c a p illa r ie s  of narrow  lu m in a  are  seen.

I n  earlie r in v e s tig a tio n s  we s tu d ied  th e  changes in th e  v a sc u la r  
p a t te r n  o f  th e  re g e n e ra tin g  a r tic u la r  su rface b y  d iffe ren t m ethods. C o m p ar­
ing th e  to ta l  a rea o f c a p illa ry  cross-sections w ith  th e  cross-section of th e  a r t ic ­
u la r  su rfa c e  we found  a g ra d u a l m arked  d ecrease  of vascu la riza tio n . T a k in g  
th e  “ a r t ic u la r  su rface”  in  th e  7-day s tag e  as 100%  (a t th is  tim e th e  to ta l  
a re a  o f  c ap illa ry  cross-sections was 6 .03%  o f th e  cross-section  of th e  a r t ic u la r  
su rfa c e ) , th is  value was found  to  be 56% , 3 6 % , an d  22%  on th e  20 tli, 33rd  
a n d  7 0 th  p o s to p e ra tiv e  d ay , respective ly  [12].

A  s im ila r decrease w as n o te d  in th e  h aem o g lo b in  co n ten t, th e  re sp e c tiv e  
p e rc e n ta g e s  being 100% , 6 3 % , 48%  and  23%  [23].
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The m orpho log ical fea tu re s  o f th e  v a sc u la r  p a tte rn  in  th e  a r tic u la r  
surface have  been s tu d ie d  b y  filling  up  th e  vessels w ith  In d ia  in k  [12]. T he 
resu lts  are sum m arized  in F ig . 6.

Fig. 6. S ch em atic  illu s tra tio n  o f th e  resu lts  o b ta in e d  a f te r  in jec tion  w ith In d ia  in k  [12], 
show ing th e  co n d itio n s o f v a sc u la riza tio n  of th e  re g en e ra tin g  a rticu la r  surface 7 (s t) ,  20 (B ), 
33 ( C ) and  70 ( U  ) d ay s a f te r  su rg ical in te rv en tio n . T h e  d o tte d  areas correspond to  po o rly  
vascu larized , th e  finely  lined  ones to  av ascu lar te r r i to r ie s , an d  the  w hite fields re p re se n t 
cartilage  islets. E  show s th e  u n ev en n ess  of th e  a r tic u la r  su rface , th e  vascu lar co n d itio n s  of 

a reas em erg ing  from  the  surface or ly in g  in deeper layers

The d a ta  reg a rd in g  th e  th ickness of th e  a r tic u la r  surface, th e  len g th  
o f  cap illaries, th e  open p a r t  o f  th e  g ra n u la tio n  tissu e  spongiosa b o rd e r  an d  
th e  oxygen and  glucose co n su m p tio n  are show n in  T ab le  1.

Table 1

Parameters o f  the regenerating articular surface used fo r  the determination o f  its 0., and glucose
supply

Postopera­
tive day

Thickness 
of a rt . surface 

(/on)

Length of 
capillary

L cm /cm 3

Open part of 
spongiosa 

border 
(per cent)

0 2 consumption 
A =  ml 0 2/min/cma 

tissue

Glucose consum ption:
Q mg glucose/min/cm8 

tissue

7 958 4550 66.5 7.60 X 10“ 4 19.56 X  1 0 -4

20 488 3230 45.1 25.87 X I0 -* 45.16 X  IO“ 3

33 629 2270 31.2 27.07 X 10“ 4 37.32 X  IO“ 3

70 810 1240 25.0 15.76 X lO “ 4 36.12 X  IO“ 3

The oxygen  supp ly  o f th e  cell is d e te rm in ed  by  th e  p a rtia l p ressu re  ( p 0 2) 
o f  th e  d iffusible O., p resen t in  its  im m edia te  e n v iro n m e n t. C ontinuous d iffusion
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n eed s  a n  oxygen  source an d  co n tin u o u s  co n su m p tio n . C onstan t (n o n -rh y th m ica l 
a n d  n on-period ica l) oxygen  source to g e th e r  w ith  a co n stan t co n su m p tio n  
le a d s  t o  a  “ s tead y  s ta te ” . In  such  cases th e re  is a cha rac teris tic  p 0 2 in  given 
s ite s  o f  th e  tissue and  th is  m a y  he m a th e m a tic a lly  ap p ro x im ated  [10, 14, 19, 
20 , 2 8 , 33, 34].

T h e  th ickness (d) o f a tissu e  w ith  an  o x y g en  consum ption  “ A ”  th ro u g h  
w h ic h  O., o f a given p re ssu re  can  s till d iffuse w as te rm ed  “ aerob ic  b o u n d a ry  
la y e r ”  b y  W a r b u r g  [34]. I n  th e  case o f  sm o o th -su rfaced  tissue o p en  on  one 
s id e  (as reg ard s  synovial f lu id  su p p ly , th ese  co n d itio n s are given) th e  th ick n ess  
o f  th is  la y e r  was d e te rm in ed  b y  th e  follow ing e q u a tio n :

d(cm) - j  “ DPo 
1 760  A

=  2.08 x l O - 4 ( l )

w h e re  D  is th e  diffusion c o n s ta n t o f 0 2, p 0 is th e  p 0 2 m m H g p re se n t on th e  
s u p p ly in g  surface, A  is th e  0 2 c o n su m p tio n  exp ressed  in m l/cm 3 tissu e /m in . 
T h o u g h  accord ing  to  W a r b u r g , D  is d e p e n d e n t on tissue s tru c tu re , he  alw ays 
u se d  th e  value of 1.64 X 10 5 cm 2/m in  a t 37 °C in  his ca lcu lations. ( In  th e  eq u a ­
tio n s  th e  0 2 pressure an d  n o t  th e  m olar c o n c e n tra tio n  of 0 2 is g iven . A ccord ing  
to  K r o g h  th is  is co rrec t as th e  d isso lu tion  c o n s ta n t  is included in th e  d iffusion  
c o e ff ic ie n t [see 10]). T he D  v a lu e , o rig inally  in tro d u c e d  by  K rogh fo r  m uscle, 
is v i r tu a l ly  iden tica l fo r m uscle  an d  c o n n e c tiv e  tissue  [19]. T he sam e  value 
w as fo u n d  for spherica l p ro to zo a  [32]. S ince we could no t d e te rm in e  th e  D 
fo r  g ra n u la tio n  tissue , we h a v e  used  th is  v a lu e . The A  value is in d ic a te d  in  
T a b le  1. F o r p Q — if  th e  v a lu e  m easu red  in  h u m a n  jo in t [8] is a c c e p te d  — 
w e m a y  ta k e  38 m m H g. O n th e  basis of th e  ab o v e  values W a rb u rg ’s e q u a tio n  
c a n  h e  solved. As a re su lt we o b ta in  th e  th ic k n e ss  of the  aerob ic  b o u n d a ry  
la y e r . B y  m odifying th is  e q u a tio n , Opitz a n d  S c h n e i d e r  [28] c a lc u la te d  th e  
th ic k n e s s  o f th e  “ aerobic th re sh o ld  lay e r”  (d ')  as follows:

^ ( c m )  —  K - l
[ Po —Perit.
I A

2.08 X lO " 4 P o  Perit.
I A ( 2 )

T h is  v a lu e  rep resen ts th e  d is ta n c e  from  th e  su p p ly in g  surface to  th e  c r itic a l 
o x y g e n  pressure  (pO^crit.) .  T h e  p 0 2 crit. is th e  0 ., th resh o ld  value re q u ire d  for 
th e  m a in te n a n c e  o f aerob ic  processes, in  o th e r  w ords, th e  0 2 p re ssu re  level 
b e lo w  w h ich  tissue re sp ira tio n  decreases ow ing  to  lack of oxygen . I n  w a rm ­
b lo o d e d  anim als th is  v a lu e  is 2 4 m m H g [28] a t  body te m p e ra tu re .  This
h a s  b e e n  verified  in  cell c u ltu re s  as well [5, 6, 30]. K r is a c o n s ta n t d ep e n d e n t 
on  t is s u e  s tru c tu re  w hich , in  ag reem en t w ith  O pitz  and  S c h n e i d e r  [28] is 
e q u a l to  K ro g h ’s c o n s ta n t.
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O bviously , th e  th ick n ess  o f th e  th re sh o ld  an d  b o u n d a ry  lay e rs  in  oxy ­
gen-consum ing  tissu es  is n o t ch a ra c te ris tic  o f n o rm a l cell life. As we s tu d y  
reg en era tio n  and  d iffe ren tia tio n , th e  o p tim u m  0 2 su p p ly  should  be considered . 
In  h u m an  su b cu tan eo u s  connective  tissue —  in  vivo —  15.23 m m H g  [30], 
an d  30 m m H g [3] p 0 .2 h av e  been m easu red . T hese  d a ta  re flec tin g  th e  condi­
tio n s  p resen t a t  th e  m o m en t of m easu rem en t, c a n n o t be considered  general 
v a lu es . T he O., su p p ly  o f  ce rta in  cells was found  to  be op tim a l in  a p 0 2 dom ain  
cha rac terized  by  a m in im u m  (pO.,opt. min.)  an d  a m ax im um  (p 0 2 opt. max.) 
va lu e . F o r m am m alian  f ib ro b la s ts  th is  in te rv a l, in  vitro, ranges from  20 to  
200 m m H g [4], fo r m ouse sarcom e I  cells from  30 to  60 m m H g [17], an d  for 
LS m ouse cells from  40 to  100 m m H g [18]. O n th e  basis o f th ese  fin d in g s the  
p  0 .2 opt. m in.  of m am m alian  fib ro b la s ts , i.e ., th e  low er lim it o f o p tim a l 0 2 supp ly  
is ap p ro x im ate ly  20 m m H g. As th e re  are  no d a ta  availab le  on o u r  m ateria l 
an d  cells, we considered  m ore th a n  one va lu es  (10, 20, 30 m m H g) as th e  
low er lim it of o p tim u m  0 2supp ly . The thickness o f  the tissue layer with optimum  
oxygen supply  (d") can  he ca lcu la ted  b y  s u b s titu tio n  of th ese  d a ta  in eq u a tio n  
( 2 ) :

^(cm ) —  ^ 1
; Po Pont, m in. =  2 .0 8 x 1 0 I Po Popt. m in.

A (3)

The th ickness o f th e  layer o p tim a lly  su p p lied  w ith  syno v ia l flu id : d f , 
ds+ , ds+ + + (ca lcu la ted  fo r 10, 20 an d  30 m m H g  m in im um  p 0 2) an d  those 
o f  th e  so-called th re sh o ld  (d's) and  b o u n d a ry  lay e rs  (ds) are show n in  T ab le  2.

R em oval of th e  su b ch o n d ra l lay e r an d  th e  exposure o f th e  spongious 
c a v ity  ren d er th e  d iffu sion  of O., from  th e  bone m arro w ’s cap illa ries  possible. 
T h e  p 0 o f th e  su b c h o n d ra l oxygen su p p ly  is n o t id en tica l w ith  th e  p () o f th e  
synov ia l fluid. B eing u n k n o w n , it  was c h a ra c te r iz e d  b y  th e  m ean  oxygen 
p ressu re  o f p e rip h e ra l (cap illary ) b lood. In  dogs, th is  was 73 m m H g . W hen 
ex am in in g  su b ch o n d ra l oxygen  su p p ly , one shou ld  consider th a t  reg en e ra tin g  
su b ch o n d ra l hone la y e r  causes a red u c tio n  in  size o f th e  open ings of th e  
spongiosa cav ities. C o nsequen tly , th e  d iffusion  b o u n d a ry  su rface  becom es 
sm aller and sm aller. F o r th e  e stim a tio n  o f th is  red u c tio n  th e  closed and 
open p a rts  o f a u n it  bo rderline  w ere m easu red  an d  th e ir  ra tio s  ca lcu la ted . 
F rom  th is  — su p p osing  th a t  th e re  are  id en tica l cond itions in  th e  d irection  
p e rp en d icu la r to  th e  bo rderline  (p lane o f sec tion) —  we o b ta in e d  th e  closed 
an d  open p a rts  o f th e  b o u n d a ry  su rface . F ro m  p 0, th e  d a ta  m en tio n ed  above, 
an d  eq u a tio n  (3), we o b ta in ed  th e  th ick n ess  o f  th e  aerobic  b o u n d a ry  (dm) 
th resh o ld  (dm) an d  o p tim a lly  supp lied  layers (<!,„, d',„ , d'm ]), re la te d  to  the  
en tire ly  open su rface o f  su b ch o n d ra l O., d iffusion , ca lcu la ted  for th e  pO., values 
10, 20 an d  30 m m H g. T hese d a ta  were reduced  in  p ro p o rtio n  to  th e  a c tu a lly  
open  p a r t  o f th e  b o u n d a ry  surface (Table 1). T h e  resu lts  are  show n in  T ab le  2.
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Table 2

R esu lts  o f  calculations concerning 0 2 and glucose supp ly  o f  the regenerating articular surface

M arks

P ostoperative day

7 20 33 70

R a d iu s  o f th e  “ anatom ical cy lin d er”  (/mi) H a 74 88 105 142

O x y g en  supp ly :

A erob ic  b o u n d a ry  layer, cap illa ry  o f  th e  a r t.  surface 
zip =  73 m m H g

H a 325 71 70 87

A erob ic  b o u n d a ry  layer, synov ia  zip =  38 m m H g d s 465 252 253 323

A erob ic  b o u n d a ry  layer, m ed u lla ry  c av ity  
zip =  73 m m H g, corr.

dm 427 158 106 112

A erob ic  th resh o ld  layer, cap illa ry  o f  th e  a r t.  surface 
zip =  73 — 4 m m H g

R ’ 318 69 68 85

A erob ic  th resh o ld  layer, synovia , Ip =  38 — 4 m m H g d ' 440 239 233 305

A erobic  th resh o ld  layer, m ed u llary  cav ity  
zip =  73 — 4 m m H g corr.

dm 417 153 104 109

B o u n d a ry  lay er of opt. oxygen su p p ly , capill. of a rt. 
su rface  Zip =  73 —10 m m H g

R + 305 67 66 82

B o u n d a ry  lay e r of opt. oxygen su p p ly , synovia 
Zip =  38 —10 m m H g

d Í 399 216 211 277

B o u n d a ry  lay er of opt. oxygen su p p ly , m edullary  
c a v ity  Zip =  73 —10 m m H g corr.

d £ 398 146 99 104

B o u n d a ry  lay er of opt. oxygen su p p ly , capill. of a rt. 
su rface  Zip =  73 — 20 m m H g

R+ + 283 62 61 76

B o u n d a ry  lay er of opt. oxygen su p p ly , synovia 
Zip =  38 — 20 m m H g

d s++ 278 174 170 222

B o u n d a ry  lay e r of opt. oxygen su p p ly , m edullary  
c a v ity  zip =  73 — 20 m m H g corr.

d +m+ 366 134 91 95

B o u n d a ry  lay er of opt. oxygen su p p ly , capill. of 
a r t .  su rface  zip =  73 — 30 m m H g

R+ + + 257 57 56 70

B o u n d a ry  lay e r of opt. oxygen su p p ly , synovia 
zip =  38 — 30 m m H g

d t ++ 213 116 113 148

B o u n d a ry  lay er of opt. oxygen su p p ly , m edull. 
c a v ity  A  p  =  73 — 30 m m H g corr.

dm+ ’ 329 121 82 86

G lucose su p p ly :

B o u n d a ry  lay e r of glucose su p p ly , sy nov ia
Co =  m g%

d ? 1077 710 781

B o u n d a ry  lay e r of glucose supp ly , m e d u lla ry  cav ity  
C0 =  110 m g% , corr.

dm 716 320 244

T h e  v a lu e s  s ta n d  for [ims.
C o rrec tio n : d a ta  calculated w ith  th e  v a lu e  of the  open p a r t  o f th e  bo u n d ary  surface
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T he th ird  oxygen source o f th e  reg en era tin g  a rtic u la r  su rface  is th e  blood 
flo wing in  its cap illaries. In  th is  case th e  cond itions of d iffusion  can  be e v a lu a te d  
on th e  basis o f K ro g h ’s concep t. A ccord ingly , th e  tissue  m ay  be d iv id e d  in to  
cy lin d ers  (K ro g h ’s tissu e  cy lin d er, see F ig . 7) each  of w hich  is su p p lie d  by  a

F ig. 7. K ro g h ’s “ tissue  c y lin d e r”  o f  tw o “ neig h b o u rin g ”  capillaries in  3 3 -day  g ra n u la tio n  
tissu e  of th e  a rticu la r  surface . T he rad ii o f these  cy linders (К д , R ', R + + ) w ere o b ta in e d  
fro m  calcu la tio n s supposing  un ifo rm  v ascu la riza tio n  of th e  tissue. Н д — th e  ra d iu s  o f the  
a n a to m ic a l tissue  cy linder, i. e. th e  h a lf  o f th e  d istan ce  be tw een  tw o  cap illa ries. R ' =  the  
ra d iu s  o f  th e  tissue  cy lin d er rep re sen tin g  th e  aerobic  b o u n d a ry  lay e r su p p lied  b y  th e  
cap illa ry . R + + =  th e  ra d iu s  o f o p tim a lly  su p p lied  tissue cy linder (if p 0 2 opt mjn =  20 
m m H g). The d irec tio n  o f th e  cap illa ry  c ircu la tio n s is illu s tra te d  acco rd ing  to  L u b b e r s ’ 
co n cep t. F o r th e  ca lcu la tio n  of R ' and  R '  th e  m ean  0 2 pressure  (pO„ =  73 m m H g ) o f the  
c ap illa ry  blood was considered . In th e  low er p a r t  o f th e  F igure , no te  th e  co n d itio n s  o f  0 2 
p ressu re  in the  tissue cy linders belonging to  2 cap illaries (a t  th e  a rte ria l end  p O., - 95 m m H g:

a t  th e  v enous end p O .,=  38 m m H g).

cap illa ry  localized in  its  ax is. In  co n fo rm ity  w ith  F ick ’s law , oxy g en  cor­
re sp o n d in g  to  its  fall in  ten sio n  — diffuses in  th e  tissue p e rp e n d ic u la rly  to  th e  
ax is o f th e  cap illa ry . O xygen  p ressu re  a t a given s ite  of th e  tissu e  is d e te rm in ed  
b y  th e  p O., o f th e  cap illa ry  blood and  th e  fall in p ressu re  o ccu rrin g  in  th e  
tissu e  (/Ip). A p  depends on th e  0 „  con su m p tio n  b y  th e  tissu e  (A ) ,  on th e

A = 27.07*10'
Ю5 61 0 pc

I II__I___ I___ 1______ L I
0 r-  68 105 61 0 r 68 105

^  J  L-

Acta Biologien Academiae Scientiarum Hungaricae 27, 1976



2 2 4 CS. H A D H Á Z Y  e t  a l.

d iffu sion  surface (c a p illa ry  rad iu s: r), on th e  le n g th  o f d iffu sion ’s p a th  (rad ius 
o f  th e  supplied cy lin d e r: R ), and  on the  d iffu sion  c o n s ta n t (D). W ith  K ro g h ’s 
fo rm u la :

A p  =
760 

4 D
■ A R 2 14.6 log — 1 (4)

D  a n d  A  as in e q u a tio n  (1), r =  th e  rad ius o f  th e  cap illa ry  of average ca lib re , 
i.e . 4 pn l [25]. In s te a d  o f  R ,  on th e  basis o f th e  re la tio n

R cm (4a)

th e  cap illa ry  len g th  L  (cm /cm 3) m ay also be u sed  [28]. T he R  o b ta in ed  by  th e  
so lu tio n  of (4a) is th e  h a lf  d istance  betw een  tw o  cap illa ries, i.e ., th e  rad iu s  
R a  o f th e  so-called “ a n a to m ic a l cy linder” .

A p  =  p H—pff. In  ag reem en t w ith K r o g h ’s view , O p it z  and  S c h n e i ­
d e r  [28] suggested t h a t  p u is equal to  pO., a t  th e  venous end  of th e  cap illa ry , 
i.e ., to  th e  0., p ressu re  in  th e  venous b lood. T h is view  was d isp u ted  by B e n - 
z i n g e r  [1], who c la im ed  th a t  th e  m ean 0 2 te n s io n  o f  th e  cap illa ry  blood (p h y s­
ic a lly  dissolved 0 .2) sh o u ld  be considered . L u b b e r s  [23] agrees w ith  th is  
c o n c e p t, s ta r tin g  from  th e  fac t th e  R  is g re a te r  a t  th e  a r te ria l end  th a n  a t 
th e  venous one, a n d  t h a t  th e  blood in th e  n e ig h b o u rin g  capillaries is n o t 
n ecessarily  flow ing in  th e  sam e d irection . In  com m on w ith  L u b b e r s , we have  
consid ered  73 m m H g  as th e  m ean  0 2 p ressu re  o f th e  cap illa ry  blood (F ig. 7). 
F ro m  equation  (4), b y  s u b s ti tu t in g  th e  d e te rm in e d  Ap-s,  th e  R-s ch a rac te ris tic  
o f  th e m  can he c a lc u la ted . W e have proceeded  as follow s: for p R values we 
h a v e  given various 0 2 ten s io n s  (0, 4, 10, 20, an d  30 m m H g). T he resu lts  
(R , R ’, R  + , R + , R ++ ’ ) a re  show n in T ab le  2.

Sum m ing up th e  O., su p p ly  com ing from  th re e  sources in to  th e  layers 
o f  th e  regenerating  a r t ic u la r  surface, th e  c o n d itio n s  show n in F ig . 8 are o b ­
ta in e d  .

The question  o f g lucose supp ly  of th e  re g e n e ra tin g  a rtic u la r  surface can 
a lso  be approached  m a th e m a tic a lly . I t  m ay  be supposed  th a t  u n d er physio ­
log ica l conditions th e  cells —  in d ep en d en tly  o f th e  e x tra c e llu la r  co n cen tra tio n  
— consum e a q u a n t i ty  o f  glucose ch a rac te ris tic  o f  th e m  and  can fu lly  u tilize  
th e  am o u n t of glucose p re se n t in th e ir  en v iro n m en t. In  th is  case th e  c o n c e n tra ­
t io n  o f glucose decreases d e p a rtin g  from  th e  su p p ly in g  su rface u n til  zero, i.e., 
w h en  reaching th e  d e p th  w here  a com plete  eq u ilib r iu m  exists betw een  its  
d iffu sio n  and co n su m p tio n . This dep th , th e  thickness o f  the boundary surface 
o f  g lucose supp ly  (d ), c a n  be calcu lated  b y  th e  in te g ra te d  form  of F ic k ’s 
law  [2, 24]:
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Synovial
fluid I

▼

7th day

Bone marrow

Bone marrow Bone marrow

Fig. 8. C hanges o f 0 2 su p p ly  in the  tissue  o f th e  a r tic u la r  surface in the  course  o f  reg en er­
a tio n . Schem e sup p o sin g  u n ifo rm  cap illa riza tio n  w h ich  considers the  d iffusion  o rig in a tin g  
from  th e  possible oxy g en  sources (cap illa rie s  o f  th e  g ran u la tio n  tissue, sy n o v ia l flu id , 
m ed u lla ry  c av ity ). T he th ick n ess  of the aero b ic  b o u n d a ry  layer of th e  synov ia l a n d  m ed u lla ry  
sup p ly  (d 's, am) a n d th e  th ick n ess (d f +, d,J+) o f  th e  o p tim a lly  supplied  lay e r ( p 0 2 on( min.=  
20 m m H g ) was re la te d  to  th e  whole th ic k n e ss  o f  th e  a rticu la r surface. N a tu ra l ly ,  when 
illu s tra tin g  th e  com ple te  su p p ly , diffusion fro m  th e  capillaries should also be  considered . 
T he R ' a n d  R ++ a re  in d ic a te d  outside  th e  “ a r t ic u la r  su rface”  because the  schem e re p re se n tin g  
th e  a r tic u la r  surface  o n ly  th e  cross-section o f  th e  “ an a to m ic a l cylinder”  cou ld  be  illu s tra te d .

A s i t  ap p ea rs  from  th e  F igure, in th e  co u rse  o f  reg en e ra tio n  a considerab le  m o d ifica tio n  
occurs in  th e  th ick n ess o f  th e  layers su p p lied  b y  c ap illa ry  diffusion. E . g., o n  th e  7 th  day 
R  >• R a , i. e. th e  c ap illa ry  ensures an a b u n d a n t  0 2 su p p ly  for its own tissu e  cy lin d e r. On 
th e  o th e r  h an d , on th e  33rd  d a y  R ' <  R A, i .e . ,  0 2 de fic ien cy  m ay be p resen t in  th e  p e rip h e ra l 

p a r t  o f th e  tissue  cy lin d er (see also F ig . 7). L eg en d  to  m arks is given in T a b le  2.

<?.»> =  (5)

w here p  =  th e  p e rm e a b ility  coeffic ien t (cm 2/sec) for glucose; C(l is th e  glucose 
c o n cen tra tio n  (g /cm 3) a t  th e  supp ly in g  su rface ; Q is the  glucose co n su m p tio n  
b y  th e  tissu e  (g /cm 3/sec), p  was ta k e n  as e q u a l to  1.725 X 10 6 cm 2/sec  acco rd ­
ing to  Ma r o u d a s  an d  co-w orkers [24], w ho ob ta ined  a value o f  2 .9 x 1 0  
cm 2/sec in  th e  a r tic u la r  cartilage a t  b o d y  te m p e ra tu re  when the  g lucose  so lu ­
tio n  on th e  b o u n d a ry  su rface  was m ixed  (fu n c tio n in g  jo in t). W ith o u t m ixing 
(restin g  jo in t)  a v a lu e  o f 0 .5 5 x  10 0 cm 2/sec w as ob tained . We h a v e  used  th e  
m ean  o f these  tw o  values. B y w a t e r s  [2] estab lished  the  v a lu e  5 .4 x 1 0  5 
cm 2/m in  in  his in v es tig a tio n s  on one slice o f  a rticu la r ca rtilage . W e know
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fro m  experience th a t  th e  glucose co n c e n tra tio n  in  th e  synovial flu id  is a b o u t 
th e  sam e  as in  th e  b lood . O n th e  hasis o f th e  m easu rem en ts  of F a l c h u k  an d  
co -w o rk ers  [8] we h av e  considered  C0 as e q u a l to  110 mg/100 ml. () w as ta k e n  
to  co rresp o n d  to  th e  m ax im u m  (anaerobic) g lucose  consum ption  o f th e  cells 
o f  th e  reg en e ra tin g  a r t ic u la r  surface (see T a b le  1). The b o u n d a ry  la y e r  o f 
g lucose su p p ly  from  th e  sy n o v ia l flu id  an d  su b c h o n d ra l space (d f  a n d  dm) 
w as ca lcu la ted , th e  la t te r  co rrec ted  as d esc rib ed  for the  d e te rm in a tio n  o f 
0 2 su p p ly . The resu lts  are show n in Table 2.

D iscussion

T h e  cond itions o f oxygen  and  glucose su p p ly  in  th e  regenerating  a r t ic u la r  
su rfa c e  are  ra th e r  in tr ic a te . (E n te rin g  in to  th e  p a rtic u la rs  involved m ore  a n d  
m o re  p ro b lem s w hich we a tte m p te d  to  solve on th e  basis of the  d a ta  o b ta in e d  
from  o u r  m a te ria l and  from  o th e r tissues an d  in  p a r t by  some h y p o th ese s .)  
O w ing  to  s tru c tu ra l in h o m o g en e ity , our re su lts  do no t reflect the  a c tu a l co n ­
d itio n s . F u rth e rm o re , lack  o f diffusion c o n s ta n t  ch a rac te ris tic  o f th e  tissu e , 
n e g le c t o f  th e  lo n g itu d in a l d iffusion  in th e  tis su e  cy linder, considering ob liq u e  
se c tio n s  as cross-sections, reg a rd in g  dm as a la y e r  of uniform  th ick n ess , e tc . 
a ll h a v e  in te rfe red  w ith  co rrec t eva lua tion . F o r  th e se  reasons, th e  re su lts  o f 
c a lc u la tio n s  are considered  as a m odel w hich m a y  on ly  lead to  a p p ro x im a tiv e  
co n c lu sio n s. As regards g lucose supp ly  th e  q u e s tio n s  seem to  be s im p le r  to  
so lve.

W e h av e  show n th a t  th e  oxygen su p p ly  o f  th e  regenerating  a r t ic u la r  
su rfa c e  is h igh ly  d ep e n d e n t on th e  e x te n t o f th e  cap illa ry  netw ork  p re se n t in  
th e  tis su e . In  a densely  a n d  un ifo rm ly  ca p illa r iz ed  tissue (e.g. in th e  7 -d ay  
m a te r ia l)  th e  oxygen p re ssu re  p resen t a t th e  b o u n d a ry  surface of th e  a n a to m i­
cal tis su e  cy linder (R A) —  because of th e  la c k  o f  sligh t degree o f p re ssu re  
g ra d ie n t  —  m ay  in h ib it sy n o v ia l diffusion a n d  m a y  lim it con sid erab ly  th e  
d iffu s io n  from  th e  su b ch o n d ra l space. In  th is  tis su e  th e  la tte r  effect seem s to  
he o f  on  im p o rtan ce .

R ed u c tio n  of th e  c a p illa ry  netw ork  in v o lv e s  an  increase in th e  in te rc a p ­
illa ry  d is tan ce  (and in  th e  К д ). I f  th e  la t te r  ex ceed s  th e  th ickness of th e  la y e r  
su p p lie d  w ith  oxygen, i.e ., К д  >  R  or R ' , o x y g en  deficiency will deve lop  in  
th e  p e r ip h e ra l p a r t  of th e  an a to m ica l tissue c y lin d e r , and  th e  tension  g ra d ie n t 
d ev e lo p in g  in such cases, p e rm its  bo th  sy n o v ia l and  subchondral d iffu sio n . 
T hese  m a y  be reg a rd ed  as a d d itio n a l oxygen  so u rces , th e  area su p p lied  b y  
th e m  (d's , and  d'm, re sp ec tiv e ly ) is re s tr ic te d  to  a p o rtio n  of th e  a r t ic u la r  
su rfa c e . A t 20, 33 an d  70 d ay s  following o p e ra tio n  sim ilar cond itions m a y  
a rise  a n d , considering  th e  to ta l  a rticu la r su rface , th e  presence of an  0 2 d e f i­
c ien cy  m a y  be supposed  (see F ig . 8).
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T he capilla ries of th e  re g e n e ra tin g  a r t ic u la r  surface are , how ever, u n e ­
v en ly  d is tr ib u te d : th e re  is a m uch  h igher n u m b e r  of capillaries in th e  areas 
in  th e  p ro x im ity  of th e  a r t ic u la r  cav ity  th a n  in  th e  en v iro n m en t o f th e  spon- 
giosa. C onsequen tly , th e  local 0 2 supp ly  is n o t u n ifo rm , th e  densely v ascu la rized  
areas m ay  be reg a rd ed  as b e t te r  supplied  w ith  oxygen  (com plem ented  w ith  
sy n o v ia l О 2 d iffusion), as co m p ared  to  th e  a rea  n e a re r  to  the  spongiosa. In  
th e  la t te r  a rea , how ever, ow ing  to  its  poor cap illa r iza tio n  (con seq u en tly , to  
h igher p ressu re  g rad ien t), w e h av e  to  reckon w ith  su b chondra l 0 ., d iffu sion  
as well. In  th is  period , i.e. a t  th e  tim e  of fo rm a tio n  and  grow th of ca rtilag e  
is le ts , th e  sp o n g io sa -g ran u la tio n  tissue b o u n d a ry  su rface  is, in  p a rt, open. T h u s , 
th e  tissue  lay e r in  th e  v ic in i ty  of th e  spongiosa c a n n o t be regarded  as d e f i­
c ien tly  supp lied . A t c e r ta in  s ites (where ca rtilag e  fo rm atio n  is going on) th e  
cond itions o f m etabo lic  p rocesses requ irin g  o x y g en  seem  to  be ensured . L ocal 
d ifferences (v ary in g  th ick n ess  of th e  a r tic u la r  su rface  or size of th e  gaps in 
th e  reg en era tin g  su b ch o n d ra l layer, c o n c e n tra tio n  of capillaries, e tc .) m ay  
resu lt in fu r th e r  d ifferences in  th e  local 0 ., su p p ly  (F ig . 9).

The li te ra tu re  on th e  0 2 ten sio n  in w ounds a t  d iffe ren t stages o f h ea lin g  
an d  in g ra n u la tio n  tissues is poor. Low 0 2 p re ssu re  (ab o u t th e  c iritica l p 0 2) 
w as found  in  flu id  a sp ira te d  from  w ounds [35]. As healing  progresses th e  O., 
p ressu re  changes betw een  5 an d  28 m m H g [15].

In  th e  flu id  tak en  from  th e  p erip h era l p a r t  o f th e  g ran u la tio n  tissu e  d e ­
veloped in a m e ta l sieve cy lin d er, th e  fo llow ing tensions were m easu red  a t 
d iffe ren t in te rv a ls  a f te r  im p la n ta tio n : 12 m m H g  on th e  5 th  day  [16], 9 — 13 
m m H g on d ay s  15 to  18, an d  14 m m H g on d ay s  25 to  38 [35]. In  th e  cen tre  
o f 8 -day  old m u sc le  w ounds, vascu larized  in  8 6 %  or less o f th e ir  a rea , 4.4 
m m H g was m easu red , w hile  a t  th e  p e rip h ery  t h e p 0 2 was 26 m m H g . In  
fu lly  v ascu la rized  w ounds —  in  th e  cen tre  a n d  p e rip h era l p a rts  alike —  th e  
oxygen p ressu re  was id e n tic a l w ith  th a t  o f th e  ne ighbouring  h e a lth y  tissu e  
[31]. T he la t te r  ex am in a tio n s  h av e  show n t h a t  a decrease in  th e  p re ssu re  d if­
ference needs a large p a r t  o f  th e  w ound to  be v ascu la rized . In  our cases th e  
m a tte r  in questio n  is n o t v ascu la riza tio n  b u t  th e  inverse process o f i t ,  th e  
decrease in  v a scu la r  sup p ly . N everthe less, th e  d a ta  g iven above are in s tru c tiv e : 
th e  consequence of decreased  v a scu la riza tio n  in  th is  respect is th e  sam e 
w h e th e r i t  is due to  in su ffic ien t v ascu la riza tio n  o f th e  tissue , or to  c ap illa ry  
occlusion.

A ccord ing  to  ou r ca lcu la tio n s, th e  sy n o v ia l flu id  alone is able to  en su re  
ad e q u a te  glucose supp ly  a n d , consequen tly , th e  loss due to  decreased  c a p illa r­
iza tio n  can  be com p en sa ted  to  a ce rta in  e x te n t  by  su b chondra l glucose d if­
fusion. In  B y w a t e r s ’ [ 2 ]  op in ion , th e  syno v ia l f lu id  is capable  o f en su rin g  
an  a d e q u a te  glucose supp ly  fo r a 3 m m  th ic k  c a r tila g e  layer. This o b se rv a tio n  
has been con firm ed  b y  M a r o u d a s  and co -w orkers [ 2 4 ] .  These a u th o rs , 
how ever, claim  th a t  in an  im m obilized  jo in t  th is  d is tan ce  is only  1.5 m m .

Acta Biologica Academiae Scientiarum Hungaricae 27, 1976



2 2 8 C S . H A D H Á Z Y  e t  a l.

Synovial fluid

F ig . 9. 0 2 supp ly  m in im ally  re q u ire d  for o x id a tiv e  processes in th e  70-day  reg en e ra tin g  
a r t i c u la r  surface, u n d e r d iffe re n t b o u n d a ry  c o n d itio n s. In  th e  re p re se n ta tiv e  p a r t  chosen 
as u n i t  o f  th e  a rticu la r  “ su rfa ce ”  (includ ing  6 a n a to m ic a l tissue cy linders) th e  aerobic 
b o u n d a r y  layers (ds an d  d 'm), a n d  cross-sections o f th e  aerob ic  tissue cy linder o f  th e  cap illaries 
a re  in d ic a te d . A  =  U n d er “ id e a l”  cond itions ( th e  th ic k n e ss  o f th e  a r tic u la r  su rface  po rtio n  
ch o se n  as u n it  is c o n stan t, th e  openings o f th e  su b c h o n d ra l bone lay e r are a b o u t  th e  same 
size a n d  un ifo rm ly  d is tr ib u te d ; th e  cap illa ries are lo ca lized  in th e  m iddle lay e r o f th e  “ a rticu la r  
su r fa c e ”  ( th e  supplied  a rea  (d 's, d'm) th e  c ross-sec tions o f th e  aerobic tissue  cy lin d e rs  o f the 
c a p illa r ie s )  is sm aller th a n  th e  u n i t  a rticu la r  su rface . T his in d ica tes th a t  th e  m in im u m  0 2 
s u p p ly  re q u ire d  for o x id a tiv e  processes is n o t en su red  everyw here  in th e  tis su e , e v en  un d er 
su c h  “ id e a l”  conditions. В  =  H e re  th e  effect o f th e  irreg u laritie s  of th e  th ic k n e ss  o f the  
“ a r t ic u la r  surface”  p o rtio n  ch osen  as a u n it,  an d  t h a t  o f th e  u neven  size a n d  d is tr ib u tio n  
o f th e  su b c h o n d ra l bone lay e r a re  show n. T he changes — ev en  in d ep en d en tly  o f th e  cap illa rie s — 
m a y  cau se  local d ifferences in oxy g en  su p p ly  (a re a s  w ith  b e tte r  or w orse 0 2 supply). 
C =  U n d e r  b o u n d ary  co n d itio n s a p p ro x im a tin g  th e  re a l ones (locally sm o o th  sy n o v ia l su r­
fa ce , th e  openings o f th e  su b c h o n d ra l bone lay e r show ing  irregu lar size a n d  d is tr ib u tio n , 
c a p il la ry  n e tw o rk  converg ing  to w a rd s  th e  sy n o v ia l su rface ) local d ifferences in su p p ly  m ay 
a lso  a rise , b u t  in th e  v ic in ity  o f  th e  synov ia l an d  m e d u lla ry  b o u n d a ry  surface  th e  0 2 supply

seem s to  be sa tis fa c to ry

S in c e  in  th e  p e rio d  e x a m in e d  ev e n  th is  th ic k n e s s  is n o t a t t a in e d  b y  th e  
r e g e n e r a t in g  a r t ic u la r  s u r fa c e ,  in s u f f ic ie n c y  o f  g lucose su p p ly  c a n  b e  e x ­
c lu d e d .
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A bstract

C ytochem ical ch an g es during  th e  early  d ev elo p m en t of m aize cary o p sis  are 
rep o rted . Changes in th e  localization  of d ifferen t re serv e  substances (e.g., po ly sacch arid es, 
p ro te in s, nucleic acids a n d  lipids) an d  enzym es (acid  p h o sphatase , e s te ra se , lipase, 
p hosphory lase , su cc in a te  dehydrogenase , cy to ch ro m e  oxidase an d  p e ro x id ase ) have 
been s tu d ied  in u n fe rtiliz ed  and  fertilized  ovu les . Before p o llina tion  v e ry  feeble 
enzym e a c tiv ity  (acid  p h o sp h a tase , succ in a te  d eh ydrogenase , cy to ch ro m e  oxidase 
and  perox idase) was obse rv ed . Reserve su b s tan ces  w ere p resen t in low a m o u n ts  before 
p o llin a tio n . P o llin a tio n  s tim u la te d  th e  a cc u m u la tio n  of several re serv e  su b stan ces 
an d  enzym es in th e  t ip  o f  th e  nucellus, m ic ro p y la r zone, .lu s t prior to , d u rin g  a n d  a fte r 
fe rtiliz a tio n , th e  cells in th e  m icropy lar zone h a d  s tro n g  reac tion  for sev e ra l enzym es 
in d ica tin g  te m p o ra ry  en h an cem en t o f m e tab o lic  a c tiv ity  in th e  m ic ro p y la r  zone. 
T he role o f an tip o d a ls  in th e  storage of reserve food  p ro d u c ts  an d  n u tr it io n  of em bryo  
an d  early  stages o f  en d o sp erm  developm ent is d iscussed . The p a tte rn  o f e n zy m atic  
changes w ith in  th e  e m b ry o  sac re flec ted  th e  b iochem ical changes o p e ra tiv e  du rin g  
q u iescen t an d  ac tiv e  s tag es . The nucellus of Zea m a ys  con ta ins m an y  en zym es req u ired  
for hydro lysis of re se rv ed  food substances. A ro le  o f acid p h o sp h a tase  in au to lysis 
o f nucellar cells, a f te r  fe rtiliza tio n  is su ggested . P o st-fe rtiliza tio n  increase  in the 
a c tiv ity  o f enzym es a n d  accum ula tion  of reserve  m a te ria ls  is in te rp re te d  as re flecting  
a p resum ed  increase in th e  m etabolic  ra te  re la tiv e  to  g row th and  d iffe re n tia tio n .

In tro d u c tio n

T he em bryo  sac occupies an  im p o rta n t p o s itio n  in th e  life cycle o f p la n ts . 
I ts  o rg an iza tio n  and  d e ta ile d  d ev e lo p m en ta l p a th w ay s differ co n sid e rab ly  
am ong  species [13]. R ecen tly  e lec tron-m icroscop ic  stud ies have d e m o n s tra te d  
th a t  th e  differences e x te n d  to  the  su b -ce llu la r level [9, 10]. T he fem ale ga- 
m e to p h y te  of Zea mays  has been s tu d ied  u ltra s tru c tu ra l ly  [6], b u t  th e  w ork 
concern ing  th e  d is tr ib u tio n  of d ifferen t su b stan ces  and enzym es d u rin g  
its  d ev e lo p m en t has n o t a t tr a c te d  m uch a t te n tio n . T he p resen t co m m u n ica tio n  
describes th e  changes in  th e  d is tr ib u tio n a l p a t te r n  o f  several reserve su b stan ces  
an d  enzym es before and  follow ing po llin a tio n . T he h istochem ical d a ta  p re ­
sen ted  in th is  paper are com pared  w ith  those  on em bryological d e ta ils .

M aterial and m ethod

T he m ate ria ls  used  for stu d y in g  the  d ev e lo p m en t o f  caryopsis re su lted  from  self- 
p o llin a tin g  of p lan ts  of th e  v a r ie ty  V ijay  grow n d u rin g  1974 in the  P u n ja b  A g ricu ltu ra l 
U n iv e rs ity  B o tan ical G ardens. P o llina tions were m ad e  a t  7 a. m. Collection o f develop ing  
cary o p sis was m ade a t  f iv e-d ay  in tervals .
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I n  a ll th e  enzym e lo c a liz a tio n  stud ies , fresh  u n fix e d  tissue was used . T h e  m a tu re  
o v u le s  w e re  sectioned w itli W esw o x  h a n d  and  ta b le  m ic ro to m e, w ith o u t em b ed d in g . T he 
o v u le s  w ere  sectioned 10 — 20 ц т  th ic k  an d  tran sfe rre d  to  buffers of a p a r tic u la r  p H  value 
d e p e n d in g  u p o n  th e  enzym e to  b e  localized . The sec tio n  w ere th en  lifted  w ith  a  b ru sh  and  
w ere  p u t  in  th e  desired  re a c tio n  m ix tu re  and in cu b a te d  fo r a  specific tim e.

T h e  procedures o f  en zy m e  lo ca liza tio n  were th o se  d esc rib ed  b y  J e n s e n  [ 9 ]  a n d  C h a y e n  
a n d  c o -w o rk ers  [5]. For th e  lo c a liz a tio n  o f po lysaccharides, nucle ic  acids and p ro te in s , m a tu re  
o v u le s  a f te r  fe rtiliza tio n  w ere f ix e d  in  N aw ashin  f ix a tiv e , C ra f I for 0 — 5 d ay  c a ry o p sis  and  
C ra f  I I I  fo r all o ther co llections. T h e  m ate ria l w as d e h y d ra te d  in an  e th y l a lc o h o l—ТВ  A 
d e h y d r a t io n  series and  em b e d d ed  in  pa raffin . The b locks w ere sectioned in a W esw ox  Ju n io r  
r o t a r y  m ic ro to m e  a t 8 —10 ^ m .

F o r  conveniences o f d e sc rip tio n  an d  precise a ssessm en t reg ard in g  re la tiv e  c o n ce n tra tio n s , 
a s  o b se rv e d  u n d e r lig h t m ic ro sco p e , th e  visible re ac tio n s  w ere scored. Feeble o r negligible 
( — ), f a in t  ( +  ), norm al ( - F + ) ,  r ic h  ( +  +  + ) ,  in ten se  ( +  +  +  + )  and  s trong  ( +  +  +  +  + )  
c a te g o r ie s  w ere d istingu ished .

R esults

Polysaccharides

P olysaccharides w ere localized  by  th e  a lc ian  b lue— periodic a c id — Schiff 
(A B — P A S ) series as reco m m en d ed  by Mo w r y  [16] and  D iboll  a n d  L arso n

[6]. T h e y  occurred in th e  fo rm  of cell Avail, cy to p lasm ic  po lysaccharides and  
s to r a g e  s ta rc h . The n u c e lla r  cell walls and th e  in te g u m e n t cell walls w ere rich 
in  a c id  m ucopo lysaccharides (F ig . 11). The g a m e to p h y te  Avail was A B -n eg a tiv e

F ig . 1. P ro te in s . O vule sh o w in g  large  am oun ts o f p ro te in  in in teg u m en t a n d  em bryo  
N  =  n u ce llu s , EM =  em b ry o , A  =  an tip o d a ls , E n  =  en d o sp e rm , E  =  em bryo  sac , M =

m ic ro p y le , IN  =  in te g u m e n t

F ig s  2  — 3. L ipids. 2 — O vule  w ith  em bryo , an tip o d a ls , a n d  in teg u m en ts  r ich  in  lipids; 
3 — E n la rg e d  view  of em b ry o  sac  show ing a n tip o d a ls , e m b ry o  and  nucellar cells ad jo in ing  

em b ry o  sac  h av in g  g rea t a m o u n t o f lipids

a n d  P A S -positive . In  th e  develop ing  em bryo  sac , an  in tense  c y to p la sm ic  
P A S  re a c tio n  was o b se rv ed  (F ig . 5). N ucellus cells also co n ta in ed  s to rag e  
s ta r c h  g ra in s and th is  w as con firm ed  b y  th e  I K I  reaction . N uce llu s  cells 
sh o w e d  yellow  while th e  o u te r  in teg u m en t an d  chalaza  show ed deep  blue 
s t a r c h  g ra ins. W ith in  th e  e m b ry o  sac, th e  egg cell in its cy top lasm  an d  th e  
s y n e rg id s  show ed fa in t P A S -p o sitiv e  tinge . T he zygo te  Avas A B -n eg a tiv e  and

Acta Biologien Academiae Seien tiarum  Hungaricae 27, 1976



R E S E R V E  S U B S T A N C E  I N  Z E A  M A Y S 2 3 3

F igs 4 — 10. PA S-positive  p o ly sacch arid es. 4 — O vule w ith  s tro n g  PA S re ac tio n  in in teg u ­
m en ts ; 5 O vule section  show ing s tro n g  PAS re ac tio n  in em b ry o  sac  w all a n d  g lobular 
em b ry o ; 6 — E m b ry o  sac show ing th ic k  PA S-positive  w all a n d  an  in ten se  re ac tio n  in  th e  
b asa l tie r  o f th e  g lo b u la r e m b ry o ; 7 — E n la rg ed  view  o f F ig . 6.; 8 — E m b ry o  sac  w ith  th ick  
PA S-positive  wall a n d  an  in ten se  cy to p lasm ic  reac tio n  in nuce lla r t ip  cells; 9 — M icropyle 
e n d  of em bryo  sac show ing in ten se  PA S reac tion ; 10 — C halazal en d  of e m b ry o  sac w ith  

a n tip o d a ls  d ep le ted  of cy top lasm ic  po ly sacch arid es
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F ig s  1 1 — 12. Acid m u co p o ly sacch arid es. 11 — P o rtio n  o f ovule w ith  in ten se  AB reac tio n  
in cell walls o f in te g u m e n ts ;  12 — E n la rg ed  p o rtio n  of Fig. 11.

