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

O R V O S T U D O M Á N Y I  K Ö Z L E M É N Y E I

SZERK ESZTŐ SÉG  É S  K IA D Ó H IV A TA L: 1054 B U D A P E S T , ALKOTMÁNY U . 21.

A z  A c ta  M orpholog ica  angol n y elven  közö l é rte k ez é sek e t a k ísérle tes o rv o stu d o m án y  
tá rg y k ö ré b ő l.

A z  A c ta  M orpholog ica  v á lto zó  te rjed e lm ű  fü z e te k b e n  jelen ik  m eg. T ö b b  fü z e t a lk o t 
egy k ö te t e t .

A  közlésre  sz á n t k é z ir a to k  a  köve tk ező  c ím re  k ü ld en d ő k :

Acta Morphologica, 1091 Budapest, Üllői út 93.

U g y a n e rre  a c ím re  k ü ld e n d ő  m in d en  szerkesz tőség i és k iad ó h iv a ta li levelezés. 
M egrendelhető  a  b e lfö ld  szám ára  az A k a d ém ia i K ia d ó n á l (1368 B u d a p e s t P f. 24. 

B a n k sz á m la  215-11488), a  k ü lfö ld  szám ára  ped ig  a  K u l tú r a  K ü lkereskedelm i V á lla la tn á l 
(1389 B u d a p e s t  62, P .O .B . 149. B an k szám la : 218-10990) v a g y  an n ak  k ü lfö ld i k ép v isele te iné l.

D ie  A c ta  M o rp h o lo g ica  v erö ffen tlichen  A b h a n d lu n g en  aus dem  B ere ich  de r e x p eri­
m en ta l-m ed iz in isch en  W isse n sc h a ften  in  englischer S p rach e .

D ie  A c ta  M o rpho log ica  e rscheinen  in  H e ften  w echselnden  U m fanges. M ehrere H e fte  
b ild e n  e in e n  B and .

D ie  z u r  V e rö ffen tlich u n g  b e s tim m te n  M an u sk rip te  s in d  an  folgende A dresse  zu  senden : 

Acta Morphologica, H-1091 Budapest, Üllői út 93.

A n  die gleiche A n s c h r if t  is t jed e  fü r  d ie  S c h rif tle itu n g  u n d  d en  V erlag  b e s tim m te  
K o rre sp o n d e n z  zu r ic h te n .

B e s te llb a r  bei K u l tu r a  A u ß en h an d e lsu n te rn eh m en  (H-1389 B u d a p es t 62, P .O .B . 149. 
B a n k k o n to  N r. 218-10990) o d e r  seinen A u s la n d sv e rtre tu n g en .
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Professzor Jó z s e f  B aló 

(1897 1979)

O n O ctober 9, 1979, József B aló , m em b er o f th e  H un g arian  A cad em y  of 
Sciences, em eritus professor, K o ssu th -P rize  w in n er, ow ner of th e  go lden  degree 
o f th e  O rder of L a b o u r  had  died a t  age  84. H e s ta r te d  as an in s tru c to r  a t  the  
I n s t i tu te  of P a th o lo g y , U niversity  o f  Szeged in  1928 and la te r  becam e d ire c to r  
o f th e  1st In s t i tu te  o f P atho logy  an d  E x p e rim e n ta l Cancer R esearch , S em m el­
weis U n iv e rsity  M edical School (1945— 1967). G enera tions of m ed ica l s tu d e n ts  
h av e  w idened th e ir  pathological know ledge b ased  on his exce llen t te x t-h o o k . 
B esides ed u ca tin g  countless w ould be p h y sic ian s  he kept on som e in te rn a ­
tio n a lly  acknow ledged  scientific re sea rch  w ork .

H is ac tiv ities  concerning th e  d iseases o f  th e  nervous sy s tem  led  to  the  
d iscovery  of the  concen tric  d ém y é lin isa tio n  in  th e  b ra in , w hich w as n am ed  a fte r  
h im  (B a le ’s d isease). H e w orked o u t  a g enu ine  th eo ry  regard ing  th e  nervous 
sy s tem  origin of ce rta in  skin d iseases. H is p ro jec ts  included th e  e tio lo g y  of 
arteriosclerosis. W ith  his wife, D r. I lo n a  B a n g a , he discovered th e  “ e lastase  
en zy m e”  th a t  has been  claim ed to  p la y  an  im p o r ta n t  role in th e  d e v e lo p m e n t of 
arteriosc lerosis as well as in the p a th o lo g ica l courses of the  co n n ec tiv e  tissue . 
P ro fesso r Baló w as one of th e  e x p e rim e n ta l tu m o u r  researchers in  H u n g a ry . He 
w as th e  firs t in H u n g a ry  who p o in ted  o u t th e  ro le of viruses in th e  d ev e lo p m en t
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o f tu m o u rs  ca rry in g  o u t  sig n ifican t ac tiv itie s  in  th e  field  of th e  p a th o lo g y  o f 
lu n g  cancers. He w as th e  f i r s t  to  recognize th e  tu m o u r  inducing  effect o f c e r ta in  
co m p o u n d s, e. g. h y d ra z in e  derivatives. H e h a d  also  p lay ed  a p ro m in en t ro le in  
th e  an tin eo p la s tic  d ru g  resea rch . Several new  d ru g s  have been te s te d  a t  th e  
I n s t i tu te  u n d er his le a d e rsh ip ; m any of w h ich  h a v e  p roven  useful in  th e  t r e a t ­
m e n t o f hum an  tu m o u rs . H is activ ities as p ro fesso r and  d irector of a re sea rch  
in s t i tu te  resu lted  in  th e  e s tab lish m en t o f a p a th o lo g ica l and  e x p e rim e n ta l 
schoo l. M any of his s tu d e n ts  have since th e n  becom e professors or o ccu p y  o th e r 
le a d in g  posts in  H u n g a r ia n  or foreign in s t i tu te s .  H is d ea th  is a g re a t loss to  
th e  H u n g a ria n  m ed ica l so c ie ty  and  th e  w hole  H u n g a ria n  Scientific  life.

D h . K . L a p i s

A d a  M orphologica Academ iae S c ie n tia ru m  H ungaricao 28 , 1980
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D e p a rtm e n t of A nim al Physio logy , T each ers  T ra in in g  College, K rakow , P o lan d

CHANGES IN NUCLEAR VOLUME OF PURKINJE CELLS 
IN THE CEREBELLUM OF THE WATER FROG 

(RANA ESCULENTA  L.) IN THE ANNUAL CYCLE

K . D z i u b e k , H. L a c h  a n d  S. K r a w c z y k  

(R eceived J a n u a ry  22, 1979)

In  sexually  m atu re  fem ale an d  m ale R ana  esculenta  L. frogs d ire c tly  from  
n a tu ra l  h a b ita t ,  in six ch arac te ris tic  pe rio d s o f  th e ir  life cycle, nu c lear vo lum e in 
P u rk in je  cells o f th e  cerebellum  w as d e te rm in e d . N uclear volum e in P u rk in je  cells 
changed  d is tin c tly  in th e  course of th e  y ear.