F ig . 13. A  p o rtion  of em bryo  sac  w ith  th ic k  PA S-positive  w all rich  in n e u tra l po lysaccharides
in th e  b a sa l tie r of the  em bryo

F ig s  14  — 16. Nucleic acids. 14 — A  p o rtio n  of em bryo  sac show ing n ucellar cells in  th e  m icro- 
p y la r  zo n e  rich  in DNA an d  R N A . N o te  th e  in tense  R N A  re ac tio n  in  th e  tu n ic a  lay e r o f the  
g lo b u la r  em b ry o ; 15 — P o r tio n  o f  em b ry o  sac w ith  in ten se  R N A  re ac tio n  in th e  developing 

e n d o sp e rm ; 16 — A p o r t io n  o f em bryo  sac w ith  n u ce lla r t ip  cells rich  in  R N A

sh o w e d  ac id  po lysaccharides . In  th e  g lobular em b ry o  an  in ten se  PA S reac tio n  
w as n o tic e d  near the basa l e n d . T he u p p er p a r t  o f th e  g lo b u la r em b ry o  h ad  sm all 
s ta r c h  g ra in s. The ce n tra l ce ll con ta ined  traces  o f  po ly sacch arid es  a long  its 
p e r ip h e ra l  cytoplasm . T he w a ll o f th e  em bryo sac w as v e ry  th ic k , w ith  s tro n g  
p o ly sa c c h a rid e  deposition  (F ig s  6, 8). H ow ever, n e a r  th e  p o la r ends, w here the 
eggs a n d  th e  antipodals a re  s itu a te d , it  was th in  an d  s ta in e d  less in ten se ly
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(Figs 9, 10). The wall o f th e  em bryo sac n e a r th e  m icropyle  was s tro n g ly  p o sitive  
(F ig . 9). A t th is  s tag e , nucellus cells c o n ta in e d  sto rage  s ta rch . T h e  reac tio n  
was highly  in ten se  in  th e  ou ter, and  less in te n se  in th e  inner in te g u m e n t. 
T he tip  of th e  in n e r in te g u m e n t had large a m o u n ts  of po lysaccharides. F ig . 9 
shows th e  po ly sacch arid e  d is trib u tio n  in  th e  m icropy la r region o f th e  ovule. 
F ig . 9 shows d is in te g ra te d  an tipodals w ith  d ep le tio n  of th e ir  p o lysaccharide  
co n ten ts .

Proteins

P ro te in  was d is tr ib u te d  in  all th e  tissu es  o f th e  m aize ovule, in  th e  de­
velop ing  em bryo  sac, an tip o d a ls  and  in te g u m e n ts  (Fig. 1). T he nucellu s cells, 
especially  th o se  a d ja c e n t to  th e  em bryo  sac, w ere also rich in p ro te in s . A fte r 
fe rtiliz a tio n , th e  in te n s ity  of the  reac tio n  co n sid e rab ly  increased , especially  
in  th e  chalazal end  o f th e  nucellus.

L ip id s

All th e  co m p o n en ts  of th e  em bryo  sac , ex cep t th e  cen tra l cell, c o n ta in e d  
acid lipids.

T he m ost in ten se  reac tio n  was o b served  in  th e  an tipodals (F igs 2 a n d  3). 
In te g u m e n ts  also show ed rich  accu m u la tio n s o f  lipids. H igh am o u n ts  w ere 
localized in  th e  em b ry o . In  sh a rp  co n tra s t to  o th e r  tissues, nucellar cells show ed 
fa in t lipid reac tio n .

Nucleic acids

Figs 14, 15 an d  16 show  th e  d is tr ib u tio n  o f  nucleic acids.

E nzym es  

Oxid ases

Peroxidase. P e ro x id ase  ac tiv ity  w as d e m o n s tra te d  by  th e  benzid ine  
reac tio n . Je n se n ’s te c h n iq u e  was followed. B efore fertiliza tion , th e re  w as con­
siderab le  a c tiv ity  n e a r  th e  m icropy lar end . H o w ev er, m ost p a r t  o f th e  nucellus 
show ed feeble enzym e a c tiv ity . W hen fe r tiliz a tio n  was proceeding , p a r t  of 
nucellu s su rro u n d in g  th e  em bryo  sac w as in te n se ly  positive. I t  ap p ea rs  th a t  
th e  a c tiv ity  of p ero x id ase  was s tim u la ted  b y  p o llina tion . A bou t th e  tim e  of 
fe rtiliza tio n , th e  m ic ro p y la r  end and th e  ch a laza l area showed s tro n g  a c tiv ity .

Cytochrome oxidase. T he site  of th e  enzym e a c tiv ity  was in d ica ted  b y  fo r­
m ation  of ind o p h en o l-b lu e  granules. T he d is tr ib u tio n  was co m p arab le  to  
th a t  of su cc in a te  dehydrogenase . A t th e  tim e  o f fertiliza tion , th e  t ip  o f  th e  
nucellus was s tro n g ly  positive  and th e  re a c tio n  in tensified  severalfo ld  in  th e  
nu ce lla r cells a d ja c e n t to  th e  em bryo sac. T h e  nucellus tissue n ear th e  cha lazal 
zone show ed s tru n g  s ta in in g . S im ilarly , in th e  g lobu lar em bryo , an  in ten se  
a c tiv ity  was v isib le.
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T ransferases

Phosphorylase. To localize phosp h o ry lase  a c tiv ity  we s tud ied  th e  p resence  
o f  n ew ly  form ed red and  old b lue s ta rch  fo llow ing th e  ac tion  of th e  en zy m e on 
g lu c o se -l-p h o sp h a te . T he d is tr ib u tio n  of th is  enyzm e is d em o n stra ted  in  F ig . 7. 
T h e  nu ce llu s  show ed a v e ry  s tro n g  reac tio n  in  th e  in teg u m en ts  and  in  th e  tip . 
T h e  a n tip o d a ls  also s ta in ed  s tro n g ly  and so d id  th e  chalazal zone and  th e  n u c e lla r  
t ip  a n d  o u te r  in teg u m en t. T h e  tip  of th e  in n e r  in teg u m en t was also in te n se ly  
p o s itiv e . P hosphory lase  s im u la te d  s ta rch  in  d is tr ib u tio n .

H ydro lases

A c id  phosphatase: F o r  th e  loca liza tio n  of acid p h o sp h a tase , G o m o ri’s 
te c h n iq u e  was em ployed.

U nfe rtilized  ovules h a d  in ten se ly  p o sitiv e  an tipoda ls. H ow ever, n u c e l­
la r  cells w ere feebly  s ta in e d . In tcgum i n ts  show  an  in tense ly  p o sitiv e  
re a c tio n . T he m icro p y la r en d  o f th e  nucellus w as also in tensely  s ta in ed .

A f te r  fe rtiliz a tio n , th e  a c tiv ity  co n sid e rab ly  increased in  th e  n u c e lla r  
cells a d ja c e n t to  th e  em b ry o  sac. T he m icropy le  also show ed in ten se  a c tiv ity . 
W ith in  th e  em bryo  sac, th e  g lo b u la r em b ry o  h ad  s trong  a c tiv ity  a n d  th e  
sam e  w as tru e  of th e  d is in te g ra tin g  a n tip o d a l cells.

L ip a se  : L ipase w as o b se rv ed  in  all th e  tissu e  o f  th e  n a tu re  ovule a p p ro a c h ­
in g  fe rtiliz a tio n . In te g u m e n ts  show ed in ten se  reac tio n . The n ucellar cells n e a r  
th e  n u ce llu s  tip  show ed an  in ten se  a c tiv ity .

D ehydrogenases

Succinate  dehydrogenase : T his enzym e h a d  a m ore pronounced  a c tiv i ty  
th a n  th e  hydro lases. T he r e a c t io n  in  th e  in te g u m e n ts  and  in th e  n u ce llu s cells 
w as m o d e ra te  w hile th e  m ic ro p y la r  and  ch a laza l cells of th e  nucellus en d  w ere 
s tro n g ly  positive . T he re a c tio n  is v e ry  s tro n g  in  th e  tip  of the  nucellus.

Fo llow ing  po llin a tio n  an d  su b seq u en t fe rtiliz a tio n , th ere  was a gen era l 
in c re a se  in  th e  enzym e a c tiv ity , especially  in  th e  m icropy lar region, th e  n u ­
cellus a n d  th e  chalazal end . Seem ingly, th e  a c t iv i ty  was co n cen tra ted  in  th e  
a c tiv e  g ro w th  regions in c lu d in g  th e  zygote.

D iscussion

H is to ch em ica l s tu d ies  on th e  d ev e lo p m en t of caryopsis in  Zea m ays  
in d ic a te d  th e  presence o f d iverse  ty p es o f enzym es and  v a r ie ty  o f  re serv e  
p ro d u c ts . E x ten s iv e  changes occu rred  in d iffe re n t enzym es during  th e  d ev e lo p ­
m e n t o f  th e  ovule.

I t  shou ld  be n o ted  th a t ,  in m aize, v e ry  few enzym es have been  re p o rte d  
in  th e  ovules and  th e  d ev e lop ing  fru it, co m p ared  to  pollen. P o ssib ly , th e  
o v u le  an d  th e  seed, being closed system s, a re  d ifficu lt to  he ex am in ed  b io ­
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chem ically . O ur stud ies c learly  in d ic a te  th a t  th e  fem ale g a m e to p h y te  in  gen­
e ra l resem bles pollen g ra in s , v iz ., s im ila r enzym es are p resen t a n d  th e  m ega- 
g a m e to p h y te  and  th e  su rro u n d in g  tissu es  are  physio logically  h ig h ly  co m p e ten t 
a n d  e ffic ien t in  b o th .

O vules, how ever, lacked enzym es, especially  in th e  egg a p p a ra tu s , 
w hich  was u su a lly  assoc ia ted  w ith  green p lastid s . S im ilarly , in  th e  pollen 
g ra in s, isoenzym es, especia lly  th o se  o f  perox idase , esterase an d  som e p h o sp h a ­
ta se s  have  been  rep o rted  [2]. H ow ever, for th e  em bryo sac su ch  d a ta  are 
lack ing . One possible reason  could be th e  s tru c tu re  of ovule an d  th e  size of 
th e  em bryo  sac itself. I t  is com m only  o b serv ed  th a t  only a single inegaspore 
d iffe re n tia te s , and  ex p an d s in to  th e  em bryo  sac. P ro b ab ly , th e  fu n c tio n a l 
m egaspore  is con sid erab ly  specia lized . I t  w ould  be rew ard ing  to  s tu d y  th e  
changes in  th e  levels o f  enzym es an d  g ro w th  horm ones in  th e  fu n c tio n in g  
m egaspore an d  em bryo  sac as well as in  th e  su rro u n d in g  tis su e , d u rin g  d if­
fe ren t stages of m orphogenesis. T he m echan ism  of d iffe re n tia tio n  is reverse  
to  th a t  of s to m a ta , th e  m egaspore-em bryo  sac undergoes d if fe re n tia tio n  and  
ex p an sio n  w hereas th e  nucellus cells rem ain  unchanged  in  s t ru c tu re .  In  th e  
ep id e rm al cells w here s to m a ta  d iffe re n tia te  an d  expand  th e  e p id e rm a l cells 
undergo  considerab le en la rg em en t b u t  no d iffe ren tia tio n . T he em b ry o  sac 
h as  a g rea t a rra y  of enzym es an d  sev era l physio logically  a c t iv e  su b stan ces 
w hich  lend  th is  s tru c tu re  u n iq u e  physio log ica l an d /o r b iochem ica l c h a ra c te r ­
istics . I t  is p e rtin e n t to  m en tio n  th a t  th re e  hydro lases (acid  p h o sp h a ta se , 
ace ty le s te ra se  and  lipase) w hich  occu rred  w ith in  th e  develop ing  ovule  were 
n o t free ly  and quick ly  d iffusib le . Such p h en o m en a  helped in d e lim itin g  fu r th e r  
g ro w th  an d  d iffe ren tia tio n  o f th e  em b ry o  sac. P rio r to  fe r tiliz a tio n , a c tiv ity  
o f  su cc in a te  dehydrogenase , cy toch rom e ox idase and  pe ro x id ase  increased  
severa lfo ld , especially  in  th e  m ic ro p y la r region and  cells a d ja c e n t to  th is  zone 
an d  in  zones w here th e  pollen  tu b e  en te red  th e  ovules.

In ten se  ac tiv ities o f su cc in a te  dehydrogenase  and  c y to c h ro m e  oxidase 
in d ic a te d  h igh levels o f re sp ira tio n  in  th e  m ic ro p y la r region. T h e  ra te  o f high 
m etab o lism  in th is reg ion  was also ev idenced  by  th e  lo ca liza tio n  o f large 
a m o u n ts  o f  lip ids, po lysaccharides an d  s ta rc h . Z ing e r  an d  P o d d u b n a y a - 
A r n o l d i  [22] and  V e r m a n i  [21] also observed  an  increase in  th e  a c t iv i ty  of 
p ero x id ase  enzym e ju s t  before fe rtiliz a tio n . Seem ingly, in c reased  re sp ira to ry  
a c tiv ity  p ro v id ed  to  su s ta in  an  increased  ra te  o f tu b e  elongation .

A ssociation  of perox idase  w ith  sec re to ry -g lan d u la r o rgans w as suggested  
b y  Z in g e r  and  P o d d u b n a y a -A r n o l d i  [22] and  H e s l o p - H a r r i s o n  [8] 
co m p ared  th e  tip  of in te g u m e n ts  in  som e cases to  a n th e r  ta p e tu m . D iboll  
a n d  La r s o n  [6] suggested  th a t  synerg ids an d  th e  tip  of in te g u m e n ts  were 
sec re to ry  in  fu nc tion  an d  p ro d u ced  chem otrop ic  su b stan ces.

F u rth e rm o re , such  secre tions helped  in  th e  dev e lo p m en t o f  po llen  tu b e  
an d  w ere p o te n tia l sources o f basic m a te r ia l c o n tr ib u to ry  to  po llen  w all b iogen­
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esis. R ecen tly  L o w e u s  a n d  L abarca  [12] h av e  p rop o sed  a p a th w ay  b y  w hich 
p o ly sacch arid e  frag m en ts  w o u ld  be tra n s fe rre d  fro m  th e  s ty le r canal in to  th e  
p o llen  tu b e  cy top lasm , w h ere  th e y  w ould be u tiliz ed . I t  is suggested  th a t  th e  
m ic ro p y la r  zone is a second  n u tr it io n a l source w h ich  co n trib u tes  s ig n ifican tly  
to  th e  w all m a te ria l of th e  grow ing  pollen tu b e .

T h e  nuclear d iv ision  w ith in  a fu n c tio n a l m egaspore  seems to  in d ica te  
in i t ia t io n  of em bryo  sac “ g e rm in a tio n ” . D u rin g  th is  s tag e , h igh am o u n ts  of 
p e ro x id ase  and acid p h o sp h a ta se  were p resen t. S ev era l w orkers have suggested  
th e  in v o lv em en t of th e se  tw o  enzym es in  cell d iv is io n  and  cell wall fo rm a tio n  
as w ell as in the  g enera l p rocess of d iffe re n tia tio n  [14, 20]. The n uc lear d iv i­
sion  w ith in  th e  m egaspore w as accom panied  by  low  levels of cy toch rom e ox i­
dase  or succ ina te  d eh y d ro g en ase . O bviously, d u rin g  n u c lea r division, th e  re sp ir­
a to ry  a c tiv ity  was low. B r o w n  and D y e r  [4] h av e  a lread y  in d ica ted  th a t  
th e  level of O,, u p ta k e  is h ig h e r  during  th e  in te rp h a se  th a n  in o th e r  stages. 
T h e re fo re , the  p o ssib ility  o f  in v o lvem en t of re sp ira to ry  a c tiv ity  an d /o r 
its  level in  reg u la tin g  th e  g ro w th  and d iffe re n tia tio n  o f em bryo sac is ev id en t. 
T h e  q u es tio n  of how f in a l d iv ision  of nuclei is n o t accom pan ied  b y  w all fo r­
m a tio n  rem ains u n an sw ered . I t  is easy to  conceive th a t  w ith in  th e  em bryo  
sac th e re  is some se le c tiv ity  o f opera tiona l in v e s tm e n t o f wall. H ow ever, th e  
m ech an ism  of the  s e le c tiv ity  is no t clear. D ib o l l  an d  L arson  [6] have s tu d ­
ied th e  developm ent o f th e  m eg ag am eto p h y te  in  Zea m ays.

D iboll  and La r s o n  [6] observed th a t  th e  cell wall of synergids was th e  
th ic k e s t n ea r the  m icropy le  b u t  i t  is m em branous a d ja c e n t to  th e  po lar nuclei. 
T he d is tr ib u tio n  of p o ly sacch arid es  as observed  b y  us, was co n sis ten t w ith  
th e ir  fin d in g s. H ow ever, w ith  alcian blue, th e  co lo ra tio n  was very  poor.

D iboll  and L a r s o n  [6] observed a b u n d a n t p lastid s  and  lipid bodies, 
h u t  no  s ta rc h . We o b se rv ed  a fa in t PAS reac tio n  in  th e  cy top lasm , b u t  g ra n u ­
la r in so lu b le  po lysaccharides w ere no t seen. T he filifo rm  a p p a ra tu s  was s tro n g ly  
P A S -p o sitiv e . In  o th e r  w o rd s , a rich P A S -positive  filifo rm  a p p a ra tu s  dom i­
n a te d  th e  m icropy la r reg io n  o f  synergids. D ib o l l  an d  L arson  [6] p u b lished  
a s im ila r  p a tte rn , v iz ., a c o n ta c t betw een th e  filifo rm  a p p a ra tu s  and  nucellus 
cells. J e n s e n  [10] m ade s im ila r  observations in  c o tto n . We propose th a t  nucellus 
w as th e  ch ief source o f m e ta b o lite s  which w ere p assed  on to  th e  filiform  a p p a ra ­
tu s . T h e  la t te r  served as a p a th w a y  of e n try  fo r th e se  m etab o lites . R ichness in 
p o ly sacch arid es  of th e  filifo rm  ap p a ra tu s  m ay  be an  ad d itio n a l source of 
c a rb o h y d ra te  ex u d a te  av a ila b le  to  the  grow ing po llen  tu b es. H ow ever, th e  
e x te n t o f frag m en ta tio n  o f  th e se  po lysaccharides b efo re  th e ir  u tiliz a tio n  in 
th e  biogenesis o f wall p o ly sacch arid es  in th e  p o llen  tu b e  is no t clear. L o w e u s  
a n d  L aba r c a  [12] su g g ested  th e  MIO p a th w a y  th ro u g h  w hich th e  hexoses 
w ould  he converted  in to  th e  u n its  o f cell wall po lysaccharides .

A n tip o d a ls  w ere r ich  in  cy toplasm ic p o ly sacch arid es , reserve s ta rc h , 
p ro te in s  an d  lipids. In  a d d itio n , several enzym es, e.g ., peroxidase, succ ina te
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d eh y d ro g en ase , cy toch rom e ox idase and  lipase were localized th e re . D uring  
th e  la te r  stages, an tip o d a ls  c o n tr ib u te d  m etabo lites to  th e  e m b ry o  sac and 
th e  endosperm . The sam e w as suggested  by  V e r m a n i  [21] who s tu d ie d  Zephy- 
ranthes. A n excessive a m o u n t o f D N A  in a n tip o d a ls  also p o in ted  to w a rd s  th e ir  
sec re to ry  function . In te n se  enzym e ac tiv ities  and  high am o u n ts  o f  lip id s and 
p ro te in s  suggested  a high m etab o lic  ra te  in  these  cells. A n tipoda ls h a v e  m u ltip le  
roles, v iz ., a b so rp tio n , s to rag e  and  secre tion  [8]. T he presence o f la rg e  am o u n ts  
o f  lip ids in  th e  a n tip o d a ls  agrees w ith  th e  elec tron  m icroscopic s tu d ies  of 
D ib o l l  and  L a r s o n  [6]. D iboll  observed  th a t  in th e  u n fe rtiliz ed  m egaga- 
m e to p h y te  m ito ch o n d ria  in  a n tip o d a l cells were com pact, b u t  becam e h y p e r tro ­
ph ied  a f te r  fe rtiliza tio n . P re su m a b ly , th e  m itochondria l sw elling re su lte d  from  
an increased  biochem ical a c tiv ity , ln c id e n tly , th e  localization  o f  succinate  
d eh y d ro g en ase  and  cy toch rom e oxidase in  our m a te ria l su p p o rte d  th e  e lectron  
m icroscopic observ a tio n s of D i b o l l . A ntipodals are there fo re  a zone o f  special 
physio logical in te rest.

A n tip o d a ls  also con tro l an d /o r reg u la te  an d  in itia te , th e  n u c le a r  division 
o f  th e  p rim a ry  endosperm  nucleus in  th e  in itia l stages and  d u rin g  th e  fu r th e r  
d ev e lo p m en t of endosperm . In  c o tto n , du ring  m a tu ra tio n  of th e  m egagam eto- 
p h y te , J e n s e n  [9] found  d eg en e ra ted  function less an tip o d a ls . H e also 
p roposed  th a t  synergids possib ly  ta k e  over th e  ac tiv itie s  o f th e  an tip o d a ls . 
D ib o l l  fa iled  to  observe s im ila r changes in m aize. H isto ch em ica l s tu d ie s  in 
m aize an tip o d a ls  in d ica ted  large a m o u n ts  of reserve p ro d u c ts  in  th e  form  of 
s ta rc h , lipids and  p ro te in s , w hich th u s  seem  to  p lay  an  im p o r ta n t  n u tr i t iv e  
role. T he h istochem ical d ifferences betw een  an tip o d a ls  and  sy n erg id s  suggest 
th a t  synerg ids do no t ta k e  over th e  role o f an tip o d a ls .

T he n ucellar tissue show ed in ten se  enzym e ac tiv ities  an d  accu m u la ted  
lip ids, po lysaccharides, s ta rc h , e tc ., especially  in  th e  chalazal reg io n . I t  a p ­
pears th a t  th e  nucellus w as a p a th w a y  th ro u g h  w hich m e ta b o lite s  passed 
in to  th e  em bryo  sac, and  th e  cha lazal region was a possible site  o f  e n try . B o th  
th e  nucellus and  an tip o d a l cells are  rich  in  s ta rc h , po lysaccharides an d  lipids. 
Som e au th o rs  suggest th a t  in itia l c o n tr ib u tio n  to  th e  em bryo  sac n u tr i t io n  is 
m ade b y  th e  nucellus. In  th e  la te r  stages th e  nucellus cells d is in te g ra te d  and  
as m en tio n ed  above these  cells w ere fu ll o f reserve m ateria ls . H e s l o p - H a r r i- 
s o n  [8] com pared  th is  reg ion  w ith  th e  a n th e r  ta p e tu m . I t  seem s, th e re fo re , 
t h a t  th e re  are  several tissues in th e  ovule, includ ing  an tip o d a ls , n u ce llu s and  
in te g u m e n t, w hich are  sec re to ry  in fu n c tion .

T he n u tr itio n a l role o f d iffe ren t s tru c tu re s  is ind ica ted  below :

E m b ry o  sac
E n d o sp erm  in in itia l d ev e lopm en t

N ucellus
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E m b ry o  sac 
Zygote

Zygote

J In te g u m e n t

E n d o sp e rm , suspensor o f em bryo

A com parison o f  u n fe rtiliz e d  and fe rtilized  ovu les revealed  th a t  th e  fo r­
m e r h a d  feeble o x id o -re d u c ta se  a c tiv ity  an d  w as ex trem e ly  poor in  reserve 
su b s ta n c e s ; s im ilarly , th e  hydro lase and  tra n s fe ra se  ac tiv ities  w ere low. 
H  ow ever, a short tim e  b e fo re  fertiliza tion , th e re  w as a g radua l, h u t consider­
a b le  increase in  th e se  en zy m e  activ ities. A fte r  fe rtiliz a tio n , th e  increase was 
h e g h te n e d . This was p o ss ib ly  linked w ith  re se rv e  su b stan ces. In  th e  phase 
ap p ro a c h in g  seed a n d /o r  ca ryopsis  fo rm atio n  th e  m etabo lic  a c tiv ity  consid­
e ra b ly  decreased. H y d ra t io n  m ay  be a possible fa c to r .

M ature em bryo  sac  co n ta in ed  little  a m o u n ts  of po lysaccharides and 
sh o w e d  low m etabolic a c t iv i ty .  M ost of th e  enzym es w ere also  feebly  localized. 
O u r  h istochem ical in v e s tig a tio n s  su p p o rt th e  e le c tro n  m icroscopic stud ies of 
D i b o l l , viz., in th e  m a tu re  unfertilized  m e g a g a m e to p h y te , the  ra te  of m em ­
b ra n e  synthesis was v e ry  low .

I t  is p resum ed t h a t  like  th e  ripe pollen th e  em b ry o  sac was in  a s ta te  of 
q u iesen ce . This could he a t t r ib u te d  to  th e  n o n -a v a ila b ility  of m etabo lites from  
th e  a d ja c e n t tissue. N e a r in g  fe rtiliza tio n , m o st o f  th e  m etab o lites  increased  
co n sid e rab ly . P re su m a b ly , po llen  tubes conveyed  som e triggers w hich a c tiv a ted  
th e  m o b ility , a ccu m u la tio n  a n d  availab ility  of physio lo g ica lly  ac tive  su bstances. 
F o llo w in g  th is, m ost o f  th e  enzym e activ ities also  increased .

T here  was an a m p lif ic a tio n  of the  m ito c h o n d ria l enzym es cy toch rom e 
o x id a se  and su cc in a te  d eh y d ro g en ase , im m e d ia te ly  a f te r  fe rtiliza tio n . T he 
s t r u c tu r a l  changes re s u lt in g  from  fe rtiliza tio n , o b se rv ed  by  D iboll  and  by  us, 
a re  in te rp re te d  as re f le c tin g  th e  requ irem en ts o f ra p id  g ro w th  a f te r  fe rtiliza tio n  
w h e n  zygote and e n d o sp e rm  nuclei are d iv id ing . D ib o l l  observed h y p e r tro p h y  
o f  m ito ch o n d ria  fo llow ing  fe rtiliza tio n . B r o w n  a n d  D y e r  [4] rep o rted  th a t  
th e  d iv id ing  cells h a d  lo w er resp ira to ry  a c t iv i ty  th a n  th e  grow ing ones. 
N a r a i n  [17] d e m o n s tra te d  t h a t  cy to k in in -in d u ced  g ro w th , du ring  ac tive  cell 
d iv is io n , displayed low er re sp ira tio n  ra te s . T h e  zyg o te  d id  n o t d iv ide  w hile 
th e  endosperm  nucleus d id . This m ay be a t t r ib u te d  to  th e  cy to k in in  an d /o r 
th e  re sp ira to ry  level. D i b o l l  an d  Larson  [6] su g g ested  th a t  large p o lym orph ic  
m ito c h o n d ria , as o b se rv ed  in  egg, m ay n o t n ecessa rily  m ean  a h igh  ra te  of 
re sp ira tio n . Indeed, we d id  o b se rv e  low su cc in a te  d eh y d ro g en ase  and  cy tochrom e 
o x id a se  activ ities, w h ich  m ig h t be associa ted  w ith  p o st-fe rtiliz a tio n  m e ta ­
b o lic  ac tiv ity .

D eveloping m aize o v u les  s ta in ed  w ith  AB PA S revealed  acid or n e u tra l 
po ly sacch arid es  in v a r io u s  cell Avails. These e x is te d  in  several form s, v iz., 
so lu b le  sugars, in so lub le  ce ll-w all po lysaccharides (cellulose, p ec tin , etc.) and  
e v e n  s to rag e  s ta rch . S to ra g e  polysaccharides c o n tr ib u te  to  th e  cellu lar en e rg e t­
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ics an d  to  th e  p ro d u c tio n  of en e rg y -rich  trip h o sp h a te s . T he p resence  o f  sto rag e  
s ta rc h  in d ic a te d  p o ten tia l en e rg y  w hich  could be u tilized  d u r in g  d iffe ren t 
g ro w th  an d  d iffe ren tia tio n  processes in  p la n ts . T herefo re , th e  p resence  of 
s ta rc h  an d  its  u tiliza tio n  in  th e  o rg an iza tio n  o f various tissu es  is v e ry  sign ifi­
c a n t. O u r re su lts  ind ica te  th a t  in so lu b le  po lysaccharides p la y  a sign ifican t 
role in  th e  d iffe ren tia tio n  of th e  e m b ry o  sac.

T he occurrence of s ta rc h  g ra in s  in  th e  cy top lasm  re fle c ts  a h ig h  ra te  of 
p o ly sacch arid e  m etabo lism , w h ich  w as c o n tr ib u to ry  to  th e  o rg a n iz a tio n  and 
d iffe re n tia tio n  of th e  m eg ag a m e to p h y te .

T he m ag en ta  colour o f th e  em b ry o  sac w all in  PA S p re p a ra tio n s  ind ica tes 
th e  p resence  o f h y d ro x y l g roups w hile  th e  presence of ca rb o x y l g ro u p s  in  the 
n u ce lla r cell wall is in d ica ted  b y  a lc ian  blue s ta in in g  [6]. T h e  s ign ificance  of 
a lte re d  cell w all ch em istry  or th e  s tru c tu ra l absence of p la sm o d e sm a ta  in 
re la tio n  to  in te rce llu la r c ircu la tio n  is n o t c learly  u n d e rs to o d . H o w ev er, I srael  
[23] describ ed  th e  d isapperance  o f p la sm o d esm a ta  from  MMC in  D endrobium . 
H e p o s tu la te d  th a t  th is  loss of c y to p la sm  c o n tin u ity  m igh t a lte r  th e  o b lig a to ry  
flow  o f m e tab o lite s  betw een  th e  nucellus an d  spore m o th e r cells a n d  th e re b y  
tr ig g e re d  th e  in itia tio n  of m egasporogenesis by  estab lish in g  a p ecu lia r en v i­
ro n m e n t w ith in  th e  spore m o th e r cells. D iboll  observed  a s im ila r ap p earan ce  
o f  p la sm o d esm a ta  from  th e  w all o f  th e  developing  m aize m eg asp o re  m o th er 
cell. P e rp e tu a tio n  of th is  c o n d itio n  a p p a re n tly  p re v a ile d  th ro u g h o u t the  
em b ry o  sac developm ent an d  m ig h t be im p o r ta n t  to  th a t  d e v e lo p m en t. These 
o b se rv a tio n s  w ere in te rp re te d  as s tre n g th e n in g  th e  co n cep t t h a t  th e  fem ale 
g a m e to p h y te  o f seed p lan ts  w as a p lan t gen era tio n , d e v e lo p m e n ta lly  d is tin c t 
from  th e  sp o ro p h y te , b u t  one w hich  had  evolved  physio lo g ica l dependence  
u p o n  th e  sp o ro p h y te .

T he th ic k  em bryo sac w all a c te d  as a “ m olecular f i l te r”  w h ich  allowed 
specific  su b stan ces  to  pass from  th e  nucellus in to  th e  em b ry o  sac  a n d  c o n tr ib ­
u te d  to  i ts  d iffe ren tia tio n . N u ce llu s , in teg u m en ts  especially  n e a r  th e  chalazal, 
show ed  h igh  accum ula tion  o f in so lu b le  po lysaccharides , b u t  a f te r  th e  process 
o f fe r tiliz a tio n  these  were g ra d u a lly  dep le ted  from  th e  nuce llu s . S im ilarly , 
befo re  th e  process of em b ryogenesis , th e  a n tip o d a l cells w ere rich  in  s ta rch , 
w hich  w as p resu m b ly  consum ed  d u rin g  th e  fo rm atio n  of th e  en d o sp e rm . This 
suggests  th a t  s ta rc h  is a basic  m e ta b o lite  req u ired  d u rin g  th e  e a rly  d ifferen­
tia t io n  o f  th e  endosperm  or ev en  o f  th e  em bryo . In  th e  g lo b u la r em bryo  of 
m aize th e  te rm in a l tie rs  rev ea led  absence of s ta rc h  and  a m ark ed  loss of 
cy to p la sm ic  PA S reaction . O n th e  o th e r  h an d , th e  b asal tie rs  h a d  la rg e  am o u n ts  
o f  s to red  s ta rc h  and  cy to p la sm ic  p o ly sacch arid es . T issue d iffe ren tia tio n  
begins in  th e  old g lobular em b ry o  w ith  th e  o rgan iza tion  o f  g ro w th  cen tres — 
one a t  th e  tip  o f th e  te rm in a l t ie r  and  a n o th e r in th e  m idd le  t ie r ,  la te ra lly  
c o n tr ib u tin g  to  th e  scu te llum , a s to rag e  tissue . The sh o o t ro o t ax is show ed 
less cy to p lasm ic  po ly sacch arid e .
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T h e localization  o f a c id  p h o sp h a tase  w as m o stly  o bserved  in  th e  cy top lasm  
as w ell as in  th e  cell w all o f  th e  m a tu re  em b ry o  sac. T he a c tiv ity  w as also 
fo u n d  in  th e  an tip o d a ls  as w ell as near th e  m icropy le  o f fem ale g am eto p h y te  
d u r in g  fe rtiliza tio n . T he z y g o te  also co n ta ined  h igh  am o u n ts  of th is  enzym e. 
In th e  cy top lasm  of th e  m e g a g a m e to p h y te , D iboli . id e n tif ie d  lysosom es grow ing 
in  a m o u n t a fte r fe rtiliz a tio n . W e suggest th a t  acid p h o sp h a ta se  is linked w ith  th e  
d iffe re n tia tio n  and  th e  m a tu r i ty  of the  em bryo  sac. T hus, our stud ies are in 
a g re e m e n t w ith  tho se  o f M ia  and  P at h a k  [15] an d  V er m a n i  [21]. Ga h a n  
a n d  M cL e an  [7] p o s tu la te d  th a t  acid p h o sp h a ta se  was associated  w ith  
su g a r  tra n sfe r  across th e  sieve  p late . Since th e  enzym e was very  ac tive  
n e a r  th e  em bryo sac o r a d ja c e n t  to  th e  nu ce llu s , we suggest th a t  th e  
a c t iv i ty  o f th is enzym e m a y  be physio logically  co n cern ed  w ith  th e  exchange 
o f  m a te r ia ls .

Follow ing fe r tiliz a tio n , th e  enzym e a c tiv i ty  in c reased  no t only in th e  
zy g o te  b u t  also in th e  c y to p la sm  o f the  em bryo  sac. T herefo re , the  possib ility  
t h a t  it  assisted  in th e  a b so rp tio n  of m e tab o lite s  from  su rro u n d in g  nucellus 
cells seem s logical. P ro b a b ly , th is enzym e is also concerned  w ith  cell 
w all fo rm a tio n  as well as l ib e ra tio n  of energy bv  g enera l process of hydro lysis. 
In  th is  connection , we m a y  recall th a t  levels o f  acid p h o sp h a tase  increased  
c o n s id e ra b ly  near th e  m ic ro p y la r  end ju s t  a b o u t th e  process of fe rtiliza tion . 
O ccasio n a lly , b o th  su c c in a te  dehydrogenase an d  cy toch rom e oxidase also 
e x h ib ite d  in tensified  re a c tio n  p rio r to , d u ring  an d  a f te r  th e  process o f fe r ti­
liz a tio n . T he enzym e a c t iv i ty  also increased co n sid e rab ly  on the  m arg in  of 
th e  nucellu s and th e  in te g u m e n t. S im ilar s itu a tio n s  h av e  been rep o rted  in 
Z ephyran thes  by V e r m a n i  [21] v iz., b o th  th e  enzym es w ere associated  w ith  
m ito c h o n d ria  and w ere in v o lv ed  in tran sfe r o f e lec tro n s to  oxygen. B o th  the  
en zy m es th u s found s im u lta n e o u s ly  in th e  sa m e  tissu e  in teg ra ted  in to  th e  
p ro cess  o f cellular re sp ira tio n .

P h o sp h o ry la se  a c t iv i ty  w as observed in  th e  em b ry o  sac, o u te r b o u n d ary , 
in te g u m e n ts  and th e  o v a ry  w all, b u t  was no t in  th e  m icropy le  and in th e  nucel- 
1 us tis su e . The occurrence o f  s ta r c h  sim ula ted  th e  loca liza tio n  of phosphory lase. 
F u r th e rm o re , ovule also h a d  o th e r  enzym es, e s te rase  an d  lipase am ong th em , 
w h ich  w ere concerned w ith  hy d ro ly sis  of o th e r  food m a te ria l. P resu m ab ly , 
th e se  enzym es also in c rea sed  in  am oun t follow ing th e  process of fe rtiliza tio n . 
C onsid erin g  th a t ,  follow ing th e  process of fe rtiliz a tio n , th e  nucellus undergoes 
a g ra d u a l au to ly sis , the  ro le  o f  acid p h o sp h a ta se -p o sitiv e  g ranules, i.e. ly so ­
som es, in  such  a process has becom e more lucid.

M oreover, d u rin g  th is  p rocess a n o th e r h y d ro la se , 5-nucleo tidase, was 
also p o ss ib ly  invo lved . T he p resence  of lipids and  lipase in  th e  tissues of ovule, 
n u ce llu s , an tip o d a ls , e tc ., su g g ests  th a t  these  w ere th e  source of m etabo lites 
w h ich  m ade availab le  e n e rg y  during  m egasporogenesis and  developm ent. 
T h u s , lipase  ac ted  on lip ids a n d  resu lted  in th e  fo rm a tio n  o f free f a t ty  acids
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T he la t te r  were co n v erted  in to  suerose follow ing th e  action  o f in te rm e d ia ry  
enzym es or f a t ty  acids re leased  energy  th ro u g h  th e  /З-ox idation  cycle.

P erox idase  was observed  in o v a ry  w all an d  in th e  em bryo  sac  an d  its  
a d ja c e n t areas, excep t th e  nucellus p ro p er. N ear th e  process o f fe rtiliz a tio n , 
th e  am o u n t o f perox idase  increased  in th e  m icropy le , in the  a n tip o d a ls  an d  in 
th e  egg a p p a ra tu s  zone. H ow ever, th e  ce n tra l cell was com plete ly  d ev o id  o! 
p ero x id ase  a c tiv ity . I t  is o f special in te re s t  th a t  th is  enzym e w as in ten se ly  
p re sen t d u rin g  th e  d iffe ren tia tio n  o f  th e  em bryo  sac. P re su m a b ly , i t  was 
closely  associa ted  w ith  th e  process o f d iffe ren tia tio n . V an  F leet  120] observed  
th e  occurrence of th is  enzym e in th e  d iffe re n tia tin g  tissue of ro o t, as well as 
in th e  develop ing  nucellus and  em bryo  sac. Malik  and  V ermani  114] d e m o n s tra t­
ed a considerab le  increase in  th e  p ero x id ase  level during  th e  em b ry o  sac 
d iffe ren tia tio n . In  a recen t s tu d y  th e  a c tiv ity  o f th is  enzym e is co rre la ted  
w ith  th e  d iffe ren tia tio n  o f s to m a ta  an d  trich o m es. Peroxidase w as th e re fo re  
in v o lved  in th e  ce llu lar d iffe ren tia tio n . F u rth e rm o re , m eristcm oids show ed 
h igh  accu m u la tio n  of th is  enzym e an d  th e re  was good am o u n t o f  e x p an sio n  
an d  d iffe ren tia tio n . As regards th e  d is tr ib u tio n  o f AA V ermani  [21 ] fo u n d  a posi­
tiv e  co rre la tio n  betw een  p erox idase  an d  ascorbic acid in Z ephyran thes  sp. 
F u rth e rm o re , th e  d iffe ren tia l d is tr ib u tio n  an d  e x te n t of flavonoids in  r e g u la t­
ing th e  process o f d iffe ren tia tio n  of th e  em bryo  sac was also d iscussed . W e do 
no t h av e  any  in fo rm a tio n  on th e  occurrence  o f ascorbic acid. HoYvever, S u t h e r , 
B h a t t  an d  Sh a h  [19] observed  loca liza tio n  o f ascorbic acid d u rin g  v a rio u s 
d ev e lo p m en ta l phases o f m aize. T he synerg ids and an tipodals w ere rich  in 
ascorb ic  acid. S im ilarly , supp ly  of ascorb ic  acid to  zygote was th ro u g h  th e  
synerg ids and  th e  an tip o d a ls . In o u r s tu d ie s , th e  localization o f p ero x id ase  
ag reed  well w ith  h istochem ical loca liza tio n  of ascorbic acid. T h u s , we m ay  
suggest th a t  p erox idase  was d e fin ite ly  concerned  w ith  the  g ro w th  cen tres , 
locales o f zygote  and  p rim a ry  endosperm  nucellus. H ow ever, w ith  th e  d ev e lo p ­
m e n t an d  m a tu r i ty  o f th e  fru it, th e  a m o u n t o f peroxidase d ecreased . T he 
m aize ovule co n ta in s  m an y  enzym es w hich  a re  needed for th e  h y d ro ly s is  o f 
food reserves, e .g ., lipase, ace ty l e s te rase , acid  phosp h a tase , e tc . S im o la  and  
S o p a n e n  [18] suggested  th a t  th e  fu n c tio n  o f a-g lycero -phosphatase  m ay  he 
co n n ec ted  w ith  lip id  syn thesis  as well. All th e  enzym es ex h ib ited  e ssen tia lly  
s im ila r d is tr ib u tio n . B r o uil l ard  and  O u e l l e t  [3] m ade sim ilar o b se rv a tio n s  
in w h ea t. T hese au th o rs  found  th a t  som e p h o sp h a tase  enzym es possessed 
es te rase  a c tiv ity . W e m ay  exp la in  o u r o b se rv a tio n s  on sim ilar g ro u n d s . T he 
d ev e lo p in g  aleurones and  scu te llum  w ere also rich  in hydro lases. H ow ever, 
ep ith e liu m  had  low a m o u n t of th em . P o ssib ily  th ese  layers secre ted  ho rm ones 
an d  fac to rs wrhich  s tim u la te d  enzym e a c tiv ity  in th e  aleurone. A cco rd in g  to  
J o n e s  [11] , G A ;! enhanced  th e  p ro d u c tio n  of a t  least six h y d ro ly tic  enzym es 
in th e  a leu rone cells o f  barley . T he occu rrence  of these enzym es in  re la tio n  to  
seed g e rm in a tio n  m ay  he v isualized . Seed co a t is a very  im p o r ta n t b a rr ie r  to
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w a te r  abso rp tion . T e s ta , how ever, lacked th e  a c t iv i ty  of these  enzym es b u t  
h a d  fa t  deposits and  p ro te in s . I t  is q u es tio n ab le  w h e th e r such a c tiv itie s  h ad  
a n y  sign ificance fo r th e  m a tu r i ty  of the  seed.
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PHOSPHATASES IN THE ACCESSORY RESPIRATORY 
ORGANS OF TWO FRESH-WATER FISHES

S. V. s . R a n a

D EPA RTM EN T OF ZOOLOGY, D. A . V. COLLEGE, M UZAFFARNAGAR, U. P ., IN D IA  

(R eceived  1 9 7 5 -0 9  07)

A bstrac t

T he d is tr ib u tio n  o f  enzym es, v iz ., a lka line  p h o sp h a tase , ac id  p h o sp h a tase , 
adenosine  m o n o p h o sp h a ta se  an d  adenosine  tr ip h o sp h a ta se  w as s tu d ie d  b y  h istochem - 
ical m ethods in  th e  accessory  re sp ira to ry  organs o f  tw o fresh -w a te r  fishes ( C larius 
batrachus an d  Heleropneustes fo s s i l is ) .  E nzym es have  been  used  as m ark e rs  to  d ifferen­
t ia te  be tw een  fu n c tio n a l a n d  n o n -fu n c tio n a l cells o f th e  d e n d ritic  o rg a n  o f Clarius 
an d  o f th e  a ir ch am b er o f H eteropneustes. T he v a ria tio n s  in th e  enzym e a c tiv itie s  have 
been co rre la ted  w ith  th e  fu n c tio n a l c ap ac ity  o f each re sp ira to ry  o rg an . I t  is a tte m p te d  
to  u n d e rs ta n d  th e  physio log ical ro le o f these  enzym es in  th e  process o f ae ria l b rea th in g .

In trod u ctior

T he accessory  re sp ira to ry  organs o f fishes provide an  ex ce llen t exam ple 
o f a d a p ta tio n  by  m o d ifica tio n . T hese organs are  variab le  in  s tru c tu re  in 
d iffe ren t fishes. F o r ex am p le , in Clarius batrachus, th e  accessory  re sp ira to ry  
o rgan  consists of a (1) su p ra b ra n c h ia l cham ber, (2) gill p la te s , (3) a den d ritic  
o rgan  or re sp ira to ry  tre e  an d  (4) a re sp ira to ry  m em brane , w hereas in  an o th e r 
fre sh -w a te r f ish , Heteropneustes fo ss ilis , i t  is m ade up  of (1) a re sp ira to ry  sac 
or a ir  ch am b er, (2) ex ten d ed  gill p la te s  an d  (3) a re sp ira to ry  m e m b ra n e . The 
s tru c tu re  and  fu n c tio n in g  of th ese  organs have  been s tu d ied  th o ro u g h ly  [3, 6, 
7, 9, 10, 11, 12], b u t  th e ir  enzym es h av e  n o t been analysed  so fa r , an d  th e ir  
role in th e  process o f aeria l b re a th in g  is unknow n .

T he p resen t w ork  w as ca rried  o u t w ith  tw o species o f fishes, v iz ., Clarius 
batrachus (com m only  called  M angur) an d  Heteropneustes fo ss ilis  (com m only  
called Singhi). B o th  in h a b it  fre sh -w a te r  o f M uzaffarnagar. A n a t te m p t  was 
m ade to  localize a few enzym es, v iz . a lka line  p h o sp h a tase , acid  p h o sp h a ta se , 
adenosine  m o n o p h o sp h a tase  (A M Pase) and  adenosine  tr ip h o s p h a ta s e  (A TPase) 
in  th e  re sp ira to ry  tree  o f C larius batrachus an d  th e  a ir  ch am b er o f  Heteropneustes 
fo ss ilis , em ploy ing  h istochem ical p a ra m e te rs . W h e th e r th e se  enzym es play 
an y  role in th e  aeria l b re a th in g  o f fishes form s th e  m ain p a r t  o f  th e  p resen t 
s tu d y .
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M ateria l and m ethod

L iv ing  fishes, Clarius batrachus  and  Heteropneustes fo s s i l is  w ere collected  from  th e  
n a t iv e  r iv e r  K alinadi an d  b ro u g h t  to  th e  lab o ra to ry . R e sp ira to ry  tree  from  Clarius and  air 
c h a m b e r  from  Heteropneustes w ere  rem o v ed  in tac t from  th e  liv in g  fishes and  as a whole fixed  
in  c h illed  abso lu te  ace tone , a n d  1 0 %  buffered n e u tra l  fo rm alin  in th e  re frigerato r. F ixed 
fro ze n , fresh  frozen, and p a ra ffin -em b ed d e d  sections th u s  p re p a re d  were processed for the  
fo llo w in g  enzym es, em ploy ing  th e  in d ica ted  specific h is to ch em ica l m ethods.

A lkaline  p h o sp h a tase  — Calcium co b a lt m e th o d  [5].
Azo dye m eth o d  [2].

A cid  phosphatase  — L ead n itra te  m e th o d  [5].
A denosine m o n o p h o sp h a ta se  — Calcium m eth o d  [15]
A denosine tr ip h o sp h a ta se  — [14].

H a em a to x y lin  and  eosin  s ta in e d  sections w ere also p re p a re d  to show th e  position  
o f v a r io u s  cell types. S u itab le  c o n tro ls  for enzym es w ere iu n  sim u ltan eo u sly .

Results

Morphology

C larius batrachus possesses tw o re sp ira to ry  tre e s  or den d ritic  organs on 
ea c h  side . The firs t one, b o rn e  by  the  second gill a rch , is sm aller. T he second 
re s p ira to ry  tree  is b e t te r  d ev e lo p ed  and is b o rn e  b y  th e  4 th  ep ib ranch ia l of th e  
fo u r th  arch . The w hole o f th e  den d ritic  organ is su p p o r te d  by an in te rn a l c a r­
tila g in o u s  skeleton (F ig . 1).

R esp ira to ry  sac or a ir  ch am b er of H eteropneustes fo ss ilis  is form ed by  
th e  b ack w ard  ex tension  o f  su p ra b ra n c h ia l ch am b er an d  rem ains em bedded

Respiratory 
trees 1& 2

F ig . 1. T he f irs t d endritic  o rg an  in  Clarius batrachus is b o rn e  b y  th e  second gill a rch  and 
seem s to  be sm aller in size. T h e  second  resp ira to ry  tre e  is b e t te r  developed and  borne by  

the fo u rth  e p ib ra n c h ia l of the  fo u rth  a rch . (N a tu ra l size)

in th e  t ru n k  m yotonies. In  a full-grow n specim en i t  was found reaching  up to  
th e  m id d le  of the  ta il reg io n . T h e  an terio r p a r t  o f th e  a ir  sac is w ider th a n  th e  
p o s te r io r  p a rt. The in h a le n t a p e r tu re , w hich is fo rm ed  b y  th e  ap p ro x im a tio n  
o f  th e  second and th ird  fa n s , opens in th e  b o tto m  o f th e  an te rio r ch am b er, 
w h ich  is continuous b a c k w a rd ly  and forms th e  tu b u la r  sac (Fig. 2).
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Air sac Body myotomes

Gill arches

F ig. 2. T he a ir  c h am b er  in  Heteropneusles fo ss ilis  is fo rm ed  b y  th e  b ack w ard  ex te n sio n  of 
su p ra b ra n c h ia l c h am b er. I t  reaches up  to  m iddle  o f th e  ta i l  region rem ain in g  em b e d d ed  in  

th e  t ru n k  m yotom es. (H a lf  o f th e  n a tu ra l  size)

General histology

Clarius batrachus. T h e  te rm in a l p a r ts  o f  th e  re sp ira to ry  tree  en d  in  b lu n t 
k n o b s . The knobs in  tra n sv e rse  section  seem  to  consist of a core o f ca rtilag e  
in th e  cen tre . T h is is su rro u n d ed  by  an  in n e r  un ifo rm  connective tis su e  and  
an  o u te r  ep ith e lia l lay e r. T he la t te r  form s th e  o u te rm o s t covering o f th e  knobs. 
T he com plete  e p ith e lia l lay e r is fu r th e r  c h a ra c te r iz e d  by  8 folds. T hese are 
sep a ra ted  from  one a n o th e r  by  a U sh a p e d  dep ression  rep resen tin g  a non- 
v ascu la r area . E q u a l se ts  o f  blood vessels are  a sso c ia ted  w ith  each fo ld . A single 
fold of a ty p ica l k n o b  m ay  very  well be co m p ared  w ith  a p rim ary  gill lam ella
(F ig . .3).