N uclear volum e was g rea tes t in fem ales in the  b reed ing  period  (3 rd  decade of 
M ay), and  in m ales in th e  m iddle  o f th e  period  of ac tiv e  life (2nd  d ecade  of Ju ly ) . 
N uclear volum e was th e  sm allest a t  th e  b eg in n in g  of h ib ern a tio n  (3rd  decade o f O ctober).

Introduction

P u rk in je  cells are  one of th e  m o st im p o r ta n t  s tru c tu ra l e lem ents in  th e  
ce rebe llum . T hey  form  a c h a ra c te ris tic  la y e r  su rrounded  by  b a sk e t cells [19], 
w hich  co o rd in a te  th e ir  action  [32]. O w ing to  th e ir  in te restin g  m orpho logy  and  
physio logy , th e  P u rk in je  cells h av e  been  s tu d ied  ex tensively , p a r tic u la r ly  
in  h ig h er v e r te b ra te s  w ith  regards to  th e  n u m b e r and  a rran g em en t in  space 
[26], to  electropliysio logic phenom ena [10, 21, 35], th e  in fluence  o f  v a rious 
chem ical com pounds and  drugs on th e ir  a c tiv ity  [11, 12, 16], an d  en zy m atic  
lo ca liza tio n  [7, 14, 34, 36]. The h isto log ic  an d  u ltra s tru c tu ra l d e ta ils  of th e  
cerebe llum  are well know n [37] and  so are  th e  electropliysio logic reac tio n s  
o f  P u rk in je  cells to  e lectrical, chem ical an d  n a tu ra l s tim u la tio n  [32, 33, 41]. 
T h ere  is how ever, a lack  of in fo rm a tio n  reg a rd in g  th e  changes o f  a c tiv ity  
in  th ese  cells in  am p h ib ian s u n d e r n o rm al en v iro n m en ta l cond itions th ro u g h ­
o u t th e  yea r. T he p resen t s tu d y  is concerned  w ith  th e  changes in  vo lum e 
o f nucle i o f P u rk in je  cells du ring  th e  a n n u a l cycle in th e  w a te r  frog  (R a n a  
esculenta  L .), in  w hich th e  cycle is c learly  d iv ided  in to  a period  o f ac tiv e  life 
an d  a period  o f h ib e rn a tio n .

Materials and methods

E x p e rim en ts  were carried  o u t w ith  30 m ale and  30 fem ale, sexually  m a tu re , w a te r 
frogs (R ana  esculenta  L .), in six ch ara c te ris tic  s tages of th e ir  life cycle, v iz., 3 rd  decade of 
J a n u a ry  (m iddle  o f h ib ern a tio n ), 1st decade o f A pril (end of h ib ern a tio n ), 3 rd  decade  of M ay 
(b reed in g  period), 2nd decade of Ju ly  (m iddle  period  of active  life), and 3rd d ecade  o f O c to b er 
(beg in n in g  of h ib e rn a tio n ). The division in to  pe rio d s w as ad o p ted  from  th e  w ork  o f J u s z c z y k  
[15].
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4 K. DZIUBEK et al.

F ig. 1. P u rk in je  cells (a rrow s) in  th e  cerebellum  o f R ana esculenta  L. L uxol F a s t B lue an d
cresyl v io le t sta in in g , XÓ20

F ive  fem ale an d  five  m ale frogs from  each  period  u n d e r investig a tio n  were c a p tu re d  
d irec tly  fro m  th e ir  n a tu ra l  h a b ita t  in th e  en v iro n s o f C racow  (50° 04' N , 200— 220 m above 
sea level). T he frogs w ere k illed  by  d eca p ita tio n , a lw ays a t  th e  sam e tim e of th e  day . T he 
d issec ted  b ra in s  were fix ed  in B o u in ’s flu id , 10%  fo rm alin  n eu tra lized  w ith  lith iu m  c a rb o n ­
a te , a n d  in  C arnoy’s f lu id , an d  em bedded  in  p a ra fin . S ections 7 /um th ick  were s ta in ed  w ith  
G om ori’s chrom e h a em a to x y lin  and  flox in  by  a m o d ifica tio n  of B ergm ann’s m eth o d  [30], 
L uxo l F a s t  B lue and  cresy l v io le t [17], an d  w ith  to lu id in e  b lue.

T h e  sections were used  to  ev a lu a te  th e  a c tiv ity  o f P u rk in je  cells in th e  cerebellum  
(F ig . 1) on  th e  basis o f changes in  nu c lear v o lu m e, reg ard ed  as a m o rphom etric  index  of fu n c ­
tio n a l changes in cell a c t iv ity  [1, 2, 5, 18, 22, 25, 38, 39].

N u c lea r volum e w as ca lcu la ted  by  m easu ring  th e  long  axis (L) and  sh o rt ax is (B ) of 
each  cell nu c leu s and  su b s titu tin g  these  values in  th e  e q u a tio n  (У =  я /б  X L B 2) [24]. One h u n ­
d red  n ucle i o f P u rk in je  cells were co u n ted  in th e  m idie p a r t  o f cerebellum  of each  frog , g iving 
a to ta l  o f  6000 m easu rem en ts . F ro m  these  d a ta , a r ith m e tic a l m eans, s ta n d a rd  d e v ia tio n  and 
m ean  e rro r  were calcu la ted . Significance of th e  differences in  n u c lear volum e betw een fem ales 
an d  m ales in  each  period  o f th e  cycle and  be tw een  n e ig h b o u rin g  periods was s ta tis tic a lly  te s te d  
using  th e  S tu d e n t— G osset t te s t.  D ifferences were considered  s ig n ifican t if p ro b a b ility  o f th e ir  
chance occurrence  was eq u al to , or less th a n  0.01.

R esults

M ean values o f nu c lea r vo lum e in P u rk in je  cells are assem bled in  T ab le  I 
an d  i l lu s tr a te d  in Fig. 2.

T h e  m ean  vo lum e o f nuclei o f P u rk in je  cells was g rea test in fem ales 
(438.367 /im 3) in  th e  3rd  decade of M ay (b reed ing  period), and  in m ales 
(424.854 /л п 3) in th e  2nd  decade of J u ly  (m iddle  perio d  o f active life). In  su b ­
se q u e n t periods, m ean  nu c lea r vo lum e in  th e  cells con tinued  to  drop u n til
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CEREBELLUM OF THE WATER FROG 5

Table I

Volume o f  cerebellar P u rk in je  cell nuclei in fern a le  and male R ana esculenta L . during the annual
cycle

Group IVriod
of investigation

N um ber 
of frogs

Sex
Volume of the  nuclei in p m 3 S tan­

dard
devia­
tion

Mean
error

t
min. mean max.

1 3rd decade of 4 $ 365.767 398.072 455.892 40.03 17.95 5.35*
Jan u a ry 4 3 285.247 333.801 362.708 35.56 15.95

2 1st decade of 5 ? 381.118 415.201 431.771 20.94 9.39 1.66
April 5 (? 358.818 402.234 447.761 32.89 14.75

3 3rd decade of 5 5 426.402 438.367 450.862 11.03 4.95 2.03
May 5 3 367.276 420.022 487.100 43.73 19.61

1 2nd decade of 5 ? 375.178 403.468 483.661 46.15 20.69 1.86
Ju ly 5 3 389.916 424.854 4 5 5 .5 7 3 30.05 13.47

5 1st decade of 5 2 327.561 358.221 402.130 27.99 12.55 0.70
Septem ber 5 c? 341.337 362.997 385.874 19.12 8.57

6 3rd decade of 5 ? 305.258 344.029 380.005 30.67 13.75 9.57*
October 5 3 249.165 276.143 293.801 17.58 7.88

* S ta tistica lly  sign ifican t a t p <  0.01

th e  3rd decade o f  O ctober (beginning  of h ib e rn a tio n ). A t th e  sam e tim e , in 
fem ales (344.029 /tm 3) and m ales (276.143 /tm 3) m ean  nuclear volum e in  th e  
cells was m in im al. B eginning in th e  3rd decad e  o f O ctober (beginning  of 
h ib e rn a tio n ), m ean  nu c lea r volum es increased  again  u n til th e y  h ad  reached  
m ax im um  values in  th e  3rd decade o f  M ay (b reed ing  period) in  fem ales, and  
in  m ales in th e  2nd  decade of Ju ly  (m iddle  perio d  o f active life).

A c ta  M orphologien Acatlem iae Scien liarum  H ungaricae 2 8 , 1980



6 K. DZIUBEK

Table II

t V  alues fo r  d ifferences between m eans in  different periods

S tudent’s t  te st

Periods compared
Purkinje cells

Sex

9 S

3rd decade J a n u a ry — 1st dec. April 1.89 7.08*

3rd decade J a n u a ry — 3 rd  dec. M ay 4.84* 7.63*

3rd decade J a n u a ry — 2nd dec. Ju ly 0.44 9.75*

3rd decade J a n u a ry — 1st dec. Septem ber 4.11** 3.60**

3rd decade J a n u a ry — 3rd  dec. O ctober 5.35* 7.24*

1st decade A pril— 3rd  dec. May 4.88* 1.62

1st decade A pril— 2 n d  dec. Ju ly 1.16 2.53

1st decade A pril— 1 st dec. Septem ber 8.13* 5.14*

1st decade A pril— 3 rd  dec. O ctober 9.55* 16.86*

3rd decade M ay— 2 n d  dec. Ju ly 3.67** 0.45

3rd decade M ay— 1 st dec. Septem ber 13.29* 5.96*

3rd decade M ay— 3 rd  dec. O ctober 14.43* 15.23*

2nd decade J u ly — 1 st dec. Septem ber 4.18** 8.66*

2nd decade J u ly — 3 rd  dec. O ctober 5.35* 21.31*

1st decade S ep tem b er— 3 rd  dec. O ctober 1.70 16.67*

* — s ta tis t ic a lly  s ig n ific a n t a t  p <  0.01 
** — sta tis tica lly  s ig n if ic a n t a t  p <  0.05

M ean nuclear vo lum e in  cells from  d iffe ren t periods o f th e  cycle show ed 
s ta t i s t ic a l ly  significant d iffe ren ces in th e  m a jo rity  of fem ales as well as m ales. 
O n  th e  w hole, m ean n u c le a r  vo lum e was h igher in fem ales th a n  in  m ales. 
A m p litu d e  of the  changes in  n uc lear vo lum e was h igher in m ales th a n  in 
fe m a le s .

Discussion

A nalysis of the  f in d in g s  show ed th a t  th e  m ean  n uc lear volum e in  P u rk in je  
cells o f  th e  cerebellum  in  R a n a  esculenta L. undergoes cyclic changes in  the  
c o u rse  o f  th e  year. A p a r t ic u la r ly  high increase  tak es  p lace in  fem ales in  th e  
b re e d in g  period, and  in m ales in  th e  period  o f ac tiv e  life, followed b y  a sh arp  
d e c re a se  reaching a m in im u m  a t  th e  beg in n in g  o f  h ib ern a tio n .

A lleva et al. [3] an d  B arraclough [4] show ed th a t  th e  re p ro d u c tiv e  
cy c le  in  fem ale v e r te b ra te s  re flec ts  th e  m ark ed  d iffe ren tia tio n  b e tw een  sexes, 
m a n ife s te d  am ong o th e rs , in  b eh av io u r [6]. In  th e  w a te r frog, in  th e  n u p tia l
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CEREBELLUM OF THE WATER FROC 7

period ac tiv ity  is c o m p a ra tiv e ly  h igh . I t  is in te re s tin g  th a t  th is  m o to r a c tiv ity  
coincides w ith  th e  m ax im um  a c tiv ity  of th e  P u rk in je  cells in th e  m iddle 
o f  th e  period o f  ac tiv e  life, i.e. in th e  period o f  in ten se  feeding and  m o to r 
a c tiv ity . D uring th is  period , a c tiv ity  of th e  P u rk in je  cells decreases only 
slig h tly  in fem ales in  com parison  w ith  th a t  in  th e  b reed in g  period.

In  hom eotherm ic  v e r te b ra te s , am b ien t te m p e ra tu re  has a m arked  in flu ­
ence on horm onal a c tiv ity , especially  of the  h y p o p h y sis  [23], th y ro id  [20], and  
ad renals [13]. In creased  ho rm o n al a c tiv ity  acce lera tes  m etaho lism  and  en ­
hances pro te in  sy n th esis  [27, 28]. T abuchi e t al. [40] re p o rte d  th a t  s-100 
p ro te in  is sy n th e tiz e d  in P u rk in je  cells, m ain ly  in  th e  sy n ap tic  ne tw orks,
i.e. in th e  area o f  in ten se  m etab o lic  and e lec trica l a c tiv ity . A m ong o thers, 
enhanced  syn thesis  m ay  he responsib le  for th e  m ark ed  increase in nuclear 
vo lum e in P u rk in je  cells d u ring  th e  period o f in te n se  ac tive  life.

In  bo th  sexes, a c tiv ity  of th e  cells was m in im al in th e  in itia l period 
of h ib ern a tio n , w hen th e  w a te r  frogs a fte r w an d erin g  to  th e ir  w in te r la ir begin 
to  h ib e rn a te . T hese rad ica lly  d ifferen t periods in  th e  life cycle o f th is  species 
(ac tive  life and  b eg inn ing  h ib e rn a tio n ) are p ro b a b ly  one o f th e  fac to rs causing 
th e  decrease o f th e se  cells. A n o th e r fac to r seem s to  consist o f low ered p ro te in  
syn thesis  in am p h ib ian s  in a u tu m n  [29].

The d ifferences in n uc lear vo lum e in P u rk in je  cells betw een  fem ales and  
m ales are p ro b ab ly  due to  th e  sexual d im o rp h ism  o f th e  b ra in . A sim ilar 
phenom enon has been  observed  in  m am m alian  b ra in  [8, 9, 31].