H eleropneustes fossilis . T he re sp ira to ry  sac  o f  Heteropneustes seem s to  he 
to ta lly  d iffe ren t f ro m  th e  re sp ira to ry  tre e  o f  C larius. The c a v ity  o f th e  a ir 
ch am b er is th ro w n  in folds w hich are m ore  p ro m in e n t in  the  a n te r io r  reg ion  
th a n  elsew here. O n ly  one fold is m ore p ro m in e n t th a n  th e  o th e rs . E a c h  fold 
is covered b y  th e  m u scu la r coat, followed b y  co nnec tive  tissue fib res  an d  by  
th e  fine lay e r o f th e  re sp ira to ry  ep ithe lium . T h e  w hole a ir sac is co v ered  by  
m u scu la r coat. T he m ain  blood supp ly  is c lea rly  seen in  th e  region o f co n n ec tiv e  
tissu e  fib res (F ig . 4).

E nzym e histochem istry

A lka line  phosphatase. In  Clarius th e  e p ith e lia l lay er of th e  knobs re a c te d  
s tro n g ly  for a lk a lin e  p h o sp h a ta se  while th e  ca rtilag in o u s  skeleton  an d  connec­
tiv e  tissue fib res  show ed com plete absence o f th e  enzym e. The m uscle lin in g  of 
th e  ep ith e liu m  show ed  a w eak positive re a c tio n . T he re s tr ic te d  a c tiv i ty  in  
th e  8 folds show ed th a t  th e  enzym e m ark s its  presence in  th e  v ascu la rized  
areas o f th e  re s p ira to ry  tre e  (Fig. 5).

In  th e  a ir  c h a m b e r  o f an o th e r specim ens th e  m uscu lar co a t e x h ib ite d  a 
n o rm a l reac tio n  w hile th e  inner lining o f th e  re sp ira to ry  ep ith e liu m  o f  folds 
reac ted  stro n g ly . T he a c tiv ity  in  the  re s p ira to ry  ep ithe lium  was fo u n d  to  he 
d isco n tinuous, in d ic a tin g  th e  im portance  o f  cells rich  in alkaline p h o sp h a ta se  
in  th e  process o f  ae ria l b rea th in g  (Fig. 6).
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A c id  phosphatase. Acid p h o sp h a ta se  a c tiv ity  in Clarius resem bles th a t  
o f  a lk a lin e  p h o sp h a tase . T h e  ep ithe lia l covering  show ed s trong  p o s itiv e  reac ­
tio n . U -sh ap ed  spaces b e tw een  th e  folds are  c learly  seen. A djo in ing  m uscles

F ig . 3. T . s. of a single k n o b  o f re sp ira to ry  tree  show s th e  o u ter ep ithe lia l cov erin g  tissue  
t h a t  is su p p o rte d  by a c en tra l core o f  cartilage. U -sh ap ed  regions rep resen ting  th e  n o n v a sc u la r

a rea  are also seen. X  125
F ig . 4. T . s. o f th e  air c h am b er o f Heteropneustes. N ote  one of th e  folds in th e  c a v ity  o f  air 

c h a m b e r  seem s to  be m ore p ro m in e n t. T he tu b u la r  a ir  ch am b er is covered b y  a m u scu la r 
c o a t, fo llow ed  by connective  tis su e  fib res  a n d  th e  lay e r o f re sp ira to ry  (R E ) ep ith e liu m . H ae-

m a to x y lin  a n d  eosin, X 125
F ig . 5. T h e  re sp ira to ry  tree  o f C larius. In  each  kn o b  s tro n g  positive reac tio n  fo r a lka line  
p h o sp h a ta s e  is show n by  th e  ep ith e liu m  alone. T he m u scu la r  layer shows a w eak  po sitiv e

reac tio n . X 80
F ig . 6. T . s. o f air ch am b er show s a d isco n tin u o u s p a tte rn  o f alkaline p h o sp h a ta se  re ac tio n  

in  th e  inner lin ing  of th e  re sp ira to ry  ep ith e liu m  of each fold. X 80 
F ig . 7. P o s itiv e  acid p h o sp h a ta se  re ac tio n  in the  e p ith e liu m  covering  knobs. N ote th e  U -sh ap ed

spaces be tw een  folds. X 80
F ig . 8. O u te r  layer of re sp ira to ry  ep ith e liu m . P o sitiv e  acid  ph o sp h a tase  re ac tio n . J u s t  th e  

o p posite  o f  th e  a lka line  p h o sp h a ta se . X 80
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e x h ib ite d  a w eak reac tio n  w hile th e  co n n ec tiv e  tissue and  th e  c a r tila g e  were 
to ta lly  n eg a tiv e  (F ig . 7).

In  Heteropneustes th e  loca liza tio n  o f  a lkaline p h o sp h a tase  is to ta lly  
d iffe re n t. The in n e r lin ing o f th e  fo lds was neg a tiv e  while th e  o u te r  lay er 
show ed s tro n g  p ositive  reac tio n . T he m u scu la r coat did no t give a n y  re a c tio n
(F ig . 8).

A denosine monophosphatase (5-nucleo tidase). The presence o f  A M Pase 
cou ld  be show n in th e  ep ith e lia l covering  alone. This lin ing is p e rfo ra te d  a t 
reg u la r  in te rv a ls . T he pe rfo ra tio n s did no t show  any  ac tiv ity  b u t  th e  bar-lik e  
s tru c tu re s  ly ing  betw een  p e rfo ra tio n s w ere s tro n g ly  positive. T h e  so-called  
b a rs  seem  to  be connected  w ith  each o th e r  by  h o rizon ta l sm all A M P ase-positive  
rods ju s t  like those  o f  gill lam ellae (F ig . 9).
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F ig . 9. Section s ta in e d  for A M Pase. O u te r  lin in g  seem s to  be pe rfo ra ted  a t  re g u la r  in te rv a ls . 
T he lin ing  of these  p e rfo ra tio n s a n d  th e  h o rizo n ta l b a rs  are stro n g ly  p o sitiv e . X 320

F ig . 10. Heteropneustes. Few  m ed ian  cells o f th e  p ro m in e n t fold ex h ib it p o sitiv e  A M Pase 
reac tio n  w hile o u te r  as well as in n er lin ings ap p ear negative . X 80

F ig . 11. In  fix ed  frozen sec tions o f th e  kn o b s, good AM Pase a c tiv ity  is o b se rv e d  in  th e
ep ith e liu m  a lone . X 125

F ig. 12. In  Heteropneustes, o u te r  and  in n er lin ings o f ep ithe lium  are s tro n g ly  p o sitiv e  for 
A T P ase  w hile th e  connective  tissu e  a n d  th e  m u scu la r co at show no reac tio n . F ix e d  frozen

sec tion , X 80
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In  Heteropneustes th e  p ic tu re  is to ta lly  d iffe ren t. N eith er th e  in n e r  n o r 
th e  o u te r  lay er of th e  fo lds a n d  sac gave p o sitiv e  re a c tio n  b u t  th e  m ed ian  cells 
show ed enzym e a c tiv ity . T h e  p a tte rn  of d is t r ib u t io n  was found to  be d iscon­
tin u o u s  again  (F ig. 10).

A denosine triphosphatase. In  Clarius, good a c t iv i ty  was n o ted  fo r A T Pase. 
T he ep ith e liu m  e x h ib ite d  a s tro n g  positive re a c tio n  while no o th e r  p a r ts  
show ed an y  reac tion  (F ig . 11).

In  th e  re sp ira to ry  sac o f  Heteropneustes, th e  folds show ed a w ell-defined  
en zy m e reac tio n , w hich  w as th e  m ost p ro n o u n c e d  in  th e  m iddle p ro m in en t 
fo ld . T h e  o u te r  and  in n e r  lin ings were s tro n g ly  p o sitiv e  while th e  m iddle p o rtio n  
o f  cells and  the  m u scu la r c o a t showed no re a c tio n  (F ig . 12).

D iscussion

F ro m  th e  a n a to m ic a l an d  h isto log ical ev idences p resen ted  here  and  
b y  o th e r  w orkers [3, 7 , 11] i t  is proved  th a t  th e  d e n d ritic  organ  or re sp ira to ry  
tre e  o f  Clarius batruchus is derived  from  th e  p r im a ry  and secondary  gill la ­
m ellae . E ach  te rm in a l en d  o f th is  tree , th e  so -ca lled  knob or bulb  seem s to  
he com posed  of e igh t gill f ila m e n ts  th a t  have fused  a n d  form ed th is  new s tru c tu re . 
T he sam e  stud ies m ad e  in  an o th e r fish  H eteropneustes fo ssilis  show  th a t  
re sp ira to ry  sac or a ir  c h a m b e r  is im p o rta n t in  a ir  b rea th in g  and w orks m uch  
a f te r  th e  fash ion  o f a fo u n ta in  pen. H ow ever, D a s  [3 ], who described th e  s tru c ­
tu re  o f  re sp ira to ry  ep ith e liu m , concluded as fo llow s: “ I t  has a th in  ep ith e lia l 
w all u n d e rla in  by  loose conn ec tiv e  tissue, i t  becom es rich ly  v ascu la r, d e riv ing  
its  b lo o d  su p p ly  from  th e  a ffe ren t and  e ffe ren t b lood  vessels o f th e  fo u rth  
b ra n c h ia l a rch  th a t  gives rise  to  v ascu la r to n g u e s .”  L a te r  on Ma r l ie r  [7] 
d esc rib ed  th e  sam e v a sc u la r  tongues as p ap illa e  in  Saccobranchus. H ow ever, 
i t  can  be said  th a t  th e  to n g u e s , papillae or fo lds are  synonym s. The a ir  f irs t 
e n te rs  th e  an te rio r c h a m b e r  th ro u g h  th e  in h a le n t  s lit and  th e n  goes in to  th e  
p o s te r io r  tu b u la r  p a r t .  T h e  sam e air re tu rn s  in to  th e  opercu la r cham ber th ro u g h  
th e  n a rro w  slit b e tw een  th e  th ird  and th e  fo u r th  fans. T hus, m orpho log ­
ical s tu d ie s  su p p o rt th e  re sp ira to ry  fu n c tio n  o f th e  re sp ira to ry  tree  in  Clarius 
an d  o f  th e  air sac in  H eteropneustes.

E nzym olog ica l ev idences p resen ted  h ere  fu r th e r  prove th e  above s ta te ­
m en t. F o u r  d iffe ren t p h o sp h a ta se s  were tra c e d  in  th e  ep ithe lia l reg ions of 
b o th  fishes. H ow  th ese  enzym es are useful in  th e  process of re sp ira tio n ?  The 
basic  id ea  th a t  none o f  th e  enzym es is p re se n t in  a n o n -vascu la r reg ion , e.g. 
in  th e  co nnec tive  tis su e  an d  cartilag e  is an an sw er in  itself. H isto log ical s tud ies 
show  t h a t  in  Clarius th e  ep ith e liu m  is th e  o u te r  lin in g  w hile in Heteropneustes 
e p ith e liu m  lines th e  in te rn a l  folds, in d ica tin g  t h a t  vascu larized  reg ions are  
d iffe re n tly  d isp laced  in  b o th  th e  fishes.
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T h e presence o f a lk a lin e  p h o sp h a tase  in th e  com ple te  ep ith e liu m  covering 
o f  re sp ira to ry  bu lb  suggests  th a t  enzym e fa c ilita te s  th e  oxygen  tra n s fe r  to  
th e  in te rn a l s tru c tu re s . In  th e  o th e r fish  th e  sam e func tion  m ay be assigned 
to  a lkaline p h o sp h a ta se  on th e  basis of its  localiza tion . Acid p h o sp h a ta se  
seem s to  be re la ted  w ith  ab so rp tio n  though  in C larius  it  was found  in  th e  sam e 
regions as alkaline p h o sp h a ta se . I t  is w o rth  m en tio n in g  here th a t  b o th  these  
enzym es th o u g h  p re se n t in  th e  sam e region are  responsib le  for th e ir  specific 
fu n c tio n s. In  th e  o th e r  fish , th e  o u te r ep ith e liu m  o f folds show s rem ark ab le  
a c tiv ity  for acid p h o sp h a ta se , ind ica ting  th a t  enzym e positive  areas f ir s t  come 
in  d irec t co n tac t w ith  a ir. T he d iscon tin u ity  in  th e  enzym e d is tr ib u tio n  fu r th e r  
suggests th a t  gas ex ch an g e  tak es  place only th ro u g h  these  regions an d  n o t v ia  
th e  en tire  surface o f folds.

T hough A M Pase an d  A TPase show s tro n g  positive  re a c tio n  in th e  
re sp ira to ry  organs o f b o th  fishes, m an ifesta tio n  o f  th e ir  a c tiv ity  seem s n o t to  
be d irec tly  re la ted  to  th e  process of gas ex ch an g e . T he absence o f  A M Pase 
from  th e  re sp ira to ry  ep ith e liu m  in Heteropneustes suggests th is  view . H ow ever, 
in  C larius, a c tiv ity  w as n o te d  in th e  form  of b an d s  revealing  a new  fac t, viz. 
t h a t  th e  re sp ira to ry  ep ith e liu m  in Clarius b e a r  p e rfo ra tio n s . P resu m ab ly  th e  
a ir  en te rs  th e  bu lb  th ro u g h  these  pores, w here we h a v e  no ted  a s tro n g  positive 
re a c tio n  for a lkaline p h o sp h a ta se  and  acid p h o sp h a ta se .

A TPases h a v e  b een  found in m uscles, in  th e  m ito ch o n d ria l, ribosom al 
an d  cy to m em b ran o u s frac tio n s . A m ongst th e  suggested  c o n tr ib u tio n s  of 
A T Pases to  life o f a cell a re  th e ir  d irect m etabo lic  fu n c tio n s , coup ling  o x id a tio n  
an d  p h o sp h o ry la tio n  [13]. T he sam e fu nc tions m a y  v e ry  well be asigned  to  
A T Pase in the  re sp ira to ry  organs of these  fishes.

F u n c tio n a l and  n o n -fu n c tio n a l cells could n o t be d iffe ren tia ted  b y  ro u tin e  
h isto log ica l s ta in s . B u t b y  app ly ing  p h o sp h a tase (s) techn ique(s) i t  becam e 
c lea r th a t  th e  re sp ira to ry  tre e  or a ir cham ber is n o t re sp ira to ry  in  toto b u t  only  
th e ir  ep ithelia l lin ing  p lay s  a v ita l role in th e  fu n c tio n . T he conclusion  th a t  
p h o sp h a tases  are  in te g ra lly  concerned w ith  th e  aeria l b rea th in g  o f  fishes is 
th u s  inescapable . T he s tu d y  on th e  fu n c tio n a l ro le o f th e se  enzym es in  th e  
accessory  re sp ira to ry  o rgans of th e  am phib ious v e r te b ra te s  will be o f g rea t 
academ ic in te rest.
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A bstrac t

T he ap p earan ce  of ip s ila te ra l te rm in a l degen era tio n  in th e  th a la m ic  v isual 
c en te rs  is s tu d ied  w ith  th e  a id  o f th e  F in k  — H eiin e r I I  tech n iq u e  in X en o p u s  la rv ae  
and  p o stm eta m o rp h ic  to a d le ts  follow ing u n ila te ra l  eye rem oval. T he y o u n g e st age 
a t  w hich  d eg eneration  can  re liab ly  be show n in th e  la te ra l gen icu late  co m plex  (nucleus 
o f B ellonci an d  corpus g en icu la tu m  th a la m i) w as a t  stage 62, th a t  is, 10 —12 days 
before  m etam o rp h ic  c lim ax . T he w hole co m p lim en t o f th e  ip sila te ra l re tin o th a la m ic  
p ro jec tio n  develops on ly  in p o stm eta m o rp h ic  to ad le ts , and it  is m uch  m ore  a b u n d a n t  
in X en o p u s  th a n  in R a n a  species. T he f irs t ap p ea ran ce  of th e  ip sila te ra l d eg en era tio n  
in th e  la te ra l  gen icu la te  com plex  coincides in tim e  w ith  th e  f irs t  ip s ila te ra l v isu o tec ta l 
responses described b y  o th ers . T he p o ssib ility  t h a t  th e  tw o p h en o m en a  m ay  hav e  
a closer re la tio n sh ip  th a n  th e  m ere  tim e  co incidence, is discussed.

In tro d u c tio n

The p rim ary  optic  p a th w a y  consists o f c o n tra la te ra l an d  ip s ila te ra l 
re tin o th a la m ic  p ro jec tio n s, an d  only  o f c o n tra la te ra l re tin o te c ta l an d  re tin o - 
te g m e n ta l p ro jec tions in  th e  a n u ra n  b ra in  [11, 15]. P hysio logical ex p e rim en ts  
h av e  also revealed  th e  ex is ten ce  o f an  ip s ila te ra l re tin o te c ta l p ro jec tio n  
w hich  em erges from  th e  b in o cu la r v isua l field  [5]. This p ro jec tion  is m ed ia ted  
in d ire c tly  by  a p o ly sy n ap tic  p a th w a y  w hich o rig inates in  th e  c o n tra la te ra l  
te c tu m  and  passes th ro u g h  th e  d iencephalon  [7]. R esponses evoked  w ith  
v isu a l s tim u li can  be reco rded  from  th e  c o n tra la te ra l op tic  te c tu m  a t  very  
e a rly  la rv a l s tages [4]; ip s ila te ra l v isu o te c ta l responses, how ever, do n o t a p ­
p ea r before  th e  m etam o rp h ic  c lim ax , w hen  th e  eyes in  X enopus laevis, g ra d u a lly  
assum e a f ro n ta l position  and a d o p t a b in o cu la r v isual field  [1, 6].

Th(> d irec t re tin o th a la m ic  p ro jec tio n s , w hich  te rm in a te  in  th e  n uc leus of 
B ellonci, th e  corpus g en icu la tu m  th a lam icu m  an d  in  th e  p re te c ta l reg ion , o rig ­
in a te  in th e  tem p o ra l p a r t  o f th e  re tin a  [9, 14], w hich is involved  in  b in o cu la r  
v ision . In  view  o f th e  fa c t th a t  th ese  th a la m ic  areas give rise to  a b u n d a n t

* D r. S. H . K h a l i l , Zoology D e p a rtm e n t, F a c u lty  o f Science, A lex an d ria  U n iv e rs ity , 
M o h arram  B ey A lex an d ria , E g y p t.

** Dr. G. S z é k e l y , D e p artm en t o f A n a to m y  M edical U n iv ersity , H-4012 D eb recen , H un- 
g ary .
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th a la m o - te c ta l  connec tions [10, 16], the  p ro b ab le  ro le o f th e  d irec t ip s ila te ra l 
re tin o th a la m ic  connec tio n s in  th e  e s tab lish m en t o f  th e  ind irec t re tin o te c ta l 
p ro je c tio n  m ay  be su p p o sed . In  th e  p resen t w ork , th e  question  w h e th e r th e re  
is a te m p o ra l coincidence b e tw e e n  th e  d ev e lo p m en t o f th e  ip sila te ra l re t in o th a ­
lam ic  connections an d  th e  ap p earen ce  of th e  ip s ila te ra l v isu o tec ta l responses 
w as in v e s tig a te d . W hile  th is  w ork  was in  p ro g ress , C u r r i e  an d  C o w a n  [ 2 ]  

g av e  an  acco u n t o f th e  d e la y e d  developm ent o f th e  ip sila te ra l re tin o th a la m ic  
co n n ec tio n s w hich w ere f i r s t  d e tec tab le , w ith  th e  a u to rad io g rap h ic  te c h n iq u e , 
d u rin g  th e  m e tam o rp h ic  c lim a x  in  R ana p ip ie n s . T h e  p re sen t re su lts  o b ta in ed  
from  X en o p u s  m a te ria l w ith  th e  te rm in a l d e g en e ra tio n  tech n iq u e , co rro b o ra te  
th e ir  o bserva tions.

M ateria l and m ethod

T h e  ex p erim en ts w ere p e rfo rm e d  on X enopus laevis. S paw n in g  was in d u ced  b y  h o rm one 
in je c tio n  (C horiogonin, R ic h te r)  g iv en  to  b o th  m ale  a n d  fem ale  specim ens. T he develop ing  
la rv a e  w ere  rea red  on d ilu te d  b a b y  food filte red  th ro u g h  c o tto n  wool an d  s tag ed  accord ing  
to  th e  n o rm a l tab le  o f d e v e lo p m e n t m ade by N i e u w k o o p  a n d  F a b e r  [12]. S ta r tin g  a t  stage 
50 ( a b o u t  15 days a f te r  egg la y in g )  larvae  were u n ila te ra lly  enuclea ted  a t  every  second 
successive  s tage  till th e  en d  o f m etam o rp h o sis , w h ich  is s tag e  66 and is a b o u t tw o  m o n th s  
a f te r  egg lay ing . In  ad d itio n  to  la rv a l  operations, th e  eye o f a few  p o stm etam o rp h ic  to ad le ts  
o f  a b o u t  4 weeks of age w as re m o v e d  u n ila te ra lly . F o llow ing  enuclea tio n  la rv ae  a n d  to a d le ts  
w ere  k e p t  a live for 5 — 7 d a y s ; th e n  th ey  were k illed , a n d  th e  b ra in s  carefully  rem o v ed  an d  
f ix ed  in  a 10%  form alin  so lu tio n  a t  4 °C for a period  o f 6 d ay s . T he fix ed  bra ins w ere em bedded  
in  egg y o lk , an d  20 pm  th ic k  fro ze n  sections w ere c u t  in  th e  coronal an d  h o rizo n ta l p lanes. 
D e g e n e ra te d  nerve te rm in a ls  w ere  show n w ith  th e  F in k  — H eim er I I  [3] tech n iq u e .

Results

In  general, th e  la rv a l  b ra in  lends its e lf  to  d eg enera tion  s tu d ies  m uch 
less re a d ily  th a n  th e  a d u lt  b ra in . D egenera ted  te rm in a ls  in  th e  c o n tra la te ra l 
o p tic  te c tu m  could on ly  se ldom  and  f ra g m e n ta r ily  be show n in ou r m a te ria l, 
a lth o u g h  th e  presence o f o p tic  fibers has been  d e m o n s tra te d  w ith  physio logical 
m e th o d s  [4] and  w ith  th e  a u to ra d io g ra p h ic  te c h n iq u e  [2] in  younger la rv ae  o f 
X e n o p u s  and R ana, re sp e c tiv e ly . For some reaso n  un k n o w n  to  us, th e  th a lam ic  
o p tic  cen te rs  are m ore fa v o u ra b le  places. D eg en e ra tio n  could be show n in the  
p re te c ta l  neu rop il a rea  b e t t e r  th a n  in th e  te c tu m , and  i t  appeared  m o st fre ­
q u e n tly  in  th e  nucleus o f B ellonci and in  th e  co rp u s gen icu la tum  th a lam icu m . 
T h e  p re se n t d escrip tion  to  i l lu s tra te  th e  d ev e lo p m en t of th e  ip s ila te ra l re tin o - 
d ien cep h a lic  p ro jec tion  is, th e re fo re , co n fined  to  th ese  tw o la t te r  nuclei. In  
v iew  o f th e  fac t th a t ,  e sp ec ia lly  in young  la rv a e , th e  nucleus of B ellonci and  
th e  co rp u s gen icu la tum  th a la m ic u m  can n o t easily  be d istingu ished  from  each 
o th e r  in  im p reg n a ted  spec im en s, th ey  will be re fe rred  to  as th e  la te ra l gen icu la te  
com plex .
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Fig. 1. H o rizo n ta l section  of th e  d ienchephalon  c o n tra la te ra l  to  eye e n u c lea tio n  m ade a t  
s tage  60. T erm in a l d eg en era tio n  ou tlines th e  la te ra l g en icu la te  com plex

Fig. 2. T he ip sila te ra l d ien cep h a lo n  o f th e  sam e b ra in . B roken line in d ica te s  th e  region of
th e  la te ra l gen icu late  com plex

F ig. 3. E n la rg ed  p h o to g rap h  of th e  region en fram ed in F ig . 2, show ing th e  f irs t  sign of ipsi­
la te ra l  degeneration  in th e  ip s ila te ra l gen icu la te  com plex follow ing eye re m o v a l a t  stage 60

Figs 4 — 5. D eg en era tio n  in th e  la te ra l  gen icu late  com plex follow ing ip s ila te ra l eye rem oval 
a t  s tage  64 a n d  66. re sp ec tiv e ly . Scale in d ica tes 100 /an  in  Fig. 2, a n d  Figs 1 a n d  2 are of the  

sam e m agn ifica tion . T he 20 /a n  scale in  Fig. 5 app lies to F igs 3 a n d  4 as well
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T h e  la te ra l gen icu la te  co m p lex , as it  is o u tlin ed  by  d eg en era ted  te rm in a ls  
o f  th e  co n tra la te ra l re tin o d ien cep h a lic  fib res, occupies a tr ia n g u la r  area  in 
h o r iz o n ta l sections (F ig. 1), a n d  an  oval area in  co ronal sections o f th e  b ra in  
o f  y o u n g  larvae. S ilver p a r tic le s  ind ica ting  d e g e n e ra ted  te rm in a ls  te n d  to  
fo rm  sm alle r and larger c lu s te rs  am ong w hich sm alle r s ilv er grains can  be seen. 
A lth o u g h  it  canno t c lea rly  he  estab lished  from  th e  p re sen t m a te ria l, th is  
c lu s te r in g  gives th e  im p re ss io n  as if th e  op tic  fib res  w ere te rm in a tin g  in  
“ p u ffs ” . W ith  increasing age th e  d en sity  of silver p a rtic le s  increases an d  by  th e  
t im e  o f  m etam orphosis (s tag e  66) th e y  are d is tr ib u te d  even ly  w ith in  th e  area 
o f  te rm in a tio n  (Fig. 6). In  th e  p re te c ta l neu rop il a rea  d eg en era tio n , w henever 
i t  h a s  been  shown, ap p ears  in  a form  like in  th e  la te ra l  gen icu la te  com plex. 
I t  seem s, how ever, t h a t  th is  a re a  o f te rm in a tio n  becom es d is tin c tly  d em arca ted  
b y  d eg en e ra tio n  la te r  in  th e  developm ent (s tag e  64) th a n  the  gen icu la te  
co m p lex .

In  postm etam o rp h ic  to a d le ts  the  la te ra l g en icu la te  com plex is th ic k ly  
filled  w ith  degenera ted  te rm in a ls  (Fig. 8). A t th e  a p p ro p r ia te  level, th e  corpus 
g e n ic u la tu m  th a lam icu m  can  c lea rly  be sep a ra ted  from  th e  nucleus o f Bellonci 
as i t  h a s  been described fo r a d u l t  R ana  species [11, 15].

T h e  firs t sign o f ip s ila te ra l  degenera tion  in th e  la te ra l gen icu la te  com plex 
a p p e a rs  a t  stage 60, w hich  is a b o u t two weeks before  m etam o rp h o sis  (Figs 2 
a n d  3). I t  m ust be c learly  s ta te d  th a t  th is e a rly  d eg en e ra tio n  gives a ra th e r  
a m b ig u o u s  p ic tu re . I t  co n sis ts  o f v e ry  fine do ts w hich  are  b a re ly  la rg e r th a n  
th e  w ell-know n silver d u st in  unsuccessfu lly  im p re g n a te d  specim ens. N e v e rth e ­
less, th e i r  appearance is c o n fin ed  to  the  course o f  th e  o p tic  t r a c t ,  an d  th e y  are 
m o re  num erous in th e  a rea  o f  th e  la te ra l gen icu la te  com plex  (F ig. 3) th a n  
e lsew here .

A t stage  62 larger s ilv e r  pa rtic le s  ch a ra c te ris tic  o f te rm in a l degenera tion  
c a n  be  d e tec ted  in th e  la te ra l  gen icu la te  com plex. T h ey  are sm all in n u m b er 
a n d , as fa r  as it can be e s ta b lish e d  from  th e  in co m p le te ly  im p reg n a tin g  series, 
fo rm  a sm all group a t  th e  o ro -d o rsa l aspect o f th is  a rea  w hich corresponds, 
p ro b a b ly , to  th e  nucleus o f  B ellonci. A few days la te r , a t  s tage  64, th is  group 
o f  s ilv e r  granules grows in  size (F ig . 4), and new  ones a p p ea r a t th e  m edial 
a n d  c a u d a l aspects of th e  g en ic u la te  com plex. A te n d e n c y  of c lu stering  o f th e  
g ra n u le s  seen in the  c o n tra la te ra l  p ro jec tion , can  be observed  on th e  ip sila te ra l

F ig . 6. H o rizo n ta l section of th e  d ien cep h a lo n  show ing te rm in a l d eg en e ra tio n  in  th e  c o n tra ­
la te ra l la te ra l g e n ic u la te  com plex following eye rem o v a l a t  stage 66

F ig . 7. T h e  sam e b ra in  as in  F ig . 6, ip sila te ra l to  eye rem o v a l. A rrow s p o in t a t  p a tch es  of 
te rm in a l  degeneration  in th e  la te ra l  gen icu late  com plex. T he e n fram ed  region is en larged

in Fig. 5.

F igs 8  — 9. H orizon ta l sections o f th e  d iencephalon  of a 4-w eek-o ld  to a d le t  show ing te rm in a l 
d e g e n e ra tio n  in the  c o n tra la te ra l  a n d  ip sila tera l la te ra l g en icu la te  com plex, respec tive ly . 
S ca le  in  F ig . 9 ind icates 100 fim ,  a n d  applies to  all p h o to g rap h s . O ra l is u p w a rd  in Figs 6 

a n d  7, a n d  dow nw ard  in  F igs 8 a n d  9
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sid e  as well. A t th e  tim e  o f th e  m etam o rp h ic  c lim ax , a t stage 66, a few  g ran u les  
a re  localized  also a t  th e  o u te r  surface of th e  la te ra l  geniculate com plex  (F ig . 7). 
T h e  a m o u n t of d eg e n e ra tio n  does no t grow  ap p rec iab ly . The m ain  d ifferences 
b e tw e e n  th is  and  y o u n g e r  stages are t h a t  in  th e  m etam orph ic  to a d le t  th e  
c lu s te r in g  ten d en cy  o f s ilv e r g ranu les is no m ore  v isib le  (Fig. 5) an d , in  c o n tra s t  
w ith  y o u n g e r stages, th e  ip s ila te ra l p ro je c tio n  c a n  m ore consis ten tly  be  found . 
H o w e v e r, in  view o f th e  d ifficu lties in  sh o w in g  degeneration  in  th e  la rv a l 
b r a in ,  i t  can n o t be dec id ed  w h e th e r th e  less f re q u e n t occurrence o f d eg en e ra tio n  
in  y o u n g e r  larvae  in d ic a te s  th e  absence o f  th e  ip sila tera l p ro je c tio n , o r a 
te c h n ic a l  fa ilu re  in  a la rg e r  p ro p o rtio n  in  la rv a l  b ra ins th a n  in  m e ta m o rp h ic  
b ra in s .

In  p o st m e tam o rp h ic  to ad le ts  th e  e n tire  a rea  of the  ip s ila te ra l la te ra l 
g e n ic u la te  com plex is o u tlin e d  by  d e g e n e ra tin g  term inals (F ig . 9). S ilver 
g ra n u le s  in d ica ting  d eg en e ra tio n  are d ep o s ited  a lm ost as densely  as in  th e  
c o n tra la te ra l  side w ith  th e  excep tion  of a c e n tra l  core w hich is free o f  degen­
e ra t io n . This p a tte rn  o f d eg en e ra tio n  co rresp o n d s to  th a t  seen in  th e  a d u lt 
b r a in  [10], and  in d ica tes  t h a t  th e  ip s ila te ra l re tinod iencephalic  p ro je c tio n  is 
m u c h  m ore  a b u n d a n t in  X enopus  to ad  th a n  t h a t  found in liana  species by  
o th e r  a u th o rs  [2, 11, 15].

A n  ip sila te ra l p ro je c tio n  to  th e  p re te c ta l  a rea  canno t be d e m o n s tra te d  
b e fo re  s tag e  62 in  th e  p re se n t m ateria l. I t  a p p e a rs  in the  form  o f sc a tte re d  
d e g e n e ra tio n  in th e  cau d a l p a r t  of th e  th a la m u s , a n d  seems to  becom e g ra d u a lly  
c o n fin ed  to  th e  area p ro p e r  d u rin g  d ev e lo p m en t. T he incom plete im p re g n a tio n  
o f  th is  p a r t  of th e  b ra in  does n o t w a rra n t a d e ta ile d  descrip tion  o f th e  d e v e lo p ­
m e n t o f  th e  ip sila te ra l p re te c ta l  p ro jec tion .

D iscussion

T h e  f irs t sign of d eg en e ra tio n  in  th e  d ien cep h a lo n  ipsila tera l to  eye  re m o v ­
a l a p p e a rs  a t  stage 60 w ith  th e  F in k -H e im er tech n iq u e . B u t in  v iew  o f  am ­
b ig u i ty  o f th is  early  d eg en e ra tio n , i t  is safer to  conclude  th a t  the  f irs t ip s ila te ra l 
re tin o -d ien cep h a lic  p ro je c tio n  is d e tec tab le  a t  th e  n ex t stage in v e s tig a te d : a t 
s ta g e  62. Currie  an d  Co w a n  [2] w ere able to  show  th e  firs t uncrossed  re tin o ­
d ien cep h a lic  connections a t  s tag e  X X  in R a n a  p ip ie n s . A ccording to  a com ­
p a ra t iv e  ta b le  of a n u ra n  d eve lopm en t [12], th is  s tage  of Rana  ta d p o le s  co r­
re sp o n d s  to  a d ev e lo p m en ta l stage b e tw een  61 an d  62 of X enopus  tad p o le s . 
T h e  F in k -H e im e r te c h n iq u e  and a u to ra d io g ra p h y  applied  to  tw o  d iffe ren t 
a n u ra n  species give th e  sam e resu lt in  th e  s tu d y  of the  d ev e lo p m en t o f  th e  
u n c ro sse d  re tin o th a la m ic  connections.

I t  is in te restin g  to  re fe r  to  th e  fac t, d iscu ssed  also by  o th e r a u th o rs  [1, 
2 ] , t h a t  th e  d ev e lo p m en t o f  th e  ip s ila te ra l p ro je c tio n  coincides in  tim e  w ith
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th e  g ra d u a l reo rien ta tio n  o f th e  eyes from  a la te ra l  in to  a fro n to su p erio r positio n  
d u rin g  m etam o rp h o sis . I t  is b y  th is  m ig ra tio n  o f  th e  eyes th a t  th e  p o s tm e ta -  
m orphic  an im al acquires th e  b inocu lar v isu a l fie ld . As show n in  o th e r  
ex p e rim en ts , th e  uncrossed  op tic  fib res o rig in a te  in  th e  tem p o ra l p a r t  o f th e  
re tin a  [9. 14]. T he te m p o ra l re tin a  gives rise to  a su b stan tia l c o n tra la te ra l  
p ro jec tio n  as well, an d  th is  develops p re su m ab ly  to g e th e r w ith  o th e r  crossed  
re tin a l p ro je c tio n s  to  th e  d iencephalic  v isu a l cen te rs . The problem  o f w h y  th e  
uncrossed  p a r t  o f th e  p ro jec tion  develops su ch  a la te  tim e  during  d ev e lo p m en t, 
and o f w h e th e r th e  m ig ra tio n  of th e  eyes h as , or has n o t, any  re la tio n sh ip  to  
th e  ap p ea ran ce  o f th e  ip sila te ra l p ro jec tio n , is o p e n  to  question . A few  possib le  
answ ers are  discussed in  Cu r r ie  an d  Co w a n ’s [2] p aper.

T h ere  is a n o th e r in te re s tin g  tim e  co incidence betw een  th e  d e v e lo p m en t 
of th e  ip s ila te ra l re tino -d iencepha lic  p ro jec tio n  an d  th e  appearance  o f  v isu a lly  
evoked  responses in  th e  ip s ila te ra l op tic  te c tu m  [1, 6]. U sing th e  sam e a n u ra n  
species, th e  fo rm er au th o rs  w ere ab le to  reco rd  th e  f irs t ip sila te ra l te c ta l  re ­
sponse from  stage  62 onw ard . H ow ever, th e  ip s ila te ra l responses w ere o b ta in e d  
only in  a p ro p o rtio n  o f th e  an im als in v e s tig a te d . This p ro p o rtio n  te n d e d  to  
increase  from  stage  62 to  s tag e  66, a t  w hich la t te r  s tag e  th e  ip sila te ra l responses 
were c o n sis ten tly  p resen t. This find ing  is s im ila r  to  th e  p resen t o b se rv a tio n  
th a t  th e  p resence of d eg enera tion  in  th e  ip s ila te ra l diencephalic o p tic  cen tre  
is m ore co n s is ten t w hen  th e  eye was rem o v ed  a t  s tage  66 th a n  a t  y o u n g e r 
stages, th o u g h  th e  absence of d egenera tion  c a n n o t be regarded  as conclusive  
a re su lt as th e  absence o f responses in  a p h y sio log ica l experim en t.

In  th e ir  w ork  in v es tig a tin g  th e  p a th w a y  fo r th e  ip sila te ra l te c ta l  re sponses, 
K e a t i n g  an d  G a z e  [7] suggest th e  in v o lv em en t of an  in te r te c ta l  linkage 
th ro u g h  th e  p o sto p tic  com m issura l sy stem . T h e  a b la tio n  of one te c tu m  gives 
rise to  sp o rad ic  d eg en era tio n  and  only in  th e  deeper layers o f th e  te c tu m  [8, 
13], an d  th is  sparse  a m o u n t of d irec t in te r te c ta l  connections c a n n o t be m ade 
responsib le  for th e  ip sila te ra l te c ta l  responses. T h e  assum ed in te r te c ta l  lin k ag e  
m u st, th e re fo re , be a p o ly sy n ap tic  p a th w a y , a n d  L a z a r ’s  [ 8 ]  o b se rv a tio n  on 
the  ab u n d a n c e  o f te c to - th a la m ic  p ro jec tions on th e  d iencephalic v isu a l cen tres  
suggests t h a t  th e  re lay  sites m ay  be in  th ese  sam e sy n a p tic  areas. T hese  d a ta  
and  th e  severa l aspects o f coincidence in  th e  d ev e lo p m en t of ip s ila te ra l re tin o - 
d iencephalic  connections and  in  th a t  of ip s ila te ra l  te c ta l responses, ra ise  th e  
possib ility  o f a closer re la tio n sh ip  betw een  th e  tw o  la t te r  phenom ena . F u r th e r  
e x p e rim e n ts  are necessary  to  in v estig a te  th is  p ossib ility .

R E F E R E N C E S

1. B e a z l e y , L ., K e a t i n g , M. I .,  G a z e , R. M. (1972) T he appearance  du rin g  d e v e lo p m en t
of responses in th e  o p tic  te c tu m  follow ing v isu a l s tim u la tio n  of th e  ip s ila te ra l  eye
in  X en o p u s laevis. V ision  Res., 12, 407 — 410.

2. C u r r i e , J . ,  C o w a n , W . M. (1974) E v idence o f th e  la te  developm ent o f th e  uncro ssed
re tin o -th a la m ic  p ro jec tio n  in  th e  frog  R ana p ip ie n s . B ra in  Research, 71, 133 — 139.

Acta Biologien Academiaa Scient iarum Hungaricae 27. 1976



2 6 0 S . H . K H A L I L  e t  a l.

3. F i n k , R . P ., H eim er , L. (1967) Two m ethods fo r se lec tive  im p reg n atio n  of d e g en e ra tin g
ax o n s  and  th e ir  sy n a p tic  end ings in the  c e n tra l  n e rv o u s system . B ra in  R esearch , 4, 
3 6 9 -  374.

4. G a z e , R . M., C h u n g , S. H ., K e a t i n g , M. I. (1972) T h e  developm ent o f th e  re tin o -te c ta l
p ro jec tio n  in X en o p u s. N ature  (b o n d .) ,  236, 133— 135.

5. G a z e , R. M., J a c o b s o n , M. (1963) T he p a th  from  th e  re tin a  to  th e  ip sila tera l o p tic  te c tu m
o f th e  frog. J .  P h ysio l ., 165, 73—74.

6. J a c o b s o n , M. (1971) A bsence of ad ap tiv e  m o d ific a tio n  in  th e  developing re tin o te c ta l
connections in frogs a fter visual deprivation or disparate stim ulation of the eyes. 
Proc. Nat. Acad. Sei. U S A , 68, 528—532.

7. K e a t i n g , M. I ., G a z e , R . M. (1970) The ip s ila te ra l re tin o tec ta l p a th w ay  in th e  frog.
Quart. J . exp. P h ysio l., 55, 284—292.

8. L á z á r , Gy . (1969) T he e ffe re n t p a th w ay s of th e  o p tic  te c tu m  in the frog. A cta  biol. Acad.
Se i. hung.. 20, 171 -1 8 3 .

9. L ázár, Gy . (1971) The projection of the re tina l quad ran ts  on the optic centers in the
frog . A te rm in a l d eg en e ra tio n  s tu d y . A cta  morph. A cad. Sei. hung ., 19, 325— 334.

10. Lázár, Gy . U npublished observations.
11. L ázár Gy ., Szék ely , Gy . (1969) D is tr ib u tio n  o f o p tic  te rm in als in th e  d iffe re n t op tic

cen te rs  of th e  frog. B ra in  Research , 16, 1— 14.
12. N ieu w k o o p , P. D., F a b er , I. (1956) N orm al T ab le  o f  X enopus laevis (Da u d in ). N o rth

H o llan d  P ub lish ing  C om pany , A m sterdam .
13. R u b i n s o n , K. (1968) P ro jec tio n s  o f th e  te c tu m  o p tic u m  of th e  frog. B ra in  Behav. Evol.,

1, 529 561 (1968).
14. S c a l i a , F. H ., F i t e , K . (1974) A re tin o to p ic  a n a ly s is  of th e  cen tra l connections o f th e

o p tic  nerve in  th e  frog. J .  comp. N eurol., 158, 455— 478.
15. S c a l i a , F. H ., K n a p p , H ., R i s s , W. (1968): New o b se rv a tio n s  on th e  re tin a l p ro jec tio n

in  th e  frog. B ra in . Beh. Evol., 1, 324— 353.
15. T r a c h t e n b e r g , M. C., I n g l e , D. J .  (1974) T h a la m o -te c ta l  p ro jec tion  in  th e  frog . B ra in  

Research , 79, 419 — 430.

S. H . K h a l il , Zool. D e p t., F a c u lty  «f Sei., A lex an d ria  U niv., M o h arram  Bey 
A lex an d ria , K gypt

G y ö r g y  S z é k e l y , H -4012 D ebrecen, D e p t, o f  A natom y ,
M edical U n iv ersity , H u n g a ry

Acta Biologica Academiae Sciential urn Hungaricae 27, 1976



Acta biol. Acad. Sei. hung., 2 7 (4 ), 261 — 267 (1976)

MORPHOLOGY OF THE POST-OVULATORY 
FOLLICLE OF HOUSE SPARROW

S a r d u l  S . G u r a y a  an d  R a n j i t  K .  C h a l a n a

D EPA RTM EN T OF ZOOLOGY, COLLEGE OF BASIC SCIEN CES AND HUM ANITIES, P U N JA B  A G RICU LTU RA L
U N IV ER SITY , LU D H IA N A , P U N JA B , IN DIA

(R eceived  1 9 7 5 - 1 2  — 28)

A b strac t

The m orpho logy  of th e  p o s t-o v u la to ry  follicle (or corpus lu te u m ) in  th e  sparrow  
( Passer dom esticus) o v a ry  h as been in v e s tig a te d  w ith  special re ference  to  th e  origin 
o f lu tea l cells w hich  fin ally  fill th e  fo llicu la r a c tiv ity . The d ev elo p m en t a n d  d egener­
a tio n  of lu te a l cell m ass has been  d esc rib ed  in  th ree  phases. T he lu te a l  cell m ass 
consists o f h y p e rtro p h ie d  g ranu losa  lu te a l cells du ring  th e  f irs t p h a se  a n d  of b o th  
granulosa  a n d  th eca l lu te a l cells d u rin g  th e  second phase. D uring  th e  second  phase  
owing to  th e ir  d iffe ren t sta in in g  reac tio n s , b o th  ty p es  o f lu tea l cells can  be  d iffe re n tia te d . 
In  th e  ad v an ced  stages o f regression , i.e. d u rin g  th e  th ird  phase , th e  w ho le  lu te a l cell 
m ass consists o f th e c a l lu te a l cells a n d  co n n ec tiv e  tissue e lem ents as th e  g ranulosa  
lu tea l cells h ad  d eg en e ra ted  a n d  d isa p p ea red  b y  th is stage.

In tro d u c tio n

Two ty p es o f co rp o ra  lu te a  occur in  th e  ovaries of v e r te b ra te s . O ne is 
fo rm ed  by  a tre s ia  o f a m a tu re  or m a tu r in g  oocy te  and  is know n as th e  corpus 
lu te u m  of a tre s ia . T he o th e r  ty p e  is d eriv ed  from  th e  em pty  follicle a f te r  o v u la ­
t io n ;  i t  is th e  corpus lu te u m  of o v u la tio n  [4, 12]. V ery d ivergen t op in io n s have 
been  expressed  in  reg a rd  to  th e  orig in  an d  fu n c tio n  of th e  v a c u o la te d  lu tea l 
cells in th e  corpus lu te u m  of o v u la tio n  in  b ird s . T heir origin has b een  a t t r ib u te d  
e ith e r  to  th e  g ranu losa  cells alone [17] or to  th e  thecal cells [14] o r  to  b o th  
[1, 8]. K eeping  in  v iew  th is  c o n tro v e rsy , th e  p resen t s tu d y  w as u n d e r ta k e n  
to  follow  th e  origin o f lu te a l cells as well as th e  o ther assoc ia ted  h isto log ica l 
changes d u ring  d ev e lo p m en t and  d eg en e ra tio n  of th e  p o s t-o v u la to ry  follicle 
in  th e  house sp a rro w  ( Passer dom esticus).

M aterial and  m ethod

T he ov ary  of th e  house sp a rro w  w as used  fo r th e  p resen t s tu d y . F e m a le  specim ens 
w ere o b ta in ed  bv  sh o o tin g  th em  in  th e  v ic in ity  o f  L u d h ian a  during  th e  b re ed in g  seasons 
(A pril to  Ju ly  an d  S ep tem b er to  O ctober). R eco v e ry  of th e  egg from  th e  o v id u c t  was the  
c rite rio n  for a recen t o v u la tio n . Som e fem ales w ere collected a t  n igh t from  th e  n e s ts  hav ing  
eggs. A fte r th e  u su a l d issec tion , th e  o v a ry  w as rem o v ed  an d  fixed in alcoholic  B o u in ’s flu id  
for 18 — 24 h  and  w ashed in 50%  alcohol to  rem o v e  excess o f picric acid. T h en  th e  m ate ria l
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w as d e h y d ra te d  as u su a l, c leared  in  benzene and  em b e d d ed  in  p a ra ffin  w ax. Serial sec tions 
w ere  c u t  a t  5 — 7 fin l a n d  s ta in e d  w ith  h aem atoxy lin  a n d  eo sin . O v a rian  m ate ria l from  som e 
sp ec im en s was also fix ed  in fo rm aldehyde-calc ium , p o s tc h ro m e d  in d ichrom ate-ca lc ium  an d  
fro ze n  sections were co lou red  w ith  S udan  black В [2].

Results

G ranulosa an d  th e c a l lay ers  of th e  follicle a f te r  th e  d ischarge o f  egg 
u n d e rg o  a series of m o rp h o lo g ica l changes lead ing  f i r s t  to  its deve lopm en t and  
su b se q u e n tly  to  its  d eg e n e ra tio n . Only th e  m a jo r  changes occurring  in  th e  
th e c a l an d  g ranu losal lay e rs  will be described h e re .

Thecal layers

Im m ed ia te ly  a f te r  o v u la tio n , the th eca l la y e rs , consisting  of th eca  in te rn a  
a n d  ex te rn a , are th ic k e n e d  to  form w ell-developed  layers of v a riab le  
m o rp h o lo g y  and th ick n ess  a ro u n d  the g ranu losa  cell m ass (Fig. 1). This is th e  
f i r s t  phase  of corpus lu te u m  developm ent. T h e  th e c a  ex te rna  is se p a ra te d  
fro m  th e  theca  in te rn a  b y  a th in  layer of d e e p ly -s ta in e d  connective tissu e  
e le m e n ts  (Fig. 1). T his la y e r  d isappears in  la te r  s tag es  o f corpus lu te u m  d e ­
v e lo p m e n t.

Theca externa. T he  th e c a  ex te rna  is n o t of u n ifo rm  th ickness as a t  c e rta in  
p laces i t  separa tes in to  th re e  lay e rs , i.e. th eca  c o m p a c ta , theca  spongiosa and  
o u te rm o s t fibrous la y e r  (F ig s  1, 2) w hich show  th e  sam e histological o rg a n i­
z a tio n  as th a t  rep o rted  in  th e  b lackb ird  A g e la iu s  [13]. W ith th e  in v o lu tio n  
o f  co rp u s lu teum  th e  d is tin c tio n  betw een th ese  d iffe re n t theca  e x te rn a  lay ers  
d isa p p e a rs  as a re su lt  o f a progressive d e te r io ra tio n  o f th e ir  connective tissu e  
e le m e n ts , w hich s ta r ts  fro m  th e  theca  co m p ac ta  a n d  g radua lly  advances t o ­
w ard s  th e  o u te r lay ers  (F igs 3, 4). This resu lts  in  th e  fo rm ation  of large in te r ­
c e llu la r  spaces.

Theca interna. T he  th e c a  in te rna  fo rm in g  th e  m idd le  zone is m ore ce l­
lu la r  an d  th in n e r th a n  th e  th e c a  ex terna  (Figs 1, 2). B lood capillaries c o n ta in ­
in g  e ry th ro cy te s  are  p re s e n t am ong the th eca  in te rn a  cells (F ig. 5). T he t r a n ­
s itio n a l zone ly ing b e tw een  th e  theca  in te rn a  a n d  g ran u lo sa  lu tea l cells show s 
som e eosinophilic m a te r ia l  w hich  extends in  b e tw een  th e  cellu lar e lem en ts o f 
b o th  lay ers  (Figs 5, 6). S e p ta  consisting of f ib ro b la s ts  o rig inate  from  th e  th e c a  
in te rn a  an d  th en  g ra d u a lly  in v ad e  the g ran u lo sa  lu te a l cell mass.

T he th eca  in te rn a  cells are  arranged  ra d ia lly  a ro u n d  th e  g ran u lo sa  cell 
m ass (Figs 5, 6). T h ey  s ta in  m tre  dark ly  th a n  th e  g ran u lo sa  cells an d  have  *

* P ho to m icro g rap h s 1 —6, 8, 9 and  11 hav e  b e en  p re p a re d  from  p a raffin  sec tions o f 
m a te r ia l  fixed  in alcoholic B o u in ’s flu id , sta ined  w ith  h a m e a to x y lin  and  eosin. P h o to m ic ro ­
g ra p h s  7, 10. 12 have been  p re p a re d  from  frozen sections co lo u red  w ith  Sudan b lack  B. F ig u res 
1 — 11 a re  p rep ared  from  th e  sp a rro w  ov ary  and F ig . 12 is ta k e n  from  th e  comm on m in a  o v a ry .
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Fig. 1. P o rtio n  of new ly  ru p tu re d  follicle show ing v illu s-like  folds of fo llicu lar ep ith e liu m  
(V F E ). T h  blood cells (B C ) are  seen in betw een th e  fo lds fo rm ed  by the  b a se m e n t m em b ran e  
(BM ) inside  the  th eca  in te rn a  (T I). Note th e  two lay ers  o f  th e c a  e x te rn a , i.e., th e c a  co m p acta  

(TC) a n d  th eca  spongiosa (TS). X 100
Fig. 2. P o rtio n  of th e  p o s t-o v u la to ry  follicle show ing th e  h y p e rtro p h ied  g ran u lo sa  lu te a l 
cells (GLC) w hich hav e  d e ta ch e d  from  th e  b asem en t m em b ran e  (BM). N ote  th e  b lood  cells 

(B C ) am ong th e  g ranulosa  cells. X 100
Fig. 3. T he regressing  p o s t-o v u la to ry  follicle show ing th e  d eg eneration  of g ran u lo sa  lu te a l 
cells (D G LC ) in th e  c e n tra l  reg ion . T he d is tinc tion  b e tw een  th e  thecal layers in d isap p earin g . 
N ote  th e  th ecal cells (TC) a n d  th eca l s tro m al cells (T S) am ong  th e  g ranulosa  cells. X 150 
Fig. 4. P o s t-o v u la to ry  follicle in its  final stage of regression . T he lu te a l cell m ass a t  th is  stage 

is en tire ly  fo rm ed  b y  th e  th eca l lu te a l cells (TC) a n d  stro m al tissue (ST). X 150 
Fig. 5. P o rtio n  of n e w ly -ru p tu re d  follicle show ing th e  b lood  vessel (BV) in th e  th eca  in te rn a  
cells (TC). Note th e  g ran u lo sa  lu te a l cells (GC) w hich a re  closely a tta c h e d  to  th e  b asem en t

m em brane (BM). X 400
Fig. 6. P o rtio n  of p o s t-o v u la to ry  follicle showing a cc u m u la te d  eosinophilic  m a te ria l  (EM ) 
in the  tra n s itio n a l zone o f th eca  in te rn a  (TC) and  g ran u lo sa  cells (GC). B asem en t m em b ran e

(BM ) is also seen. X 400
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s p h e r ic a l to  oval nucle i; th e i r  nucleop lasm  co n ta in s  one nucleolus a n d  som e 
d is t in c t  ch ro m atin  g ran u les  ly in g  a d ja c e n t to  th e  nuclear envelope as well as 
in  th e  c e n tre  of th e  n uc leus (F igs 5, 6). In  a d d itio n  to  these  h isto lo g ica l d if­
fe re n c es , th e  th eca  in te rn a  cells show  less lip ids in  S u d an  b lack  В p re p a ra tio n s  
(F ig . 7.) In  advanced  s tag es  o f  d eve lopm en t o f th e  corpus lu teu m , w hen  th e  
eo s in o p h ilic  m ateria l o f th e  tra n s it io n a l zone d isap p ears , th e  th e c a l cells or 
th e c a  lu te a l  cells s ta r t  in v a d in g  th e  g ran u lo sa  lu te a l cell m ass (F ig . 8). This 
in v a s io n  form s the  m ost c h a ra c te r is tic  fe a tu re  o f th e  sparrow  co rpus lu teu m . 
U lt im a te ly ,  th ey  form  th e  sm all m asses w hich  lie am ong th e  g ran u lo sa  lu tea l 
cells (F ig s  9, 10). This can  be  d esig n a ted  as th e  second phase o f co rpus lu teu m  
fo rm a tio n  during  w h ich  b o th  ty p e s  o f lu te a l cells fill th e  fo llicular c a v ity  m ore 
o r  less com pletely .

G ranulosa Luteal Cell M ass

T h e  g ranulosa cell m ass lies inside th e  th e c a l layers during  th e  f i r s t  phase . 
T h e  cells form  v illus-like p ro jec tio n s  in to  th e  lu m en  of th e  n e w ly -ru p tu re d  
fo llic le  (F ig . 1). The g ra n u lo sa  lu tea l cells fo rm  m asses (Fig. 2). N o m itosis 
is se e n  in  th e  g ranulosa cells a t  any  s tag e  o f  th e  developm ent o f th e  co rpus 
lu te u m .

A fte r  ovu la tion , th e  g ran u lo sa  cells a p p e a r  to  develop m ore cy to p lasm  
(F ig . 11). V acuoles a p p a re n tly  form ed b y  th e  rem o v al of lip id  d ro p le ts  du ring  
d e h y d ra tio n  and p a ra ff in  em b e d d in g  are p re se n t in  th e  cy top lasm . T h eca  in te r ­
n a  cells con tinue  to  in v ad e  th e  g ranu losa  lu te a l cell m ass d u ring  v a rio u s  de­
v e lo p m e n ta l  stages till b o th  ty p e s  o f cells are  in te rm ix ed  (Figs 9, 10).

T h e  lu tea l cell m ass is fo rm ed  b y  th e  in te rm ix in g  of cells o f g ran u lo sa l 
a n d  th e c a l  origin d u rin g  th e  second phase (F igs. 9, 10). I ts  close e x a m in a tio n  
sh ow s th a t  the  g ranu losa  a n d  th eca  lu te a l cells form  d is tin c t g roups o r pa tches 
m ix e d  w ith  each o th e r. H o w ev e r, th e y  can  be d istingu ished  in  frozen  sections 
c o lo u re d  w ith  S udan  b la c k  B , in w hich th e  g ran u lo sa  lu tea l cells show  m ore 
su d a n o p h ilic  lipid th a n  th e  th e c a  lu tea l cells (Figs 7, 10). The nucle i o f  theca l 
lu te a l  cells are oval a n d  c o n ta in  large n u m b e r of ch ro m atin  g ranu les w hereas 
th e  n u c le i o f g ran u lo sa  lu te a l  cells are  p y cn o tic  (F ig. 9). The c y to p la sm  of 
th e c a l  lu te a l cells is a lso  m ore  eosinophilic th a n  th a t  o f granulosa lu te a l cells. 
S im ila r  s tru c tu re  of th e  co rp u s lu teum  has been  observed  in th e  com m on m yna 
A crido theres tristis  (F ig . 12). B lood cells, w hich  do n o t lie w ith in  vessels, are 
seen  th ro u g h o u t th e  co rp u s lu te u m  (Fig. 9).

T h e  granulosa lu te a l cells s ta r t  regressing  earlie r th a n  th e  th e c a l lu tea l 
c e lls ; th e ir  nuclei becom e sh ru n k e n  and irre g u la r  in  shape (Figs 3, 9). T heir 
c y to p la s m  becomes m ore  v ac u o la te d . T he o u te r  boundaries o f g ran u lo sa  lu tea l 
cells s im u ltan eo u sly  becom e in d is tin c t (F ig . 9). D uring  th e  th ird  p h ase , th e  
g ra n u lo sa  lu tea l cells d is a p p e a r  from  view , leav in g  behind  a nodu le  o f th eca l 
lu te a l  cells (Fig. 4). F in a lly  th e  th eca l lu te a l cells also d isap p ear fro m  view .
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F ig . 7. P o rtio n  of nevvly-ruptnred  follicle show ing th e  presence of lipids in  th e c a  in te rn a  
cells (TC). T he g ranu losa  lu tea l cells (GC) are h ig h ly  lipophilic . T he theca in te rn a  cells (TC) 

c o n ta in  very  l ittle  sudanoph ilic  lipids. N ote  th e  b asem en t m em brane  (BM ). X 100 
F ig . 8. P o rtio n  of p o s t-o v u la to ry  follicle, show ing th e  d isap p earan ce  of eosinophilic  m a te ria l 
a n d  su b seq u en tly  lead ing  to  th e  m o v em en t o f th eca l cells to w ard s th e  g ranu losa  lu te a l cells 
(GC). T heca  in te rn a  cells (TC) have oval nuclei a n d  s tra in  d a rk ly , w hereas th e  g ran u lo sa  

lu tea l cells (GC) have spherical nuclei a n d  v acu o la te d  cy top lasm . X 400 
F ig. 9. P o rtio n  of th e  lu te a l cell m ass in its  second  phase  show ing pa tch es o f th e c a  lu te a l 
cells (TC) and  g ranu losa  lu te a l cells (GC). N ote  th e  p y cn o tic  nuclei of g ranu losa  lu te a l cells 

a n d  sc a tte re d  blood cells (ВС). X 400
F ig. 10. F u lly -developed  corpus lu teu m  show ing p a tc h es  o f h ighly su d an o p h ilic  g ran u lo sa  

lu te a l cells (GC) ly ing  am ong less sud an o p h ilic  p a tc h e s  o f th eca  lu tea l cells (TC). X 100 
F ig . 11. H ighpow er view  o f the  p o st-o v u la to ry  follicle show n in Fig. 2. T he h y p e r tro p h ie d  

g ran u lo sa  lu te a l cells (GC) show  eosinophilic  cy top lasm . X 750 
F ig . 12. P o rtio n  o f th e  p o st-o v u la to ry  follicle from  th e  o v a ry  o f m yna show ing in te rm ix in g  
o f g ran u lo sa  lu tea l cells (GC) and th ec a  in te rn a  cells (TC). T hecal cells are  s till  show ing

c o n tin u ity  w ith  th e  o u te r  layer. X 100
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D iscussion

T h e  p resen t s tu d ies  on th e  p o s t-o v u la to ry  follicle of house sp a rro w  h a v e  
c lea rly  show n th a t  th e  lu te a l m ass is c o n s ti tu te d  b y  granulosa cells d u rin g  
th e  f i r s t  phase , b y  b o th  g ranu losa  and  th e c a l lu te a l cells d u rin g  th e  second 
p h a se , a n d  only  b y  th e  th e c a l lu tea l cells an d  connective  tissu e  e lem en ts  in  
th e  f in a l regressional s tages. T he double orig in  o f  lu tea l cells is su p p o rte d  by  
th e  p re lim in a ry  o b se rv a tio n s  on th e  ev o lu tio n  o f corpus lu teu m  in th e  com ­
m on m y n a  (Acridotheres tr is tis ) , in w hich th e  th e c a  lu tea l and  g ranu losa  lu tea l 
cells a lso  form  d is tin c t cell ty p e s  hav ing  th e  sam e  m orphological an d  cy to - 
lo g ica l fea tu re s  as th o se  described  for th e  house  sparrow .

L u te a l cells o f th eca l o rig in  have no t been  re p o rte d  prev iously  in  th e  co rpus 
lu te u m  o f th e  pigeon, b lack b ird s  and  o th e r a v ia n  species [5, 6, 14]. P ro b a b ly  
th e  c ite d  w orkers failed  to  d istin g u ish  th e  th e c a l lu te a l cells from  th e  g ran u lo sa  
lu te a l  cells. H ow ever, in  th e  p o s t-o v u la to ry  fo llicle o f th e  fowl, th e  lu te a l cells 
m u ltip ly  in  the th e c a  in te rn a  and  su b se q u e n tly  m igra te  in to  th e  lum en  to  
o b li te ra te  th e  fo llicu lar c a v ity  [14]. T hey  a t t r ib u te d  th e  orig in  of th e  en tire  
lu te a l cell m ass to  th e  th e c a l layers, th u s  n eg lec tin g  th e  role of g ranu losa  cells 
in  th is  reg à fd . B ased  on e lectron-m icroscop ic  s tu d ie s  some au th o rs  [7, 17] 
a t t r ib u te d  th e  origin o f lu te a l cells to  th e  g ran u lo sa  cells, pay ing  no a t te n tio n  
to  th e  c o n tr ib u tio n  o f th e c a l layers. F u r th e r  s tu d ie s  on th e  co rpus lu te u m  of 
fow l h a v e  show n th a t  th e  lu te a l cell m ass is d e riv ed  from  b o th  ep ith e lia l and  
th e c a l cells [1, 8]. T he la te r  observations are in  good ag reem en t w ith  th e  r e ­
su lts  o f  p re se n t s tu d y . F ro m  th is  d iscussion, i t  is q u ite  clear th a t  v e ry  d iv e r­
g e n t v iew s have been expressed  as regards to  th e  o rig in  of lu tea l cell m ass even 
in th e  sam e  b ird  species (e.g. fowl). These d ifferences of opinions m ay  be due 
to  th e  fa c t  th a t  th e  p o s t-o v u la to ry  follicles in v e s tig a te d  by  prev ious w orkers 
m a y  h a v e  been a t d iffe ren t stages of th e ir  e v o lu tio n  and  invo lu tion .

A la rg e  n u m b er o f b lood  cells m ig ra te  in to  th e  lum en of th e  new ly- 
r u p tu re d  follicle in  th e  sp a rro w  as also re p o r te d  b y  o th e r w orkers [8, 13]. 
In th e  o rig in  of lu te a l cells, th e  corpus lu te u m  o f th e  house sparro w  an d  co m ­
m on  m y n a  closely resem bles th a t  of som e m am m a lia n  species [3, 9] as b o th  
th e  g ran u lo sa  and  th e c a l lu te a l cells have been  described . I t  is o f in te re s t  t h a t  
th e  th e c a l  layers do n o t  m ake an y  lu tea l cell c o n tr ib u tio n  in  th e  p o s t-o v u la ­
to ry  follicles of A m p h ib ia  an d  R ep tilia  [10, 11, 15, 16]. H ow ever, th e  p o s t­
o v u la to ry  follicles in  som e species of e la sm o b ran ch es and  te leo sts  h av e  been  
fo u n d  to  show  double orig in  of lu tea l cells |1 2 ] like those described  fo r th e  
sp a rro w  an d  m yna. T he lu te a l cells, w h e th e r d e r iv e d  en tire ly  from  th e  g ra n u ­
losa cells o r b o th  from  th e  g ranu losa  cells an d  th e c a  cells, in  t h e  ovaries o f 
n o n -m a m m a lia n  v e r te b ra te s  develop th e  cy to lo g ica l (including u l t r a s t ru c tu r ­
al) a n d  h is to ch em ica l fea tu re s  o f m am m alian  lu te a l cells [12]; th e  p resence  
o f ste ro id o g en esis  has also been  d em o n stra ted  in  th e  co rpo ra  lu tea  o f  som e
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n o n -m am m alian  v e r ta b ra te  species in  in  vitro  b iochem ical ex p erim en ts . 
F u r th e r  w ork shou ld  be con tinued  w ith  b iochem ical techn iques to  d e te rm in e  
th e  n a tu re , a m o u n t and function  o f  s te ro id  horm ones of co rpus lu te u m  in 
n o n -m am m alian  v e rteb ra tes .
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HOLE OF ULTIMOBRANCHIAL BODY AND 
CORPUSCLE OF STANNIUS IN REGULATION OF THE 
PLASMA CALCIUM AND PHOSPHORUS LEVELS IN THE 

TELEOST H E T E R O  P N E U  S T  E S  F O S S I L I S

S. A. SuRYAWANSHI and S. M. MahAJAN

D EPARTM ENT OF ZOOLOGY, N A G PU R U N IV E R S IT Y , NACPUR, IN D IA

(R ece iv ed  1 9 7 6 - 0 2 - 2 0 )

A b stract

E ffec ts o f N aF , CaCl2, N aC l a n d  m a m m a lia n  calc ito n in  on th e  h is to lo g y  o f u ltim o- 
b ra n ch ia l (U T B ) and  corpuscle o f S ta n n iu s  (CS) an d  p lasm a levels o f  calc iu m  and 
p h o sp h o ru s in  th e  te leo st H eteropneusles fo s s il is  are recorded. A d m in is tra t io n  of 
N a F , NaCl, a n d  m am m alian  ca lc ito n in  re su lte d  in vary ing  degree o f h y p o calcaem ia  
a n d  h y p e rp h o sp h a taem ia , w hereas h y p e rca lc a em ia  an d  h y p o p h o sp h a tae m ia  developed  
d u rin g  CaCl2 tre a tm e n t. T hese t re a tm e n ts  also p ro d u ced  various h is to lo g ica l changes 
in  U TB  an d  CS. I t  is suggested  th a t  CS a n d  U T B  are involved in m e ta b o lism s  o f Ca 
an d  P , an d  in osm oregu la tion . M oreover, i t  is a n  im p o rta n t hy p o calcaem ic  m echan ism  
in th is  fish  in  co m b atin g  h y p erca lcaem ia .

In trod u ction

A ltho u g h  fishes com prise th e  la rg e s t an d  m ost d iverse  g ro u p , un til 
re c e n tly  v e ry  l i ttle  h ad  been know n a b o u t th e  endocrine c o n tro l o f  th e ir  cal­
cium  an d  p h o sp h a te  m etabo lism . E a rlie r  s tu d ies  regard ing  th e  endocrine 
co n tro l of these  m etabo lism s in  fishes su g g est th e  presence o f  a t  le a s t tw o 
fu n c tio n a l sy stem s, viz. th e  hypo ca lcaem ic  corpuscle of S ta n n iu s  (CS), the  
u ltim o b ran ch ia l (U TB ) an d  hy p erca lcaem ic  p itu ita ry .

P a ra th y ro id  gland has g en era lly  been  considered ab se n t in  f ish  [13, 
20]. R a s q u in  an d  R o senblo om  [21] su g g e s te d  th a t  th e  U T B  m ig h t have 
fu n c tio n s  analogous to  th a t  o f p a ra th y ro id  g land  of higher v e r te b ra te s . These 
find ings w ere f irs t  to  in d ica te  th a t  U T B  m ig h t he re la ted  to  ca lc iu m  m e ta b ­
o lism , h u t th e  g land  had  rem ain ed  n eg lec ted  u n til recen tly  w h en  ca lc iton in  
was e x tra c te d  from  fish  U TB [3, 19]. T he d iscovery  of ca lc ito n in  as hy p o ­
ca lcaem ia  horm one in m am m als [4] s u p p o r t  expecta tions t h a t  th is  horm one 
m ig h t be im p o r ta n t in fish  calcium  m e tab o lism , too . E arlie r re p o rts  concern ing  
a d m in is tra tio n  o f th is  ho rm one in  fishes in d ic a te d  its failu re to  e lic it h y p e r­
ca lcaem ia  in  th e  k illifish , c a tf ish  and  Coho sa lm on  [19]. S u b seq u en tly , p a rtia lly  
p u rified  m am m alian  ca lc iton in  w as show n to  be effective in  c a tf ish  [15] and 
eels [2]. R ecen tly  P ang  [19] has su g g ested  th a t  calcitonin m ig h t be re la ted
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to  o sm o reg u la tio n , since eel calciton in  has b een  show n to  decrease se ru m  
o sm o la r ity  [16].

S ince th e  f irs t  id e n tif ic a tio n  by  St a n n i u s  [2 2 ] ,  CS have been m is ta k e n  
fo r a d re n a l  co rtica l tissu e  o f h igher v e r te b ra te s . I t  w as dem o n stra ted  la te r  t h a t  
th e se  b o d ies  h ad  no re la tio n  to  the  ad rena l sy s te m  in  fish  [9, 11]. F o n t a i n e

[10] w as th e  f irs t  to  d e m o n s tra te  th a t  surg ical re m o v a l of these  tissues from  
E u ro p e a n  eel A n g u illa  anguilla  produces h y p e rca lcaem ia . P a n g  [19] re ­
v iew ed s im ila r find ings b y  v a rio u s in v e s tig a to rs  w o rk in g  w ith  eels and  go ld fish  
an d  re p o r te d  th e  hy p erca lcaem ic  effects o f s ta n n ie c to m y  in th e  k illifish  
F u n d u lu s  heteroclitus. V arious w orkers also in d ic a te d  th a t  th is  gland is in v o lv ed  
in o sm o reg u la tio n  [21, 17, 6]. T hus, th e  role o f U TB  and  CS in Ca an d  P  
m etab o lism  in fishes is p o o rly  understood  ev en  to d a y  and the  l i te ra tu re  is 
c o n tra d ic to ry  and  confusing . T he p resen t re p o rt is an  a t te m p t to e luc ida te  th e  
ro le  o f  U TB  and  CS in th e  c a tf ish  Heteropneustes fo s s il is .

Material and method

S ev eral m ale spec im ens o f H . fossilis  were o b ta in e d  fro m  th e  local m ark e t d u rin g  th e  
m o n th s  A u g u s t to  D ecem ber, 1974 for various e x p e rim e n ts . T h e y  w ere acclim atized  in  fresh  
w a te r  fo r 15 d ay s a t  room  te m p e ra tu re  (25° to  27 °C). T h e  sp ec im ens 45 — 60 g in  w e ig h t a n d  
8 — 10 in ch es in  len g th  w ere  se lec ted .

T h e  fishes w ere d iv id ed  in  to  various groups o f tw e n ty  each  for ex p erim en ts . T h e  
g ro u p s  w ere  k e p t in  se p a ra te  a q u a r ia  each co n ta in in g  20 l it re  o f fresh  w ater. T he w a te r  w as 
ch an g ed  once a week.

T h e  groups 1, 2 an d  3 w ere k e p t  in w a ter c o n ta in in g  so d iu m  fluoride (60 mg/1), ca lc ium  
ch lo rid e  (150 mg/1) an d  so d iu m  ch loride  (0 .7% ), re sp ec tiv e ly . G roup  4 k ep t in fresh  w a te r , 
se rv ed  as a co n tro l. F ishes fro m  each  group were k illed  a f te r  th i r ty  days of t re a tm e n t.

A  d a ily  in jec tion  o f m a m m alian  calcitonin  (C IB A , 5 M R C  units /kg /day) w as g iven  to  
fish es o f th e  f if th  g roup  a n d  w ere sacrificed a fte r 7 d ay s  a lo n g  w ith  th e  contro l g ro u p  w hich  
h a d  rece iv ed  d istilled  w a te r.

A t  th e  end  of e x p e rim e n ts  fishes were an es th esized  in  1%  p araldehyde  a n d  b lood  
w as o b ta in e d  for b iochem ical e s tim a tio n s  b y  cu ttin g  th e  c a u d a l region. T otal se rum  calcium  
w as e s t im a te d  b y  flam e p h o to m e te r . F o r p h o sphorus th e  m e th o d  of F isk e  an d  Sc b b a r o w  
[12] w as em ployed .

F o r  h isto log ical o b se rv a tio n s  U TB and  CS w ere c a re fu lly  rem oved  and fixed  in  B o u in ’s 
f lu id  fo r 24 h. The p a ra ff in  sec tio n s were cu t a t  5 p m  a n d  s ta in e d  w ith  haem ato x ily n -eo sin .

Results

Biochem ical observations. F ishes tre a te d  w ith  N a F , NaCl and  ca lc ito n in  
show ed  h y p o ca lcaem ia  an d  h y p e rp h o sp h a taem ia . N a F  tre a tm e n t re su lte d  in  
s ig n if ic a n t d ep le tion  o f  ca lc iu m  and  increase in  b lo o d  p h o sp h a te  level, w hereas 
N aC l- a n d  c a lc ito n in - tre a te d  fishes showed s lig h t d ep le tio n  in  the levels o f Ca 
an d  P  b u t  these  effects w ere n o t sign ifican t s ta tis t ic a l ly . On the o th e r  h a n d ,
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Table 1

Effect o f  various treatments on the histology o f  U T B  and  CS and on the plasm a calcium  and
phosphorus levels in H . fo s s il  is

UTB cs Plasma lnig/lOOml)

T reatm ent
Duration

days cell diam eter 
f i m

nuclear
diam eter

/1Ш

cell diam eter 
/on

nuclear
d iam eter

f i m
Ca P

Control 30 7 .1 2 ± 0 .5 2 2 .9 6 ± 0 .1 2 6 .8 5 ± 0 .4 0 5 .5 2 ± 0 .9 8 8 .2 0 ± 0 .1 5 5 .0 ± 0 .2 5

N aF 30 5 .4 0 ± 0 .5 2  
P  <  0.001

2 .5 2 ± 0 .2 0
NS

6 .3 6 ± 1 .9 3
NS

5 .5 8 ± 0 .5 0
NS

5.58 rh 0.12 
P  <  0.001

7 .3 ± 0 .1 6  
P  c  0.001

CaCh 30 11 .1 1 ± 0 .2 5
P < 0 .0 0 1

3 .9 2 ± 0 .1 7
PcO.OOl

8 .7 2 ± 0 .6 0
NS

6 .9 6 ± 1 .6 0
NS

9.20 ± 0 .2 5  
PcO.OOl

4.1 ± 0 .1 9  
PcO .O O l

NaCl 30 8 .4 2 ± 0 .2 3
NS

3 .60± 0 .15
NS

9 .4 0 ± 0 .7 2
PcO .O O l

6 .7 2 ± 0 .4 0
NS

7 .1 0 ± 0 .8 3
NS

6 .8 0 ± 0 .1 3
NS

C alcitonin 7 3 .5 8 ± 0 .4 0
P < 0 .0 0 1

1 .85±0 .17
NS

6 .4 0 ± 0 .7 2
NS

4 .7 2 ± 0 .4 0
NS

7 .2 0 ± 0 .5 3
NS

6 .3 0 ± 0 .1 0
NS

NS =  N ot significant
V alues are m ean ±  SE  (s ta n d a rd  error).
T w en ty  anim als were used  in each experim ent.

t re a tm e n t w ith  CaCl2 p ro d u ced  sign ifican t hyperca lcaem ia  and  h y p o p h o s -  
p h a ta e m ia  (Table 1).

Histological observations. C ellular and  n u c le a r  changes d u ring  v a rio u s  
tre a tm e n ts  in U TB an d  CS are sum m arized  in  T ab le  1.

U T B  control. In  H . fo ss ilis  th e  e n cap su la ted  U TB is oval an d  lo ca ted  
in  th e  tran sv e rse  se p tu m  betw een  th e  ab d o m in a l c a v ity  and th e  sinus venosus, 
ju s t  v e n tra l to  th e  oesophagus. I t  is com posed o f  po lygonal cells (7 .1 2 ^ 0 .5 2  fin i ) 
w ith  a c e n tra lly  p laced  nucleus (Fig. 1).

E xperim enta l. C aC l2- and  N aC l-trea ted  fishes show ed h y p e r tro p h y  o f 
cells and  nuclei (F ig . 2), w hereas du ring  N a F  t r e a tm e n t  the  nucleus an d  cell 
d iam ete rs  w ere decreased . M am m alian  ca lc ito n in  tre a tm e n t in th is  fish  re su lted  
in  red u c tio n  in ce llu la r an d  n uclear d iam e te r o f  U T B , ind ica ting  red u ced  a c t iv ­
i ty  of th e  g land  (F ig. 3).

CS control. T he corpuscles are f la tte n e d  o v a l bodies em bedded in  m eso- 
nep h ro n  and  enclosed in  a fib rous capsule. T h e y  are  com posed of co lu m n a r 
cells possessing sec re to ry  granules in  th e  cy to p lasm . The av erag e  cell 
an d  n uc lear d iam eters  w ere 6 .8 5 ^ 0 .4  p m  an d  5 .5 2 ^ 0 .9 2  p m , re sp e c tiv e ly  
(F ig . 4).

E xperim en ta l. C aC l2 an d  NaCl tr e a tm e n ts  p roduced  h y p e r tro p h y  o f  
b o th  cell and nucleus (F igs 5— 6). On th e  o th e r  h a n d , th e re  was sligh t re d u c tio n  
in  th e  ce llu lar and  n u c lea r d iam eters du ring  m a m m alian  calciton in  t r e a tm e n t ,  
b u t th e  values w ere n o t sign ifican t s ta tis tic a lly .
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Fig. 1. U ltim o b ra n c h ia l g lan d  o f co n tro l fish ; X 750 

Fig. 2. H y p e r tro p h ie d  U TB from  CaCl2- tre a te d  fish; X 750 

F ig . 3. U T B  show ing re d u c tio n  in  cell an d  nu c lear d ia m e te r  a fte r calcitonin  t r e a tm e n t;  X 750

F ig . 4. CS from  co n tro l fish ; X 750

F ig . 5. CS show ing n u c lear a n d  cellu lar h y p e r tro p h y  follow ing NaCl t r e a tm e n t;  X 750 

Fig. 6. H y p e r tro p h id  CS of CaCl2- tre a te d  fish; X 750

Discussion

I n  th e  recent years  considerab le  a d v a n c e m en ts  were m ade in  o u r u n ­
d e r s ta n d in g  of horm onal c o n tro l o f calcium  reg u la tio n  in  fish. F ish  ca lc ito n in  
w as f i r s t  d em o n stra ted  in  U T B  of dogfish , Squa lus suckleyi [3]. H y p o ca lcaem ic  
a c t iv i t ie s  w ere su b seq u en tly  observed  in  u ltim o b ra n c h ia l ex trac ts  o f  th e  sh a rk s  
P rio n a ce  glauca  and  H eterodontus francisc i [23] an d  th e  te leost, O ncorhynchus  
n erka  a n d  Gadus m acrocephalus [3]. F ish  ca lc ito n in  showed lo n g e r  la s tin g  
h y p o c a lc a em ic  effects in  k illif ish  [3]. D a k e  a n d  co-w orkers [8] r e p o r te d  an 
in c re a se d  p lasm a ca lc ito n in  in  fishes in je c te d  w ith  CaCl., so lu tio n . A s im ila r 
in c re a se  in  p lasm a ca lc ito n in  level of sa lm o n  w as rep o rted  in  fishes k e p t in  
C aC l2-c o n ta in in g  m edia [8]. T he response o f  U TB  in H . fossilis  to  hyperca lcae- 
m ia  (C a C l9) and h y p o ca lcaem ia  (N aF) w as re flec ted  as red u c tio n  in  size of
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colls an d  h y p e rtro p h y  o f cells, resp ec tiv e ly , suggesting  re la tio n sh ip  o f  th is  
gland w ith  calcium  m etabo lism .

F resh -w a te r-ad o p ted  A n g u illa  anguilla  [7] and  Ic ta lurus mêlas [15] 
e x h ib ite d  hypocalcaem ia  an d  h y p e rp h o sp h a ta e m ia  w hen t re a te d  w ith  m am ­
m alian  calc iton in . On th e  o th e r  h a n d , th e  sam e tre a tm e n ts  w ere ineffec tive  
in  o th e r  piscine species. In  th e  p resen t s tu d y  m am m alian  ca lc ito n in  failed 
to  p ro d u ce  s ign ifican t changes in  Ca an d  P  levels. H ow ever, th e re  w as re ­
d u c tio n  in  th e  cellu lar an d  n u c lea r d iam e te r of U T B , w hich m ay  be due to  a 
h igher co n cen tra tio n  o f c irc u la tin g  ca lc iton in . T he failu re  of response  to  m am ­
m alian  ca lc iton in  in  som e fishes m ay  be due to  species sp ec ific ity  o f  th is  
horm one.

In  th e  recen t s tu d ies  on hypocalcaem ic  effects o f ca lc ito n in  in  F . hete- 
roclitus [19], UTB show ed h y p e r tro p h y  u n d e r b o th  hyper- an d  h y p o ca lcaem ia . 
I t  w as fu r th e r  suggested  th a t  th e  cellu lar a c tiv ity  of th e  U T B  m a y  be 
re la te d  to  physiological processes o th e r th a n  calcium  m etab o lism , v iz ., os­
m oreg u la tio n . In  H . fo ss ilis  NaCl tre a tm e n t for 30 days p roduced  h y p e rtro p h y  
of th e  g land  accom pan ied  by  hypoca lcaem ia  an d  h y p e rp h o sp h a ta e m ia . These 
find ings in d ica te  th e  possib le role o f UTB in th e  o sm o reg u la tio n  o f  th is  fish.

T he effects o f s ta n n ie c to m y  on serum  calcium  and  o th e r  e lec tro ly te  
levels in th e  eel A ng u illa  anguilla  w ere f irs t rep o rted  by  F o n t a i n e  [10]. Since 
th e n  th e  hypercalcaem ic  effect o f s tan n iec to m y  has been co n firm ed  in  eels 
[5, 6, 1], goldfish [17] an d  k illifish  [19]. One of th e  m ost c o n s is te n t find ings 
o f  th e se  stud ies was th e  hypoca lcaem ic  fu nc tion  of th is  tissu e . T h e re  was a l­
m ost 5 0 %  decrease in  serum  inorgan ic  P  in  stan n iec to m ized  k illif ish  [7, 19]. 
D ecrease in  phosphorus level was observed  in th e  orig inal s tud ies o f  F o n t a in e  
[10]. In  H . fo ssilis  a lte red  ce llu lar a c tiv ity  is seen du ring  N a F  an d  CaCl2 
tre a tm e n ts  suggesting  th e  possible in v o lv em en t of th is  g land  in  reg u la tio n  
o f se ru m  Ca and  P  levels.

H isto log ica l fea tu res  o f  CS u n d er d iffe ren t e n v iro n m en ta l cond itions 
h av e  been  s tu d ied  b y  v a rio u s w orkers [14, 17, 18, 21] in  o rd e r to  d e te rm in e  
its  physio log ica l fu n c tio n s. T hese investig a tio n s in d ica ted  th a t  th is  gland 
m ig h t be involved  in  o sm o reg u la tio n . H y p e ra c tiv ity  o f th is  g lan d  during  
N aCl tre a tm e n t in th e  p re se n t s tu d y  gives fu r th e r  su p p o rt to  th e se  o b se rv a ­
tio n s . F u r th e r , i t  is sugg ested  th a t  in H . fo ss ilis  CS and  U TB a re  in v o lv ed  in 
Ca an d  P  m etabo lism  an d  osm oregu la tion . I t  is an  im p o r ta n t hypoca lcaem ic  
m echan ism  in  com b atin g  hypcrca lcaem ia .
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DRY WEIGHT AND 5HT CONCENTRATION IN THE 
CEREBRAL GANGLIA OF ANODONTA (MOLLUSCA) 

DURING ACTIVITY

A. A r e f y e v a , J .  N emcsók , J . Sa l á n k i  and W. B ro dsk y

IN ST ITU TE OF D EV ELO PM EN TA L BIOLOGY OF TH E USSR, MOSCOW AND BIOLOGICAL RESEA RCH  IN ST IT U T E  
OF T H E  H U N G ARIA N  ACADEMY O F SCIEN CES, TIH A NY

(R eceived 1 9 7 6 - 0 2 - 2 8 )

A bstract

As show n b y  in te rfe ro m e try , th e  a m o u n t o f p ro te in  in neuron  bodies o f A nodon ta  
cygnea L. c e re b ra l ganglia  changed in  d irec t re la tio n  to  th e  d u ra tio n  o f th e  a c tiv e  
s ta te  o f th e  m ollusc. T he am o u n t of se ro to n in  in  ce reb ra l ganglia changes in d ep e n d en tly  
of th e  am o u n t o f p ro te in  in nerve  cells, a lth o u g h  i t  v a ries  consisten tly  w ith  th e  a c t iv ity  
a n d  re s t o f th e  an im al.

In tro d u c tio n

S tim u la tio n  o f v e r te b ra te  neurons b rin g s a b o u t changes in  p ro te in  an d  
BN A co n ten t in  th e se  cells [1, 3]. It is also k n o w n  th a t  a lte rn a tio n  o f a c t iv i ty  
and  re s t  periods in  A nodonta  is con tro lled  b y  cereb ra l and  v iscera l gang lia . 
Period ic  a c tiv ity  o f  an im als coincides w ith  th e  changes in th e  a c t iv i ty  of 
th e  CNS [5]. T his p e rio d ic ity  is m an ifested  in  ch an g in g  of basophilia  o f  g an g lio n ­
ic nerv e  cells [7]. T h e  purpose  of ou r s tu d y  w as to  de term ine  th e  d ry  w eight 
as th e  to ta l  in d e x  o f  th e  n u m b er of m acrom olecu les, m ain ly  of p ro te in s , in 
th e  neurons o f th e  ce re b ra l ganglion and  to  m easu re  th e  am oun t o f se ro to n in  
in  th e  to ta l  c e reb ra l ganglion  of A nodonta  a t  v a rio u s  tim es of th e  ac tiv e  an d  
re s t s ta te s  of th e  an im als . T he a c tiv ity  o f  m olluscs was o b jec tive ly  e s tim a te d  
b y  th e  p o sitio n  o f  th e ir  va lves. The ac tiv e  s ta te  corresponds to  th e  open  p o ­
sition  o f va lves, th e  re s t s ta te  to  th e ir  closed p o sitio n  [2].

M ateria l and m eth o d

A d u lt m olluscs w ith  a sm all sc a tte r  in w eigh t (200 ^  10 g) were chosen. T he an im als  
w ere k e p t in ru n n in g -w a te r  pon d  aq u aiiu m s while th e  p o s itio n  of th e  valves was c o n s ta n tly  
reco rded  w ith  an  a c to g ra p h  c o n s tru c ted  a t  th e  B io log ical R esearch  In s t i tu te , T ih a n y . B o th  
cereb ral ganglia  w ere iso la ted  a t  d ifferen t periods o f a c t iv ity  and rest. One of th e m  was 
fix ed , em b ed d ed  in p a ra ff in  a n d  c u t in a m icrotom e fo r d e te rm in in g  th e  d ry  w eigh t o f n eu ro n s 
b y  in te rfe ro m e try . In  a n o th e r  ganglion  th e  a m o u n t o f  se ro to n in  was d e te rm in ed  by  sp ec tro - 
p h o to flu o rim etry . T he la t t e r  m e th o d  is based  on b u ta n o l-h e p ta n e  e x tra c tio n  an d  su b seq u e n t 
in te rac tio n  of se ro to n in  w ith  n in h y d rin  [6]. T he re a c tio n  p ro d u c t was e s tim a te d  q u a n ti ­
ta tiv e ly .

To ca lcu la te  th e  d ry  m ass o f each ne u ro n  (n
Ao ■ L

h
th e  th ickness o f  p a ra ff in

sec tio n  (h ) w as d e te rm in e d . T h en  th e  co n cen tra tio n  o f  th e  d ry  m ass (/Ip) and  th e  a rea  o f  th e
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sam e  cell (L  =  d t ■ d 2) were m easu red  in  a  h u n d re d  or m ore neurons of th e  c o rtic a l zone 
o f e a c h  g a n g lio n , w here d, an d  d 2 w ere th e  d iam e te rs  o f  th e  n eu ron  b o d y  p ro jec tio n . T o  o b ta in  
c o m m e n su rab le  v a lues, we c a lcu la ted  th e  d ry  w e ig h t o f neu ro n s tak in g  th e  sec tio n  th ic k n e ss  
as 1 f i m  [1].

R esu lts  and  d iscussion

F ig . 1 p resen ts h is to g ram s of th e  d ry  w eigh t and  dim ensions o f  ce reb ra l 
g a n g lio n ic  nerv e  cells a t d iffe ren t tim es a f te r  s ta r tin g  th e  ac tive  o r th e  re s t 
p e rio d . B o th  values, especially  th e  d ry  w e ig h t, v a ry  sign ifican tly . D is tr ib u -

: . I .
0 20 AO 60 80

Dry weight Area

F ig . 1. H is to g ra m s of d ry  w eigh t (left co lum n) a n d  a rea  (r ig h t colum n) of n eu rons o f A nodon ta  
c e re b ra l gan g lia  a t  d iffe ren t d u ra tio n  of a c tiv ity  a n d  re s t  s ta tes . Abscissa: d ry  w e ig h t and  

a rea  o f neurons in  a rb itra ry  u n its ; o rd in a te :  th e  nu m b er of cells (n)
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tio n s  o f  values are a sy m m etrica l; as a ru le  cells o f large d im ensions a n d  w eigh t 
are  m ore p ro nounced . Owing to  an  a sy m m etrica l ch a rac te r o f th e  h is to g ram s, 
th e  ca lcu la tio n  of m ean  values and  o th e r  p a ram e te rs  of no rm al d is tr ib u tio n  
seem s in ex p ed ien t. In  fu r th e r  ca lcu la tio n s , th e  neurons s tu d ied  w ere  d iv ided  
in to  th ree  co n d itio n a l g roups: lig h t (w eight: 5 20 un its), m o d e ra te  (21—
40 u n its) an d  heav y  (41—-75 u n its ). T he rep ro d u c ib le  resu lts  o f in te r fe ro m e try

i
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Fig. 2. T he a rea  a n d  d ry  w eight o f A nodon ta  cereb ra l ganglia  neurons in th e  a c tiv e  s ta te  
fo r 30 m in  (a) an d  5 h  (b). A bscissa: cell a rea ; o rd in a te : d ry  w eight o f th e  sam e cells in

a rb itra ry  u n its  (e x p la n a tio n  in th e  tex t)

(v a ria tio n  coefficien t while m easu rin g  a single specim en) on o u r o b je c t eq u a l­
led rh 8 % . T hus, th e  iso la ted  cell g roups d iffered w ith  high re lia b ility . The 
sam e conclusion was m ade a fte r  check ing  th e  m eans of cell se lec tio n : tw o 
se lections o f  neurons from  d iffe ren t sec tions of a ganglion gave s im ila r  d is tr i­
b u tio n s  (F ig . 2).

T he resu lts  o f h is to g ram  analysis show n in Fig. 1 are p re sen ted  in  T ab le  1 
an d  in te rp re te d  in th e  follow ing:

(1) T he w eight of neurons depends n e ith e r  on th a t  of th e  m ollusc nor 
o f th e  ganglion.
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(2) The ra tio  b e tw een  ligh t and h eavy  n e u ro n s  in  th e  cereb ra l ganglion  
v a r ie s  in  m olluscs w ith  th e  d u ra tio n  o f a c t iv i ty .  T he n u m b er of ligh t cells 
d ec rea ses , th a t  o f m o d e ra te  and  h eav y  cells in c reases  correspond ing ly  d u rin g  
th e  f i r s t  2— 3-h a c tiv ity . B y  5 h th e  d is tr ib u tio n  o f cells b y  w eight ten d ed  to  
th e  in it ia l  one observed  15 —30 m in a fte r th e  v a lv e s  h ad  opened. These changes 
seem  n o t to  be concerned  w ith  in d iv idua l v a r ia b ili ty  o f gang lia  of d iffe ren t 
m o llu sc  specim ens: th e  gang lia  o f 3-h a c t iv i ty  o f tw o m olluscs show ed 
s im ila r  cell d is tr ib u tio n  (T able  1).

Table 1

C om parison o f  neurons o f  the cerebral ganglion o f  A nodonta  cygnea L . by the weight o f  perikaryon

D uration  of active sta te
Light neurons M oderate neurons H eavy neurons

num ber per cent num ber per cent num ber per cen t

15 m in 104 CO ЧО и 9 2 2

30 m in 82 81 15 15 4 4

30 m in  (second selection) 82 77 2 2 2 0 3 3

2 h 75 73 23 2 2 5 5

3 h 71 65 27 25 11 10

3 h  (second am inal) 65 62 25 24 15 14
5 h 91 84 13 12 4 4

D u ra tio n  o f th e  re st s ta te  
15 m in 70 65 28 26 9 9
30 m in 6 8 73 18 19 7 8

(3) A g rea t n u m b e r  o f  h eav y  neurons is c h a ra c te r is tic  of th e  tw o s tu d ie d  
p e rio d s  of th e  in a c tiv e  s ta te . As fo r th e  ra tio  b e tw een  cells of d ifferen t w eigh t, 
th e  ce reb ra l ganglia 15 a n d  30 m in a fte r  th e  c losure o f valves did n o t d iffer 
fro m  th o se  hav ing  been  co n tin u o u sly  ac tive  fo r 2 — 3 h. C onsequently , i f  th e  
cell ra tio  depends on th e  s ta te  of anim als, i t  changes no t only d u ring  ac tiv e , 
b u t  a lso  d u rin g  th e  re s t  period .

(4) N euron  d im ensions in general are in  co n fo rm ity  w ith  th e ir  w eigh t; 
th e  h e a v ie r  th e  cell, th e  la rg e r  i t  is . B u t cell d im ensions m ay  change u n p ro p o r- 
t io n a lly  to  th e  change o f th e  cell w eight. H ence  th e  ganglia of 30-inin an d  
5-h  a c tiv i ty  did n o t p ra c tic a lly  d iffer as for th e  ra tio  o f th e  cell w eights, th o u g h  
th e  cell d im ensions w ere sm alle r in  th e  second case (F ig . 2).

S ero ton in  co n te n t in th e  ce reb ra l gang lia  (T able 2) is d ifferen t d u rin g  
a c t iv i ty  and  rest, b u t  i t  v a rie s  in d ep en d en tly  o f th e  changes in th e  cell w eigh t. 
B o th  a low  (2-h a c tiv ity )  a n d  high (rest o f 15 m in) levels of sero ton in  co rre ­
sp o n d  to  th e  sam e w eigh t d is tr ib u tio n , w hile s im ila r  sero ton in  co n cen tra tio n s 
(30-m in  and 3-li a c tiv ity )  were m easured  in  g an g lia  w ith  clearly  d ifferen t 
p e r ic a ry a  p a ram e te rs .
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Table 2

Serotonin content (5 H T  pg/g wet weight) in the cerebral ganglia o f  Anodonta at d ifferent duration  
o f  activity and rest (average  values o f th ree  m easurem ents ( J S.E .M .)