In  sum m ary , a c tiv ity  o f P u rk in je  cells is co rre la ted  w ith  m o to r a c tiv ity  
and  m etabo lism  in th e  ann u a l cycle of th e  w a te r  frog.
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V E R Ä N D E R U N G E N  D E S  K E R N V O L U M E N S  D E R  P U R K IN J E -Z E L L E N  
IM K L E IN H IR N  D E R  R A N A  E SC U L E N T A  L.

K . D ZIU B EK , H. LACH und  S. KRAW CZYK

D as V olum en der N uk le i v o n  P u rk in je-Z ellen  im  K le inh irn  von  gesch lech tsre ifen , aus 
ih rem  n a tü rlich en  M ilieu s ta m m e n d en  m än n lich en  u n d  w eiblichen F rö sch en  (R a n a  escu len ta) 
w urde in  sechs ch ara k te ris tisch e n  P erioden  ih res L ebenszyk lus s tu d ie rt. In n e rh a lb  eines Ja h re s  
w u rd en  im K ernvo lum en  d e r P u rk in je-Z ellen  w esen tliche A bw eichungen v e rze ich n e t.

Bei den w eiblichen E x em p la re n  w ar das K ern v o lu m en  in der F o rtp flan zu n g sp e rio d e  
(M ai, d r itte s  V ierte l), bei d en  M ännchen  in der M itte  ih re r  a k tiv en  L ebensperiode  ( J u li ,  zweites 
V ierte l) am  größ ten . Im  G eg ensatz  dazu  w urde  das k le inste  V olum en am  A n fan g  de r H ib e r­
n a tio n  (O k to b er, d r itte s  V ie rte l) gem essen.

ИЗМЕНЕНИЯ ЯДЕРНОГО ОБЬЕМА КЛЕТОКПУРКИНЬЕ В МОЗЖЕЧКЕ ЛЯГУШЕК
(R A N A  E SC U L E N T A )

К. Д З Ю Б ЕК , X. Л Я Х  и С. КРАВЦЫК

У половозрелых лягушек (Rana esculenta) мужского и женского пола, взятых из 
естественной среды, авторы изучали изменения ядерного объема клеток Пуркинье мозжечка 
в шести типичных периодах их жизненного цикла. В течение года наблюдались значи­
тельные изменения ядерного объема клеток Пуркинье.

У самок ядерный объем наибольшим в период размножения (май, третья четверть), 
а у самцов в середине активной жизни (июль, вторая четверть). Наименьший ядерный 
объем был выявлен в начале периода гибернации (октябрь, тьетья черверть).

D r. К . Dziubek 
D r. H en ry k  Lach 
D r. S. K rawczyk

T each er T ra in in g  College, D ep artm en t o f A nim al 
Physio logy , In s t, o f  Biology, 31-054 K rak o w , 
u l. Podbrzezie , 3. P o lan d
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HISTOLOGICAL ANALYSIS OF THE OVERLAPPING 
EFFECT OF HYPOPHYSEAL HORMONES 

ON THE COCKEREL’S TESTES

O. D obozy, G. Csaba, M. A. Sh a h in  and G. Lazáry

H isto log ica l ex am in atio n  of cockerel te s te s  rev ea led  the  overlap p in g  e ffec ts  o f 
F S H  and  T S H . W ith in  th e  dose-range s tu d ie d  (2 0 — 160 fig  F S H  and  27.5 — 220 fig 
T S H ), b o th  ho rm o n es increased th e  cell n u m b e r  in  th e  sem iniferous cords in c lu d in g  
th e  n u m b er o f  sperm ato g o n ia , p r im a ry  sp e rm a to c y te s  an d  pre-Serto li cells. T h e y  also 
en h an ced  th e  m ito tic  a c tiv ity  of sp e rm ato g o n ia  a n d  accele ra ted  sperm atogenesis. P e a k  
effects were obse rv ed  a fte r  tre a tm e n t w ith  160 fig  F S H  and 55 fig T S H  dose. L iq u e ­
factio n  o f cords due to  horm one tre a tm e n t was in d ic a tiv e  o f an acceleration  o f te s tic u la r  
o n togeny . C ross-effects o f the  two horm o n es w ere  exp la in ed  by recep to r im m a tu r i ty
i.e. in th e  e a rly  s tag e  of ontogenesis th e  re ce p to rs  can  b ind  b o th  horm ones d u e  to  th e  
s im ila rities in th e ir  s tru c tu re . The m ax im u m  effec ts  o f  th e  horm ones were d iffe re n t, 
th a t  of F S H  being  m ore m arked.

Abbreviations:
ICCT: In te rc o rd a i connective  tissue
Sem C: Sem in iferous cord
SO: S p erm ato g o n iu m
SC: P rim a ry  sp e rm ato cy te
PC: P e rito n e a l cell
PS : P re -S e rto li cell
B ar scale =  10 urn

In tro d u c tio n

The rote o f th e  endocrine sy stem  in th e  re g u la tio n  of organ fu n c tio n s  
is well know n in th e  a d u lt. H ow ever, m uch less in fo rm a tio n  is av a ilab le  co n ­
cerning th e  s tru c tu re  an d  th e  role o f th e  en d o c rin e  system  in the ea rly  s tag es  
o f ontogenesis ( in tra u te r in e  and n eo n a ta l age) an d  a b o u t th e  physio logical and  
non-physio logical role o f horm ones as well as th e  effect of exogenous ho rm o n es 
on the  on to g en y  o f th e  endocrine sy s tem . T h e  ro le o f stero ids, in  p a r t ic u la r  
o f  sexual ste ro id s , in  th e  d e te rm in a tio n  o f sex  h as  been  stud ied  ex ten s iv e ly  [10. 
14, 19]. T hese ho rm ones are know n to  a c t th ro u g h  gene ac tiv a tio n  b u t  i f  such  
horm ones w ere p re se n t in  non-physio logical r a t io , in ce rta in  c ritica l perio d s 
o f  deve lopm en t th e y  could  m odify th e  g en e tica lly  determ ined  sex.

More re c e n tly  th e  problem  o f o n to g en e tic  significance o f p o ly p e p tid e  
and  am ino acid ty p e  horm ones b in d in g  to  m e m b ra n e  receptors in a d u lt  has 
been in v es tig a ted . D u rin g  ontogenesis th e  cell m em b ran e  has specific d ev e lo p ­
m en ta l changes [11] and  th e  m a tu ra tio n  o f re c e p to rs  till reaching th e ir  sp ec i­
fic ity  is a tta in e d  d u rin g  th is  period. M a tu ra tio n  o f m em brane recep to rs  s ta r ts  
in  the  th ird  tr im e s te r  of in tra u te r in e  life an d  is com pleted  only a f te r  b ir th .
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T h e  im m a tu r i ty  or lack  o f  m em brane  re c e p to rs  m ight be responsib le  fo r th e  
p h e n o m e n o n  th a t  in th e  h e p a tic  cells of 15-day-o ld  ra t  fetuses on ly  1 1%  of 
th e  in su lin  is bound co m p ared  to  th e  a d u lt an d  glucagon is no t b o u n d  a t  all. 
S h o r tly  a f te r  b ir th , th e  h o rm o n e  b ind ing  c a p a c ity  is still low [3], in  good  ag ree­
m e n t w ith  th e  find ing  th a t  in  th e  ra b b it, in su lin  enhances glycogen fo rm a tio n  
o n ly  a f te r  b ir th  [16]. To th is  m a tu ra tio n  p rocess th e  developing o f  m em b ran e  
re c e p to rs  seem s to  req u ire  th e  presence o f  specific  or nonspecific h o rm o n es [5, 
6, 15]. M a tu ra tio n  is a c r itic a l period for m e m b ra n e  receptors since a t  th is  tim e 
th e y  a re  n o t y e t specific h u t  s till s tru c tu ra l ly  v ersa tile  allowing su b stan ces  
s im ila r  to  th e  fu tu re  specific  horm one to  b in d  to  them . This in  tu rn  m a y  a lte r 
f u r th e r  m a tu ra tio n  o f th e  recep to rs , re su ltin g  in  a reduced [5, 7] or en h an ced  
[6] a c tio n  o f th e  specific ho rm one  in a d u lth o o d .