15 min 30 min 2 h 3 h 5 h

A ctive  s ta te 4 6 .7 ± 1 5 .8 4 1 .7 ± 1 5 .8 8 3 6 .1 ± 7 .5 7 4 3 .4 ± 6 .6 9 4 7 .7 ± 4 .5 3

R e s t s ta te 5 1 .5 ± 1 6 .8 5 0 .1 ± 9 .6 6 35 .6 ± 4 .5 1 4 3 .9 ± 1 2 .2 3 52 .7 ± 2 0 .4 1

As possible cause o f  th e  changes in  th e  d ry  w eigh t o f A nodonta  neurons 
se ro to n in  accu m u la tio n  in  th e  ganglion, suggested  earlie r by  S a l á n k i  and  
H lR lP l [4], m ay he ru led  o u t. V a ria b ility  of th e  d ry  w eigh t o f  n eu ro n s in 
d iffe ren t ganglia  seem s to  be also little  connected  w ith  p ro te in  tra n s p o r t  
from  p erik a ry o n s in to  cell axons. T he sh ift of th e  op tica l p a th  d ifference  in 
th e  neu ro p ile , p ro p o rtio n a l to  p ro te in  co n cen tra tio n  in  axon , d id  n o t differ 
a t  30-m in, 2-h, 3-h an d  5-h a c tiv ity  of th e  ex p erim en ta l an im als.

O ur observ a tio n s enab le  a suggestion  concern ing  th e  p eriod ica l changes 
o f  th e  in te n s ity  o f p ro te in  sy n th esis  in neurons of th e  ce reb ra l gang lion . A t 
th e  c o n s ta n t ve lo c ity  o f p ro te in  tra n s p o r t  in to  th e  axon , changes in  th e  in ­
te n s i ty  o f th e  syn th esis  m ig h t govern , th e  v a ria tio n s  in  th e  d ry  w eig h t of 
p e rik a ry o n s . Since, th e  n a tu re  of such  changes is u n c lea r y e t, th e  hyp o th esis  
shou ld  be checked b y  iso to p e  analysis .
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Abstract

C oncanavalin  A (Con A ) induces ro se tte  fo rm atio n  of e ry th ro c y te s  a round  
po ly m o rp h o n u c lea r leu cocy tes a n d  ly m p h o cy tes  in  cell suspensions o f au to logous 
h u m an  blood cells. T he effect w hich  is m o st ch arac te ris tic  in  a c o n ce n tra tio n  betw een 
25 a n d  50 fig /m l is due to  Con A b o u n d  on th e  e ry th ro c y te  m em b ran e . A sim ila r effect, 
a lth o u g h  less p ro n o u n ced , w as o b se rv ed  w ith  p h y to h aem ag g lu tin in  a t  c o n cen tra tio n s  
o f 10 an d  25 /ig/m l. T he tre a te d  e ry th ro c y te s  show ed a h igher a ffin ity  to  po lym orpho- 
n uclears w hen com p ared  w ith  ly m p h o cy tes . A t th e  c o n ta c t a rea , th e  m em b ran e  of 
th e  e ry th ro c y te  becam e h igh ly  fo lded w hile its  free surface w as sm o o th  a n d  spherica l. 
T he effect of th e  local co n ce n tra tio n  a n d  im m obilization  of th e  le c tin  on  th e  e ry th ro ­
cy te  m em b ran e  and  th e  s im ila rity  o f th e  c o n ta c t p a tte rn  to  th a t  o f e ry th ro p h ag o cy to s is  
are discussed.

In tro d u c tio n

In  th e  la s t few years  in te re s t has been cen tred  on th e  ac tio n  o f  co n can a ­
v a lin  A (Con A) on th e  p lasm a m em b ran e  o f various cell ty p e s . A t n e u tra l 
p H , Con A is a te tra m e r  w ith  fo u r su b u n its  each of w hich ex h ib its  one sugar- 
b in d in g  s ite  [5] by  w hich  i t  is specifically  bound  to  a-D -g lycosy l residues 
[6, 7]. A fte r hav in g  b o u n d  th e  Con A, th e  su g ar-con ta in ing  m olecu les o f  th e  
p lasm a m em b ran e  m ove in  la te ra l  d irec tion  to  form  cap-like  ag g reg a tes  on 
one pole o f  ly m p h o cy tes  and  po ly m o rp h o n u clear leucocytes [2, 11]. T h e  b in d ­
ing  of Con A on th e  p lasm a m em b ran e  can  in itia te  im p o r ta n t b io log ica l even ts, 
v iz. b la stic  tra n s fo rm a tio n  and  m ito tic  d iv ision  of ly m p h o cy tes  [1, 4 , 8, 13, 
17, 21 inter alia]. Con A is able to  ag g lu tin a te  certa in  tra n s fo rm e d  an d  m alig ­
n a n t  cells while i t  is w ith o u t app rec iab le  effect on th e  p a re n t cell lines [9, 
10, 19].

W ith o u t p ro tease  tre a tm e n t, h u m an  e ry th ro cy tes  a re  loosely a g g lu tin a te d  
even  a t h igh Con A co n cen tra tio n s . W e observed , how ever, th a t  Con A -tre a te d  
e ry th ro c y te s  are av id ly  b o u n d  to  au to logous leucocytes an d  fo rm  c h a ra c te r is tic  
ro se tte s  a ro u n d  th em . T his phenom enon  is accom panied  b y  s tro n g  d e fo rm a tio n  
o f th e  e ry th ro cy te s  p a r tic ip a tin g  in th e  ro se ttes .
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M ateria l and m ethod

B lood  was tak e n  from  h e a l th y  h u m an  in d iv id u a ls w ith  c itra te  or h ep arin  in  q u a n titie s  
ra n g in g  from  20 to  150 m l.

Sep a ra tio n  o f  erythrocytes and  leucocytes

T h e  blood was lay e red  on to p  of a 3%  ge la tin  so lu tio n  d isso lved  in  P a rk e r’s m edium  
in  a g lass cylinder a t  37 °C. T he cy lin d e r was t ilte d  to  45, 60 a n d  90 degrees for 6, 8 an d  10 
m in , resp ec tiv e ly . The u p p e r  p a r t  o f  th e  so lu tion  co n ta in in g  m ain ly  leucocy tes w as d ilu te d  
w ith  P a rk e r ’s m edium  a n d  c en tr ifu g e d  (1200 rev /m in , 20 m in ). A fte r  tw o  washes in P a rk e r’s 
m e d iu m  th e  cell suspension  w as la id  on  th e  to p  of a F ico ll so lu tio n  consisting  of 1.91 g Ficoll 
(S ig m a), 4 ml 75%  U rom iro  (B ra cc o , M ilano) and 26.08 m l P a rk e r ’s m edium  an d  cen trifuged  
a t  1300 rev /m in  for 10 m in . T h e  cell suspension ab o v e  th e  sed im en ted  e ry th ro cy te s  w as 
w a sh e d  tw o  tim es w ith  P a rk e r ’s m ed iu m . The la s t  re su sp en sio n  was m ade  to  reach  a cell 
c o n c e n tra tio n  of 4 X 107 p e r  m l. E ry th ro c y te s  were g e n era lly  p re sen t in  th e  sam e n u m b er 
as leuco cy tes . The cell su sp en sio n  w as k e p t u n til m ix ed  w ith  e ry th ro c y te s  a t  37 °C in  an  
a tm o sp h e re  con ta in ing  5%  C 0 2 (u su a lly  one hour).

F o r  a b e tte r  p re se rv a tio n  o f th e  cells for e lec tro n  m icroscopy , th e  iso lation  procedure  
w as sh o rte n e d  in  several cases b y  o m ittin g  th e  se d im e n ta tio n  in  g e la tin . In  such  cases th e  
e r y th ro c y te :  leucocyte ra tio  w as g en era lly  2 : 1 .

T h e  e ry th ro cy te  su sp en sio n  w as gained from  th e  sam e b lood  sam ple  (au to logous) b y  
ta k in g  o u t  sam ples from  th e  se d im e n ted  e ry th ro cy te  m ass a n d  w ash ing  i t  5 tim es w ith  PB S  
or P a r k e r ’s m edium  (pH  7.2, 2000 re v /m in , 5 m in). A fte r  th e  la s t  cen trifu g a tio n  th e  e ry th ro ­
c y te s  w ere resuspended  in  P B S  to  reach  an  e ry th ro c y te  c o n ce n tra tio n  of 5 X  108 per ml.

Treatm ent o f  erythrocytes and leucocytes with Con A

In  th e  in itia l p a r t  o f th is  s tu d y  we w an ted  to  c la rify  w hich  of th e  tw o cell ty p es m u st 
be  ex p o sed  to  Con A to  o b ta in  c h a ra c te ris tic  ro se tte  fo rm a tio n . F o r th is  purpose h a lf  q u a n ti ty  
o f th e  e ry th ro c y te  or leu co cy te  su sp en sio n  was tre a te d  w ith  100 /ig /m l Con A (purified  w ith  
S e p lia d e x  ch ro m a to g rap h y , frozen  d ried , P h arm ac ia , U p p sa la )  a t  24 °C for 20 m in and  
w a sh e d  tw o tim es in P a rk e r ’s m ed iu m . T he o th er h a lf  o f th e  cell suspensions was left in ta c t  
a n d  th e  fo u r cell suspensions w ere p a ire d  w ith  one a n o th e r  in  th e  possib le four com binations. 
A fte r  20 m in  a t  24 °C, sam ples w ere ta k e n  for lig h t m ic ro sco p y  w hile th e  rem ain ing  p a r t  
o f  th e  m ix tu re s  was fix ed  a n d  p rocessed  for e lectron  m icroscopy .

The op tim a l lectin concentration

T h e  e ry th ro c y te  su spension  w as d is tr ib u te d  in  cen trifu g e  tu b e s  in q u a n titie s  o f lm l/tu b e , 
c en tr ifu g e d , an d  the  cells w ere re su sp en d ed  w ith  1.8 m l o f Con A or p h v to h aem ag g lu tin in  
P  (P H A , Difco) solu tion . T h e  tu b e s  w ere  le ft to  s ta n d  a t  24 °C fo r 20 m in . The co n cen tra tio n s 
u se d  fo r th e  lectins w ere: 1, 2, 5, 7, 10, 25, 50 and  100 /ng/ml. T he cells were w ashed tw o 
tim e s  w ith  PB S  or P a rk e r’s m ed iu m  an d  th en  cen trifuged .

T h e  e ry th ro cy te s  p re v io u s ly  exposed to th e  le c tin  w ere resu sp en d ed  w ith  0.75 m l 
o f  th e  leucocy te  suspension  in e ach  tu b e  an d  were le f t a t  24 °C fo r 30 m in m eanw hile th e  
tu b e s  w ere  g en tly  shaken  a t  in te rv a ls . T he cell m ix tu re s  w ere fix ed  w ith  large q u a n titie s  
o f  th e  g lu ta ra ld eh y d e  f ix a tiv e ; l it t le  sam ples were ta k e n  o u t  fo r l ig h t m icroscopic e x am in a tio n  
w hile th e  rem ain ing  p a r t  w as f u r th e r  processed  for e lec tro n  m icroscopy .

Con А -treated and  glutaraldehyde-fixed erythrocytes

In  one case th e  effec t o f  g lu ta ra ld e h y d e  fix a tio n  w as o b se rv ed  on th e  ro se tte  fo rm atio n  
o f Con А -tre a te d  e ry th ro c y te s . T h e  e ry th ro c y te  suspension  exp o sed  to 50 ^g /m l Con A was 
f ix e d  w ith  1%  g lu ta ra ld eh y d e  in M illonig phosphate  b u ffe r  a t  24 °C for 15 m in, w ashed tw o 
tim e s  w ith  PB S an d  P a rk e r ’s m ed iu m  an d  su b seq u en tly  m ix ed  w ith  th e  liv ing  leucocytes.

L ig h t and electron microscopy

O ne drop of th e  cell su sp en sio n s , eil lier fixed  or u n fix e d , w as exam ined  be tw een  slide 
a n d  co v er glass w ith o u t s ta in in g . O th e r  p a r t  of the  lig h t-m ic ro sco p ic  m ate ria l were sem ith in  
sec tio n s  s ta in e d  w ith  to lu id in e  b lue  a n d  A zure II . A ll lig h t m ic ro g rap h s were ta k e n  w ith  an  
O p to n  (Zeiss, O berkochen) 40 X  p lan a p o ch ro m a te  im m ersio n  o b jec tiv e .

A cta  Biologica Academiae Scientiarum Hungaricae 27, 1976



R O S E T T E S  O F  C O N  A - T R E A T E D  E R Y T H R O C Y T E S 2 8 3

F o r e lec tro n  m icroscopy , the  cell suspensions w ere fix ed  w ith 8 m l o f 1 .5 %  g lu ta r-  
a ldehyde  in  M illonig p h o sp h a te  buffer a t 24 °C fo r 2 h , w ashed  w ith  0.15 M c ac o d y la te  b u ffer 
and  p o stfix ed  w ith  1%  osm ium  te tro x id e  in th e  sam e b u ffer a t  4°C . In  sev e ra l cases 1%  
tan n ic  acid  w as ad d ed  to th e  g lu ta ra ld eh y d e  f ix a tiv e  to  increase  the  co n tra s t o f th e  p ro te in o u s  
s tru c tu re s . T he o sm ium -fixed  and  b u ffer-w ash ed  cells w ere m ixed w ith  2 .5 %  a g a r-a g a r  or 
10%  g e la tin  to  fo rm  b locks w hich were su b seq u e n tly  d e h y d ra ted  and  em b ed d ed  in  a ra ld ite  
(D u rcu p an  ACM, F lu k a ). T h in  sections m ade w ith  a R e ic h e rt OMU 2 u ltra m ic ro to m e  w ere 
s ta in e d  w ith  a 2 %  so lu tio n  of u ran y l a c e ta te  in w a te r  a n d  lead  c itra te  an d  e x am in ed  in a 
JE M  6C or JE M  100B e lec tro n  m icroscope.

Results

M ixtures o f  erythrocytes and leucocytes treated with Con A

W hen  m ix tu re s  o f e ry th ro cy tes  an d  leucocy tes were t re a te d  w ith  Con 
A co n cen tra tio n s  o f  50 or 100 /tg/m l, an  in ten se  aggregation  of e ry th ro c y te s  
a ro u n d  leucocy tes was observed. The e ry th ro c y te s  su rrounded  th e  leuco cy tes  
in form  o f ro se tte s  (Figs 2, 3) or form ed occasionally  large ce llu lar ag g reg a te s  
w ith  th e  leucocy tes. A m ong th e  ro se tte s  a n d  aggregates, th e  e ry th ro c y te s  
were genera lly  free anti nearly  norm al in  sh a p e  an d  only a m ild  te n d e n c y  fo r 
ag g reg a tio n  be tw een  th e  e ry th ro cy tes  w as observed .

To d e te rm in e  w hich  of th e  cell ty p e s  h a d  to  be tre a te d  w ith  Con A to  
form  ro se tte s , we com bined  cell suspensions exposed  or no t exposed  to  Con A 
(Table 1). R o se tte  fo rm a tio n  was p re se n t o n ly  i f  e ry th ro cy tes  w ere p re tr e a te d  
w ith  Con A. T here  w as no ro se tte  fo rm a tio n  w hen  only th e  leu co cy tes  w ere in  
c o n ta c t w ith  th e  lec tin .

T able  1

Effect o f  Con A  treatment o f separated erythrocytes and leucocytes on 
rosette fo rm a tio n

Con A -trea tcd  | U ntreated
leucocytes I leucocytes

Con А-tre a te d  ery th rocy tes

U n tre a ted  e ry th ro cy tes — —

Iso la te d  suspensions of e ry th ro cy te s  a n d  leu co cy te s  were exposed to  50 //g /m l Con 
A fo r 30 m in  a t  24°C and  recom bined  w ith  e ach  o th e r or w ith  u n tr e a te d  cell su s­
pensions.
-f- an d  in d ica te  presence or absence of ro se tte s .

The optim al lectin concentration

A m ong th e  Con A co n cen tra tio n s s tu d ie d , th e  m ost in te n se  ro se tte  
fo rm a tio n  o ccu rred  a t  a co n cen tra tio n  b e tw een  25 and  50 /xg/m l. R o se tte s  
w ere seen in low er num bers a t 7 and  10 ftg/inl an d  were p ra c tic a lly  a b se n t a t  
1, 2 and  5 jUg/ml. A t h igher co n cen tra tio n s , th e  ro se tte  fo rm atio n  w as s im ila r 
to  th a t  seen a t  low er co ncen tra tions ex cep t t h a t  i t  was associated  w ith  a m ore 
p ro n o u n ced  ag g rega tion  ten d en cy  of th e  e ry th ro c y te s .
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F igs 1 —5. L ig h t m ic ro g rap h s from  se m ith in  sections; X 840

F ig . 1. U n tre a te d  e ry th ro c y te s  a n d  leucocytes. Cells a re  free  a n d  no ro se tte  fo rm atio n  can  be
observed

F ig . 2. E ry th ro c y te s  exposed  to  50 fig /m l Con Л. C h a ra c te r is tic  ro se ttes are fo rm ed  a ro u n d
p o ly m o rp h o n u c lea r leu co cy te s

F ig . 3. E ry th ro c y te s  exposed  to  50 ^g /m l Con A. O n th is  p a r t  o f the  specim en e ry th ro c y te  
ro se tte s  w ere m ain ly  form ed a ro u n d  ly m p h o cy tes  

F ig . 4 . E ry th ro c y te s  tre a te d  w ith  50 fig /m l Con A a n d  m ild ly  fixed  w ith  g lu ta ra ld e h y d e . 
E ry th ro c y te s  p a r tic ip a tin g  in th e  ro se tte s  re ta in  th e ir  fo rm  to some ex te n t. R o se tte s  a re

less num erous.
F ig . 5. E ry th ro c y te s  exposed to  25 /j,g/m l PH A . R o se tte s  a re  sim ilar to  those of Con A - tre a te d

cells b u t  occur less f re q u e n tly

A d a  B i o l o g i e n  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 7 ,  1 9 7 6
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W ith  th e  P H A -tre a te d  e ry th ro c y te s  th e  o p tim al c o n c e n tra tio n s  p roved  
to  be 10 and  25 pg/n il (F ig . 5). A t h igher co n cen tra tio n s (50 a n d  100 /ig/m l) 
th e  e ry th ro c y te s  were s tro n g ly  a g g lu tin a te d  an d  m any  o f th e m  h aem o ly zed .

Frequency o f  rosette form ation

In  sem ith in  sections o f  one o f th e  50 jUg/ml Con A tr e a te d  m a te r ia l  we 
fo u n d  th a t  from  1 000 leucocy tes 90 %  of th e  p o ly m o rp h o n u c lea r leucocy tes 
an d  4 0 %  o f th e  lym p h o cy tes  w ere associa ted  w ith  tre a te d  e ry th ro c y te s . The 
la rg es t ro se tte s  and th e  m o st in ten s iv e  c o n ta c t was observed in  th e  case o f th e  
p o ly m o rp h o n u c lea r leucocytes.

Electron microscopy

R o se tte s  form ed b y  Con А - tre a te d  e ry th ro c y te s  a round  leu co cy te s  show ed 
in te re s tin g  u ltra s tru c tu ra l c h a rac te ris tic s . T he free surface o f th e  red  cellо
p a r tic ip a tin g  in th e  ro se tte  bu lged  o u t sph erica lly  (Figs 2, 3) w hile  its  surface 
c o n ta c tin g  the  leucocy te  b ecam e  h igh ly  fo lded (Figs 6, 7). T he l a t te r  surface 
genera lly  behaved  in tw o  w ays. I f  th e  m em b ran e  of the  leu co cy te  rem ained  
re la tiv e ly  sm ooth , th e  fo lded  e ry th ro c y te  surface gave th e  im p ressio n  as if 
th e  red  cell would s ta n d  on th e  leucocy te  by  “ fee t” (Figs 6, 7) s im ila rly  to  
th o se  o f th e  podocytes in  th e  ren a l g lom eru li. In  o th e r in stan ces  th e  leucocy te  
m em b ran e  was also fo lded  so t h a t  th e  processes o f th e  c o n ta c tin g  cells were 
in te rd ig ita te d  (Fig. 8). T he a v id ity  o f th e  e ry th ro c y te s  to  leu co cy tes  w as so 
h igh th a t  m any  e ry th ro c y te s  n o t h av in g  enough space due to  n u m ero u s  o th e r 
e ry th ro c y te s  tak in g  p a r t  in  th e  ro se tte  fo rm a tio n  reached th e ir  c o n ta c t w ith  
th e  leucocy te  by  an e lo n g a ted  process.

T he u ltra s tru c tu ra l p a tte rn  was e ssen tia lly  sim ilar w hen  n o t  on ly  the  
e ry th ro c y te s  b u t also th e  leucocy tes h ad  b een  tre a te d  w ith  Con A, w ith  th e  
ex cep tio n  th a t  th e  leucocy te  su rface  was m ore folded and  th e y  w ere fre q u e n tly  
asso c ia ted  w ith  one a n o th e r  by  co m plica ted  cell processes.

E ry th ro c y te s  p rev io u sly  t re a te d  w ith  50 /ig/m l Con A an d  s h o r tly  fixed  
in  g lu ta ra ld e h y d e  w ere also able to  form  ro se tte s . H ow ever, th e  n u m b e r of 
such  cells p a r tic ip a tin g  in  th e  ro se tte  fo rm atio n  and th e  fre q u e n c y  o f the  
ro se tte s  were low er (F ig . 4). T h e  f ix a tiv e -in d u c ed  rig id ity  o f  th e  e ry th ro c y te  
d id  n o t allow  fold ing o f th e  m em b ran e  a t th e  co n tac t surfaces; th e  large  con­
ta c t  a rea  was reached  in  such cases b y  th e  leucocytes send ing  lo n g  processes 
be tw een  th e  red  cells.

To increase the  c o n tra s t  o f p ro te in  s tru c tu re s , we ex am in ed  th e  c o n ta c t 
be tw een  th e  m em branes o f th e  e ry th ro c y te  an d  th e  leucocyte a t  h ig h e r  reso lu ­
tio n  on specim ens fix ed  w ith  g lu ta ra ld e h y d e  an d  tan n ic  acid (F igs 8, 9). In  
th e  closest c o n tac ts  th e re  was an in te rce llu la r  space of ab o u t 10 20 nm  w hich
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F ig . 6. U ltra s tru c tu ra l d e ta ils  o f  a ro se tte  a ro u n d  a p o ly m o rp h o n u c lea r leucocy te . T he 
m e m b ra n e  of th e  e ry th ro c y te s  a t  th e  co n tac t surface is h ig h ly  fo ld ed  in c o n tra s t to th e  sm oo th  
m e m b ra n e  a t  o ther a reas o f th e  e ry th ro cy te  surface . Som e of th e  leucocyte  processes 
in te rd ig i ta te  w ith  those of th e  e ry th ro c y te s . E ry th ro c y te  susp en sio n  prev iously  exposed  to

50 Цg/m l Con A; X 12 000

F ig . 7. A lym phocyte  enclosed  b y  th e  ring  of ro se tte -fo rm in g  e ry th ro cy te s . N ote  th e  h igh ly  
fo ld ed  ap p earan ce  of the  e r y th ro c y te  m em branes c o n ta c tin g  th e  lym phocy te . E ry th ro c y te s  

ex p o se d  to  50 [ig/ml Con A ; X 20 000
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F ig. 8. C entre o f a ro se tte  show ing th e  d e ta il o f  a p o ly m o rp h o n u c lea r leucocy te . T h e  e ry th ro ­
c y te  surface  is deep ly  fo lded a n d  in te rd ig ita te s  w ith  th e  leucocyte processes. E ry th ro c y te s  
exp o sed  to  50 fig /m l Con A, Specim en fix ed  w ith  a m ix tu re  of g lu ta ra ld eh y d e  a n d  ta n n ic  acid,

X 24 000
F ig. 9. C entre of a ro se tte  a t  h igh  m agn ifica tio n  to  i llu s tra te  m em brane d e ta ils . T h e  e ry th ro ­
cy te  m em b ran e  is se p a ra ted  from  th e  leucocy te  m em b ran e  by a 20 nm  g ap  w h ich  is p a r tly  
filled  w ith  a dense su b s tan ce  or trav e rse d  by  dense bridge-like  s tru c tu re s . T he den se  su b stan ce  

in  th e  gap m ay  p a r tly  rep re sen t th e  e x te rn a l co a ts  o f b o th  cell m em b ran es; X 115 000

w as p a r tly  or en tire ly  filled  by a dense m a te r ia l (F ig . 9). It should  be m en tio n ed , 
how ever, th a t  a dense co a t, w hich  w as so m ew h at th ick e r on th e  leucocy te , 
w as observed  on tin* con tro l cells as well.
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T h e  freq u en cy  o f ro se tte  fo rm ation  w ith  e ry th ro c y te s  tre a te d  w ith  10 
an d  25 //g /m l Р И А  w as low er w hen com pared  w ith  th a t  of th e  Con A -e ry th ro - 
c y te s , a n d  few er red  cells w ere p a rtic ip a tin g  in  th e  ro se tte s . The u ltr a s tru c tu ra l  
c h a ra c te r is tic s  o f th e  ro se tte s  w ere how ever e ssen tia lly  sim ilar.

D iscussion

As was seen from  th e  re su lts , th e  e ssen tia l c rite rio n  of the  ro se tte  fo r­
m a tio n  w as th e  b in d in g  o f th e  lec tin  to  th e  e ry th ro c y te  m em brane. T he la t te r  
is w ell k n o w n  to  c o n ta in  la rg e  am ounts of g ly co p ro te in s , m ain ly  sialog lycopro- 
te in  o r g lycophorin , co n sis tin g  of abou t 6 0 %  su g a r  m oiety  in its  m olecule 
[3, 14, 18, 22, see 20 fo r re ferences]. The le c tin s , know n to  specifica lly  b in d  
to  c e r ta in  sugar m olecules, h av e  am ple o p p o r tu n ity  to  he hound to  th e  e ry th ro ­
c y te  m em b ran e  and to  reach  a considerab le su rface  co n cen tra tio n . Since Con 
A e x h ib its  four su g ar b in d in g  sites a t n e u tra l  p H  [5], it  m ay  be su ita b le  fo r 
c ro ss-b in d in g  of th e  tw o  m em b ran es in th e  ro se tte s .

T h e  question  w hy th e  Con А -m odified  e ry th ro c y te  m em b ran e  prefers 
th e  leu co cy te  m em b ran e  fo r b in d in g  is u n c lea r . A n essential fac to r  in  th is  
re sp e c t m ay  be th e  p e c u lia r  m olecular p a t te r n  o f  th e  tw o cell m em b ran e  
su rfaces  (den sity  of th e  lig a n d s , th e ir  a c tu a l d y n am ic  s ta te , co n fo rm atio n a l 
ch an g es o f  e ith e r th e  lig an d s or th e  lectins, e tc . [12]). I t  is w o rth  m en tio n in g  
t h a t  th e  lec tin  im m obilized  an d  co n cen tra ted  on  a glass surface is v e ry  effec tive  
in  ly m p h o c y te  tra n s fo rm a tio n  [1, 8].

T h e  e ry th ro cy te  su rface  co n tac tin g  th e  leu co cy te  in  th e  ro se tte  undergoes 
co n sid e rab le  changes: th e  e ry th ro c y te  m e m b ra n e  is u sua lly  deep ly  in fo lded  
in to  th e  e ry th ro cy te  b o d y . Such folding of th e  e ry th ro c y te  m em b ran e  was 
n e v e r  observed  e ith e r  sp o n tan eo u sly  on th e  le c tin - tre a te d  e ry th ro c y te , or on 
th e  free  surface of th e  e ry th ro c y te s  in th e  ro s e tte  or on e ry th ro cy te s  m ild ly  
a g g lu tin a te d  a t large Con A  co n cen tra tions. W e th in k  therefo re  th a t  a specific  
c o n ta c t betw een  the le c tin - tre a te d  e ry th ro c y te  a n d  th e  leucocyte m em b ran e  
is e ssen tia l. The a lte ra tio n  o f  th e  e ry th ro c y te  sh ap e  seems to  be im p o r ta n t  
since i t  affects th e  fa irly  rig id  e ry th ro cy te  w h ich  changes its form  on ly  due to  
d ra s tic  effects (osm otic s tre ss , lyso lic ith in , e tc .). Such  m ultip le  deep infold ings 
a t  th e  c o n ta c t surfaces m a y  in d ica te  local co llapses o f the  forces m a in ta in in g  
th e  n o rm a l m em brane s t ru c tu re  of th e  e ry th ro c y te .

Con А -tre a te d  e ry th ro c y te s  are b o u n d  to  leucocytes w ith  d iffe ren t 
a f f in i ty :  ro se tte  fo rm a tio n  is th e  m ost in te n se  a ro u n d  p o ly m o rp h o n u c lea r 
leu co cy te s . H ow ever, even  w ith  these leucocy tes a ce rta in  p ercen tage  is com ­
p le te ly  devoid  of ro se tte -fo rm in g  e ry th ro cy te s . S ince e ry th ro cy tes  w ere a v a il­
ab le in  su ffic ien t q u a n ti ty  fo r ro se tte  fo rm atio n , i t  is un like ly  th a t  th e  lack  of 
ro se tte  w as due to  lack  o f e ry th ro cy te s . D ifferences in  the  surface p ro p ertie s
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o f th e  leucocytes m ay  b e tte r  ex p la in  th is  in te re s tin g  find ing . S im ila r d ifferen­
ces in th e  Con A b ind ing  o f ly m p h o c y te s  have been rep o rted  [2].

T he to p o g rap h ica l re la tio n  o f th e  red  cells to  th e  leu co cy te  h as  sim ilar 
fea tu res  to  th a t  o f th e  e ry th ro c y te -m ac ro p h a g e  c o n ta c t in e ry th ro p h ag o cy to s is  
[15, 16]. T he ad so rp tio n  o f th e  e ry th ro c y te  to  th e  m acro p h ag e  su rface  and 
th e  irreg u la r fo ld ing  of its  m em b ran e  a t  th e  c o n ta c t a rea  are  s im ila r  in both  
in stances. It w ould be w o rth  w hile s tu d y in g  w h e th e r th e  b in d in g  o f  th e  Con 
А -trea ted  e ry th ro c y te  to  th e  leucocy te  is an  analogous process to  th e  ad so rp ­
tio n  phase o f endocytosis and  w h e th  er su ch  e ry th ro cy te s  can  b e  phagocy tosed  
by  th e  cell.
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LOW-DENSITY LIPOPROTEIN COMPLEXES WITH
HISTONES

Z d z isl a w  Skrzydlew sici

D EPARTM ENT OP CLIN ICA L G EN ETIC S, IN STITU TE OF O BSTETRICS A ND GYNAECOLOGY, M EDICAL
ACADEMY, BIALYSTOK, POLAN D

(R eceived  1976 03 —15)

A bstract

L o w -d en sity  lip o p ro te in s  (L D L ) form  so lub le  a n d  insoluble com plexes w ith  
th e  to ta l  h is to n e  a n d  i ts  frac tio n s . The bu lk  o f th e se  com plexes is fo rm ed  b y  th e  
a rg in ine-rich  h is to n e  frac tio n . L D L  are b o u n d  w ith  h is to n es  by  m eans of io n  b in d in g .

In tro d u c tio n

L ow -density  lip o p ro te in s  (L D L ) [10, 14] as well as histones [17, 18] 
show  a rem ark ab le  a b ility  to  fo rm  com plexes w ith  o th e r  chem ical com pounds. 
F o rm atio n  of such  com plexes is o f essen tia l b io log ica l im portance .

I t  is believed  th a t  h is to n e-D N A  com plexes p la y  an  im p o rta n t role in  th e  
process o f genetic  co n tro l [1, 6]. C om plexes o f  b a s ic  p ro te in s  [7, 19] an d  L D L
[11] w ith  fib rin  an d  som e o th e r  p ro te in s  a re  c h a ra c te riz e d  by  increased  re s is t­
ance ag a in st p ro teo ly sis . C om plex fo rm atio n  w ith  basic p ro te in  o f h ep a rin  
n eu tra lizes th e  la t te r ’s a n tico ag u la tio n  p ro p e rtie s  [8].

F o rm a tio n  o f L D L  and  basic p ro te in  com plexes w ith  d ifferen t m ac ro ­
m olecules plays an  im p o r ta n t  role in  the  p a th o m e c h a n ism  of som e diseases 
[20 , 21].

D em o n stra tio n  o f increased  co n ten t o f L D L  [9, 15] and  a rg in in e -rich  
p ro te in s [13] in a r te r ia l vessels changed  b y  a thero sc le ro sis  suggests th e  pos­
sib ility  o f an  in te ra c tio n  betw een  th ese  co m p o n en ts  an d  has s tim u la te d  th e  
a u th o r  to  exam ine th e  p rob lem  in  vitro.

M aterial and m ethod

L D L  was o b ta in e d  fro m  ca lf th y m u s acco rd in g  to  th e  m e th o d  of B u r s t e i n  an d  co-w ork- 
ers [2]. T o ta l h is to n e , ly sin e -rich  h istone  (F I ) ,  s lig h tly  ly s in e -rich  h istone (F 2 b ) a n d  a rg i­
n ine-rich  h istone  (F 3) h a d  been  p ro d u ced  by Polish C hem ical F a c to ry , Gliwice, P o lan d . U n i­
versal buffer o f B r itto n  a n d  R o b in so n  0.2 mol/1, p H  2 — 10 w as used  th ro u g h o u t.

One ml o f to ta l  h is to n e  (1 m g/m l) or one frac tio n  o f h is to n e  of the  sam e co n ce n tra tio n  
was ad d ed  to  1 ml L D L  to  show  fo rm ation  of lip o p ro te in  com plexes w ith basic  p ro te in s. 
The p H  of th e  m ed iu m  w as 7.5. A fte r 60-m in in cu b a tio n  a t  — 20 °C, th e  m ix tu re  was c e n tr i­
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fu g e d  a t  15 000 g for 10 m in . T h e  sed im en t co n sistin g  o f insoluble L D L -h is to n e  com plexes 
w as w a sh e d  w ith  buffer o f p H  7.5 and  su sp en d ed  in  0.5 m l of th e  buffer. In  th e  suspension 
c h o le s te ro l [3] and arg in ine  [4] w ere d e te rm in ed .

1 m l L D L  of d iffe ren t c o n ce n tra tio n s  (1, 4, 8, 12, 16 and  20 m g/m l) w as ad d ed  to 
1 m l h is to n e  of c o n stan t c o n c e n tra tio n  (4 m g/m l) o r 1 m l to ta l  h istone of d iffe ren t c o n cen tra tio n s  
(1 , 4 , 8, 12, 16 an d  20 m g/m l) w as ad d ed  to  I m l L D L  o f co n stan t c o n c e n tra tio n  (20 m g/m l) 
to  e x am in e  th e  influence o f th e  co n ce n tra tio n  o f th e  tw o pro teins on th e  fo rm a tio n  LDL- 
h is to n e  com plexes. The sam e p ro ced u re  w as a p p lied  as above.

T h e  influence of p H  on  th e  fo rm atio n  of in so lu b le  L D L -histone  com plexes w as ex am ­
in e d  fo r  th e  p H  range of 2 — 10 a t  o n e -u n it p H  in te rv a ls . T he L D L co n ce n tra tio n  w as 15 m g/m l 
a n d  th e  h isto n e  c o n cen tra tio n  w as 4 m g/m l.

O ne m l buffer o f p H  7.5 o r NaCl o r u rea  so lu tio n  of d ifferen t c o n ce n tra tio n s  (1, 2, 4, 
a n d  8 mol/1) was ad ded  to  th e  o b ta in e d  in so lub le  com plexes form ed from  0.5 m l o f L D L  and
0.5 m l o f h istone  to  e s tab lish  th e  ty p e  o f chem ical b in d in g  betw een L D L  a n d  h is to n e .

T h e  prfsence  of L D L  in  in so lub le  com plexes w ith  h istone w as e x a m in e d  b y  the 
m e th o d  o f double im m u n o d iffu sio n  on O u c h te rlo n y  p la te s  using a m o n o v a le n t an tise ru m  
(B e h rin g , W est G erm any). T h e  com plexes w ere d isso lved  in  1 mol/1 NaCl. T h e  p ro te in  was 
s ta in e d  w ith  am ido b lack  10B a n d  th e  lip ids w ith  oil red  0.

F o rm a tio n  of insoluble L D L -h is to n e  com plexes w as exam ined  e lec tro p h o re tica lly . 
T h e  to ta l  h istone  m ix tu re  w ith  L D L  a n d  a p p ro p ria te  co n tro l system s w ere p re p a re d  in  the 
b u ffe r  o f  p H  8 in th e  w ay  d esc rib ed  above. T h ir ty  [A o f su p e rn a ta n t o f L D L -h is to n e  m ix tu re  
w ere  p lac ed  on W h atm an  filte r  p a p e r No 3. T he e lectrophoresis was run  in  ve ro n al-m ed in a l 
b u ffe r  o f p H  8.6 and  ion s tre n g th  0.06 fo r 14 h . T he p ro te in  was s ta in ed  w ith  b rom ophenol 
b lu e  [5], a rg in ine  on th e  basis o f  S ak ag u ch i’s re a c tio n  [4] and  L D L  w ith  S u d a n  b lac k  [16].

R esults

I t  was show n th a t  L D L  form  in so lub le  com plexes w ith  th e  to ta l  h istone 
a n d  i ts  frac tions and  th e  a rg in in e-rich  fra c tio n  form ed th e  g re a te s t  am oun t 
o f  th e  com plexes. This w as follow ed in  a m o u n t b y  th e  s ligh tly  ly s in e -rich  frac­
t io n  a n d , a t las t, b y  th e  ly sine-rich  fra c tio n  (Fig. 1).

F ig . 1. F o rm a tio n  of inso lub le  L D L -cornplexes w ith  to ta l  h istone and  its  f ra c tio n s  m easured  
b y  th e  a m o u n t of a rg in ine  a n d  cholestero l. 1 = to ta l  h istone, 2 =  ly s in e -rich  frac tio n
( F I ) ,  3 =  sligh tly  ly sine-rich  fra c tio n  (F 2 b ), 4 =  arg in ine-rich  frac tio n  (F 3 ). □  arginine,

II cho lestero l

T h e am oun t o f in so lu b le  L D L -to ta l h is to n e  com plexes d ep en d s on the 
c o n c e n tra tio n  of th e  tw o p ro te in s  (F ig . 2). As F ig . 2 shows th e  a m o u n t of in ­
so lu b le  com plexes of th e  tw o  p ro te in s  grow s w ith  the  increase o f  L D L  con-
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c e n tra tio n  w hen th e  h is to n e  co n cen tra tio n  is c o n s ta n t, and  its  m ax im u m  is 
reached  a t  th e  fina l L D L  co n cen tra tio n  of 6 m g/m l. W hen th e  L D L  c o n c e n tra ­
tio n  is c o n s ta n t, th e  g re a te s t a m o u n t o f  inso lub le  com plexes is form ed a t  th e  
h is to n e  co n cen tra tio n  o f  4 m g/m l. F u r th e r  in crease  in the  co n cen tra tio n  o f

Final concentration of LDL or histones,mg/ml

F ig . 2. F o rm a tio n  of inso lub le  L D L -to ta l h istone  com plexes, (a) =  C on stan t h isto n e  con­
c e n tra tio n  (4 m g/m l) a n d  v a ry in g  co n cen tra tio n  of L D L . (b) — co n stan t L D L  co n ce n tra tio n  

(20 m g/m l) an d  v a ry in g  co n ce n tra tio n  of h istone

th is  p ro te in  re su lts  in  a decrease o f th e  fo rm a tio n  of insoluble com plexes 
(F ig . 2B).

T he a m o u n t o f inso lub le  L D L -to ta l h is to n e  com plexes also depends on 
p H . A t pH  below  5 th e  com plexes are no t fo rm ed  a t  all. T heir a m o u n t grows 
rap id ly  w ith  grow ing p H , reaching  th e  m a x im u m  in the  pH  ranges betw een  
8 and  10 (F ig. 3).

P re c ip ita tin g  lines on O uch terlony  p la te s  h av e  proved  th e  p resence of 
L D L  in  inso luble  com plexes (F ig. 4).

F ig . 5 shows th a t  insoluble L D L -h is to n e  com plexes easily  d issociate  
in  th e  p resence o f N aCl, b u t are highly  re s is ta n t to  th e  ac tion  of u rea . N early  
com plete  d issocia tion  o f  th e  com plexes needs 0.5 mol/1 NaCl (final c o n c e n tra ­
tio n ) w hereas th e  sam e co n cen tra tio n  of u re a  reduces th e  com plex  c o n te n t 
on ly  by  30% . On th e  o th e r  hand , com plete d issoc ia tio n  requires 4 mol/1 u rea .
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F ig . 3. Influence of p H  on  th e  fo rm atio n  o f in so lub le  L D L -to ta l h istone com plexes

А В

F ig . 4 . Im m unod iffusion  of L D L - to ta l  h istone  com plexes. A =  S ta in ing  for p ro te in ; В =
sta in in g  fo r lip ids

mol/l
F ig . 5. D issocia tion  of in so lub le  L D L -to ta l  h isto n e  com plexes b y  d ifferen t c o n ce n tra tio n s

of NaCl an d  u rea

A c t a  B i o l o g i c a  A c a d e m i a e  S c i e n t i a r u m  H u n g a r i c a e  2 7 ,  1 9 7 6
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E lec tro p h o re tic  exam in a tio n s have  show n  th a t  LD L and  h is to n e  also 
form  soluble com plexes (Fig. 6). L D L  p ro d u c e  one e lec trophoretic  s tr ip e  of 
anode m o tility  w hich  s ta in s  w ith  b rom opheno l b lu e , S akaguchi’s re a g e n t and  
S u d an  black. T he to ta l  h is to n e  produces tw o  s tr ip e s  o f cathode m o til i ty  w hich  
s ta in s  w ith  b ro m o p h en o l b lue  and S ak ag u ch i’s reag en t. The e lec tro p h o re to -

1 2 3 1 2 3 1 3

Fig. 6. E le c tro p h o re to g ra m  o f L D L  (1), to ta l  h is to n e  (2) a n d  th e  m ix tu re  o f  L D L  w ith  
to ta l  h is to n e  (3). A  =  s ta in in g  fo r p ro te in ; В =  s ta in in g  fo r arg in ine; C =  s ta in in g  fo r lip ids

gram  o f L D L —h isto n e  m ix tu re s  is d iffe ren t fro m  th e  above ones. N am e ly , one 
p ro te in  s tripe  is fo u n d  a t  th e  s ta rtin g  line a n d  a n  o th e r is of c a th o d e  m o til i ty  
an d  b o th  s tripes s ta in  w ith  b rom ophenol b lu e , S akaguch i’s re a g e n t a n d  S u ­
d an  b lack , th u s  show ing  th a t  th ey  are L D L -h is to n e  com plexes. B u t th e re  is 
no s tr ip e  of anode m o til i ty  responding to  free  L D L .

D iscussion

I t  seems th a t  th e  am o u n t of L D L -h is to n e  com plexes depends on  th e  
k in d  an d  n u m b er o f  b asic  am ino acids in c lu d e d  in  the  m olecule. S ince L D L  
fo rm  m ore com plexes w ith  argin ine-rich  h is to n e  th a n  w ith  lysine-rich  h is to n e  
i t  m a y  be concluded  th a t  th e  presence o f a rg in in e  residue in  th e  m olecule 
specifica lly  p ro m o tes  th e  in te rac tio n  w ith  L D L .

Y e t i t  c a n n o t be excluded  th a t  th e  a m o u n t of com plexes also depends 
on th e  m olecule c o n fo rm a tio n . Owing to  th e  a p p ro p ria te  steric  c o n fo rm a tio n , 
th e  basic  am ino acids m a y  be found on  th e  m olecule surface, th u s  being  
accessible for an  in te ra c tio n  w ith  L D L . B u t o th e r  conform ations m a y  close 
th ese  residues in side  th e  m olecule, th u s m a k in g  th e  residues inaccessib le .
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T h e  d ifferen t localiza tio n s inside th e  m olecu le  m ay be^ e x p la in e d  by  
th e  f a c t  t h a t  sligh tly  ly sin e -rich  h istone  fo rm s m ore  com plexes th a n  lysine- 
r ic h  h is to n e .

S ince  th e  am o u n t o f in so lub le  L D L -h is to n e  com plexes depends o n  th e  
r a t io  o f  co n cen tra tio n s, i t  m a y  be conc luded  th a t  L D L  bind  h is to n e  in  d if­
f e r e n t  m o lecu la r p ro p o rtio n s an d  th e ir  so lu b ility  depends on th e  ra t io  o f  h is ­
to n e  m olecu les to  L D L  m olecules.

P re v a le n c e  of th e  h is to n e  m olecules o v e r th e  L D L  molecules m a k e s  th e  
c o m p lex es  soluble and  th is  m a y  exp la in  th e  sm all am o u n t of in so lub le  com ­
p lex es  in  system s in c lud ing  la rg e r am o u n ts  o f  h is to n es (Fig. 2b).

F o rm a tio n  of such  so lub le  com plexes w as show n e lec tro p h o re tica lly .
T h e  m ark ed  p H  d ependence  of th e  fo rm a tio n  of insoluble L D L -h is to n e  

co m p le x e s , de term in ing  th e  e lec trical ch a rg e  o f  m olecules and  th u s  th e ir  
in te r a c t io n ,  show io n ic -b o n d  ch a rac te r o f L D L -h is to n e  com plexes.

P h o sp h o ric  acid re sid u es included  in  L D L  are carriers o f n e g a tiv e  
c h a rg e s , w hereas in  h istones th e  carriers are d isso c ia ted  residues of b asic  am ino  
ac id s . T h e  suggestion  th a t  th e  fo rm atio n  o f  L D L -h is to n e  com plexes is d e te r ­
m in e d  b y  ion  b ind ing  has b e e n  confirm ed  b y  th e  experim en t w ith  N aC l so ­
lu t io n  w h ich , being able to  d is ru p t ionic b o n d s  d issociates the  co m p lex es in  
c o n c e n tra tio n s  as low as 0.5 mol/1. C o n tra ry  to  N aC l, u rea  so lu tio n s, w h ich  
d is ru p t  h y d ro g en  b ind in g , evoke d eco m p o sitio n  o f L D L -histone co m p lex es 
o n ly  in  v e ry  h igh  c o n cen tra tio n s . P ro b ab ly , th e  decom position  in  th is  case is 
d u e  to  th e  effect o f u rea  on  th e  L D L  m olecule . I t  seems th a t  L D L -h is to n e  
co m p lex es  m ay  serve as a good  m odel of ex am in in g  th e  in te rm o lecu la r ac tio n . 
S ince th e  p re lim in ary  in v es tig a tio n s  show  th e  p resence  of such com plexes in  
th e  w alls  o f  a rte ria l vessels changed  b y  a th ero sc le ro sis  [12], th e ir  fo rm a tio n  
m a y  p la y  som e role in  p a th o m e c h a n ism  of th e se  changes.
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AXONAL LABYRINTHS IN THE RAT SPINAL CORD: 
A CONSEQUENCE OE DEGENERATIVE ATROPHY
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Abstract

T ran sec tio n , c ru sh  or local colchicine tr e a tm e n t  of a p e rip h e ra l n e rv e  induces 
d eg en era tiv e  a tro p h y  o f c en tra l te rm in a ls  o f p r im a ry  sensory neurons in  th e  R olando  
su b s tan ce  of th e  r a t  sp in a l cord . In  ad d itio n  to  osm iophilic  a lte ra tio n s  t h a t  occu r in 
th e  course o f d eg en e ra tiv e  processes in  genera l, d eg en era tiv e  a tro p h y  is ch ara c te riz ed  
by  th e  ap p earan ce  o f sp ec tacu la r  lab y rin th in e  fo rm ations. E lec tro n -m ic ro sco p ic  
ana ly sis  revea ls t h a t  th ese  consist o f f la t te n e d  ax o n al profiles. A x o n a l la b y rin th s  
a re  in te rp re te d  as signs o f fu tile  reg en e ra tiv e  e ffo rts  o f axon  te rm in a ls  u n dergo ing  
d eg en era tiv e  a tro p h y . L a b y rin th s  d isap p ear fro m  th e  R olando  su b s ta n c e  several 
m o n th s  a f te r  p e rip h e ra l nerve  in ju ry , w hen  d eg en era tiv e  a tro p h y  o f th e  cen tra l 
te rm in a l is rep laced  b y  reg en e ra tiv e  p ro life ra tio n .