T h e  chem ical resem b lan ce  of TSH  an d  F S H  has repea ted ly  b een  stressed  
[4, 17, 18]. The a lpha  su b u n its  o f b o th  horm ones are id en tica l w hereas 
sp e c if ic ity  is ensured  b y  th e ir  b e ta  su b u n its . S im ilar sequences, h o w ev er, are 
p re s e n t  even  in  th e  b e ta  su b u n its  of th e  tw o  horm ones. This m ig h t be  th e  
re a so n  w h y  these horm ones a c t m u tu a lly  u p o n  th e  ta rg e t cells o f each  o th e r. 
A long  th is  line in a d u lt a w eak  T SH  a c tiv ity  o f  h u m an  ch o n rio g o n ad o tro p in  [2, 
13] a n d  a specific b in d in g  o f  bov ine  T S H  to  recep to rs  of the  ra t  te s tis  [1] has 
b een  d e m o n s tra te d .

E a r lie r  we show ed an  overlapp ing  e ffec t betw een FSH  and  T S H  [8] 
u s in g  a n  in  vivo b ioassay  [12]; th e  effect w as m o re  pronounced  in case o f  T SH .

In  th e  p resen t w ork  we in v es tig a te  th e  effects of FSH  and  T S H  on the  
h is to lo g y  o f th e  testes an d  on th e  sp erm ato g en esis  of newly h a tch ed  cockerels.

Materials and m ethods

N ew ly  h a tch ed  H u b b a rd -b ro y le r  cockerels w ere  in je c te d  subcu taneously  a t  12 h  in te r­
v a ls  fo r  3 d ay s w ith  20, 40, 80 a n d  160 /tg porcine F S H  (N u tr itio n a l B iochem ical Co., C leveland , 
O h io ) o r  w ith  27.5, 55, 110 an d  220 /ig T S H  (A m b in o n , O rg anon ; porcine and  b o v ine  T S H  w ith 
o n ly  v aso p ress in  co n tam in a tio n ), b o th  dissolved in  0.2 m l physiological saline so lu tio n . The 
c o n tro ls  rece ived  in jec tions o f 0.2 m l saline so lu tio n . T w elve hours a fte r th e  la s t  in jec tio n , 
th e  le f t  te s t is  was rem oved , f ix ed  in B ouin’s so lu tio n  a n d  em eddded  in p a raffin . F ro m  th e  
m id d le  p a r t  o f th e  te s tis  5 /n sec tions were c u t a n d  s ta in e d  w ith  h aem ato x y lin —eo sin . The 
o b se rv a tio n s  were ev a lu a te d  q u a lita tiv e ly  and q u a n ti ta t iv e ly .

T h e  n u m b er of d iffe re n tia te d  cells coun ted  in  10 sem iniferous cords per an im al. A bso lu te  
n u m b e rs  o f  cell types were re la te d  to  th e  n u m b er o f  cells fo und  in the  10 cords, in o th e r  w ords 
th e  p e rc e n ta g e  ra tio  o f th e  cell ty p e s  was d e te rm in ed . F ro m  th is  value  th e  m ean  cell nu m b er 
p e r  co rd  cross section and  th e  m ean  nu m b er o f c o n s t itu e n t  cell types in ev ery  g ro u p  were 
d e te rm in e d . T he re la tiv e  freq u e n c y  of d ifferen t cell ty p e s  was also calcu la ted . D ifferences 
b e tw e e n  th e  experim en ta l g ro u p s w ere ev a lu a te d  u s in g  th e  tw o-sam ple S tu d e n t “ t ”  te s t.

A c ta  M orphologica  Academ iae S c ie n tia ru m  H ungaricae 28 , 1980



HISTOLOCICAL ANALYSIS OF TH E COCKEREL'S TESTES 13

Results
a) Controls

T he h isto logical observation  of th e  te s te s  show s the  norm al s t ru c tu re  o f 
th is  age (F ig . 1). T he te s te s  were su rro u n d ed  b y  a well developed tu n ic a  a lb u ­
ginea an d  com posed o f  sem iniferous co rds a n d  in te rco rd a i connective  tis su e . 
In  som e cords liquefac tio n  is seen, b u t  we can  n o t  say  th a t  it  is t ru e  c a v ity . 
The germ ina l ep ith e liu m  o f the  sem iniferous co rd s consists m ostly  o f  u n d if fe r ­
e n tia te d  cells (p e rito n ea l cell) w ith a few  d iffe re n tia te d  ones, in w hich  a b o u t 
8 0 %  sperm ato g o n ia  w ere located  on th e  b a se m e n t m em brane b o rd e rin g  th e  
cord . O nly  14%  p r im a ry  sp erm ato cy tes  w ere fo u n d . In  th is age no  d iffe r­
e n tia te d  Serto li cells, on ly  th e ir  p recurso rs w ere seen (pre-Sertoli cell) a m o u n t­
ing to  3 .4 %  of th e  to ta l  cell p o p u la tio n .

b) FSH -trea ted  groups

T here  was no basic  difference in  s t ru c tu re  betw een F S H -tre a te d  an d  
con tro l te s te s  b u t th e  size o f the  testes a n d  th e  q u a n ti ty  and size of cells w ere 
m ark ed ly  increased (F ig . 2). In  groups t r e a te d  w ith  80 and 160 fig doses, 
m ark ed  liquefac tion  s ta r te d  (Fig. 2a). N o a d d itio n a l cell types w ere fo u n d  as 
co m p ared  to  th e  co n tro l.

T he cell n u m b e r p e r cord was fo u n d  to  increase  w ith increasing  F S H  
doses, reach ing  a m ax im u m  in the 80 fig g ro u p  and  declining s lig h tly  in  th e  
160 fig g roup . The ra tio  o f sperm atogon ia  show ed  a dose-dependent s ig n if ic a n t 
(p <  0.001) decrease, w ith  th e  highest F S H  dose i t  fell below 20% . T h e  n u m b e r  
o f sp e rm ato g o n ia  p er co rd  increased in re sp o n se  to  20 and  40 fig F SH  (p <  0.01, 
re la tiv e  to  th e  co n tro l), a fu rth e r increase o f  th e  dose caused a rap id  d ec rease : 
in th e  160 fig group i t  w as th e  half o f t h a t  in  th e  contro l (p <  0.001). A t th e

Fig. 1. Sem iniferous cords o f  th e  control g ro u p  c o n ta in  v a rio u s  cell types of th e  g e rm in a l 
ep ithe lium . N o te  th e  in tercordai c o n n ec tiv e  tis su e  betw een the  cords
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F ig . 2 . E ffec t o f F S H  on  te s tic u la r  histo logy. A a n d  B =  80 /tg trea tm e n t; C a n d  D  =  160 pg  
t re a tm e n t. Arrows p o in t a t  s ite s  o f liquifaction

sam e  tim e , th e  p ro p o rtio n  and  n u m b er p e r  co rd  of p rim ary  sp e rm a to c y te s  
in c rea sed  m ark ed ly . In  th e  40 and 80 pg  g ro u p s  an  increase o ccu rred ; i t  w as 
s ig n if ic a n t (p <  0.001) as com pared  to  th e  c o n tro l group and to  each  o th e r . 
T h e  h ig h es t dose w as less effective th a n  th e  80 pg  dose h u t th e  d iffe rence  w as 
n o t  s ig n if ic a n t s ta tis t ic a lly . T rea tm en t w ith  doses up to  40 pg caused  th e  
n u m b e r  an d  p ro p o rtio n  o f  pre-Serto li cells to  increase. In  th e  160 pg  g roup  
th e se  cells c o n s titu te d  n e a rly  30%  frac tio n  o f  th e  to ta l popu la tion  h u t  m a tu re  
S e rto li cells w ere n o t  encoun tered .

A c ta  M orphologica A ca d em ia e  S c ien tia ru m  Hungaricae 28, 1980
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Fig. 3. E ffec t o f T S H  on te s ticu la r  histo logy. A an d  В =  55 /tg tre a tm e n t;  C a n d  D = 220 /tg 
t re a tm e n t. E ffect on cords an d  c o n n ec tiv e  tissue  are  ev iden t.

c) TSH -trea ted  groups

T he overall p a t te rn  o f T S H -tre a te d  te s te s  was sim ilar as in  th e  con tro ls . 
S im ilarly  to  F S H , th e re  was an increase  in  th e  size and cell n u m b e r  o f  th e  
te s te s  (F ig . 3). In  c o n tra s t to  F S H , T S H  h ad  a su b stan tia l effect on th e  con­
n ec tiv e  tissu e  b e tw een  th e  cords; th e  tissu e  spaces becam e w ider an d  o f  m ore 
co m p ac t s tru c tu re  (F ig . 3a, c). The 55 pg  dose had  th e  h ighest e ffect on con­
n ec tiv e  tissu e .

T he low est T S H  dose b ro u g h t a b o u t a 50 %  increase in  cell n u m b e r 
w hereas IIO  pg caused  a fu rth e r  100%  rise . Doses higher th a n  110 p g  had  
a red u c in g  effect. In  anim als tre a te d  w ith  th e  low est dose th e  p ro p o rtio n  
o f th e  cell ty p es  corresponded  to  th a t  in  th e  con tro l. A ccordingly, th e  m ean 
n u m b e r o f  sp e rm ato g o n ia  p er cord increased  sign ifican tly  (p 0 .01). The 
55 pg  dose decreased  sign ifican tly  th e  ra tio  o f  sperm atogon ia  (p <  0.001) and  
o f p rim a ry  sp e rm a to cy te s  (p <  0.001) b u t  increased  th a t  o f th e  p re -S erto li 
cells (p <  0.1). T he 110 pg dose h ad  a s im ila r b u t  m ore p ronounced  effect. 
T he low est n u m b e r o f  sperm atogon ia  p e r  co rd  w as found in th is  g ro u p . A fter
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220 [ig doses th e  n u m b e r a n d  ra tio  o f sp e rm a to g o n ia  increased  again  (p <[ 0.001 
a n d  p <  0.02, as co m p ared  to  th e  110 [ig g roup). W hile th e  num ber o f  p r im a ry  
sp e rm a to c y te s  and  p re -S erto li cells decreased  (a t  th e  lim it of s ta tis tic a l sign if­
icance).

In  n e ith e r  o f th e se  y o u n g  an im als w ere L ey d ig  cells d is tingu ishab le  from  
o th e r  cells o f th e  in te rc o rd a i connective tissue .

D iscussion

A m ong th e  p a ra m e te rs  s tu d ied , th e  m ean  sperm atogon ium  n u m b e r is 
a fu n c tio n  of th e  speed  o f tw o  processes: th e  m itosis of sperm ato g o n ia  an d  
th e  tra n s fo rm a tio n  o f  sperm ato g o n ia  to  p r im a ry  sperm atocy tes. T he ra te  
o f  sperm ato g en esis  can  be ch a rac terized  b y  th e  n u m b e r of sp e rm ato cy tes  p er 
co rd  an d  th e  ra tio  o f  sp erm ato g o n ia  to  p r im a ry  sp e rm ato cy tes . These p a ra m ­
e te rs  m ay  th u s  be in d ic a tiv e  of ho rm onal effec ts . On th is  basis i t  m ay  be 
c o n c lu d ed  th a t  T S H  an d  F S H  enhance th e  m ito tic  a c tiv ity  of sp e rm ato g o n ia  
a n d  acce lera te  sp erm atogenesis . There are, h o w ever, differences b e tw een  th e  
tw o  horm ones reg a rd in g  th e  effect on th e  tw o  processes, in  dose-dependence 
a n d  re la tiv e  in te n s ity .

T he f irs t s tep  o f sperm atogenesis , th e  tra n sfo rm a tio n  of sp e rm ato g o n ia  
to  p r im a ry  sp e rm a to cy te s , has s ta r te d  th o u g h  on a m inor scale, also in  th e  
c o n tro ls .

T he low est dose o f F S H  caused a s ligh t en h an cem en t of b o th  processes. 
In c re a s in g  doses g ra d u a lly  increase of th e  n u m b e r  p e r cord of p rim a ry  sp e r­
m a to c y te s  (i.e. en h an ce  o f sperm atogenesis). O n ly  th e  160 fig dose h ad  a w eaker 
(h u t  n o t s ig n ifican tly  w eaker) effect th a n  th a t  o f  th e  80 fig dose. T he 40 fig 
dose  enhances th e  m ito tic  a c tiv ity  o f sp e rm a to g o n ia  to  a degree w hen  th e  
d ec rease  in  th e  n u m b e r o f sperm ato g o n ia  w as fu lly  com pensated  b y  m assive 
m ito se s . T hus, th e  n u m b e r o f  sperm atogon ia  p e r  co rd  was h igher th a n  in  th e  
fo rm e r  group . E le v a tin g  th e  dose to  80 fig th e  r a te  of m itosis was in  ba lan ce  
w ith  th e  enhanced  sperm atogenesis: th e  n u m b e r o f  sperm atogon ia  co rresponded  
to  t h a t  in  th e  co n tro l. W ith  th e  h ighest dose o f  F S H  a roughly  equal n u m b e r 
o f  p r im a ry  sp e rm a to cy te s  and  h a lf  o f th e  sp e rm ato g o n ia  were p re se n t th a n  
in  th e  80 fig g roup . This suggests th a t  th e  d iv ision  o f sperm atogon ia  w as less 
e n h a n c e d  by  th e  160 fig dose th a n  b y  th e  80 fig dose. This m ay ex p la in  th e  
d ec rease  in  th e  n u m b e r o f p rim ary  sp e rm a to c y te s  in  sp ite  of enh an ced  sp e r­
m ato g en esis .