Introduction

D egen era tiv e  a tro p h y , a pecu liar tro p h ic a l fea tu re  o f p r im a ry  sensory  
n eu rons, has recen tly  been  discovered in  th is  la b o ra to ry  [1]. A ccord ing ly , 
in ju ry  o f  a p e riphera l nerv e  th a t  causes W alle rian  degenera tion  o f  th e  d ista l 
s tu m p  an d  ch rom ato lysis  o f  th e  p a ren t nerv e  cells, induces d e g e n e ra tiv e  al­
te ra tio n s  also in  th e  c e n tra l  te rm in a ls . T he sam e effect was o b se rv ed  after 
local t re a tm e n t of p e rip h e ra l nerves w ith  m e ta p h a se -a rre s t d ru g s, like  colchi­
cine or v in b la s tin e  [2]. In  o rd e r to  d is tin g u ish  th is  phenom enon , obv iously  
n ecess ita tin g  an  a m en d m en t of th e  neu rone d o c trin e , from  th e  „ re g u la r” 
W allerian  degen era tio n , th e  te rm  “ degenera tive  a tro p h y ”  has b e e n  co ined  to  
th is  process. One of th e  consequences o f deg en era tiv e  a tro p h y  is th e  rap id  
d isap p earan ce  of flu o rid e -re s is tan t a c id -p h o sp h a tase  a c tiv ity  from  n o cicep tive  
cen tra l te rm in a ls  of th e  ip s ila te ra l R o lando  su b stan ce . A t th e  e lec tronm icroscop- 
ic level, deg en era tiv e  a tro p h y  is ch a rac te rized  b y  accu m u la tio n  o f  cytoly- 
som es, w horl-like bodies an d  s im ila r osm iophilic debris in  im p a ired  a x o n  te rm i­
nals. In  ad d itio n , consp icuous, large la b y rin th in e  s tru c tu re s  w ere  observed  
in  th e  R o lando  su b s ta n c e , s im ila r in  m an y  respects  to  som e o f th e  axonal 
a lte ra tio n s  described  in  n o rm a l m a te ria l b y  S otelo  and  P a l a y  [7] a n d  in te r ­
p re ted  as concen tric  la m in a r  m em branes o f endoplasm ic c isterns. T h e  ob jec tive  
of th is  s tu d y  was to  e lu c id a te  th e  fine s tru c tu re  and  th e  w ay o f fo rm a tio n  of 
these  la b y rin th s , and  th u s  to  d istingu ish  th e m  from  v aria tio n s  o b se rv e d  un d er 
no rm al conditions.
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M ateria l and m e th o d

In v estig a tio n s w ere p e rfo rm e d  on  12 albino r a ts  o f  b o th  sexes, 150 — 200 g b o d y  w eigh t. 
I n  5 a n im a ls , th e  left sc ia tic  n e rv e  w as tran sec ted ; in  3 an im a ls , th e  le ft sc ia tic  w as c ru sh ed  
w ith  w a tc h m a k e r’s tw eezers; in  2 an im a ls , a 4 X 1 X 1 m m  G elaspon fib rin  sponge, soaked  
in  0 .0 5 %  colchicine (d isso lved  in  sa lin e ) was app lied  a ro u n d  th e  left sciatic  fo r 30 m in ; a n d  
in  2 a n im a ls , a sim ilar cuff, b u t  so a k e d  in  0 .1%  v in b la s tin e  (G . R ich te r, B u d a p es t; dissolved 
in  sa lin e )  w as applied  for 30 m in . A fte r  4 — 42 days su rv iv a l, th e  ra ts  were su b je c ted  to  p e r­
fu s io n  w ith  K arn o v sk y ’s a ld e h y d e  f ix a tiv e  th ro u g h  th e  a o r ta .  The lum b o sacra l sp in a l cord 
w as d isse c te d , post-fixed  in  th e  sam e  fix a tiv e  for 12 h o u rs  a t  4 °C an d  sm all tissue  b locks from  
th e  le f t  a n d  th e  r ig h t R o lan d o  su b s ta n c e  (su b s tan tia  g e la tin o sa )  were excised. T hese  sam ples 
w ere  p o s t-f ix ed  in M illonig’s o sm ic  a c id  solution (1% ), d e h y d ra te d  in  g rad ed  alcohols, p rocessed  
th r o u g h  p ropylene  oxide a n d  e m b e d d e d  in  D u rcu p an  (F lu k a ) . T b in  sections (silver in te r ­
fe re n c e  colour) were o b ta in e d  on  a  R e ich ert U ltro to m e , u s in g  glass kn ives. Sec tions w ere 
s ta in e d  w ith  lead  c itra te  a n d  u r a n y l  ace ta te . Tesla 513 В  a n d  JE M  100 В e lec tro n  m icro ­
scopes w ere  used.

Results

I n  addition  to  d isa p p e a ra n ce  of acid p h o sp h a ta se  a c tiv ity  from  th e  
ip s i la te ra l  R olando su b s ta n c e , u ltra s tru c tu ra l signs of d iso rg an iza tio n  w ere 
id e n tic a l  in  all th ree  g ro u p s , i.e. a fter tra n s e c tio n , crush  or local colchicine 
(o r v in b la s tin e ) t r e a tm e n t  o f  th e  sciatic n e rv e . A ccu m u la tio n  o f w horl-like 
b o d ie s , cyto lysom es a n d  osm ioph ilic  partic les can  be seen in  every  specim en 
as d esc rib ed  earlier [1, 2, 6 ]. L ysis  of sy n a p tic  vesicles (Fig. 1) re su lts  in  a 
h o m ogeneous ground s u b s ta n c e  w ithin th e  te rm in a l  axop lasm . F ro m  th e  
1 0 th  p o stopera tive  d a y  on , th e re  begins fo rm a tio n  o f  axonal la b y rin th s .

I n  order to  gain  m ore  in s ig h t in to  th e  m ech an ism  of axonal la b y r in th  
fo rm a tio n , we collected  a n d  analysed  a n u m b e r  o f electron  m icrog raphs. 
A p p a re n tly , the  onset a n d  speed  of la b y rin th  fo rm a tio n  show  considerab le  
in d iv id u a l varia tions, th e re fo re , i t  is im possible to  e s tab lish  decisive, d is tin c tiv e  
s ta te s  fo r each consecu tive p o sto p era tiv e  d a y ; in  fa c t,  m ore or less c o m p lica t­
ed  fo rm atio n s  were seen in  ev e ry  section. S ince i t  is im possible to  follow  th e  
fa te  o f  th e  very  sam e la b y r in th ,  “ i t  is very  d iff ic u lt to  reco n stru c t a dynam ic  
p ro cess  from  the  s ta t ic  p ic tu re s  provided b y  th e  elctron  m icroscope”  [7]. 
T h e re  rem ains a lead ing  sig n  i f  we suppose t h a t  m ore  com plex fo rm atio n s are 
d e r iv e d  from  less com plex  o n es , viz., the degree o f in tricacy .

T ak in g  in to  acco u n t a ll th e  above re s tr ic tio n s , i t  appears th a t  la b y r in th  
fo rm a tio n  begins w ith  a sh ee t-lik e  apposition  o f  f la tte n e d  axonal profiles 
u s u a lly  around th e  p e r ik a ry a l  surface m em b ran es  o f su b s ta n tia  g e la tinosa  
cells (F ig . 2). In  o rd er to  fa c ilita te  analysis o f  th e se  s tru c tu re s , we p a in ted  
id e n tic a l  profiles w ith  d if fe re n t colours in  F ig . 11, w hich  is a m u ltico lo u red  
lin e  d iag ram  correspond ing  to  Figs 2-7 . Such p ic tu re s  arc especially  useful in  
a n a ly s in g  com plex fo rm a tio n s .

T h e  n ex t step  is c h a ra c te r iz e d  by b en d in g  o f  th e  axonal sheets. D ue to  
th e  lo n g itu d in a l g row th  o f  th e  axons, th is is b o u n d  to  re su lt in  in te rd ig ita tio n s  
(F ig . 3). In  m any cases, i t  is h a rd  to  say w h e th e r  a ll th e  profiles p a r tic ip a tin g  
in  th e  fo rm ation  o f su ch  b e n t  system s are a c tu a lly  axons. S eria l sec tions,
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Fig. 1. L ysis of sy n ap tic  vesicles irF an  axon te rm in al (A) und erg o in g  d eg en e ra tiv e  a tro p h y . 
N o te  persistence of sy n a p tic  vesicles in ac tive  p re sy n ap tic  areas (sv) a n d  th e  hom ogeneous, 
s lig h tly  e lectron -opaque  ax o p lasm ic  g round  sub stan ce  (GS) re su ltin g  fro m  d e stru c tio n  of 
sy n a p tic  vesicles in th e  c e n tra l  regions o f th e  axon  te rm in a l. S y n a p tic  vesicles in  th e  ad jacen t 
ax o n  te rm in a l (A’), w hich is n o t a ffec ted  by  th e  process o f d eg en era tiv e  a tro p h y , a re  en tire ly  
n o rm al. D =  d endrites . R o lan d o  su b s tan ce , segm ent L 5, 9 days a f te r  loca l v in b lastine  

tr e a tm e n t  o f th e  ip sila te ra l sc ia tic  nerve
F ig. 2. E a rlie s t stage of la b y r in th  fo rm atio n : sheet-like  ap p o sitio n  of f la t te n e d  a x o n a l profiles. 
S u rro u n d e d  by  glial cell process (G l), f la tte n e d  axonal profiles (A) snuggle  u p  to  th e  cy top lasm  
o f a  su b s ta n tia  ge la tinosa  cell (cy). R o lando  sub stan ce  o f th e  r a t  (L r>) 12 d ay s  a f te r  tran sec tio n

o f th e  ip s ila te ra l sc iatic  nerve

how ever, prove u n eq u iv o ca lly  th a t  m ic ro s tru c tu ra l c h a ra c te r is tic s  of axons 
a re  p re se n t in all o f th e m . F o r in s tan ce , axons No. 1 an d  2 co n ta in  la rg e  dense- 
core vesicles in F ig . 3, w hereas in  F ig . 4, a serial sec tio n  o f  th is  sam e area 
a b o u t 1 /im  a p a rt, la rge  dense-core vesicles are  p resen t in  axons N o. 3 and  4.
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F ig . 3. S eco n d  stage: b en d in g  o f  a x o n a l profiles. In  th e  close v ic in ity  o f  th e  su b s ta n tia  
g e la t in o s a  cell (cy), four axo n s, n u m b e re d  1, 2, 3, 4, can  be seen . D ense-core vesicles are 
p re s e n t  in  axons No. 1 an d  2; in  a x o n  4, a  whorl-like body  (W ) is a p p a re n t. N ote  glial filam en ts 

(Gif) in  th e  g lia l profile . M =  m ito ch o n d rio n
F ig . 4. S e ria l section to  F ig . 3, a b o u t  1 /im  ap art. N u m b erin g  a n d  le tte r in g  as above. N ote  
th e  p re se n c e  o f dense-core vesicles in  a x o n s  No. 3 and  4. F if tee n  d a y s  a f te r  v in b la s tin e  tre a tm e n t

T h e  in tr ic a c y  of th is  r e la tiv e ly  sim ple axonal la b y r in th  is a p p a re n t in  th e  
m u ltic o lo u re d  p ic tu re  F ig . 1 1 (b ).

F ro m  th is  stage on, th e  electron-m icroscopic  a p p e a ra n c e  of th e  axonal 
l a b y r in th  depends m ain ly  on  th e  p lan e  of section . Since th e  la b y rin th s  are no t 
sp h e ro sy m m e tric a l bodies, th e r e  shou ld  he d is tin g u ish ed  a t  le a s t tw o m ajor 
p la n e s . O ne of them , re p re se n te d  b y  Figs 3 and  4 , can  co n v en ien tly  be called 
“ t r a n s v e r s a l”  or m erid io n a l c ross-sec tion , since th e  sh ee ts  them selves can be 
e n v isa g e d  as hem ispherical s u rfa c e s , in  m ore ad v a n c e d  fo rm s, such  sections 
(F igs 5 a n d  6) reveal th a t ,  in  essence , axonal sheets  su rro u n d  an  osm iophilic
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“ core”  (C). S y m m etric ity  o f th is a rra n g e m en t is ev id en t from  th e  m u lti­
coloured d iagram  11(c), d raw n  to  scale from  F ig  6.
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Fig. 5. A dvanced  stage  of p o ly ax o n a l b en d in g : la b y r in th  fo rm atio n . M erid ional ( tran sv ersa l)  
section . C =  cen tra l o sm iophilic  bo d y , p ro b a b ly  p rim a rily  responsib le for th e  a lte ra tio n s .

42nd p o sto p e ra tiv e  day
Fig. 6. T he sam e as in  F ig . 5. N o te  th e  osm iophilic  b o d y  (C) in  th e  cen tre  o f th e  w hole  com plex- 

S y n a p tic  vesicles a re  p re sen t in  all ax o n al profiles
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O n th e  o th e r h a n d , i f  such  hem ispherical su rface  planes are  sectioned  
p a ra lle l to the equator o f th e  im ag inary  sphere , th e  p a tte rn s  o b ta in ed  reveal 
m o re  o r less concen tric , th o u g h  often  h ighly  d efo rm ed , rings of axo n a l sheets 
(F igs 7 an d  8). In  effect, th e  concen tric ity  is in  m o st cases only a p p a re n t;  for

F ig . 7. Sec tion  of ax o n al la b y r in th  in  th e  e q u a to ria l p lan e . In  th is  p lane , th e  in d iv id u a l 
ax o n s  ta k in g  p a r t  in la b y r in th  fo rm a tio n  outline co n cen tric  (o r in  th is  case: L -sh ap ed ) rings.

C =  c e n tra l  o sm ioph ilic  body ; 4 2 n d  p o s to p e ra tiv e  day 
F ig . 8 . T h e  sam e as in  F ig . 7. N o te  ovoid  rings o f co n ce n tric  axo n al layers (A), se p a ra ted  
fro m  e ac h  o th e r only by  th in  sh e e ts  o f  ex trace llu la r space  (E ). The cen tra l osm iophilic  b o d y

(C) is a p p a re n t
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in s tan ce , th e  m u ltico lou red  p a tte rn  co rresp o n d in g  to  Fig. 7 (Fig. 11(d)) reveals  
th a t  th e  b lack  profile  tak es  tw o consecu tive tu rn s  w hile form ing th e  la b y r in th ;  
th e  sam e is tru e  for th e  red  and  th e  green ax o n a l sheets. In  th ese  sam p le s , 
to o , a c e n tra l  core (C) can be seen.

F ig. 9. A d v an ced  stage  of la b y r in th  fo rm atio n ; o b liq u e  sec tion . W ith in  th e  a p p a re n tly  n o rm al 
n eu ro p il, th e  la b y r in th  occupies a  considerab le  a rea . C c en tra l osm iophilic  b o d y ; 42nd

p o sto p e ra tiv e  day

F ig . 10. N ucleus-sized  axonal lab y rin th . N ote  th e  c e n tra l  osm iophilic bo d y  (C) a n d  th e  
nucleus o f th e  a d ja c e n t su b s ta n tia  g e la tin o sa  cell (N ); 42nd p o sto p e ra tiv e  d a y
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T h e  fin a l s tag e  of la b y r in th  fo rm atio n  (F igs 9 and  10) is c h a ra c te riz e d  
b y  th e  u tm o s t in tr ic a c y  o f  th e  axonal sh ee ts . In  oblique sec tions (F ig . 9) 
h em isp h e rica l sy m m e try  an d  co n cen tr ic ity  a re  in term ing led , w hereas in  
sec tio n s  cu t “ tra n sv e rse ly ” , (in th e  m erid io n a l plane) th e  sy m m e try  o f th e

F ig . 11 M ultico loured  line  d iag ram s of axonal la b y r in th s , (a) =  id en tica l w ith  F ig . 2; (b ) =  
id e n tic a l w ith  Fig. 3; (c) =  id en tica l w ith  Fig. 6; (d ) =  id en tica l w ith  Fig. 7. N u m b e rin g  of 

ax o n s in  (b) is th e  sam e as in  F ig . 3

p a t te r n ,  th o u g h  d is to r te d  b y  u n eq u a l g ro w th  o f th e  in d iv idua l ax o n a l e lem en ts , 
is s t i l l  a p p a re n t (F ig. 10). A lso ch a rac te ris tic  o f  th e se  lab y rin th s  is th e ir  lo ca ­
tio n  in  th e  close v ic in ity  o f  su b s ta n tia  g e la tin o sa  cells.

D iscussion

A ccord ing  to  th e  u l t r a s t ru c tu ra l  an a ly s is , lab y rin th s  ch a rac te riz in g  th e  
R o la n d o  su b s ta n c e  in  m ore advanced  s tag es  o f degenera tive  a tro p h y  co nsist 
m a in ly , i f  n o t e n tire ly , o f f la tte n e d  axonal p ro files . D ue to  th e  d e s tru c tiv e  
e ffec t o f  vesiculolysis, sy n a p tic  vesicles can  o n ly  be iden tified  ex cep tio n a lly ; 
d en se-co re  vesicles, h ow ever, w ith s ta n d  th e  ly tic  process, thu s ax o n a l p ro files 
can  be  id en tified . T he p rocess of la b y rin th  fo rm a tio n  begins w ith  a s tra t if ie d
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ap p osition  o f f la tte n e d  axonal p rofiles, u su a lly  in  th e  very  n e ig h b o u rh o o d  o f 
su b s ta n tia  g e la tin o sa  cells. B y m eans o f la te r a l  ex p ansion  and su b seq u en t b e n d ­
ing of th e se  ax o n a l sh ee ts , b ro u g h t a b o u t b y  a con tinuous g ro w th  o f  th e  
axop lasm , m ore an d  m ore in tr ic a te  form s a re  p ro d u ced . F inally , th e se  becom e 
com plica ted  to  such  an  e x te n t th a t  g rap h ica l reco n stru c tio n  of th e  in d iv id u a l 
layers needs a v e ry  carefu l analysis.

In  an  ex ten s iv e  s tu d y , Sotelo  an d  P ala  y  [7] called a t te n tio n  to  th e  
u l tra s tru c tu ra l  a lte ra tio n s  in  th e  la te ra l v e s t ib u la r  nucleus of n o rm a l ra ts . 
Some o f th e se  fo rm atio n s are ex trem ely  s im ila r  to  th e  axonal la b y r in th s  o b ­
served in  th e  course of deg en era tiv e  a tro p h y . I t  could  be argued th a t ,  in  fac t, 
th e  p a tte rn s  o b serv ed  b y  S otelo and  P a l a y  re p re se n t signs of a “ p h y sio lo g i­
cal d e g en e ra tio n .”  M any of th e  u l t r a s t ru c tu ra l  pecu liarities d ep ic ted  b y  S o­
telo an d  P a l a y  a re  u n d o u b ted ly  id e n tic a l w ith  th o se  observed in  th e  course  
of a W alle rian  d eg en era tio n . H ow ever, in  sp ite  o f th e  s im ila rity  b e tw e e n  th e  
la b y rin th s  re p o r te d  in  th is  s tu d y  an d  th e  F igs 4 an d  5 in S otelo an d  P a l a y ’s 
paper, i t  seem s im possib le  for us to  accep t th e  in te rp re ta tio n  given b y  th e se  
au th o rs . A ca re fu l an a lysis  of th e  e lec tron  m icro g ram s and, especially , in sp e c ­
tio n  of th e  m u ltico lo u red  line d iagram s p ro v e s  th a t  these  lab y rin th s  a re  n o t, 
as supposed  b y  S otelo  an d  P a l a y , w horls o f  endop lasm ic  cisternal m em b ra n e s , 
ra th e r  th e y  consist o f in d iv id u a l, f la t te n e d  ax o n a l profiles, w ith  a possib le  
p a r tic ip a tio n  o f  d e n d ritic  and  glial e lem en ts .

A xonal la b y r in th s , s im ila r to  tho se  o b se rv ed  in  these  studies can  o f te n  be 
found  close to  th e  tra n se c te d  s tu m p  of p e r ip h e ra l nerves; such p a t te rn s  are 
believed to  re p re se n t fu tile  reg en era tiv e  e ffo rts  o f th e  tran sec ted  ax o n s . I t  is 
reasonab le  to  assum e a s im ila r genesis o f la b y r in th  fo rm ation  in th e  R o lan d o  
su b stan ce . In  fa c t, ax o n a l la b y rin th s  in  th e  R o lan d o  substance  p e rs is t  for 
several m o n th s  a f te r  tra n se c tio n  o f th e  re sp e c tiv e  sp inal nerve; th e y  d isa p ­
pear, how ever, in  th e  course of reg en era tiv e  p ro life ra tio n  shortly  a fte r  fu n c tio n ­
al reg en e ra tio n  o f  th e  p erip h era l nerve  has b een  com pleted  [1].

G r a n t  [3, 5 ] an d , m ore recen tly , W e s t r u m  and  co-w orkers [8 ] h a v e  
described  d eg en era tiv e  debris in  cen tra l te rm in a ls  o f th e  v e s tib u lo co ch lea r 
and  tr ig e m in a l n erves, a f te r  tra n se c tio n  o f  th e  re spec tive  p erip h era l tru n c s . 
On th e  basis o f ligh t-m icroscop ic  s tu d ies , p e rfo rm ed  by  m eans o f th e  F in k - 
H eim er im p re g n a tio n  tech n iq u e , th ese  a u th o rs  assum e th a t  tra n se c tio n  o f  th e  
p erip h era l process o f a b ip o la r or p seu d o u n ip o la r  cell induces “ tran sg an g lio n ic  
d eg en e ra tio n ”  o f th e  c e n tra l axo n a l p rocess, p ro x im al to  th e  gang lion . W e 
have p o in te d  o u t in  a recen t p ap e r [1] t h a t  th e  te rm  “ transgang lion ic  d eg en ­
e ra tio n ”  is s lig h tly  m islead ing  since in  su ch  cases, no W allerian  d eg e n e ra tio n  
occurs in  th e  c e n tra l ax o n ; and , th o u g h  th e  signs o f  degenerative a tro p h y  are  
sim ilar, th e  speed  and  th e  o u tco m e  o f th is  p rocess considerab ly  d iffers fro m  a 
s tra ig h tfo rw a rd  W alle rian  degenera tion . O n th e  o th e r  hand , i t  can be assu m ed  
th a t  th e  f re q u e n t occurrence of axo n a l la b y r in th s  in  degenerative a tro p h y
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m ig h t  h e  a t  le a s t  p a r t l y  re sp o n s ib le  fo r  t h e  p o s it iv e  F in k -H e im e r  d e g e n e ra ­
t io n  p a t t e r n s  o b ta in e d  b y  G r a n t  a n d  b y  W e s t r u m  an d  co -w o rk e rs  i f  w e 
s u p p o s e  t h a t  a x o n a l la b y r in th s  e x e r t a h ig h  d e g re e  o f  a rg y ro p h ilia .

A s re g a rd s  th e  fu n c t io n a l  v a lu e  o f  a x o n a l  la b y r in th s ,  no d e f in i te  c o n ­
c lu s io n  c a n  b e  d ra w n , s in c e  a p p ro p r ia te  e le c tro p h y s io lo g ic a l s tu d ie s  h a v e  n o t  
b e e n  p e r fo rm e d  as y e t .  I n d ir e c t  ev id en c e  s u g g e s ts  t h a t  a x o n a l la b y r in th s  a re  
f u n c t io n a l ly  in e r t .

R E F E R E N C E S

1. C s i l l i k , B ., K n y i h á r , E . (1975) D eg en era tiv e  a tro p h y  and  regenerative  p ro life ra tio n
in  th e  r a t  sp in a l cord. Z . m ikr. anal. F orschung, 89, 1099 — 1103,

2. C s i l l i k , B ., K n y i h á r , E ., E i s h i e k h , A. A. (1977) D eg en era tiv e  a tro p h y  of c e n tra l  t e r ­
m in a ls  o f p r im a ry  senso ry  neurons induced  b y  b lo ck ad e  of axoplasm ic t r a n s p o r t  in 
p e r ip h e ra l n erves. E x p e r i e n l i a ,  ( B a s e l ) ,  33, 656— 657.

3. G r a n t , G. (1970) N eu ro n al changes cen tra l to  th e  s ite  o f axonal tran sec tio n . A m e th o d
fo r id en tif ic a tio n  of re tro g ra d e  changes in  p e r ik a ry a ,  dendrites and  ax o n s b y  s ilv e r 
im p re g n a tio n . In  N a u t a , W .  J .  H ., E b b e s s o n , S. O . E .  C ontem porary  re sea rch  m e th o d s  
in  n e u ro an a to m y . S p ringer, N ew  Y ork.

4. G r a n t , G., E k v a l l , L., W e s t  w a n , J .  (1970) T ran sg an g lio n ic  degeneration  in  th e  v e s t ib ­
u la r  nerve. In  S t a h l e , J .  (E d ito r): V estib u la r  fu n c tio n  on e a rth  and in space. W enner- 
Gren S y m p o siu m  N o. 15. P erg am o n  P ress , O x fo rd .

5. G r a n t , G., Ä r v i d s s o n , J .  (1975) T ran sg an g lio n ic  d eg eneration  in tr ig e m in a l p r im a ry
sen so ry  n eurons. B ra in  R es., 95, 265— 279.

6. K n y i h á r , E ., C s i l l i k , B. (1976) E ffec t of p e r ip h e ra l ax o to m y  on th e  fine s tru c tu re  an d
h is to ch e m is try  o f  th e  R o lando  su b stance: D e g en e ra tiv e  a tro p h y  of c en tra l processes 
o f  p se u d o u n ip o la r  cells. E x p .  B r a i n .  R e s . ,  26, 73 — 87.

7. S o t e l o , C., P a l a y , S. L. (1971) A ltered  axons a n d  a x o n  te rm in als in th e  la te ra l  v e s tib u la r
n u c leu s of th e  r a t .  Lab. Invest., 25, 653 — 671.

8. W e s t r u m , L. E ., C a n f i e l d , R. C., B l a c k , R . G. (1976) T ransganglionic d e g en e ra tio n
in  th e  sp inal tr ig em in a l nucleus following re m o v a l o f to o th  pulps in  a d u lt  ca ts . B ra in

H-6701 Szeged, K o ssu th  L. sgt. 40., H u n g a ry

R es., 101, 1 3 7 - 1 4 0 .

E l iz a b e t h  K n y ih á r  
B e r t a l a n  Cs il l ik

Acta Biologica Academiae Scientiarum Hungaricae 27, 1976



A cta  biol. A cad. Sei. hung., 27(4), 309 — 315 (1976)

SOME HISTOCHEMICAL REACTIONS ON THE 
NEUROSECRETORY CELLS OF RIYULOGAMMARUS 

SYRIACUS CHEVREUX 
(CRUSTACEA, AMPI 11PODA)

SUHAYLA A . D a BBAGII a n d  I .  C . B a ID

D EPARTM ENT OF BIOLOGY, COLLEGE OF SC IEN C E, U N IV ERSITY  OF MOSUL, M OSUL, IRAQ

(R eceived  1976 -0 6  03)

A bstract

T he h is to ch em is try  o f n eu ro sec re to ry  m ate ria l in n eu ro sec re to ry  cells o f R ivulo- 
gam m arus syriacus  h as been in v es tig a te d . H istochem ica lly , these cells c o n ta in  d ifferen t 
n eu ro sec re to ry  substan ces . T he m a te r ia l  in  A a n d  C cells consists o f m u co p o ly sacch a ­
rides and  lip ids, th a t  in B , B ’ an d  D cells th e re  a re  a p ro te in  c o n ta in in g  cy stin e  S — S 
g ro u p , m ucopo lysaccharides a n d  lip ids, a n d  th a t  in E cell co n ta in s a  w eak  pro tein  
w ith  cystine  S — S group , a su b s tan ce  show ing  ß  m etach ro m asia  a n d  lip id s. T he lipids 
a re  found  in all th e  cells.

In trod u ction

T he an a to m y  and  cy to logy  o f th e  n eu ro sec re to ry  sy stem  o f Rivulogam - 
m arus syriacus  has been described  [4]. B y  th e  use of th e  p a ra ld eh y d e -fu ch sin  
(P F ) te ch n iq u e  an d  ch ro m ea lu m  h a e m a to x y lin  phloxine (C H P) te c h n iq u e , th e  
n e u ro se c re to ry  cells found  in  th e  cep h a lic  region of R ivu logam m arus  m ay  he 
c lassified  in to  six  ty p es  (A, B, B% C, D an d  E) according to  th e i r  s ta in ing  
reac tio n s .

F ew  sy stem atic  h istochem ica l s tu d ie s  have  been carried  o u t  on n eu ro ­
sec re tio n  in  C rustacea . T he m a jo r ity  o f  th e  h istochem ical s tu d ie s  h av e  been 
su p p le m e n ta ry  to  m orpho log ical s tu d ies  on neurosecre tion . M ost o f  th e m  have 
b een  m ade on decapods. G a b e  [13, 14] observed  th e  presence o f  P A S -positive  
m a te r ia l in  th e  organs o f H astro m  a n d  sinus g lands of O niscoid isopods and  
in  th e  organs of B ellonci o f th e  isopod , Sphaerom a serratum . M i y a w a k i  [24, 
25] re p o rte d  th e  presence o f P A S -p o sitiv e  m a te ria l “ p ro b a b ly  n eu ro secre­
to r y ”  in  th e  n eu ro sec re to ry  cells o f  th e  cephalic  and  th o rac ic  g an g lia  of th e  
c ra b , Telm essus cheiragonus, an d  la te r  he [27, 28] rep o rted  th e  presence  of 
cy to p lasm ic  globules in  th e  nerve  cells o f c rab s , rich  in  R N A , cereb rosides and 
p h o spho lip id s, w hich w ere p re su m ab ly  sites of n eu rosecre to ry  m a te r ia l  sy n th e ­
sis. M i y a w a k i  [26] found  P A S -p o sitiv e  n eu ro sec re to ry  cells o f  th e  cerebral 
gang lion  of th e  isopod, Idotea ja p o n ica . F ive  typ es of p ro te in a c e o u s  neu ro ­
se c re to ry  m ateria ls  in  th e  sinus g lan d  o f Carcinus maenas h a v e  been  de­
sc rib ed  [35].
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F ew  o b se rv a tio n s  on  th e  h is to ch em is try  o f  th e  n eu rosecre to ry  system  
in th e  e n to m o stra c a n  g ro u p s  h av e  been p u b lish ed  so fa r  [5, 22, 23].

R ecen tly , s tud ies on th e  h is to ch em istry  o f  th e  n eu ro sec re to ry  m a te r ia l 
h a v e  p rogressed , w ith  th e  u se  of m ore or less rigo rous h is to ch em ica l te c h ­
n iq u e s . T he in fo rm ation  o b ta in e d  by  these  m e th o d s  show s som e d iv erg en ce . 
P ro b a b ly  th is  depends on  th e  techn iques, or is re la te d  to  differences in  th e  
ph y sio lo g ica l s ta te  of th e  a n im a ls  used, or m ay  ex p ress  genuine d ifferences in  
th e  ch em ica l com position  o f  th e  n eu rosecre to ry  m a te r ia l  in d ifferen t species 
o f  C ru stacea .

T h e  p resen t in v e s t ig a t io n  is concerned w ith  th e  n a tu re  of th e  neu rosecre­
to r y  m a te r ia l  in th e  cep h a lic  nervous system  o f R ivulogam m arus  as revealed  
b y  th e  d iffe ren t h is to ch em ica l te s ts .

M ate ria l and m ethod

M a tu re  specim ens o f R ivu lo g a m m a ru s syriacus o f b o th  sexes w ere used. T he av erage  
size o f th e  fem ale specim ens w as 6.5 m m , rang ing  fro m  5.0 m m  to  9.0 m m  an d  t h a t  o f th e  
m ale  w as 7.0 m m , rang ing  from  5 .0  m in  to  11.0 m m . W hole  spec im ens were fixed  in  aqueous 
B o u in , H e lly  a n d  Carnoy f ix a tiv e s . T h e  an te rio r region w as d e c a p ita te d  an d  a fte r d e h y d ra tio n  
in  a lco h o l a n d  clearing in  x y len e , w as em bedded  in  p a ra f f in , serial h o rizo n tal sections o f 
8 ,um th ic k n e ss  were o b ta in e d . A ll h istochem ical te s ts  w ere  p e rfo rm ed  according to  P earse  
[31].

T h e  h istochem ical te s ts  u se d  include:
(1) th e  p e rfo rm ic  acid -alc ian  b lu e  (P A A B ) tech n iq u e  for d isu lp h id e  groups [1]:
(2) th e  p e rm a n g an a te -o x id a tio n -A lc ia n  B lue (PO A B ) te c h n iq u e  [3];
(3) th e  p e rio d ic  acid Schiff (P A S ) tec h n iq u e  [21] fo r 1.2 g lyco l g ro u p s an d  a v a r ie ty  o f o th e r 

m a te ria ls . F o r th is re ac tio n , tw o  series of serial sec tions w ere  tre a te d , one in each  of th e  
fo llow ing  w ays:
a — th e  s ta n d a rd  m eth o d  fo r P A S  reac tive  g roups;
b  — d ia s ta se  d igestion  (2 h  a t  26 °C) followed b y  th e  s ta n d a r d  m eth o d  for th e  d e tec tio n  

o f  glycogen.
(4) to lu id in e  blue (ТВ) tec h n iq u e  [20];
(5) S u d a n  B lack  B (SB B ) te c h n iq u e  [31];
(6) th e  a llo x an -S ch iff tech n iq u e  fo r  p ro te in -b o u n d  am ino  g ro u p s  [38].

A n a ly sis  of th e  v a rio u s r e s u l ts  was sub jective; th e  re sp o n ses were scored on a  fou r- 
p o in t  sca le  ran g in g  from  ( — ) to  v e ry  stro n g ly  po sitiv e  ( +  +  +  ).

R esults

T h e  responses o f th e  v a r io u s  n eu ro sec re to ry  cells of Rivulogam m arus  
syr ia cu s  to  th e  various h is to c h e m ic a l te s ts , C H P  a n d  P F  techn iques are  su m ­
m a riz e d  in  T able 1.

I n  d e ta il, th e  re sp o n ses  are  as follows;
P A A B  technique and  P O A B .  The re su lts  o f  b o th  of these  te s ts  fo r 

d isu lp h id e  groups are b a s ic a lly  sim ilar. A w eak  b a c k g ro u n d  response is n o te d  in  
th e  c y to p la sm  of m ost n e u ro se c re to ry  cells. T he В , B ’ a n d  D cells are s tro n g ly  
p o s itiv e  a n d  th e  P A A B -p o sitiv e  m a te ria l is d e m o n s tra te d  in  th e  vacuoles o f 
th e  cells. I t  ind icates th e  p re sen ce  of d isu lphide b o n d s  in  th e  secretions o f B s
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Table 1
Histochemical reactions o f  different neurosecretory cells o f  Rivulogammarus syriacus

Test Group dem onstrated
Neurosecretory cells

A R B’ C D E

PA A B  a n d  perm an ­
g a n a te  ox idation  
A lcian  Blue S — S groups +  +  + + + + +  +  + +

PA S C arb o h y d ra te + + + +  +  + + + + + + + + + + —

PA S (d iastase) Clycogen - - - - — —
T olu id ine  blue M etachroinasia + + + +  + +  + + +  +
S u d a n  B lack В Lipid + + +  + + + + + +  + + +  +
A lloxan-S chiff blue P ro te in  bound 

N H 2 groups
+ + + + + +

—1—1—|— =  strongly  positive, + +  =  positive; -f* =  w eakly  positive; — =  negative

B ’ a n d  D cells (Figs 1 and  2). The sec re tio n s o f E  cells are w eak ly  po sitiv e , 
w hile th e  secretions o f A and  C cells are  co m p le te ly  negative (F ig . 3).

P A S  technique. All th e  n eu ro sec re to ry  cells except E cells a re  e i th e r  pos­
itiv e  o r s tro n g ly  positive . T he P A S -p o sitiv e  m a te ria l is d e m o n s tra te d  in  th e

F ig. 1. H o rizo n ta l section  th ro u g h  th e  b ra in  o f  R ivulogam m arus syriacus. B o u in , A B . N ote 
th e  p resence of stro n g ly  positive  alc ian  blue m a te r ia l  in d iffe ren t neurosecre to ry  cells (arrow s). 

M agnification for a ll figu res is X 1250
F ig. 2. H o rizo n ta l section  th ro u g h  the b ra in  o f  Rivulogam m arus syriacus. B o u in , A B . N ote 

th e  presence of positive  a lc ian  b lu e  m a te ria l in D cell (arrow )
F ig . 3. H o rizo n ta l section  th ro u g h  the  b ra in  o f R ivu logam m arus syriacus. B o u in , SB B . Note 

C cell (arrow ); A axon; NSM  - N eurosecre to ry  m ate ria l 
F ig. 4. H o rizo n ta l sec tion  th ro u g h  the b ra in  o f R ivulogam m arus syriacus. I le l ly , PA S . N ote 
th e  p resence of s tro n g ly  positive  m ate ria l in A a n d  E  cells (arrow s) and th e  a b sen ce  o f PAS

m ate ria l in o th e r  E  cell (arrow )
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cy to p la sm ic  region o f th e  cells (Figs 4 an d  5) o r  ju s t  outside th e  N issl zone 
ev en  a f te r  d igestion  w ith  sa liv a  (d iastase d ig estio n ) for 30 min a t  37°C. T h is 
re su lt  in d ic a te s , th e re fo re , t h a t  th e  m ateria l is n o t  glycogen, b u t com posed  o f  
n e u tra l  m u co p o ly sacch arid es , m ucopro teins o r g lycolipids.

Т В  technique. W h en  th e  H elly-fixed sec tio n s  are sta ined  w ith  a lcoho lic  
Т В , a d a rk  blue s ta in in g  occurs in  th e  cy to p lasm  o f  a ll th e  n eu rosecre to ry  cells. 
The C cells are s tro n g ly  p o sitiv e  while E  cells show  tw o kinds of re a c tio n s : 
one g ro u p  o f less ac tiv e  cells w ith  blue b a c k g ro u n d  response in cy to p la sm  
an d  th e  o th e r  group o f cells w ith  v io le t b a c k g ro u n d  response (F ig . 8). T h e  
v io le t g ra n u la r  m ass in d ic a te s  ß  m etach ro m asia .

S B B  technique. All ty p e s  of n eu ro sec re to ry  cells show som e degree o f  
re sp o n se  to  th is  te s t . S m all granules sc a tte r in g  in  th e  cytoplasm  are  s ta in e d  
w ith  SB B  (Figs 6 and  7). T h e  vacuoles do n o t  show  sudanophilic  g ra n u le s , 
in d ic a tin g  th a t  th e re  is no ap p reciab le  a m o u n t o f  lip ids in the vacuo les.

F ig . 5. H o riz o n ta l section  th ro u g h  th e  b ra in  of R ivu lo g a m m a ru s syriacus. H elly , PA S . N o te  
th e  p re sen ce  of stro n g ly  P A S -p o sitiv e  m ate ria l in В cell (a rro w ) a n d  th e  absence of PA S m a te r ia l

in  E  cell (arrow )
F ig . 6. H o riz o n ta l section  th ro u g h  th e  b ra in  of R ivu lo g a m m a ru s syriacus. H elly , SB B . N o te  

th e  presence of s tro n g ly  SB B -positive m a te r ia l  in  E  cell (arrow )
Fig. 7. H o riz o n ta l section  th ro u g h  th e  b ra in  of R ivu lo g a m m a ru s syriacus. B ouin, SB B . N o te  

A  cell (arrow ); A  =  A x o n ; NSM =  N eu ro sec re to ry  m ate ria l; Y =  V acuole 
F ig . 8. H o riz o n ta l section  th ro u g h  th e  b ra in  of R ivu lo g a m m a ru s syriacus. H elly , Т В . N o te  
th e  p re sen ce  o f s tro n g ly  Т В -p o sitiv e  m ate ria l in E  cell (a rro w ) an d  positive m a te ria l in  В  

cell (a rro w ); NSM =  N eu ro se c re to ry  m ate ria l
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A llo x a n -S c h iff  technique. All ty p es o f  n eu ro sec re to ry  cells sho w  m ild 
response to  th is  te s t  in d ica tin g  th e  p resence  o f  p ro te in .

Discussion

T he resu lts  o f th e  h istochem ical te s ts  in d ica te  th a t  the  n eu ro sec re to ry  
cells co n ta in  h is to ch cm ica lly  d iffe ren t su b s ta n c e s . The PAAB re a c tio n  for 
th e  d e m o n s tra tio n  of p ro te in  bound  S -S - a n d  S H -groups, is p ositive  in  th e  B, 
B — and  D cells. T he PA S reac tio n  is n o t in flu e n c e d  by  saliva t r e a tm e n t ,  in ­
d ica tin g  th a t  th e  su b stan ce  contains no g lycogen . I t  seems to  he com posed  of 
n e u tra l  m u copo lysaccharides, m ucopro te in  o r  g lycolipids. W ith  th e  Т В  reac tio n  
all cells are  p o sitiv e , C an d  E cells even s tro n g ly  positive. All th e  cells show  
S B B  positive  reac tio n .

In  a rth ro p o d s , severa l w orkers h av e  re p o r te d  th e  presence o f  n eu ro sec re ­
to ry  m a te ria l rich  in  d isu lph ide groups; in  th e  crab , Carcinus rnaenas, d isu l­
ph ide  groups in  axon  endings in  th e  sinus g lands have been re p o r te d  |35], 
C ystine has been fo u n d  [30] in  th e  c h ro m a c tiv a tin g  substances e x tra c te d  from  
th e  th o rac ic  ganglion o f th e  crab , Eriocheir ju p o n icu s , by using e lec tro p h o res is  
and  p a p e r c h ro m a to g ra p h y . I t  was su g g ested  th a t  these  substances a re  poly- 
p ep tid  es w ith  S—S bonds. A sim ilar re su lt has b een  repo rted  in c o n n ec tio n  w ith  
cy stin e-rich  n eu ro sec re to ry  m ateria ls  o f Chirocephalus diaphanus  [22].

T he presence o f n eu rosecre to ry  m a te r ia l  rich  in  d isu lph ide  g ro u p s has 
been rep o rted  in  in sects  [3, 8, 9, 18, 32, 36, 37]. As to  o th e r in v e r te b ra te  groups, 
th e  presence of n eu ro sec re to ry  m ateria ls  r ic h  in  cystine has been  re p o r te d  in 
leeches [19] an d  in  b a so m m ato p h o ran  m o llu scs [6]. The d isu lp h id e -rich  n eu ­
ro sec re to ry  m a te ria l o f  Rivulogam m arus syriacus  is also th e  P F -p o s itiv e  m a­
te r ia l.

T he p resence o f a PA S-positive c o m p o n e n t in  th e  n eu ro sec re to ry  m a­
te ria l o f c ru stacean s has been rep o rted  [5, 13, 26— 28, 35]; in  in se c ts  [3, 17, 
32]; in p o lychae tes [2, 10, 11, 15]. In  R ivu logam m arus syriacus i t  ap p ears  
th a t  th e  n eu ro sec re to ry  m a te ria l c o n ta in s  a PA S-positive fra c tio n  an d  it  
seem s th a t  th e  p ro d u c tio n  of th e  n eu ro se c re to ry  m ateria l in th e  n eu ro sec re ­
to ry  cells is asso c ia ted  w ith  th e  g lycolip ids.

T here  is [5, 35] little  or no s ta in in g  o f  th e  neu rosecre to ry  m a te r ia l  in 
th e ir  species of c ru s tacean s  w ith  SB B , h o w ev er, th e  n eu ro sec re to ry  m a te ria l 
in a n u m b er o f species o f  c ru s tacean s  w ere re a c tiv e  to  Sudan Ш аек a n d  L uxol 
fa s t b lue  [22, 23]. T he lipid co n ten ts  in th e  neu ro secre to ry  m a te r ia l in  insects 
have been  rep o rted  [7, 12, 16, 17, 29, 33, 34].

As a conclusion , i t  m ay be e s tab lish ed  th a t  th e  n eu ro sec re to ry  cells of 
R ivulogam m arus syriacus  co n ta in  h is to ch cm ica lly  d ifferent su b s ta n c e s . The 
m a te r ia l o f A and  C cells is m uco p o ly sacch arid e  and  lipid. The n eu ro sec re to ry  
m a te ria l o f  В , B ’ and  D cells is a p ro te in  co n ta in in g  cystine SS b o n d s . I t  also
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c o n ta in s  m ucopo lysaccharides and  lipids. T h e  m a te ria l of E cells c o n ta in s  a 
w eak  p ro te in  cystine  SS g ro u p , ß  m e tach ro m asia  an d  lipids.
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PANCREATIC AND INTESTINAL AMYLASE LEVEL IN 
FRUGIVOROUS, CARNIVOROUS AND OMNIVOROUS

BIRDS

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

D. K . J a in

D EPA RTM EN T O F ZOOLOGY, BA REILLY  COLLEGE, R O H IL K H A N D  U N IV ERSITY , B A R EILL Y  (U. P .) IN D IA

(R eceived  1 9 7 5 - 1 2 - 2 8 )

P a n c re a tic  am ylase has been  d e m o n s tra te d  in Passer dom esticus  by 
L a n g e n d o r f f  [6],  in  dom estic  fowl a n d  pigeon by  F a r n e r  [3] an d  H ew itt  
an d  S ch e lk o pf  [5]. F a r n e r  [3] an d  H e w it t  an d  Sch elk o pf  [5] d e m o n s tra t­
ed th e  I iresenee o f  in te s tin a l am ylase in  ducks. Inf luence of NaCl a n d  pH  on 
b ilia ry  am ylase in  som e v e r te b ra te s  w as exam ined  by  B h a t t a c h a r y a  and 
G h o se  [2]. A lth o u g h  th e  p ancreas a n d  th e  in te s tin e  are th e  m a in  sites of 
am ylase  secre tion , v e ry  lim ited  in fo rm a tio n  is availab le  on p a n c re a tic  and  
in te s tin a l enzym es in birds in re la tio n  to  th e ir  feeding h a b its . T h e  p re sen t 
s tu d ies  were u n d e rta k e n  to  e lu c id a te  th is  re la tio n sh ip .

Psittacula  kram eri, S copoli (F a m : P sitta cu lid ae ) a fru g iv o re , L a n iu s  
schach L i n n a e u s  (F am : L an idae) a c a rn iv o re , and  Acridotheres tr is tis  L i n ­
n a e u s  (F am : S tu rn id ae ) an  om nivo re  species |1 ] were selected  fo r  th is  inv es­
t ig a tio n . T he b ird s  w ere k e p t in th e  la b o ra to ry  on th e ir  n o rm a l d ie t. Six 
specim ens o f each  species w ere used  each  tim e  for enzym e e s tim a tio n s . The 
p an creas  an d  th e  in te s tin e  w ere rem o v ed  im m ed ia te ly  a fte r  d issec tio n  and 
w ashed  th o ro u g h ly  w ith  dou b le-g lass-d is tilled  w a te r  and dried  w ith  W h a tm a n  
N o. 1 f ilte r  p ap e r. T he tissue  was h om ogen ized  in  5.0 m l o f g lass-d is tilled  ice- 
cold w a te r an d  th e  hom ogenate  w as cen trifu g ed  for 15 m in  a t  3 000 rev /m in . 
T h e  su p e rn a ta n t  w as co llected  in  a te s t  tu b e  an d  k ep t a t 0 °C. T h e  estim a tio n  
o f  a -am ylase  w as done by  th e  m e th o d  o f S mith  and  R oe [8]; 1 .2 %  so lu tion  
o f  so luble s ta rc h  (M erck’s, G erm any) w as used  as su b s tra te  in  0.2 mol/1 barb i- 
to n e  buffer. T he o p tim u m  p H  was d e te rm in e d  in  th e  sam e b u ffe r , in  a pH  
ran g e  from  6.4 to  8.8. T h e  e x tin c tio n  w as recorded  in  a B au sch  a n d  Lom b 
spectron ic-20  a t  620 nm . One u n it o f th e  enzym e was defined  as “ th e  am o u n t 
o f  enzym e th a t  u n d e r th e  cond itions o f  th is  p rocedure , w ith  60 m g o f s ta rc h  
p re se n t, will h yd ro lyze  10 m g o f s ta rc h  in 30 m in u te s” . The p ro te in  in  th e  tissue 
e x tra c ts  was e s tim a ted  b y  th e  m eth o d  o f L o w r y  and  co-w orkers [7],  using 
b o v in e  serum  a lb u m in  (S igm a, U .S .A .) as s ta n d a rd . The specific  a c t iv i ty  was 
exp ressed  in  te rm s  o f u n its /m g  p ro te in .
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F ig . 1 rep re sen ts  th e  p H  a c tiv ity  cu rve  fo r am ylase . The o p tim u m  p H  
fo r s ta rc h  b reak d o w n  b y  p a n c re a tic  am ylase w as 7.6 , 7.2 and  7.6 in  P . kram eri, 
L . schach and  A . tristis , re spec tive ly .