T S H  also increased  sperm atogenesis b u t  its  m ax im um  effect was w eaker 
th a n  th a t  o f F S H . M oreover, th e re  was no p a ra lle lism  betw een  th e  doses 
o f  T S H  and  sp erm atogenesis . W hile w ith  55 fig doses a m arked  rise in  th e  
n u m b e r  o f p rim ary  sp e rm a to cy te s , a decrease occu rred  on a fu rth e r  e leva tion
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Table I

Effect o f  F S H  and T S H  treatment on the cell types o f  seminiferous cords o f  newly hatched cocks
S  - mean ± S E

Treatm ent

~X

m

d
Z

Mean cell values and ratios per animal

SG/SC
Cell density 
No.//i*X 10-

Total cell
No.

Total cell No. Spermatogonia Prim ary sperm atocytes pre-Sertoli cells

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

1 60 8 1 0 8 9 1 3 6 .1 1 00 2 5 .3 1 9 .0 7 2 .4 5 3 .6 3 8 .5 2 6 .6 0 .3 6 4 .4 5
+  9 .6 4 +  2 .3 3 +  2 .1 8 ± 4 . 5 3 ± 1 . 9 6 ± 6 . 1 8 ± 3 . 2 1 ± 0 . 0 4

8 0 8 1 1 7 0 1 4 6 .2 5 1 00 4 4 .4 3 2 .9 7 9 .8 5 2 .5 2 2 .1 1 4 .6 0 .8 1 4 .8 0
± 1 3 . 1 6 ± 4 . 5 4 ± 5 . 5 3 ± 1 1 . 3 3 ± 4 . 9 0 ± 4 . 3 8 ± 2 . 0 6 ± 0 . 2 9

4 0 12 1291 1 0 7 .6 1 00 5 3 .4 5 1 .2 3 9 .4 3 4 .9 1 4 .8 1 3 .9 1 .6 0 4 .5 3
± 7 . 6 4 ± 2 . 3 9 ± 2 . 3 3 ± 5 . 3 3 ± 2 . 5 7 ± 1 . 8 4 ± 1 . 6 1 ± 0 . 1 7

20 8 4 6 4 5 8 .0 100 4 5 .5 7 7 .8 9 .8 1 7 .3 2 .8 2 .7 5 .5 1 2 .6 9
± 3 . 7 8 ± 3 . 8 4 ± 2 . 6 8 ± 1 . 3 4 ± 2 . 5 6 ± 0 . 6 2 ± 1 . 1 7 ± 1 . 0 1

Control 9 4 7 3 5 2 .6 1 0 0 4 1 .2 8 0 .1 7 .9 14 .1 3 .4 3 .4 8 .0 7 3 .9 7
± 5 . 0 7 ± 3 . 4 2 ± 3 . 4 0 ± 1 . 8 2 ± 2 . 6 3 ± 1 . 3 5 ± 1 . 9 5 ± 1 . 7 6

2 7 .5 12 8 4 9 7 0 .6 1 0 0 5 8 .4 8 2 .9 8 .9 1 2 .6 3 .4 4 .5 8 .3 3 2 .3 8
± 5 . 1 8 ± 4 . 2 1 ± 1 . 3 8 ± 1 . 1 4 ± 1 . 4 0 ± 0 . 7 6 ± 0 . 8 8 ± 2 . 4 0

55 12 1 4 5 7 1 2 1 .4 1 0 0 5 5 .9 4 7 .9 5 1 .4 4 0 .9 14 .1 11.1 1 .3 0 3 .8 0
± 1 1 . 7 6 ± 4 . 5 4 ± 3 . 0 8 ± 7 . 5 7 ± 2 . 9 4 ± 2 . 5 1 ± 1 . 9 2 ± 0 . 1 8

1 1 0 10 9 5 0 9 5 .0 1 0 0 3 3 .2 3 6 .5 4 3 .2 4 7 .1 17 .1 1 7 .3 0 .8 3 2 .9 2
± 7 . 3 8 ± 3 . 2 7 ± 3 . 5 8 ± 5 . 5 2 ± 4 . 5 1 ± 3 . 3 1 ± 2 . 5 9 ± 0 . 0 9

2 2 0 11 9 3 7 8 5 .2 100 4 2 .9 5 5 .6 3 1 .6 3 2 .8 1 0 .6 10.1 2 .6 9 2 .3 8
± 1 1 . 4 5

1

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

* SG/SC =  sperm atogonia/sperm atocytes
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o f th e  dose. In  c o n tra s t to  F S H , even th e  sm alle st dose o f T S H  w as ab le to  
in c re a se  th e  num ber o f sp e rm a to g o n ia . C onsidering th a t  th e  p r im a ry  sper­
m a to c y te  num ber w as c o m p a ra b le  to  th e  co n tro l, low  doses of T S H  seem  to  
in c re a se  exclusively th e  m ito s is  o f sperm atogon ia . E lev a tio n  of th e  T S H  dose 
fro m  27.5 to  55 fig in c re a se d  th e  sperm atogenesis m ark ed ly  b u t  th e re  was 
no  re d u c tio n  in th e  n u m b e r  o f  sperm atogon ia , due  to  a p ro p o rtio n a te  increase 
o f  m ito ses . U nder th e  e ffe c t o f tre a tm e n t w ith  40 /rg, th e  n u m b e r o f b o th  
sp e rm a to g o n ia  and p r im a ry  sp e rm ato cy tes  w as red u ced , as co m p ared  to  the  
fo rm e r  group. The fa c t t h a t  th e  num ber o f sp e rm ato g o n ia  decreased  even 
m o re , ind ica ted  th a t  a lth o u g h  sperm atogenesis w as fu r th e r  acce le ra ted , the  
re d u c e d  m itotic a c tiv ity  le d  to  a decrease in  n u m b e r  o f b o th  sp e rm ato g o n ia  
a n d  p rim a ry  sp e rm a to cy te s . A fte r the  h ighest dose o f T S H , th e  n u m b e r of 
sp e rm a to g o n ia  reached  a g a in  th e  contro l v a lue  b u t  th e  n u m b er o f  p rim ary  
sp e rm a to c y te s  decreased fu r th e r .  (This was still an  e lev a ted  figu re  as com pared  
to  th e  control.) H ence th is  h igh  T S H  dose had  a m ino r effect in  acce lera ting  
sperm ato g en esis .