F ig. 1. p H  o p tim um  curve fo r  am ylase P . kram eri (P ) ;  L . schach (L) and  A. tristis  (A)

Table 1

A m ylase activity  in  pancreatic and in testinal tissue extract o f  birds

Species of birds

Pancreatic amylase In testina l amylase

ac tiv ity /m l 
tissue ex trac t 
(am ylase units)

specific activ ity  
(amylase 
units/m g 
protein)

ac tiv ity /m l 
tissue ex trac t 
(am ylase units)

specific activ ity  
(amylase 
units/m g 
protein)

P. krameri 1232 350 14.67 4.58
L . schach 11.25 2.7 0.0576 0.01
A . tristis 5.45 284 3.207 1.41

T ab le  1 show s th e  a c tiv ity  of p a n c re a tic  a n d  in te s tin a l am ylase  an d  
th e ir  specific  a c tiv ity . B o th  ac tiv itie s  w ere v e ry  h ig h  in  P . kram eri, th e  le a s t 
in  L . schach an d  m o d e ra te  in  A . tristis. T he o p tim u m  pH  for th e  a c tiv ity  o f  
in te s t in a l  am y lase  w as a t  7.2, in  all th e  th ree  species.

T h e  am ylase a c tiv ity  in  th e  in tes tin e  o f all th e  th ree  species was v e ry  
low , su g g estin g  th a t  th e  p an creas  is the  m ain  s ite  fo r am ylase secre tion . T he 
e x c e p tio n a lly  low am ylase  a c tiv ity  in  th e  in te s tin a l e x tra c t from  L . schach 
in d ic a te s  th a t  a tru e  in te s tin a l am ylase in th is  case m ay  be v ir tu a lly  ab se n t 
and  th e  s ta rc h  d ig estio n  in th is  species m ay be th e  fu n c tio n  of the  p a n c re a tic  
am y lase  alone, ln  P . kram eri and A . tristis  on  th e  o th e r hand , o bservab le
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specific  ac tiv ities  in th e  in te s tin a l e x tra c ts  m ay be tak en  as conclusive  ev i­
dence fo r th e  p resence o f am ylase  o f in te s tin a l origin. H ow ever, th e  resu lts  
o b ta in e d  w ith  p ancreas tissu e  e x tra c t  show  m uch h igher am y lase  levels and  
su g g est th a t  th e  p a n c re a tic  am ylase  p lays th e  m ain  role in th e  d ig estio n  of 
s ta rc h  in  th e  g ran ivo re  b ird s , too . T hese observa tions are s im ila r  to  th o se  of 
F a r i n e r  [ 3 ]  and  H e w i t t  an d  S c h e l k o p f  [ 5 ]  in dom estic fowl. T h ese  au th o rs  
s ta te d  th a t  an  in te s tin a l am y lase , i f  a c tu a lly  ex ists, has a l i t t le  ro le  in  th e  
d igestio n  of s ta rch . T he h igh p a n c re a tic  am ylase a c tiv ity  in  case o f  P . kram eri 
an d  A . tristis  observed d u rin g  th e  p re se n t s tu d y  agrees w ith  th e  feed ing  h ab its  
o f th ese  b irds v e ry  well.

T he specific a c tiv ity  v alues a re  less conclusive since th e  en zy m e p re p ­
a ra tio n  used by  us w as n o t p u re . S till, th e  rem ark ab ly  high specific  a c tiv ity  
v alues in  case of p an c re a tic  e x tra c ts  from  P . kram eri and  A . tr is tis , w hich  are 
g ran iv o re  b ird s , suggest e ith e r  a h ig h ly  ac tiv e  n a tu re  of p a n c re a tic  am ylase , 
o r re la tiv e ly  h igher p ro p o rtio n s  o f th e  enzym e in th e  p an c re a tic  sec re tio n  of 
th e se  b irds.

F u r th e r  s tud ies w ith  p u re  enzym e p rep a ra tio n s  are in  p rog ress to  exp la in  
th e se  observa tions in  g re a te r  d e ta il.
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OESTRADIOL UPTAKE BY INTACT AND 
SYMPATHECTOMIZED GENITAL TRACT OF THE 

FEMALE RABBIT*
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M a g d o l n a  K o v á c s , I .  M e r c h e n t h a l e r  and  B .  F l e r k ó
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(R eceived  1976 — 04 — 19)

B ila te ra l e lec tro ly tic  lesions in  th e  a n te r io r  h y p o th a lam u s of th e  r a b b it  
induced  en la rg em en t o f  th e  en d o m etria l g lands to  an  e x te n t s im ilar to  th a t  
seen in  h u m an  g la n d u la r  cy stic  en d o m etria l h y p e rp la s ia  [4]. The p resence  of 
cystica lly  d ila te d  en d o m e tria l glands in  th e  u te r in e  ho rns, as well as h is to ­
logical signs o f h y p e rse c re to ry  a c tiv ity  in  th e  a b d o m in a l p a r t  o f th e  o v id u c ts  
in d ica ted  an  in creased  o estrogen  ac tion  on th e  fem ale gen ita l t r a c t  in  th e  
a n te rio r  h y p o th a lam u s-les io n ed  ra b b its . H ow ever, th é  h isto log ical signs o f th e  
o estrogen -induced , in creased  h y p ersec re to ry  a c t iv i ty  w ere com plete ly  a b se n t 
in  th e  sy m p a th ec to m izcd  o v id u c t o f th e  a n te r io r  h y p o th a lam u s-lesio n ed  ra b ­
b its . Also, th e  oestro g en -in d u ced  u te rin e  h y p e r tro p h y  appeared  only  to  a m in o r 
degree on th e  d e n e rv a te d  side com pared  to  th e  u te rin e  horn  h av in g  no rm al 
sy m p a th e tic  in n e rv a tio n . I t  seem ed v e ry  lik e ly  t h a t  th e  tissues o f th e  fem ale 
gen ita l t r a c t  w ith o u t sy m p a th e tic  nerve su p p ly  w ere less sensitive to  ho rm o n al 
ac tions th a n  th e  tissues w ith  norm al in n e rv a tio n  [4]. S im ilar o b se rv a tio n s 
h av e  been re p o rte d  b y  Á r v a  y  and  N a g y  [1]. T hese ex p erim en ta l find ings 
ra ised  th e  q u es tio n  w h e th e r  ca techo lam ine  in p u t from  sy m p a th e tic  nerve  
endings was necessary  fo r th e  m a in ten an ce  o f  n o rm a l syn thesis o f o estro g en ­
b ind ing  p ro te in s  in  th e  tissues o f the  fem ale  g e n ita l t ra c t .  I f  so, th e  red u c tio n  
o f n o rep in ep h rin e  c o n te n t and  th e  p ro b ab le  co n secu tiv e  decrease in  oestrogen  
b ind ing  sites a f te r  sy m p a th e c to m y  could a c c o u n t for th e  reduced  oestrogen- 
se n s itiv ity  in  th e  d e n e rv a te d  fem ale g en ita l t r a c t  o f th e  an te rio r  h y p o th a la ­
m us-lesioned ra b b its . T his assu m p tio n  seem ed to  be su p p o rted  b y  C a r d i n a l i  

an d  co-w orkers [2], w ho show ed th a t  o e s trad io l w as av id ly  ta k e n  up  in  vivo  
an d  in  vitro b y  th e  in n e rv a te d  p ineal g lan d , w hile p ineal d e n e rv a tio n  by  
su p erio r cerv ica l gan g lio n ec to m y  caused  p in ea l oestrad io l u p tak e  to  decrease 
s ig n ifican tly .

* T his w ork  w as su p p o rte d  in  p a r t  b y  th e  H u n g a ria n  A cadem y of Sciences a n d  in 
p a r t  h y  P o p u la tio n  Council G ra n t No. M 74.86.
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W e in v estig a ted  th e  possib ility  m en tio n ed  above b y  m easu rin g  th e  
o e s tra d io l u p tak e  b y  d e n e rv a te d  and  n o n -d e n e rv a ted  u te rin e  h o rns o f ra b b its .

O n six fem ale ra b b its  o f  2.5 kg body  w eigh t, lu m b o sac ra l sy m p a th e c to m y  
w as p erfo rm ed  b y  b ila te ra l rem o v a l of th e  sy m p a th e tic  chain  from  L 3 to  th e  
S 2 levels and  by th e  rem o v a l o f  th e  in ferio r m esen teric  ganglion, to g e th e r  w ith  
th e  h y p o g a s tr ic  nerves. In  a d d itio n , b y  tra n s e c tin g  th e  vag ina  below  th e  u te ru s  
a n y  ad ren erg ic  nerves a scen d in g  in , or a long , th e  v ag in a l m uscle c o a t from  th e  
v a g in a l adrenerg ic ganglia  [5] w ere severed . F iv e  in ta c t  ra b b its  o f  th e  sam e 
b o d y  w eigh t as th e  sy m p a th e c to m iz e d  ones se rv ed  as con tro ls. E x p e rim e n ta l 
a n d  co n tro l anim als w ere sp a y e d  14 days a f te r  th e  opera tio n  of th e  ex p e rim en ­
ta l  a n im a ls , and  received  1 p g /k g  b o d y  w eigh t o es trad io l p ro p io n a te  (A krofollin , 
C h in o in , B udapest) d a ily  fo r  th e  consecu tive  fiv e  days. E x p e rim e n ta l and  
c o n tro l ra b b its  were k illed  b y  a blow  on th e  neck  n ineteen  days a f te r  sy m ­
p a th e c to m y . T hree pieces o f tissu e  w ere excised  from  th e  m iddle  p a r t  o f each 
u te r in e  h o rn  and  d iv ided  in to  tw o p a r ts , one fo r m easuring  o estrad io l u p ta k e , 
th e  o th e r  for d e te rm in in g  n o rep in ep h rin e  co n te n t.

F o r  m easuring o es trad io l u p ta k e , pieces o f  u te rin e  tissues w ere co llec ted  in  
ice -co ld  K rebs-R inger so lu tio n  and  labelled  in  vitro  by  in c u b a tin g  a t  37 °C for 
1 h in  4 ml K rebs-R inger sa line  I I  (3) co n ta in in g  5.9 nmol/1 (2— 4— 6 — 7— :iH )- 
o e s tra d io l (The R ad iochem ica l C entre , A m ersham , E ng land ), spec , a c t.: 
85 Ci/mmol/1. The tissues w ere  w ashed  th re e  tim es  w ith  4 ml co ld , u n lab e lled  
K re b s -R in g e r  saline. E ach  w ash  was for 3 m in . T h en , th e  tissues w ere hom o­
g en ized  in  5 ml 0.01 m o l/l-tris , 1 mmol/1 E D T A , 1.5 mmol/1 m ercap to -e th an o l, 
p H  7 .4 , w ith  th e  aid o f an  U L T R A -T U R A X  hom ogenizer an d  cen trifu g ed  a t  
1 000 g  fo r 15 m in. T he 1 000 g  pelle t will be called  th e  nuclear fra c tio n  pelle t 
a l th o u g h  it  was an  im p u re  frac tio n . Specifica lly  bound  3H -o e s tra d io l was 
e x t r a c te d  from  th e  n u c lea r p e lle t w ith  0.3 mol/1 KC1 for 15 m in. S pecifica lly  
b o u n d  3H -oestrad io l w as se p a re te d  from  non-specific  m a te ria l in  th e  c y to ­
p la sm ic  frac tio n  by  d e x tra n -c o a te d  charcoal suspension . T ritiu m  w as m easu red  
in  a T r i t iu m  S c in tilla tion  C o u n te r (B eckm an  L. S.— 100) w ith  2 m l d ioxan  
a n d  8 m l sc in tilla tion  flu id  c o n ta in in g  4 g o f P P O  anti 0.04 g d im eth y l- P O P O P  
in 1 000 ml to luene.

T o determ ine  n o re p in e p h rin e  c o n te n t, pieces of u te rin e  tissu es  w ere 
h o m o g en ized  in 2.5 m l ice-cold  acid ified  b u ta n o l. T he hom ogenizer tu b e s  w ere 
w ash ed  o u t w ith  th e  sam e q u a n t i ty  of th e  ac id ified  b u tan o l. T he h o m ogenates 
w ere cen trifu g ed  a t 2 000 g  fo r 15 m in, an d  th e  su p e rn a ta n ts  w ere a d d ed  to  th e  
m ix tu re s  o f 0.2 m l 0.01 N-HC1 and  5 m l h e p ta n e . A fte r sh ak in g  fo r 20 sec, 
th e  m ix tu re  was cen trifuged  a t  2 000 g  for 10 m in . T he u p p e r phase w as a s p ira t­
ed a w a y , and  0.2 m l of th e  w a te r  phase лгав tra n s fe r re d  to  te s t  tu b e s  an d  com ­
p le te d  to  0.5 ml w ith  0.5 mol/1 p h o sp h a te  b u ffe r, p H  6.5. T hen , th e  fo llow ing 
re a g e n ts  w ere added in  o rd e r : (1) 0.05 m l o f 0.9 mol/1 E D T A , p H  6 .5 ; (2) 
0.05 m l o f  0.1 N-iodine; in  3 m in , (3) 0.1 ml o f fresh  alkaline su lp h ite  so lu tio n .
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A fte r s tan d in g  for 2 m in a t  room  te m p e ra tu re , each  tu b e  received 0.1 ml of 
6 N -acetic acid , an d  w as k e p t in  w a te r b a th  a t  100°C for 2 m in. T hen , th e  tu b es 
w ere qu ick ly  cooled, and  received 0.5 m l o f  d is tilled  w ater. The fluo rescence  
was m easured  by  a L o ca rte  M K 4 sp ec tro p h o to flu o rim e te r.

Table 1

Norepinephrine content ( ftglg wet tissue) o f, and uptake o f  3H-oeslradiol in vitro (expressed as d. p ,  
mjm g wet tissue)  by . intact and sym pathectomized rabbit uterus

(2 4 6 7 :,H )-oestradiola

No. of 
rabbits Norepinephrine’1 specifically bound 

by cytoplasmic 
binding sites1*

specifically bound 
by  nuclear 

binding sites6

In ta c t  u terine  
horns

5

0 .7 4 ± 0 .0 5  
0 .8 6 ± 0 .0 8  
0 .44± 0 .01  
0 .6 7 ± 0 .0 3  
0 .5 3 ± 0 .0 4  

m ean : 0 .6 5 ± 0 .0 7 5 d

133 ± 1 5  
1 0 9 ±  8 
1 0 8 ± 1 2  

8 7 ±  6 
9 6 ±  7

m ean : 1 0 7 ±  7.75e

540 ±  6 
4 6 0 ±  19 
390 ±  6 
5 3 0 ±  4 
5 1 0 ±  5

m ean: 4 8 6 ± 2 7 .6 8 e

S y m p ath ec to ­
m ized u terine  
horns

6

0 .3 2 ± 0 .0 2  
0 .4 4 ± 0 .0 5  
0.37 ± 0 .0 3  
0 .5 4 ± 0 .0 2  
0 .4 2 ± 0 .0 4  
0 .6 3 ± 0 .0 7  

m ean: 0 .4 5 ± 0 .0 4 7 d

175 ±  12 
201 ± 1 4  
124 ± 1 8  
11.3 ±  1.3 
111 ±  7 
1 1 6 ±  7

m ean : 1 4 0 ± 1 5 .6 5 e

507 ± 1 3  
4 2 3 ±  7 
4 9 3 ±  5 
507 ±  8 
585 ±  6 
565 ± 1 9

m ean: 5 1 3 ± 2 3 .4 2 c

“R esults expressed as m ean  ±  S.E.M . of 6 tissue pieces ta k e n  from  the same u terus.

S e p a r a te d  by  d ex tran -co a ted  charcoal suspension from  1000 g supern a tan t.

c0.3 M-K.C1 e x tra c t of 1000 g  nuclear fraction  pellet.

dP  <  0.05

‘•'N.S.

T he S tu d e n t’s t te s t  was used for s ta t is t ic a l  analysis.
As show n in T ab le  1, th e  n o rep in ep h rin e  c o n te n t of th e  s y m p a th e c to ­

m ized u te rin e  h o rns w as sign ifican tly  (P<^0.()5) reduced  com pared  to  t h a t  of 
th e  in ta c t u te rin e  ho rn s o f th e  contro l r a b b its . T here  w as, how ever, no sign if­
ic a n t d ifference b e tw een  th e  con ten ts of 3H -o es trad io l bound specifica lly  e ith e r  
by  cy top lasm ic  or b y  nu c lea r b ind ing  sites o f  th e  in ta c t and  sy m p a th ec to m ized  
u te rin e  horns. T his fin d in g  does no t su p p o rt th e  hypo thesis th a t  th e  re d u c tio n  
of n o rep in ep h rin e  c o n te n t su b seq u en t to  sy m p a th e c to m y  could in d u ce  a de­
crease in  th e  o es tro g en -b in d in g  sites of th e  u te ru s ;  consequen tly , a decrease  in 
o estro gen -b ind ing  sites can n o t accoun t fo r th e  reduced  o es tro g en -sen sitiv ity  
observed  in th e  d e n e rv a te d  fem ale gen ita l t r a c t  of an te rio r-h y p o th a lam u s- 
lesioned ra b b its .
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HETEROGENEITY IN THE FIBRES OF THE BODY 
WALL MUSCLES OF THE EARTHWORM

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

R . V. N e n e

D EPA RTM EN T OF ZOOLOGY, FACULTY Of’ SCIEN CE, M. S. U N IV ER SITY  OF BARODA, B A R O D A , IN D IA

(R eceived  1976 — 06 — 16)

The bo d y  w all in vario u s species o f  ea rth w o rm  has tw o  co m p o n en ts  
o f so m atic  m uscle layers, an  o u te r  th in n e r  c ircu la r m uscle layer, w h ich  is only  
l /6 t l i  to  l /8 t l i  th e  th ickness o f th e  in n e r  lo n g itu d in a l muscle la y e r  [1, 4 , 5]. 
T he u ltra s tru c tu ra l  fea tu res o f th e  m uscle  fib res of these layers h a v e  been 
s tu d ie d  in g rea t d e ta il [5, 6, 7] an d , b ased  on th e  n a tu re  of th e  a r ra n g e m e n t 
of m y o filam en ts , these  h av e  been c lassified  as obliquely  s tr ia te d  f ib re s  [11]. 
P hysio log ica l s tu d ies, th o u g h  d ifficu lt to  m ak e , on a m ateria l like th is , w here in  
th e  m uscle sheets are  exceedingly  sm all an d  d ifficu lt to  s e p a ra te  fro m  each 
o th e r, h av e  also been a tte m p te d . T h e  earlies t w ork rep o rted  is t h a t  of 
R u d d i n g t o n  [2]. This a u th o r  recorded  tw o  ty p e s  o f  con trac tions a f te r  s t im u la t­
ing  b o d y  w all s trip s  of e a rth w o rm s, v iz ., a fa s t spike-like c o n tra c tio n  an d  a 
su b se q u e n t, slow er w ave, b o th  show ing  su m m a tio n  w ith  rep e titiv e  s tim u la tio n . 
T a s h ir o  [9] and  T ashiro  an d  Y amamoto  [10] also tr ie d  to  record  th e  m ech an i­
cal responses from  th e  in d iv id u a l lay ers . T h ey  rep o rted  th a t  in th e  lo n g itu d in a l 
m uscle la y e r, fie ld  s tim u la tio n  elic ited  tw o  d is tin c t waves of te n s io n  d ev e lo p ­
m e n t: phasic  and  ton ic  c o n trac tio n . T h e y  fu r th e r  rep o rted  th a t  in  th e  c ircu la r 
m uscle lay e r these  tw o com ponen ts w ere  n o t  d istingu ishab le  and  th e y  w on d ered  
w h e th e r th is  was due to  th e  fac t th a t  th e  ten sio n  ob tained  from  th e  c ircu la r 
s tr ip  re su lted  n o t only  from  th e  c o n tra c tio n  o f th e  circular m uscle la y e r  alone, 
b u t  also p a r t ly  from  the  lo n g itu d in a l m uscle  lay er. D rews  and  P a x  [3],  on 
th e  o th e r  h an d , a f te r  s tim u la tin g  lo n g itu d in a l an d  circular m uscle la y e rs  w ith  
a p ro longed  re p e titiv e  s tim u la tio n , o b ta in e d  a response w hich co n sis ted  of 
tw o  d is tin c t phases o f ten sio n  d ev e lo p m en t, an in itia l rap id ly  d ev e lo p in g  peak  
follow ed b y  a slow decline to  a b o u t 1/2 p e a k  tension , th e  la t te r  fo rm in g  th e  
second p h ase . A lthough , on ly  one m orpho log ica l ty p e  of m uscle f ib re  has been 
recognized in  th e  body  w all m u sc u la tu re  by  earlie r w orkers [5, 6, 7] the  
physio log ica l b eh av io u r o f th e  tw o m uscle  layers suggested th e  p o ss ib ility  of 
th e re  b e in g  tw o sep a ra te  zones or su b lay e rs  w ith in  each of th e  la y e rs , th e  two 
zones b e ing  com posed o f cy to log ica lly , cy tochem ically  and  p h y sio lo g ica lly  
d iffe rin g  u n its . T he p resen t w ork w as th e re fo re  u n d e rtak en  to  e lu c id a te  the  
v a lid ity  o f th is  a ssum ption .
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F re sh  frozen c ry o s ta t  sections passing  th ro u g h  d ifferent regions o f  th e  
b o d y  such  as bucca l c a v ity , p h ary n x , g izza rd , s to m ach , in te stin e  an d  th e  
p o s te r io r  segm ents o f  th e  earthw orm  M egascolex  sp p . were ta k e n  an d  tr e a te d  
h is to ch em ica lly  fo r d e m o n s tra tin g  succinic d eh y d ro g en ase  [8].

O n exam ining  b o d y  w all muscles from  th e  v a rio u s  regions of th e  b o d y , it 
b ecam e  obvious t h a t  b o th  th e  circular a n d  th e  lo n g itud ina l m uscle lay e rs  
w ere  in  fac t com posed o f  tw o  d istinc t zones o r  su b lay e rs . In  each m uscle la y e r, 
th e  p e rip h e ra l zone s to o d  o u t p rom inen tly  b ecau se  o f  a high deposition  o f for-

F ig . 1. P h o to m ic ro g rap h  o f T . S. of body wall o f e a r th w o rm  show ing th e  lo ca lizatio n  of 
su cc in ic  dehydrogenase . T h e  th re e  layers of the  bod y  w all a re  o u te r  single layered  ep iderm is (e) 
th e  m id d le  th in n e r c irc u la r  m u sc le  layer (c. m .) a n d  th e  in n e r  th icker lo n g itu d in a l m uscle  
la y e r  (1. m .). The fo rm az an  d ep o sitio n  is m ore a b u n d a n t  in  th e  o u ter or p e rip h era l zone (p), 

and  s c a n ty  in  th e  in n er zone (i) o f e ach  m uscle  layer. X 250

m a z a n  granules in  th e  co m p o n en t m uscle fib res  in  c o n tra s t to  th e  in n e r zone, 
w h ich , due to  th e  s c a n ty  deposition  of fo rm a z a n , ap p ea red  very  pale (F ig . 1). 
T h is  d is tin c tio n  was m ore  s tr ik in g  in  the  in n e r la y e r  th a n  in  th e  o u te r  one.

T he enzym e succ in ic  dehydrogenase is a m ito ch o n d ria l enzym e [8]. I t  
is k n o w n  from  th e  s tu d ie s  o f  M i l l  and  K n a p p  [7] th a t  th e  ob liquely  s tr ia te d  
f ib re s  o f  the ea rth w o rm  h a v e  th e ir  m ito ch o n d ria  p laced  near the  p e rip h e ra l 
p o rtio n  o f th e fib re , lo c a te d  in  th e  sarcoplasm  im m e d ia te ly  below the  sarco lem m a. 
As reg a rd s  th e  h eav y  d ep o sitio n  of fo rm azan  g ran u les  seen in fib res o f th e  
p e r ip h e ra l zone of each  la y e r , it  is no t clear w h e th e r  th e  deposition  den o tes  
th e  presence  of ex ceed in g ly  large m ito ch o n d ria  o r a c lu ste r of severa l sm alle r 
m ito ch o n d ria . W h a te v e r  be  th e  size of th is  o rg an e lle , th e  fac t w hich em erges 
fro m  th is  h istochem ical s tu d y  is th a t  su p e rim p o s itio n  of th e  phasic c o n tra c tio n  
on  th e  to n ic  co n trac tio n s  m a in ta in ed  a t a s te a d y  lev e l b y  repe titiv e  s tim u la tio n  
as reco rd ed  w ith  th e  lo n g itu d in a l m uscle la y e r  [9, 10] could be rea lly  due to  
th e  com bined  effect o f th e  ac tiv ities of tw o  m orphophysio log ica lly  d iss im ila r 
zones o f th is  m uscle la y e r. T he fibres of th e  p e r ip h e ra l zone, w hich are  a b u n ­
d a n t ly  supplied  w ith  m ito ch o n d ria  and  w hich  w ou ld  therefo re  have  a g re a te r
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o x id a tiv e  cap ac ity , sh o u ld  be m etabo lica lly  an d  physio log ica lly  d iffe ren t 
from  th e  fib res o f th e  in n e r  zone. This is su p p o rted  b y  th e  w ork o f T a s h ir o  [9] 
an d  T ash iro  an d  Y amamoto  [10], who o bserved  responses to  v a r ie d  se t o f  
co n d itio n s; th e re  w ould  occur en h an cem en t o f th e  phasic  and  a b o litio n  o f th e  
to n ic  co n trac tio n  in  sod ium -free  so lu tion  a n d  d isap p earan ce  o f  th e  ton ic  
c o n tra c tio n  a t  30 °C b u t  th e  phasic co n trac tio n  rem ain in g  u n a ffec ted  a t  th is  
te m p e ra tu re . A fu r th e r  d e ta iled  e lec trophysio logical s tu d y  is, th e re fo re , 
n ecessary  to  o b ta in  d issoc ia tio n  o f th e  tw o com ponen ts of ten sion , seen due to  
superim p o sitio n  o f p hasic  and  ton ic  co n trac tio n s o f  th e  tw o su b lay e rs . H ere  it 
m a y  be added  th a t ,  since th e  c ircu lar m uscle la y e r  show s a s im ila r reg io n a liza ­
tio n  it  should  also y ield  a s im ila r p a tte rn  w hen te s te d  e lec trophysio log ica lly .
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RECENSIONES

B e e v e r s , L.: N itrogén m etabolisin  in p lan ts
E d w a rd  A rnold  (P u b lishers) L td .,  L ondon  1976)), pp . 33, £6.95.

T he p re sen t volum e on N itrogen  M etabo lism  in  P la n ts  was b a d ly  n eed ed , since the  
la s t  book  on th e  sam e topic  was pu b lish ed  in 1959. T he te x t  is d iv ided in to  th e  n e x t  ch ap te rs : 
1. N itro g en  n u tr it io n ;  2. Am ino acids; 3. A m ino acid  m etabolism ; 4. P u rin e s , p y rim id in es , 
nucleosides a n d  nucleo tides; 5. Nucleic acids; 6. P ro te in s ;  7. N itrogen m etab o lism  in  seeds; 
8. N itrogen  m etab o lism  during  f ru it r ip en in g  a n d  lea f  senescence. C learly , th e  f i r s t  six 
c h a p te rs  a re  d e v o ted  to  basic, general p ro b lem s of n itro g en  m etabolism , w h e reas  th e  last 
th ree  c h ap te rs  a re  dealing  w ith  specific a sp ec ts  o f n itro g en  m etabolism  in h ig h e r  p lan ts . 
H ow ev er, i t  should  be stressed  th a t ,  even in th e  “ g en era l”  section (firs t 6 c h a p te rs ) ,  g reat 
a tte n tio n  is d e v o te d  to  prob lem s an d /o r processes w hich  are ch arac te ris tic  spec ifica lly  for 
(h ig h er) p la n t  tissues. T his is especially  e v id e n t in  c h a p te rs  5 and 6 (nucleic acids a n d  p ro te ins) 
in w hich  th e  u su a l overg en era liza tio n , based  on re su lts  o f th e  m uch m ore a d v a n c e d  b ac teria l 
field , is carefu lly  avo ided . One has to  acknow ledge th e  c ritica l a tt i tu d e  of th e  a u th o r  m ak ing  
specific  s ta te m e n ts , all over th e  te x t, as to  th e  p ro b lem  w h a t is valid  an d  w h a t is n o t  va lid  
for th e  h igher p la n t  tissues from  v a s t l i te ra tu re  on  n itro g en  m etabolism  in  b a c te r ia  and 
m am m alian  tissues. S till, th e  te x t  is c o h eren t a n d  lucid . The b ib lio g rap h y  is “ se lec tive” 
(m ore th a n  700 c ita tio n s) a n d  re m a rk ab ly  up  to  d a te  (covers the l ite ra tu re  u p  to  1974 -75) 
for a  book. T he vo lum e will be an ex ce llen t sou rce  o f in fo rm ation  bo th  fo r u n d e rg ra d u a te  
a n d  g ra d u a te  s tu d e n ts  as well as for th e ir  te a ch e rs . T h e  carefu lly  ba lan ced  a m o u n t o f  infor­
m a tio n  co n ta in ed  by  th e  book, th e  ex ce llen t s ty le  (easy  to  read  and u n d e rs ta n d ) , a n d  th e  well 
chosen figures m ake  th e  read ing  of th e  book a m u s t  fo r th e  research  w orkers as w ell, especially  
if  th e ir  fields are n o t exac tly  in, b u t  are  re la te d  to , th e  area of p lan t n itro g e n  m etabo lism .

G. L . F a r k a s  (Szeged)

N itrogen fix a tio n  by free-living m icroorgan ism s
E d . W. D. P . S t e w a r t . International B iological Program m e 6.
C am bridge U n iv e rs ity  Press, L ondon  (1975), p p . 471, £22.

Sym biotic n itro g en  fixation  in p lan ts E
E d . P . S. N u t m a n . In ternational Biological Program m e  7.
C am bridge U n iv e rs ity  Press, L ondon (1976), pp . 584, £22.

T he In te rn a tio n a l Biological P ro g ram m e  as “ T he Biological B asis o f P ro d u c tiv ity  
a n d  H u m an  W elfare”  was con d u cted  b e tw een  1964 — 1974. Of its seven se c tio n s  fo u r were 
con cern ed  w ith  th e  s tu d y  of biological p ro d u c tiv i ty  — am ong them  — th e  n itro g e n  fix a tio n . 
T he vo lum es (6 an d  7) include th e  m a te ria l o f th e  N itro g en  F ix a tio n  an d  th e  B io sp h ere  In te r ­
n a tio n a l S yn th esis  M eeting of P P  N  S ec tio n  of IB P  held  in E d in b u rg h  in  1973.

T he 6 th  vo lum e dealing w ith  (1) n itro g e n  f ix a tio n  by  free-living b a c te r ia , (2) n itrogen  
f ix a tio n  by  free-liv ing  b lue-green algae, (3) th e  a ce ty len e  reduction  tec h n iq u e , (4) th e  bio­
c h em istry  o f n itro g en  fixation  co n ta in s 29 lec tu re s  b y  58 rep resen ta tiv es o f 17 co u n trie s  of 
5 c o n tin e n ts .

As reg ard s  th e  7 th  vo lum e, th e re  are in te rd isc ip lin a ry  discussions o f  sy m b io tic  n itrogen  
f ix a tio n  w hich  are  d iv id ed  in to  th e  follow ing p a r ts :  (1) G eneral asp ec ts  a n d  tax o n o m y , 
(2) Q u a lity  o f legum e inocu la tions, (3) F ie ld  e x p e rim e n ts  of n itrogen  f ix a tio n  b y  n o d u la ted  
legum es, (4) L egum e n itrogen  f ix a tio n  a n d  th e  en v iro n m en t, (5) N itrogen  fix in g  sym biosis 
in n on-legum inous p lan ts . 41 lec tu res  a re  p re se n te d  by  62 researchers fro m  22 co u n trie s  of 
5 co n tin en ts .

8 * A d a  Biologien Academiae Scientiarum liungaricae 27, 1976
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O f course, th e  tw o v o lu m es can n o t co n ta in  a ll th e  re su lts  of th e  ten  y e a rs ’ w ork  of 
th e  n a tio n a l  an d  in te rn a tio n a l IB P ,  b u t i t  p rovides a  good  su rv ey  of the  p rob lem s of b o th  
f ie ld s  o f  n itro g en  f ix a tio n  an d  s ta r tin g  po in ts fo r th e  fu tu re  w ork . These ach iev em en ts  a re  
im p o r ta n t  from  all ecological a n d  agronom ic aspects o f  n itro g e n  fix a tio n  and  for th e  process 
itse lf.

F o r  th is  reason , th e  b o oks are  useful no t only fo r b io lo g ists , m icrobiologists, g en e tic is ts , 
c h e m is ts , b iochem ists a n d  a g ro n o m ists  b u t  o th er sp ec ia lis ts  could  fin d  the  w id e-ran g in g  
fie ld s  o f  n itro g en  f ix a tio n  o f in te re s t ,  as well.

M. K e c s k é s  (B u d a p e s t)

R u m s e y , F . an d  D u e r r , W . A .: Social sciences in  fo res try : a  book of readings
W . B . S au n d e rs  Co., P h ilad e lp h ia  — L o n d o n —T oron to  (1975), pp . 408

T h is  book  is e d ited  fo r th o se  in te res ted  in fo re s try , especially  in forest econom y a n d  
o th e r  so c ia l sciences ap p lied  a n d  n eed ed  in fo rest m a n a g e m e n t. I t  m ay  serve good fo r te a ch e rs  
o f  fo re s t ry  econom ics an d  m a n a g e m e n t or even s tu d e n ts  a n d  fo res t m anagers as w ell. T he 
b o o k  m ig h t  serve th em  in tw o  w a y s; as a set of top ics fo r g ra d u a te  or senior discussion courses 
in  fo re s t  econom y, or as a su p p le m e n ta ry  lite ra tu re  sou rce  of fo rest econom y an d  social 
sc ien ces . T h e  book consists o f  f iv e  p a rts . E ach  is co m p rised  of articles by  renow n  a u th o rs  
o n  so c ia l science ap p lica tio n s to  successive aspects o r  su b d iv is io n s of fo restry . W ith in  each  
o f  th e  p a r ts  th e  s to ry  p roceeds fro m  the  m ore g en era l su b je c ts  to th e  m ore specific. F irs t  
e m p h a s is  is given to  econom ic, m o s tly  because th is  is th e  fie ld  w ith  w hich th e  a u th o rs  an d  
th e  w o u ld -b e  readers are th e  m o s t fam iliar. Before a n  a rtic le  th e re  is a sho rt b io g rap h y  of 
a u th o r ( s ) ,  a n  e d ito r’s su m m ary  a n d  only for e d u ca tio n a l p u rp o ses a sh o rt lis t o f q u estio n s 
to  co n sid e r w hen read ing . A t th e  e n d  of th e  a rticles d e ta ile d  references help re ad e r to  f in d  
m o re  in fo rm a tio n  a b o u t th e  to p ic . P a r t  I , on econom ics a n d  o th e r  social sciences o f  fo re s try  
a t  la rg e , is o rganized  so as to  b r in g  ou t b o th  th e  su b je c t’s h is to rica l developm en t an d  its  
c o n ce rn  fo r a range of in te rd isc ip lin a ry  com binations. T h e  se lec ted  articles, am ong  o th e rs , 
d e a l w i th  c u ltu ra l  an th ro p o lo g y , social ecology, p sy ch o lo g y , ed u ca tio n , sociology, p o litica l 
a n d  m a n a g e m e n t sciences, e tc . P a r t  I I  com prises a rtic le s  on  th e  m ain  classes o f in p u ts  in to  
fo re s try .  T hese  involve s tu d ies  on  fo res t land-use, c a p ita l  a n d  in v es tm en t, labour a n d  p ro ­
d u c t iv i ty .  H ere  is a s tr ik in g ly  in fo rm a tiv e  s tu d y  by R . K e n in s to n , who reviews th e  l ite ra tu re  
a n d  a d v o c a te s  m ore a p p lic a tio n  o f sociology and  p sy ch o lo g y  in ow nership stud ies. P a r t  I I I  
co n ce rn s  w ith  fo rest resource  m an a g em e n t. I t  opens w ith  th re e  item s on m ultip le -use  an d  
g e n e ra l lan d -m an a g e m e n t co n sid era tio n s. These are  fo llow ed  b y  m ore specific a rtic le s  on 
fo re s t  re c re a tio n  and  one on  u p s tre a m  w atershed  m a n a g e m e n t. The rem ain ing  item s deal 
m o s tly  w ith  tim b e r: goal se ttin g , fo res t regu la tion , a n d  a lte rn a tiv e  silv icu ltu ra l p rac tice s . 
P a r t  IV  to u ch e s  upo n  d iffe ren t a sp e c ts  of w ood-using in d u s try  : o f lum ber in d u stry , o f p lyw ood 
a n d  o f  p u lp  an d  paper. P a r t  V concerns, in a sence, th e  m a rk e t:  q u an titie s , prices, tra d e  of 
p r im a ry  tim b e r , m ark e tin g  a n d  t re n d s  in th e  lum ber m a rk e t.  T h e  book th en  ends tw o  artic les  
o n  t r a d e  in logs and  in  lu m b e r fu tu re s .

L. D a l a  (B u d a p es t)

G u e n t h e r , W . B.: C hem ical eq u ilib riu m
A  p ra c tic a l in tro d u c tio n  for th e  p h y sical and life sciences
P le n u m  P ress , New Y o rk — L o n d o n  (1975), pp. 246 -f- 2, figs 88, $ 23.40.

T h is  te x tb o o k  offers a  m a th e m a tic a l tre a tm e n t o f a q u eo u s  chem ical equ ilib ria .
T h e  book  is d iv ided  in to  12 ch ap te rs  covering th e  m o n o p ro tic  an d  po lypro tic  acid -base  

e q u ilib r ia  a n d  ti t r a tio n  cu rv es, m e ta l ion ligend sy s te m s, so lu b ility  equilibria  a n d  re d o x  
e q u ilib r ia . A  special em p h asis is la id  upon  the  clear fo rm u la tio n  of the  basic ideas w hich  
a re  f u r th e r  e lu c id ated  b y  a r ich  a n d  ad eq u a te ly  chosen  co llection  of exam ples. T hese  la t te r  
a re  co m p iled  from  d iffe ren t fie lds includ ing  geo ch em istry  a n d  b iochem istry  am ong o th ers . 
T h e  c h ie f  en d eav o u r o f th e  b o o k  is to  deal w ith rea l sy s te m s a n d  to  avoid  as possib le th e  
r a th e r  c o m p lica te d  ideas o f  th e  th e o ry  of ionic so lu tio n s o f m o d e ra te  ionic s tre n g th .

F o r  th is  purpose th e  a p p e n d ix  provides a tab le  fo r a c t iv i ty  coefficients a fte r K i e l l a n d  
a n d  D a v i e s , w hich are app licab le  u p  to  0.2 M.

A  fu r th e r  o u ts tan d in g  p ro p e r ty  o f th e  book is th e  a b u n d a n t  use of g raphs, g rap h ica l 
so lu tio n  m eth o d s , d ifferen t k in d s  o f  p lo ts includ ing  som e new  m ethods w hich c o n tr ib u te  
to  th e  c la r ity  o f  th e  vo lum e. G ra n  p lo ts  are critica lly  d e sc rib ed  f irs tly  in th e  l ite ra tu re .

A c t a  B i o l o g i c a  A c a d e m i a e  S c i e n t i a r u m  H u t i g a r i c a e  2 7 ,  1 9 7 6
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T he  a im  to adhere  closely to s ta n d a rd  IU P A C  sym bolism is recognizable  everyw here .  
The  com plex it ies  are in troduced  gradually ,  th e  l im ita t io n s  of the ca lcu la tiona l  p ro c ed u re s  
are c learly  set.  In  the  append ix  a limited n u m b e r  o f  c om pute r  p rogram m es in F O R T R A N  
can be found  which are capable  o f  calcu la ting  som e 40 equil ibrium system s.  T h e  c h a p te r  
ends a re  p rov ided  by  problem s to solve.

L e t  u s  see several exam ples from th e  c o n te n t :  the  calc ium phosphate  sy s te m ;  hone 
a n d  m in e ra l  fo rm at ion ;  the  c i t ra te  sys tem ; som e physiological pH  effects;  e ffec ts  o f  p H  on 
reac tion  ra tes ;  the  A l3+-F  sys tem ; the C u ( I I ) - N H 3-E D T A  system; amino ac id  c o m p lex es  
of Cu2+ a n d  Co2+; the  sea w a te r  problem, possible equil ibria  in blood fluids; C a C 0 3 so lub i l i ty  
in open sys tem s;  am p h o ly te  solubili ty;  Е -p H  d iag ra m  for iron, etc.

T h e  book  is destined to assist  research  w orkers  a n d  s tuden ts  in so lv ing  p ra t ica l  
prob lem s in chem is try ,  b iochemistry ,  geo ch em is try  a n d  env ironm enta l  in te rd isc ip l in a ry  
fields.

K. R a k s áNYI (B u d a p e s t )

Biomembranes: Structure and Function
F E B S  Proceedings o f  the N in th  M eeting, B udapest, 1974, Vol. 35. Ed. Gá r d o s , G., Szász , I .  
Academic Press ,  New York  (1975), pp. 317, figs 155.

C on tr ib u t io n s  of the  F E B S  proceedings h a v e  been edited by two exce llen t  w o rk e rs  
of the  sub jec t .  T he  con tr ibu t ions  are discussed in 4 m a in  p a r t ,  viz. (1) E le m e n t s  o f  the  
m e m b ra n e  a n d  u l t r a s t ru c tu re  (5 lectures);  (2) M echan ism  o f  sugar and  am ino-ac id  t r a n s p o r t  
(6 lec tures);  (3) Ion  t r a n s p o r t  a n d  re la ted  m e m b r a n e  phenom ena  (7 lec tu res) ;  (4) Mito­
chondr ion  b ioenergetics  (3 lectures).

In  all  c o n tr ibu t ions  excellent workers o f  t h e  field re p o r t  the newest re su l ts  o f  phy s ica l  
a n d  chem ica l  s t ru c tu re  research. N um erous  in te res t in g  contributions deal w i th  t h e  ac tua l  
p rob lem s o f  m e m b ra n e  research a n d  p re sen t  a cross-section of the work  p e r fo rm e d  in th is  
field. T h e  m olecu lar  and dynam ic  m echanism s o f  m em b ran e  tran sp o r t  are discussed wi th 
special a t t e n t io n  to its re la tion  to energy, c e r ta in  general  an d  specific t r u th s  a re  revea led .

E d i to r s  express their  hope t h a t  the v o lu m e  will p rom ote  fu r ther  w o rk  o n  m e m b r a n e  
research . T h e  c o n tr ibu t ions  are accom panied  b y  excellent  illustrations a n d  w e l l-a r ranged  
tab les .  T he  exh ib i t ion  of the volume is very  good a n d  is a credit  to the  A cadem ic  Press .

E. B Á T H O R I ( B u d a p e s t )

Mechanism of action and regulation of enzymes.
F E B S  Proceedings o f  the N in th  M eeting, B udapest 1974. Vol. 32, Ed. K e l e t i , T. 
A k ad ém ia i  K iadó ,  B u d a p es t  (1975), pp. 265.

All th e  18 con tr ibu t ions  m ade  on the m ec h an ism  of action and regu la t ion  of e n zy m es  
are p resen ted .  The  sub jec t  is d ivided into th ree  g roups ,  viz.  (1) Kinetics a n d  s t r u c tu r a l  basis 
of  enzym e ac t ion  a n d  regu la tion  (8 lectures), (2) M ult ienzym e systems and  th e  in te rac t io n s  
of enzym es (4 lectures),  (3) In vivo regu la tion  o f  enzym e systems (6 lectures).

In  the  in troduc t ion ,  the editor  refers to  the  h is to r ica l  value of the  vo lum e.  T h is  m ea n s  
t h a t  th e  book p resen ts  the  reader  w ith  a c e r ta in  per iod  of historical d e v e lo p m e n t  o f  the  
sub jec t .  R esu l ts  p re sen ted  provide plentiful in fo rm a t io n  a n d  will serve as a source  o f  in for­
m a t io n  for b o th  experienced  and  unexperienced  re sea rch  worker.  In  the  las t  20 years ,  enzy- 
mologic resea rch  has changed  basically. T o d ay  th e  prob lem  of regulation is t im e ly :  en zym e-  
k inet ic  m e th o d s  refined in a com plica ted  w ay ,  th e rm o d y n a m ic  approach ,  p h ys icochem ica l ,  
chemical m e th o d s ,  sequence-analyses,  etc. r e n d e r  the  inves tigation  in th is  f ie ld  m o re  a n d  
more p rac t icab le .

T h e  p re sen ted  con tr ibu t ions  rep o r t  th e  resu l ts  achieved with the  a id  o f  t h e  m o s t  
m o d e rn  m ethods .  The  illustra tions are excellent,  the  tab le s  well arranged. T he  c o n t r ib u t io n s  
are com ple ted  w i th  a deta iled list of references.

T he  beau t i fu l  exh ib i t ion  of the vo lum e pra ises  the work of the A k ad ém ia i  K iad ó .

L. So lté sz  ( B u d a p e s t )

Acta Biologica Academia? Scientiarum Hungaricae 27. 107fi
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P ro te in s  of  th e  Contractile Systems
Proceedings o f  the N in th  F E B S  M eeting . Vol. 31. E d .  Biró ,  E .  N . A.
A k a d ém ia i  Kiadó,  B u d a p es t  (1975), pp. 225.

T h e  a cq u irem en t  of sc ien tif ic  in formation  has  ever  b e en  an  undula t ing  proceeding.  
Th is  h a s  been  so in re sea rch  w o rk  on the  contract i le  a p p a r a tu s  of th e  muscle. N ew  ideas 
a n d  n ew  techn iques  h ave  d ev e lo p ed  faster  in one resea rch  f ield  t h a n  in others b u t  s t im u la te d  
th e  goal a n d  in s t ru m e n ta t io n  o f  t h e  others. The d ev e lo p m en t  o f  muscle b iochem is try  p reced ed  
th e  u l t r a s t r u c tu r a l  analysis of t h e  contract i le  sys tem , h o w ev er ,  th e  ad v en t  of e lectron  m ic ro s­
co p y  a n d  X -ra y  analysis of  t h e  myofibril lar c o m p o n en ts  b r o u g h t  on avalanche  of n ew  
in fo rm a t io n  ab o u t  s t ru c tu re s  w h ic h  h ad  n o t  been s tu d ie d  w i th  biochemical m ethods.  D u r in g  
th e  l a s t  yea rs  a g rea t  deal  of new  in fo rm at ion  a cc u m u la te d  on  th e  chemical com ponen ts  a n d  
fu n c t io n  o f  the  newly-d iscovered  myofibri l lar  s t ru c tu re s .  T h u s ,  the  Federat ion  of E u ro p e a n  
B io ch em ica l  Societies o rgan ized  a sym posium  a t  the  b es t  m o m e n t  to consolidate the  r e le v a n t  
k n ow ledge  concerning the  s t r u c tu r e  and  function  of c o n trac t i le  proteins.  The papers  p re sen te d  
a t  t h e  sym pos ium  have  been  collected  in a well- i l lus tra ted  vo lum e.  All the c o n tr ib u to rs  a re  
f a m o u s  scientis ts  in muscle b iochem is try .  The book consis ts  o f  th ree  m ain  chap ters  covering  
all t h e  m a jo r  a n d  general a spec ts  o f  the contractile  sys tem .  T h e  firs t  chapter  is re la ted  w i th  
th e  A T P a se  m echanism s a n d  ac t inom yos in  in te rac t ions ,  t h e  second with the  r e g u la to ry  
sy s tem s  o f  the  I f i lam en ts ,  a n d  th e  th i rd  with e n z y m a t ic  phosphory la tion  a n d  assem bly  
of c o n trac t i le  proteins.  M ost  of t h e  au thors  used r e d  a n d  w h i te  skeletal  muscle,  and /o r  h e a r t  
m usc le ,  an d /o r  p re p a ra t io n  b u t  som e dealt  w ith  sy n th e t i c  f i lam en ts ,  contractile  p ro te ins  of  
p la te le t ,  am o eb a  and sl ime m old .  T h is  volume deserves th e  in te re s t  of biophysicists,  p h y s io l ­
ogists,  m orpholog ists  a n d  cell biologists as well.

Sz. VIRÁGH (B u d a p e s t)

Ch a r l e s  D a r w in ’s N a tu ra l  se lection  being the second p a r t  o f  his big species book w ri t ten  
f ro m  1856 to 1858.
E d .  S t a u f f e r , R. C., C am bridge  U n iv .  Press, L ondon (1975), pp. 692, £ 20.

T he  volume is an  e x t r e m e ly  valuable  d o c u m e n ta t io n ,  especially for those  w ork ing  
in t h e  f ield  of  Darwinism. T h is  m an u s c r ip t ,  published for th e  f i r s t  t im e in this book, d isp lays  
D a rw in ’s p rofoundness,  consc ien tiousness and  s t r ic t ly  c r it ica l  a t t i tu d e .  His la te r  w ork  was 
b a se d  on  this .  The firs t  tw o  in t ro d u c t iv e  chapters  deal w i th  t h e  general principles a n d  aspec ts  
fo llowed b y  D arw in  a t  t h e  t im e  o f  writing the m a n u s c r ip t  a n d  followed by  th e  p u b l ish e r  
w h e n  e d it in g  it. The co m p ila t io n  o f  these two ch ap te rs  is docum entat ion-l ike ,  in m o s t  p a r t s  
th e  o rig ina l  wording is p re sen te d .  Here and  in some la te r  p a r ts ,  the  editor has pe rfo rm ed  
som e ab r id g e m e n ts  for  th e  sake  o f  b e t te r  a r ra n g e m e n t  b u t ,  even  in these cases, th e  original 
t e x t  is used . The m iddle  p a r t  p re sen ts  a sketch of th e  m a n u s c r ip t  “ N a tu ra l  selection” . T h is  
en t i re ly  rep re sen ts  D a rw in ’s w ord ing .  The following 9 c h a p te r s  reflect the m ain  p o in ts  of 
D a r w in ’s life-work. This is re f lec ted  by the  tit les: (1) Possib i li t ies  of crossing in liv ing beings.  
(2) N a t u r a l  var ia tion .  (3) S tru g g le  for life. (4) N a tu ra l  selection. (5) Rules of var ia tion .  (6) T h e  
d iff icu l ties  o f  the  theory .  (7) H y b r id ism .  (8) In te l lec tua l  c ap a c i ty  and instincts of an im als .  
(9) A rea l  d is t r ib u t io n  of l iving beings.

All chap ters  are concise  a n d  clear. The ed ito r  has  v e ry  cleverly arranged  in to  e ac h  
c h a p te r  th e  c ircumstances in w h ic h  it  was wri t ten ,  th e  r e la te d  correspondence, co m m en ts ,  
a t t i t u d e  as regards crit icism. L a t e r  completions are p re sen te d  in an  “ Appendix” , in acco rdance  
w i th  th e  original m an u scr ip t .

T h e  a lphabetica l  list  o f  l i t e r a ry  references is v e r y  va lu ab le ,  th is  is the  c red i t  of  th e  
ed ito r .  T h e  reader  is also g u ided  b y  the  exac t  references to  th e  page num bers in the  “ Orig in  
o f  species”  a n d  the  “ N a tu r a l  se lec tion” . Reading is f u r th e r  p ro m o te d  by  a rich a lp h ab e t ica l  
s u b je c t  index .

T h e  appearance  o f  th is  w o r k  is a great  even t .
B. Fa lu di  (B u d a p e s t)

Crop genetic  resources for to d ay  a n d  tomorrow
I B P  2. E d .  F r a n k e l , O. IL ,  I I a w k e s , J .  G.
C am b rid g e  Univ .  Press, L o n d o n  (1975), pp. 491, £13.

I n  a  volume of th e  I B P  p ro g ram m e  issued in 1970, th e  same au thors  re p o r te d  on  
e x p lo ra t io n  of crop-genetic  resources ,  the  m ethods of th e i r  p re se rv a t io n  and the ir  p ro longed  
s to rage ,  fu r th e r  on th ey  d iscussed  th e  purposeful  ap p l ic a t io n  of the  collected samples.  Th is
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vo lu m e  rep o rts  on m ore  recen t  work  pe rform ed  a n d  new  problem s arisen since in th is  field. 
Six sub jects  are discussed.

In  the  firs t  p a r t ,  dealing; w i th  the  genetic  v a r ia b i l i ty  of crop populat ion ,  i t  is an a lyzed  
b y  p o p u la t io n  genetic  m ethods  how the genetic  v a r ia b i l i ty  o f  the  cultu red  sam ple  is in f luenced  
b y  th e  cu ltu re  sys tem , by  isolation, an d  b y  th e  n a tu r a l  a n d  artificial selection a n d  the 
o p t im a l  sam ple  size for s torage is discussed.

T he  second p a r t  reports  the  results  of e x p ed i t io n s  m ade  for collecting th e  va r iab le  
c rops a n d  th e i r  ancestors  and  discusses fu r th e r  tasks .  T he  USA an d  the  Sovie t  U n io n  has 
en d ea v o u red  to  collect the  genetic  resources o f  th e i r  ow n and foreign coun tr ies ,  o ther  
countries ,  for  exam ple ,  Chile, Bolivia and  Peru ,  m ak e  efforts in collecting the  g enet ic  resources 
of  one species (po ta to )  for p ro tec t ing  th em  from  ex tinc t ion .  In  o ther  coun tr ies  o f  South- 
A m erica  cacao varie ties  have  been  collected.

The  th i rd  p a r t  d e m o n s tra tes  how th e  p rev ious ly  a n d  newly collected cu l tu re  samples 
are ut i l ized  for producing  species re s is tan t  to c e r ta in  pa th o g en ic  agents. In  th e  S o v ie t  Union 
d ro u g h t - re s i s ta n t  species, in th e  USA a n d  in W es t  G e rm an y  species of h igher  p ro te in  an d  
oil c o n te n t  are of in te res t  in th is  respect.

The  fo u r th  p a r t  deals w i th  the  p rob lem s o f  p ro longed  storage. M any  new ly-em erged  
p rob lem s (pollen-storage, s torage of the  tropical  ro o t - tu b e ro se  p lants)  are discussed. C o m m u ­
nica t ions  on the  possibilit ies of  th e  applicat ion  of t issue cu ltu re  m ethods and  re la te d  p rob lem s 
are the  m ost  in te res t ing  in th is  p a r t .

The  f if th  p a r t  presen ts  in fo rm at ions  on th e  re q u irem en ts  in the  d o c u m e n ta t io n  of 
sam ples.

The  las t  p a r t  gives in fo rm at ion  on the  severa l  large centres of genetic  resources  (rice, 
maize). The  reader  can  be a c q u a in te d  in d e ta i l  w i th  F r a n k e l ’s suggestions concern ing  a 
world-wide coordina tion  a im ed a t  solving these  prob lem s.

The  volume will be of in te res t  to researchers  w ork ing  in th is  field as well as those 
w ork ing  in p ractice .  These  la te r  are p rov ided  w ith  in fo rm a t io n  on the  new genetic  resources 
available.

A. B á l i n t  (Gödöllő)

Small m am m als :  the ir  productivity and populat ion  dynam ics
In terna tional Biological Programme 5. Ed .  Go l l e y , F.  B.,  P e t r u s iew ic z , K . ,  R y s z k o w s k i , 
!.. C ambridge U n ivers i ty  Press ,  L ondon  (1975), £12.

A t  p resen t  the  I B P  is one of the in te rn a t io n a l  scientific  collaborat ions ,  se rv ing  the 
in te res ts  of  m an k in d .  (R esearch  sc ientists of H u n g a r y  tak e  p a r t  w ith m a jo r  sha re  in this 
w ork .)  In  th is  long-running scientific  p ro g ram m e  th e  t ra d e  l i te ra ry  in form ation  h a s  a n  e x t r a ­
o r d in a ry  im p o r ta n t  role. The la te s t  book o f  th is  series has  been  w ri t ten  by  severa l  well-known 
au th o rs ;  i t  deals w ith  the s ignificant ques t ions  of ecology.

This volume,  pub lished  in English,  specifies small  m am m als  (rodents  a n d  insectivores).
The  f irs t  p a r t  deals w ith  the  e s t im a t io n  of popu la t ion  density ,  d isp e rs i ty  a n d  age 

d e te rm in a t io n ,  analyses the oecological re la t ions  of energy-circulation  of sm all  m am m als  
as well as the  theo ry  of biological p roduc tion  a n d  th e  m eth o d  of its calcula tion .

F ro m  a p ract ica l  po in t  o f  view, the  m o s t  o u t s ta n d in g  chap ters  are th o se  analysing  
the  production-bio logical  func tion  of small  m a m m a ls  in tem pera te-zone  fores ts ,  f ields and 
p loughed fields, an d  in arctic  a n d  tropical  oecosysteins.

The  f inal p a r t  of  the  book draws the  a t t e n t io n  to the  public  h ea l th  im p o r ta n c e  of 
sm all  m am m als  a n d  describes in deta il  th e  app lied  resea rch  m ethods  concern ing  th e  ro d en t  
con tro l  in u rban ized  regions a n d  ploughed fields a n d  produces-tores.

The  e x ac t  nam e list of  small  m am m als  as an  ap p en d ix  deserves specia l  a t t e n t io n .  
T h e  80 pages of the  e x ac t  reference list a n d  su b je c t  lis t  he lp  the readers to g e t  a b so rb ed  by 
th is  topic .  We m ay  recom m end  th is  book to ev ery  m am m alo log is t  an d  bio logist  in te res ted  
in the  popu la t ion  biology a n d  demoecology, especially  in countries in which l i t t le  a t t e n t io n  
has  been given to th e  research  of the  oecology a n d  population-biological laws o f  small  
m am m als .

Gy . F á b iá n  (Gödöllő)
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S c h m i d t -N i e l s e n , К . :  A n im al  physiology 
A d a p ta tio n  and environm ent
C am b rid g e  U nivers i ty  Press ,  L o n d o n  (1975), pp. 699, £  7.25

T h is  volume rep re sen ts  a special approach  to c o m p a ra t iv e  animal physio logy. W hile  
in t e x tb o o k s  of usua l  c o n s t ru c t io n  physiology is t r e a te d  on  th e  basis of different  fu n c tio n s  
(e.g. d iges tion ,  re sp ira t ion ,  e tc .) ,  in  th is  w ork  the su b jec ts  a re  a r ranged  according to e n v iro n ­
m e n ta l  fac to rs  (oxygen, food, e tc .)  which th e  an im a ls  m u s t  f in d  or avoid, o b ta in  or escape, 
to live. T h is  k ind  of a p p ro ac h ,  w hich  helps the  re ad e r  to  u n d e r s ta n d  how living o rgan ism s 
fu n c t io n ,  m u s t  necessarily be  selective. Therefore, some top ics  (e.g. physiology of r e p ro d ­
u c tio n )  h a v e  been o m it t e d  or t r e a t e d  very  briefly.

T h e  boo k  consists o f  f ive  p a r ts .  In  the  f irs t  p a r t  func tions  connected  w i th  oxygen ,  
viz.  re sp i ra t io n  in w a te r  a n d  air,  blood a n d  c ircu la t ion  a re  analysed. The second p a r t  is 
d e v o te d  to  food and  energy. This p a r t  presents in fo rm a t io n  on feeding, digestion, n u t r i t io n  
a n d  e n erg y  metabolism . T he  following chap ters  ( P a r t  I I I )  dea l  with th e  effects o f  t e m p e r ­
a tu re  on  living organisms a n d  w i th  their  t e m p e ra tu re  regu la tion .  P a r t  IV includes c h a p ­
te rs  on  w a te r  a n d  osmotic  r e g u la t io n  and excretion. T h e  la s t  p a r t  of the  volume covers th e  
p hysio logy  of m o vem en t,  in fo rm a t io n  and in tegrat ion .

A t  th e  end of each o f  t h e  p a r t s ,  a selected list of  re ferences helps the  reader  in o b ta in in g  
f u r th e r  in fo rm a t io n  on the  su b jec t .  The volume is well w r i t te n  and  excellently  i l lu s t ra ted .  
T he  a u th o r  has compiled th e  m o s t  im p o r ta n t  new in fo rm a t io n  a n d  ideas in a com ple te  book. 
T he  b o o k  m a y  be reco m m e n d e d  for  s tu d en ts  a t  un iv e rs i t ie s  a n d  for all those wishing to h a v e  
new in s ig h t  in to  c o m p ara t iv e  physio logy.

J .  K ovács (B u d a p e s t)

Control m ech an ism s  in developm ent.  Activation, d if ferentia tion  and modulation in  biological
systems.
E d .  Me i n t z , R. M., D a v i e s , E .  P len u m  Press, New Y o r k  —L o n d o n  (1975), pp. 226, $23.40.

T h e  book  is th e  62n d  v o lu m e  of the  series A d v a n ce s  in  E x p er im en ta l  Medicine a n d  
B iology, a n d  contains the  p a p e rs  p resen ted  in a sy m p o s iu m  he ld  a t  the  U n ivers i ty  of N e b ­
r a s k a — Linco ln  in October 14 —16, 1974.

M ost  o f  the  papers  deal w i th  p ro te in  synthesis as a n  express ion  of the  genetic  m ach inery .  
A ccord ing  to  the ir  specific su b je c t  m a t t e r  w ith in  th is  top ic ,  th e  papers  are g rouped  in to  fo u r  
m a in  sections.  The  f irs t  section , A c t iva t ion  in Biological System s,  comprises fou r  p ap ers  
on th e  g enet ic  regu la t ion  o f  p r o t e in  synthesis in e m b ry o n ic  a n d  hybridized cells. W h e n  R N A  
sy n th es is  is suppressed , p ro te in  syn thesis  is n o t  im p a ired  in ear ly  developing em bryos ,  su g ­
ges t ing  th e  u t il iza t ion  of genetic  in form ation  t h a t  h a s  b e en  t ranscr ibed  during  oogenesis 
(A, M a r c u s  e t  al.). F ro m  a series of experim ents  of  pe r iod ic  enzyme synthesis in y e as t  
cu l tu res  conclusions are d ra w n  a b o u t  the chromosomal lo ca t io n  of genes for rR N A , a n d  a b o u t  
th e  r e g u la t io n  of rR N A  sy n th es is  (C. Sa u n d er s  e t  al.). I n  experim ents  w ith  nuc lear  t r a n s ­
p l a n ta t io n s  in enuclea ted  X en o p u s  eggs the accum ula t ion  o f  p ro te ins  in nuclei has been  show n 
to be a specif ic  process ( J .  B .  Gu r d o n ). A n  elegant  te c h n iq u e  is shown for som atic  h y b r id ­
iza t ion  b y  p ro to p la s t  fusion a n d  t r a n s fo rm a t io n  to s tu d y  th e  exchange  of genetic  in fo rm a t io n  
in p l a n t  cells (O. L. Ga m b o r g ).

P a p e r s  in the  second section , D ifferentia tion in  Biological Systems, give a cc o u n t  o f  
e x p e r im e n ts  s tudy ing  th e  effect o f  horm ones on e n zy m e  syn thes is  in germ inat ing  b a r ley  
seeds ( J .  E .  V a r n e r ), and  on o v a lb u m in  synthesis in ch icken  o v iducts  (R. T. Sc h im k e  e t  ah). 
The  l a t t e r  s tu d y  involves h ig h ly  sophis t ica ted  techn iques ,  like specific im m u n o p réc ip i ta t io n  
of p ro te in s ,  a n d  D N A —R N A  a n d  D N A  — DNA h y b r id iza t io n ;  a n d  is concluded w i th  showing 
th e  p r i m a r y  effect of oes trogen  on o v a lb u m in  synthesis  is to  regu la te  the  c o n ten t  of  o v a l ­
b u m in  m R N A .  The th i rd  p a p e r  in  th is  section d iscussed th e  in te rnal ly  coord ina ted ,  p r o ­
g ra m m e d  express ion  of specif ic genes during d if fe ren tia t io n  us ing  as a model th e  fo rm a t io n  
o f  p ro te in ac e o u s  egg-shell of insects  (F. C. K afatos).

T h e  th i r d  section deals w i th  M odula tion  in B iological System s a t  the  level of th e  
genetic  a n d  cellular  m ach in ery .  T h ro u g h  the m etabo lism  a n d  fu n c tio n  of the  juvenile  h o rm o n e  
in insec ts ,  th e  f i r s t  p a p e r  in v es t ig a te s  the  question of h o w  th e  animals develop m etabo lic  
defenses even  tow ards  the ir  ow n horm ones  (Y. Ak am a tsu  e t  ah). The challenging p rob lem  
of how  th e  subcellu lar  fa te  o f  p ro te in s  is de te rm ined  is in v es t ig a te d  in the  nex t  pap er ,  w hich  
c o n ta in s  a w e a l th  of d a ta  on the  p ro te in  synthesizing a p p a r a tu s  in the  rough  endoplasm ic  
r e t i c u lu m  (D. D. Sa b a t in i  e t  ah). A  fascinating “ f lu id  m osa ic  m odel”  for the  o rgan iza t ion  
o f  l ipids a n d  pro te ins  in m e m b ra n e s  is shown to exp la in  a hypothes is  ab o u t  the  reversib le
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aggrega tion  of i n t r a m e m b ra n e  pro te in  particles  giving rise of differentia l  surface  propert ies  
(S. J .  S i n g e r ). The fo u r th  p a p e r  discusses th e  surviva l  va lue  of the  genetic  p ro g ram m e  from 
the  p o in t  of view of its func tiona l  design a t  the  molecular  level (D. E . At k i n s o n ).

T he  last  section is devo ted  to Philosophical Im plicat ions .  I t  con ta in s  a p a p e r  which 
gives a b r ief  review of the  g re a t  results  of  m olecular  a n d  cellular biology in re la tion  to hum an  
genetics, an d  shows the  p rospects  of th is  exceedingly powerful field o f  resea rch  (Tu. T. 
P u c k ).

The  book is of g rea t  va lue  for s tu d e n ts  of general biology, m olecu la r  an d  cellular 
biology, genetics a n d  re la ted  fields.

T he  rem arkab le  fa s t  an d  good q u a li ty  pub lica tion  of the  su b je c t  m a t t e r  of  a very  
in te res t in g  sym posium  speaks for the  good work of th e  P len u m  Press.

G. Sz é k e l y  (Debrecen)

S e n g e l , P h .: Morphogenesis of skin.
D evelopm ental and cell biology 3. Cambridge  U n ivers i ty  Press, L o n d o n  (1975), pp .  277, £14.

T h e  book is an  acco u n t  o f  our p re sen t  knowledge of th e  em bryon ic  a n d  postna ta l  
d ev e lo p m en t  of skin. I t  describes the  m a in  steps of the  construc t ion  o f  th e  i n te g u m e n t  in 
a m ino tes  (reptiles,  b irds  and  m am m als  including m an) .  The tissues a n d  cellular in te rac t ions  
t h a t  are required  for the  build ing of the  skin and  its  appendages  (hair,  fe a th e rs ,  scales) are 
also discussed.

Skin is the largest  organ  of th e  body  a n d  as such, its  ontogenesis  is sub jec ted  to the  
rules controlling the  dev e lo p m en t  of  all organs.  Skin is viewed as a n  ex p e r im e n ta l  sys tem  
so t h a t  a general u n d e r s tan d in g  of cellular and  subcellu lar  m echan ism s invo lved  in m orpho­
genesis is arrived a t.  T he  m orphogene tic  principles governing th e  d ev e lo p m en t  of the  skin 
are app licab le  to the  o rgans  an d  organisms generally b y  estab lish ing  re la t ionsh ip  between 
processes t h a t  are invo lved  in t h a t  developm ent.

T here  are a t  least  th ree  reasons w hy the  skin should serve as a m odel  for organogenesis. 
F irs t ,  th e  skin is composed of two d is t inc t  tissues of  different deve lopm en ta l  origin. These 
two tissues are spa t ia l ly  sep a ra ted  from  each  a n o th e r  unlike organs in which  epithe lia l  b uds  
p ro t ru d e  into a m esenchym a l  s t rom a.  This  p a r t icu la r  ana tom ica l  fea tu re  is, b y  itself, an 
a lm os t  schem atic  i l lu s t ra t ion  of de rm o-ep iderm al  tissue in te rdependence .  Second, th ro u g h o u t  
a d u l t  life, a t  least  p a r t  of  the  skin is con tinuously  renewing. In  th is  sense, the  ep iderm al cells 
keep their  embryonic  ch ara c te r  indefin i te ly ,  m aking  the  skin th e  model of an  ever-developing 
em b ry o n ic  system. T h ird ,  sk in  is th e  on ly  organ t h a t  is im m ed ia te ly  visible  to the  ex ternal  
observer.  A ny  disease or dev ia t ion  from  n o rm al i ty  are im m e d ia te ly  d e tec tab le  f rom  the  
outside.  T h u s  is the  reason w hy skin diseases are so m anyfo ld .

T he  account  is d iv ided  in to  th ree  p a r ts  preceded by  a general in tro d u c t io n  into skin 
developm en t .  Cell pro life ra t ion ,  cell d if feren tia tion  and  m orphogenesis  are considered 
sequentia l ly .  P ig m en ta t io n  a n d  d i f fe ren tia t io n  of cu taneous  g lands h a v e  been o m it ted .  I t  is 
done in th e  in te res t  o f  h o m o g en e i ty  a n d  m ore  de ta i led  accoun t  of th e  exp er im en ta l  da ta  
now availab le  on the  m echan ism  of p ro d u c tio n  of h a rd  horny  appendages .  This shortcoming, 
how ever ,  gives the  feeling of a t ru n c a te d  image of skin as a m orphogene tic  sys tem .

T h e  a u th o r  of  the  book  is professor of  zoology at the  Universi ty  o f  Medicine a n d  N a tu ra l  
Sciences of Grenoble, h av ing  s tud ied  skin developm en t  for more t h a n  tw e n ty  years. The 
outlines,  guidelines a n d  essentia l  ideas expressed in th is  book are the  r e su l t  of  the  continuous 
experience of the a u th o r  a n d  his collaborators  w ith  the  topic raised. T h e  book  will interest  
d e v e lo p m en ta l  biologists a n d  de rm ato log is ts .

K .  K ir á l y  (B udapes t)

Immunological tolerance
B ritish  M edical B u lle tin , Vol. 32 (2), May, 1976.

Like most issues of the British  Medical Bulle t in ,  this collection of 14 c o n tr ibu t ions  
essentia lly  covers the  cu rren t  knowledge of its sub jec t .  The  topics h a v e  been  successfully 
selected, m os t  of which  include m ost  recen t  d a ta  and  speculations p u t  fo rw ard  by  the  con tr ib ­
u tors ,  am o n g  them  m a n y  of the  world’s leading iinmunobiologists.

T he  first  article, a basic one, is by  L. B r e n t , C. G. B ro ok s , P.  B. M e d a w a r  and 
E. S i m p s o n , “ T ran sp la n ta t io n  to le rance” . The  au thors  s t a r t  w i th  a su rvey  of o ld  a n d  new 
theories ,  establish ing t h a t  “ th e re  has been a tendency  in recen t  p u b l ica t io n s  to link the
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‘c e n t r a l  fa ilure’ in te rp re ta t io n  to  t h e  hypothes is  t h a t  to le rance  is t h e  ou tcom e of an  elimi­
n a t i o n  o f  a clone of specif ically  im m u n o c o m p e ten t  cells. P e rh a p s  th e  im p o r ta n t  d istinction  
is b e tw e e n  tolerance as essentia l  n o n - re a c t iv i ty  and  to le rance  as th e  consequence of an  active 
su p p re ss io n  of the im m une  r e sp o n se ” . T he  au thors  conclude t h a t  “ an y  complete  th e o ry  of 
th e  im m unolog ica l  response m u s t  a cc o u n t  for b o th  im m u n i ty  a n d  to lerance. A l though  no 
i n t e r p r e t a t i o n  of tolerance as a n  a c t iv e  suppression of th e  im m u n e  response is fully sa tis­
f a c t o r y ,  th e  direction of m o d ern  t h o u g h t  is unm is takab le :  to le rance  is an ex trem e  or lim iting 
f o r m  o f  some process of w hich  t h e  n o rm al  function  is to  m o d e ra te  im m u n e  re ac t iv i ty  and 
i t  is u n d e r  this general rub r ic  t h a t  w e  m a y  classify in te rp re ta t io n s  t h a t  appea l  to an ti- id io type  
a n t ib o d ie s  and  suppressor T  cells” .

T h e  second article, b y  R. Y .  Ca l n e , “ Mechanisms in  th e  accep tance  of organ g ra f ts” 
d e a l s  w i th  the  role of the  m a jo r  h is to co m p a t ib i l i ty  com plex  (MHC) a n d  th e  va r ia t io n  in the 
b e h a v i o u r  of  different t issues t r a n s p la n t e d  in the  same species. T he  s tudies  the  au th o r  
r e p o r t e d  here  have focussed m a in ly  on the  differences b e tw een  skin a n d  k idney ,  k idney  and 
l iv e r  g r a f t  survival,  re spec tive ly ,  across  the  MHC and  n o n -М НС t r a n s p la n a ta t io n  an tigen  
b a r r i e r  w i th  the  conclusion t h a t  “ i t  would  seem unlike ly  t h a t  im m unolog ica l  to le rance  can 
be a p p l i e d  to i inmunologically m a t u r e  animals .”

I n  th e  th i id  article, b y  J .  R .  B a tch elo r  and K. I. W e l s h , “ M echanism s of enhan cem en t  
o f  k i d n e y  allograft survival.  A f o r m  of operational to le ran ce” , th e  a u th o rs  propose,  as an 
h y p o th e s i s ,  t h a t  a defective f u n c t io n  of antigen-specific  T L ly m p h o c y te s  is responsible for 
t h e  i n d u c t iv e  stage of e n h a n c e m e n t  a n d  a subsequent  dep le t ion  of a T L su bpopu la t ion  for 
t h e  m a in te n a n c e  of the  s te ad y  s ta g e  w i th  the  m ajo r  role o f  an  a u to -an ti - id io ty p e  im m u n i ty  
as a  r e g u la to ry  function to  l im it  b o t h  hu m o ra l  a n t ib o d y  fo rm a t io n  and  cellular im m unity .

T h e  nex t  article b y  R .  W . B a l d w in  and  R. A. R o b in s , “ F a c to rs  in te rfering  with 
im m u n o lo g ic a l  rejection of t u m o u r s ”  presen ts  d a ta  concerning h u m o ra l  factors  modifying 
c e l l -m e d ia te d  im m unity  in th e  tu m o u r-b e a r in g  host,  including b locking reac tions a t  the 
t u m o u r  cell surface as well as in h ib i t io n  of lym phoid  cell r eac t iv i ty .  I n  addit ion ,  im p o r ta n t  
r e c e n t  f ind ings  a bou t  the  role o f  h u m o ra l  factors in  vivo  in th e  m odif icat ion  of tu m o u r  
im m u n e - re je c t io n  responses are rev iew ed .

T h e re  are seven articles w h ic h  share  as focus the  role of  th e  T  cell — В cell sys tem  in 
im m u n o lo g ic a l  tolerance, These  a re ,  “ Self-tolerance a n d  a u to im m u n i ty ”  by  A. C. A llison  
a n d  A . M. D en m an ; “ B re ak -d o w n  of to le rance” , by  S. H .  L e e c h  a n d  N. A. M it c h is o n ; 
“ G e n e ra t io n  and selection of specif ic  reac t ing  cells b y  a n tig en ” , b y  J .  B. I I ay  and  B. M o r r is ; 
“ M e c h an ism s  of B-ceJl to le ran c e ”  b y  G. G. B. K l a u s , J .  G. H ow a rd  a n d  M. F e l d m a n ; 
“ S u p p re s s o r  cells in h u m o ra l  i m m u n i t y  a n d  to le rance”  b y  R. B. T a y l o r  an d  A. B a s t e n ; 
“ S u p p re s s o r  T cells in ce l l -m ed ia ted  im m u n i ty ”  b y  G. L. A s h e r s o n  and  M. Zem ba la ; and 
f in a l ly ,  “ Control m echanism s in d e la y ed - ty p e  h y p e rsen s i t iv i ty ”  b y  J .  L. T u r k , L. P olak  
a n d  D .  P a r k e r .

T h e  work of Allison  a n d  D e n m a n  on self-tolerance a n d  a u to im m u n i ty  is a basic 
one ,  l ik e  t h a t  of B ren t  e t  al. T h e  a u th o r s  first  outline th e  d iscovery ,  m ad e  on m a n y  ex p er­
i m e n t a l  a n d  clinical m ateria l ,  of  a u to im m u n e  responses m ed ia te d  b y  a u to a n t ib o d ie s  and  d irec t­
e d  a g a i n s t  body  tissues, re su l t ing  in  m ore  or less severe se lf-destruc tions.  Then ,  t h e y  tell 
t h e  s t o r y  of their  theory  of th e  Se lec t ive  Induc tion  of U nrespons iveness  in T  lym phocy tes  
fo r  t h e  ex p lana t ion  of a u to im m u n i ty  in  general.  This th eo ry  is su p p o r te d  b y  a set of in d ep en d en t  
e x p e r i m e n t a l  and clinical o b se rv a t io n s  which  have  also conf irm ed  the  a u th o rs ’ second 
“ p r e d ic t i o n  t h a t  T - ly m p h o c y te -m e d ia ted  suppressor func tions  con tro l  B - ly m p h o cy te  re ­
sp o n ses”  in  a va r ie ty  of sys tem s,  inc lud ing  the  induct ion  of a u to im m u n i ty .

L e e c h  and Mitch ison  p r e s e n t  new d a ta  regard ing  th e  r e p la ce m en t  kinetics of T  and 
В cells:  “ high-zone to le rance” , w h e n  В cells have  become reac t ive  b u t  T  cells rem a in  
t o l e r a n t ,  a n d  the “ low-zone to le ra n c e ”  w ith  events  h ap p en in g  in th e  opposite  direction.

F asc in a t in g  bits of in fo rm a t io n  reach  the  reader  f rom  f u r th e r  rep o rts  such as t h a t  
p o ly m e r i c  “ T - independent”  a n t ig e n s  can  block resynthes is  o f  surface  recep tors  by  В cells, 
( K l a u s  e t  al., pp. 141 —146); t h a t  so m e  form s of to lerance a re  due  to physiological in te rac t ions  
o f  h e lp e r  an d  suppressor T  cells d u r in g  hum ora l  (Taylor  a n d  B a s t e n , pp.  152 — 157); and,  
t h a t  В cells, besides T  cells, can ,  in c e r ta in  c ircumstances,  h ave  suppressor  a c t iv i ty  in the 
r e g u la t i o n  of the  imm une response  (A sh e rso n  and  Ze m b a l a , pp.  158 — 164,). F u r th e rm o re ,  
d a t a  in  t h e  article of T u r k  e t  al. ( p p .  165 — 170), clearly in d ica te  t h a t ,  in c o n tac t  sensi t iv i ty ,  
В cells in h ib i t  the genera tion  o f  re ac t iv e  T  cells. This w o rk  also deals,  in de ta i l ,  w i th  the 
i n f lu e n c e  o f  cyclophosphamide on  d e la y ed  hypersens i t iv i ty  a n d  to le rance .

‘’‘’Tolerance inducation as a m odel fo r  cell d ifferentia tion4’ is the  t i t le  of an  article w r i t ten  
b y  D . W .  D r e s s e r . The re ad e r  c a n  f in d  here  a model to  suggest  an o rder  of signals in which 
t h e  sw itc h in g  on or off of  a cell b y  a n tig en  can be r e g a rd e d  as a n  exam ple  of cell differen­
t ia t io n .
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Propert ie s  of  su p p re sso r  an tibod ies :  the t a rg e t  cell for suppress ion:  the  syn the t ic  
b u r s t  induced w ith  a n t ib o d y  ag a in s t  im m unog lobu lin  d e te rm in a n ts  are th e  sub jects  of  the 
article  en ti t led  “ Suppress ion  of im m unog lobu lin  fo rm at io n  with a n t ib o d y  aga ins t ,  im m u n o ­
g lobulin” , by  B. Ci n a d e r  a n d  S. D u b i s k i . This is an  ex ce llen t  su m m a ry  o f  w h a t  is known 
of the  key-role of  an t ib o d ies  ag a in s t  the  allotypes a n d  id io types  of im m unoglobulins  in the  
m echan ism s of tolerance.

Finally ,  in the  las t  a r t ic le ,  “ Eras ion  of the  im m u n e  response by  p a ras i te s” , B. M. 
O g il v ie  and  R. J .  M. E i l s o n , d iscuss s i tuat ions in w hich  th e  h o s t ’s im m u n e  response seems 
to be defective an d  describe  fe a tu res  of parasi tes  t h a t  enab le  th em  to  surv ive  immunological 
re ject ion  b y  the  host .

The  issue ends w i th  “ R ef lec t ions”  th ree  pages in len g th ,  by  J .  H. H u m p h r e y  whose 
n am e  ha ll-m arked  the  whole  issue n o t  only  by  th is  crit ica l,  b u t  also by  th e  two-page  in t ro ­
duction .

All things considered ,  th is  vo lu m e  con ta ins  m u ch  in fo rm a t io n  a b o u t  the  complex 
p rob lem  in question.

I. TÖRŐ, jr .  (B udapes t)

Lim nology of shallow waters
S ym posia  Biologien H u n g a rica , Vol. 15. Ed. Sa l á n k i , J . ,  P o n y i , J .  E.
A kadém ia i  Kiadó, B u d a p e s t  (1975), pp. 304.

One of the m a jo r  p ro b lem s of m a n y  areas of our w or ld  is the  p ro d u c t io n  of app ro p ria te  
q u a n t i t y  and q u a li ty  o f  food. On th e  basis of in te rn a t io n a l  coopera tion  the  In te rn a t io n a l  
Biological P ro g ram  ( I B P )  h as  m ad e  efforts to answer quest ions  in the field of organic su b ­
s tance  production , i.e., t h e  basic  procedures of p h o tosyn thes is ,  or the a n th ro p o cen t r ic  t r a n s ­
fo rm at io n  of these in o rd e r  to increase the  requ ired  yields.

Hence, the  a m o u n t  o f  resea rch  work e lab o ra ted  all over the  world on ecosystems 
a n d  p roduc tion  biology is enorm ous .

Freq u en tly ,  we j u s t  do n o t  consider the  fu tu re  consequences of h u m a n  activit ies 
a im ing  a t  increasing crop y ields.  The increased u rb a n iz a t io n ,  th e  p o p u la t ion  of e a r th ,  air 
a n d  w a ter ,  the  p rob lem s o f  n a tu r a l  and  artificial e n v i ro n m en t  of m a n  te n d  to  become m a t te r  
of life and  death .  T he  a p p a l l in g  changes of en v iro n m en t ,  o f ten  its  des t ruc t ion  a n d  the 
po l lu t ion  of waters  t h r e a te n  in th e  first  place, the  o rgan ism s liv ing in lakes a n d  rivers. Shallow 
w a te rs  are p a r t icu la r ly  t h r e a te n e d .  Therefore,  the  eno rm o u s  significance of the  Sym posium  
on the  l imnology of sha l low  w aters ,  organized on the  side o f  the  larges t  shallow lake in Europe:  
th e  Lake  Bala ton,  by  th e  T ih a n y  I n s t i tu te  of Biology of th e  H u n g a r ia n  A c ad em y  of Sciences. 
T h is  In s t i tu te  deserved  th is  honourab le  task  as since i ts  fo u n d a t io n  in the  twenties  ab o u t  
500 papers  have been p u b l ish ed  by the  workers of  the  D e p a r tm e n t  of H ydrob io logy  which 
h a v e  involved the  liv ing beings ,  problem s of the  ecology p rod u c tio n  a n d  pollution of the  
B a la to n .

Twenty-n ine  n a t io n a l  a n d  in te rna t iona l  c o n tr ib u t io n s  were p resen ted  a t  the  Sy m p o ­
sium. As a result  of  exce llen t  o rganizat ion  a com prehens ive  p ic tu re  was form ed of the  
p r im a ry  bacteria l  an d  sec o n d a ry  production  of shallow w a te rs  a n d  of the  p ro tec tion  of the  
biosphera.  Accordingly,  th is  b eau t i fu l  book is d iv ided  in to  3 m ain  chap te rs ,  viz. (1) P r im ary  
p roduc tion  (11 papers  b y  13 a u thors ) ;  (2) Bacter ia l  p ro d u c t io n  and  decomposition  (7 papers  
b y  9 authors) ;  (3) S e co n d ary  p ro d u c t io n  (11 papers  b y  15 au thors ) .  O bserva tions  in H un g a r ian ,  
E u ro p ea n  and A m erican  w a te rs  are discussed.

The papers  are followed by  a valuable  list of  references.
The exh ib i t ion  of th e  vo lum e is excellent,  synch ro n o u s  to th e  u p - to -d a te  in fo rm at ion  

p resen ted .  Many v e ry  d e m o n s tr a t iv e  i llustra tions,  pho tos ,  g raphs  a n d  tab les  are p resented .
The  volume is w a rm ly  recom m ended  to research  w orkers  o f  p roduc tion ,  biology, w a te r  

p ro tec t io n  and  e n v i ro n m e n ta l  biology.
T. H orto bág y i  (Gödöllő)

General ecology, biocenology, hydrobiology. Vol. 1
E d .  K uznetsova, Z. I. G. K. H all and  Co., B oston  (1975), pp. 109, $ 21 -f- 10%.

One of the  c e n t ra l  p rob lem s of research in m odern  hydrob io logy  is biological p ro d u c ­
t iv i ty  of  waters. C om plex  s tud ies  are being perform ed  all over the  world  on th is  subject ,  
involving waters a n d  th e i r  env ironm en ts .  The  a im  of these  inves t iga t ions  is to explore the 
procedures of  o rgan ic  su b s ta n c e  p roduction ,  and ,  in th e  fu tu re  to su p p ly  m a n k in d  w ith
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q u a n t i t a t i v e l y  and  q u a li ta t ive ly  s a t is fac to ry  food. These  resea rch  w orks are necess i ta ted  
b y  t h e  inc rease  of the soc io-circula tion o f  w a te r ,  causing an increas ing  po l lu t ion  a n d  eutrophi-  
z a t i o n  o f  w a te r .

T h e  inves tiga tion  of ecological sy s tem s  in w a te r  are e lab o ra ted  a t  a v e ry  h ig h  s t a n d a rd  
in  t h e  S o v ie t  Union. For workers  on  hydro b io lo g y  Soviet l i te ra tu re  is ind ispensab le ,  therefore  
t h e  p u b l ic a t io n s  of Soviet c o n t r ib u t io n s  on p rob lem s re la ted  to  ecology, biocenology and  
h y d r o b io lo g y  in English in the  series of th e  IT O G I  is welcome. This vo lum e ap p ea red  in 
1973 in t h e  Soviet Union, its  E n g l i sh  t r a n s la t io n  was published  in 1974. A ccord ing  to the 
p l a n  o f  t h e  publishers the  fu r th e r  v o lu m e s  should  ap p ea r  s im ultaneous ly  in Eng lish  in Boston, 
to  t h e  R u s s ia n  original. These IT O G I  vo lum es serve the  su rvey  of resea rch  e f fe c tu a ted  all 
o v e r  t h e  world .

T h e  f i r s t  volume of th e  series  co n ta in s  th ree  studies ,  viz.,  1. Y u .  I. S o r o k i n : The 
P r i m a r y  P ro d u c t io n  of the  Seas a n d  O ceans ,  sum m arizes  resu lts  of  w ork  p e rfo rm ed  be tw een  
1965 a n d  1972. Problems re la ted  to  m e th o d s ,  ecology, p h o tosyn thes is ,  cenosis a n d  effec tiv i ty  
in t h e  v a r io u s  pa r ts  of seas and  o cean s  are discussed. The  20-page s tu d y  is ve ry  concise. The 
p ro f o u n d n e s s  of this work is s u p p o r t e d  b y  215 l i te ra ry  references.

T h e  second li te rary  rev iew  (pp .  24), also b y  So r o k in , involves bac te r ia l  p rod u c tio n  
in c o n t i n e n ta l  and marine basins.  B a c te r i a l  p ro d u c t io n  results  sign if ican t  o rgan ic  substance.  
T h ree  p a p e r s  of J .  Oláh on th is  su b je c t  are re ferred  to  am ong  the  308 references.

T h e  th i rd ,  23-page, s tu d y ,  w r i t t e n  b y  V. N. Gr e z e , analyses by  m o d e rn  m a th e m a tic a l  
m e th o d s  t h e  secondary  p rod u c tio n  o f  sea  in v e r teb ra te s .  The  p ro d u c t io n  of pelagic a n d  ben thos  
i n v e r t e b r a t e s  are discussed a m o n g  o thers .

T h e  general  est im ation  of t h e  p ro d u c t io n  of zo o p lan ta t io n s  a n d  zooben thos  for some 
a rea s  o f  t h e  Ocean is also p re sen te d .  65 l i te ra ry  references are listed.

T h e  preface refers to the  f a c t  t h a t  t h e  vo lum e has  been p re p a re d  for b o th  g rad u a tes  
a n d  s t u d e n t s .  Their  enterprise has  b e e n  successful.  This fi rs t  vo lum e is a  g re a t  p ro f i t  to h y d ro ­
b io logy.

W e  a re  looking forward  to the  n e x t  volume.
T. H o rto bág y i  (Gödöllő)

The  p in e a l  g land
Ciba F o u n d a tio n  Sym posium . E d .  W o l s t e n h o l m e , G. E. W .,  K n i g h t , J .
C h u rch il l  — L ivingstone. E d in b u rg h  — L o n d o n  (1971). pp. 401, £4.25.

T h e  sub jec ts  of the six teen  p a p e r s  a re  the  s t ru c tu re  a n d  fun c tio n  of th e  p in ea l  organ, 
c o m p a r a t i v e  neuroana tom ica l  in v es t ig a t io n s ,  d a ta  concerning th e  syn thesis  of  indolam ines 
in t h e  p in ea l ,  reports  on physio logica l  effects of  pineal  e x tra c ts  and  re la tions  of th is  organ 
to t h e  b r a in  a n d  endocrine glands.

T h e  following topics are g e n era l ly  d iscussed: role of se ro tonin  in the  p inea l ,  effects 
of m e la to n in  on  serotoninergic  s y s te m s ,  b eh av io u ra l  effects of p inea l  principles ,  role of the  
p in ea l  in cold a d ap ta t io n ,  con tro l  o f  c i rcad ian  r h y th m ,  l igh t  in p u t  an d  pineal.

T h e  sy m p o s iu m  presents  in fo rm a t io n  a b o u t  th e  p inea l  on a resea rch  per iod  w hen  th e  
o rg an  w a s  considered  first  of all to  be  a  “ g la n d ” . Also the  t i t le  of the  book  d e m o n s tra te s  
th is  t r e n d  w h ic h  has been sl ightly m o d if ied  la te ly .  I t  is well k n o w n  t h a t  in lower v e r te b ra te s  
th e  p in ea l  is n o t  a gland; i t  con ta ins  p h o to re c e p to r  cells an d  there  is a d irec t  ne rvous  p a th w a y  
b e tw e e n  th e se  receptors and  the  b r a in .  F u r th e rm o re ,  new d a ta  a b o u t  the  fine s t ru c tu re  of 
th e  p in e a l  o rg a n  of higher v e r te b ra te s  h a v e  und e r l in ed  the  recep to r  c h arac te r  of  th e  pineal- 
o cy tes .  R e c e n t l y  typical p h o to rec ep to r  m em b ran e s  have  been  d e m o n s t r a te d  in b irds  and  
also t h e  m a m m a l i a n  pinealocyte  m ig h t  be  reg ard ed  s t ru c tu ra l ly  as a d e r iva t ive  of t h e  p h o to ­
r e c e p to r  cells of  lower ve r teb ra te s .  T h u s  even  the  pineal  organ  of h igher  v e r te b ra te s  does 
n o t  e x c lu s iv e ly  seem to be a g lan d  as K a p p e r s  claims a t  th is  sym posium .

T h is  b o o k  refers to fu r th e r  e x c i t in g  p rob lem s the  so lu t ion  of w hich  m a y  lead  to  a 
b e t t e r  u n d e r s t a n d in g  of this in te re s t in g  organ.

B. V Í G H  (B u d ap es t)

B e c k e r : A n t iv ira l  drugs: Mode of a c t io n  a n d  ch em o th erap y  of viral  infections of m a n
M ono g ra p h s in  Virology, Vol. 11. S. K a rg e r ,  Basel (1976), pp. 130, sF r  75.

T h e  t r e a tm e n t  of virus in fec t ions  h as  been a t t e m p te d  b y  searching for a n  an ti-v ira l  
s u b s ta n c e s  specif ically  inhib i t ing  v i ru s  m u lt ip l ica t io n  in the  in fec ted  organism. T his  volume 
s y s te m a t i c a l ly  reviews the  n a tu ra l  a n d  sy n th es ized  subs tances  t h a t  h ave  been s tu d ied  in
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the  las t  25 years .  The  molecular-biological condit ion  in which the substance has a n  inh ib i t ing  
effect or  is able  to in te rvene  in to  the  rep lica t ion  cycle o f  the  different viruses is discussed. 
The  modes o f  act ion  of the  var ious drugs are discussed in detail.  Л separa te  c h a p te r  is involved 
with the  few com p o u n d s  which are to d a y  assum ed to  be effective in h u m an  t h e r a p y  Well-  
a r ranged  su m m ariz in g  tab les  and  the  d e m o n s tra t io n  o f  chemical s truc ture  of th e  c o m p o u n d s  
helps u n d e rs tan d in g .  C h ap te r  X I  is w o r th  special m en tion ing .  This chap te r  discusses the  
possibilit ies o f  the  p reven t ion  and  c h em o th erap y  o f  h u m a n  virus infections. T he  a u th o r  gives 
a de ta i led  desc rip t ion  of experience o b ta in e d  w ith  th ree  drugs,  viz., doxurid ine ,  c y ta ra b in e  
and ara-A, which  are in use a t  present .  In  C h ap te r  X I I  th e  sub jec t  of the book is exce llently  
sum m arized  on 6 pages. C hap te r  X I I I  involves 500 recen t  l i te rary  references to  w hich  it 
is w o r th  d raw ing  a t ten t io n .

I. Szakolczai (B u d a p e s t)

R o b e r t s , L. W.:  Cytodifferentiation in p lants:  Xylogenesis as a model system
D evelopmental and cell biology series
Cam bridge  U n iv .  Press ,  L o n d o n  (1976), p p .  160, £8.

This book is n o t  more a n d  no t  less, t h a n  an  u p - to -d a te  review of the  re su l ts  or  c y to ­
d if feren tia tion  secpience (CDS) in th e  e x p la n t  a n d  p l a n t  tissue culture.

The  role o f  phy to -horm ones  in th e  c y to d i f fe ren t ia t io n ,  more exac tly ,  in th e  differ­
en tia t ion  o f  xy lem  elem ents  is given in chronological order.  This is followed b y  a good 
su m m ar iza t io n  (a fte r  T o r r e y ) of the  s tages o f  c y tod if fe ren t ia t ion  and  the possible h o rm ona l  
or  chemical regu la t ion  of these  stages.

U n fo r tu n a te ly ,  the  basic concep t  an d  te rm ino logy  of cell cycle, to g e th e r  w i th  the  
in te rp re ta t io n  a n d  d iag ram  of the  successive per iods of the  cell cycle, are n o t  g iven  un t i l  
the  4tli c hap ter .

In  accordance  w ith  i ts  im por tance ,  the  reg u la t io n  of secondary xylogenesis is deal t  
w ith  in a large c hap ter .  The  reader  will be a c q u a in te d  w ith  u l tra s t ru c tu ra l  s tu d ies  on  differ­
e n tia t in g  x y lem  e lem ents  a n d ,  also, w ith  d i lem m as ar is ing  from them. The  book ,  especially 
th is  c h a p te r  con ta ins  num erous  pho to m ic ro g rap h s  o f  differentia ting  t r a c h e a ry  e lem en ts ;  
some o f  th e  p ic tu res  are exce llen t.  The  role in th e  cy tod ifferen tia t ion  of c a rb o h y d ra te  
n u tr i t ion ,  some e n v iro n m en ta l  factors an d  chemical inh ib i to rs  is discussed in a c r i t ica l  m anner .  
The  more t h a n  600 references are ve ry  useful for resea rch  workers.

J úlia  Szu jkó -L acza (B u d a p e s t )

T hom sa , E . ,  D a v e y , M. R .:  F ro m  single cells to p la n t  
W y k eh a m  P ub l ica t ions  L td . ,  L ondon  (1975), pp .  172, £  2.50.

This sm all  h an d b o o k  m akes the  reader  a c q u a in te d  with the history of c u l tu r in g  p lan t
tissue.

After  an  in te res t ing  and  in form ative  h is torical  p a r t ,  we find very useful a n d  precisely- 
described t issue  cu ltu re  techn iques  for growing of p l a n t  tissue cultures from d if fe re n t  poin ts  
of  view (physiological,  biochemical and  genetical) .

The  labora to r ies ,  in s t ru m en ts ,  m ethods  o f  p re p a ra t io n s  and  results , i.e. th e  tissue 
culture  o r ig ina ted  from different  p lan t  p a r ts  are discussed a n d  well i l lustra ted.

An “ A p p e n d ix ”  con ta ins  the  prescr ip t ion  fo r  7 different  basal m edia  for cu l tu r ing  
of root ,  callus, cell suspension, a n th e r  and  isolated lea f  p rotoplasts .

Only  th e  lack  o f  references is u n co m m o n  in th is  book. This handbook  will h a v e  wide 
appea l  for  researchers ,  teachers ,  a n d  s tu d e n ts  in field of  p la n t  tissue culture.

J úlia  Szu jkó -L acza ( B u d a p e s t )
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