B o th  horm ones in c re a se d  Serto li cell fo rm a tio n . W ith in  th e  sem iniferous 
c o rd s , th e  absolute n u m b e r a n d  ra tio  of p re -S erto li cells w ere increased . E x cep t 
fo r  th e  h ighest dose, th e  e ffec t o f th e  tw o ho rm ones w as sim ilar. E lev a tio n  
o f  th e  F S H  dose from  80 to  160 pg resu lted  in  a doubling  of th e  abso lu te  
(p <  0.05) and re la tiv e  (p  <  0.01) n u m b er o f p re -S erto li cells, w hereas the  
e ffe c t o f  th e  h ighest T S H  do se  w as 30%  w eaker th a n  th a t  o f 110 pg tre a tm e n t 
(p <  0.05).

In  a previous s tu d y  [8] a dose-dependen t increase  in  th e  sem iniferous 
co rd  d iam e te r was o b se rv ed  to  follow F S H  an d  T S H  tre a tm e n t. C onsidering 
th e  co rd  cross section as ro u g h ly  circu lar and th e  v a rio u s cell com p o n en ts  as 
u n ifo rm  in size, m ean cell n u m b e r  per u n it, cord a rea  can be ca lcu la ted  from  
th e  m ean  diam eter and  th e  d a ta  provided b y  th e  p re sen t d a ta  (T able I). F rom  
th is  i t  appears th a t  th e  lo w e s t doses o f b o th  ho rm ones cause a su b s ta n tia l 
in c re a se  in  d iam eter n o t  accom pan ied  b y  a p ro p o rtio n a te  increase  in  cell 
n u m b e r . A ccordingly, th e  m e a n  cell size increases. T his ra tio  is s lig h tly  h igher 
th a n  th a t  in the contro l a f te r  o th e r  F S H  doses. T h is w ould  im ply  th a t  a lthough  
th e  cell are sm aller th a n  in  th e  con tro ls, th e ir  g ro w th  an d  division is in  b a lance . 
T h is  is n o t the  case w ith  T S H , as a fte r th e  55 /ig t r e a tm e n t  th e  cell size d id  no t 
d iffe r  from  the  con tro l. T h is  increased s ig n ifican tly  on ly  u p o n  increasing  
th e  doses.

O bservations co n ce rn in g  th e  effect o f T S H  on connective tissu e  were 
in  good  agreem ent w ith  th e  d a ta  of D avies e t al. [9] who have show n T SH  
to  h in d  to  in te rs titia l cells.

F rom  the p resen t w o rk  i t  appears th a t  th e  p e r in a ta l  effect o f T S H  on an 
a lien  ta rg e t  organ (on th e  te s tis )  is sim ilar to  th a t  o f F S H . This im plies th a t  
a t  th is  age the recep to rs o f  th e  in te rs titia l and  germ ina l cells o f th e  te s tis  are
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n o t y e t specific to  re a c t  on ly  w ith  th e ir  own horm ones. D ifferences in in te n s ity  
o f ac tio n  betw een th e  tw o  horm ones m ay  be due e ith e r  to  differences in  b e ta - 
su b u n its  or to d ifferences in th e  a m o u n t o f ac tiv e  recep to rs  on various cell 
ty p e s  (germ  cells or in te rs ti t ia l  cells).

R E F E R E N C E S

1. A m ir , S. M., Su l l i v a n , R . C., I ngbar , S. H . (1978): B ind ing  of bovine th y ro tro p in  to
recep to r in r a t  te s tis  and its in te rac tio n  w ith  g o n ad o tro p in s. E ndocrino logy  103, 
101- 111.

2. Azu k iza w a , M., K u r t z m a n , G., P ek a r v , A. E ., H e r s h m a n , J .  K . (1977): C om parison
of th e  binding c h a ra c te ris tic s  of bovine th y ro tro p in  an d  h u m a n  chorionic g o n ad o tro p in  
to  thyro id  p lasm a  m em branes. E ndocrino logy  101, 1880 1889.

3. B lazquez , E ., R u b a l c a v a , B ., Mo n t e s a n o , R ., Or c i , L ., U n g e r , R . H . (1976): D evelop­
m en t of insulin  a n d  glucagon b in d in g  and th e  a d en y la te  cyclase response in liver 
m em branes of th e  p re n a ta l ,  p o stn a ta l a n d  a d u lt r a t :  ev idence  of glucagon “ re sis tan ce” . 
E ndocrinology 98, 1014— 1023.

4. Clo sse t , J ., Ma g h u i n - R e g is t e r , G., V a n d o l e m , J .  L ., Comba rn ou s , V., H e n n e n , G.
(1976): P rim ary  s tru c tu re  and im m unological com p ariso n  of porcine th y ro id  s t im u la t­
ing (TSH) an d  fo llic le -stim u lating  (F S H ) horm ones. I n :  T h y ro id  R esearch . E ds: R o b ­
b i n s , J .,  B r a w e r m a n , L. E. E x ce rp ta -E lsev ier, A m ste rd am  New Y ork.

5. Cs a b a , G., N a g y , S. U . (1976): P la s tic ity  o f horm one recep to rs  and  possib ility  o f th e ir
deform ation  in  n e o n a ta l  age. E x p e rien tia  32, 651 — 652.

6 . Cs a b a , G., D o b o z y , O. (1977): The sen sitiv ity  o f su g a r recep to rs — analysis in a d u lt
anim als of in flu en ces excerted  a t n eo n a ta l age. E n d okrino log ie  69, 227 232.

7. Cs a b a , G., N a g y , S. U . (1978): The b in d in g  of 125I-T S H  for th y ro id  cell recep to r p rev i­
ously deform ed in  neonatal age — by g o n ad o tro p in  tre a tm e n t. Biol. N eonat. 34, 
275 - 277.

8. C s a b a , G., D o b o z y , O ., K a i z e r , G. (1979): S tu d y  of F S H -T S H  functional ov erlap  by
cockerel tes tic le  te s t .  H orm . M etab. R es. In press.

9. D a vie s , T. F ., S m i t h , B. R., R all , R .  (1978): B in d in g  of th y ro id  s tim u la to rs  to  gu inea
pig testis and  th y ro id .  E ndocrino logy  103, 6 — 10.

10. D ö r n e r , G. (1974): E n v iro n m e n t d ep en d en t b ra in  d iffe re n tia tio n  and fu n d am en ta l process
of life. A cta b io l. m ed . germ . 33, 129.

11. H ű b b é r t , W. T ., M i l l e r , W. .1. (1974): Im m u n o g en e tic  on to g en y  of cellu lar m em brane
function: a rev iew . J .  Cell Physiol. 84, 429 444.

12. I s h ii , S., Y a m a m o t o , K . (1976): D em o n stra tio n  of follicle s tim u la tin g  horm one (F S H )
activ ity  in h y p o p h y se a l ex trac ts  o f va rio u s v e r te b ra te s  by  th e  response o f the  Sertoli 
cells of th e  ch ick . Gen. comp. E n d o cr. 29, 506 510.

13. L o uv et , J .  P ., H a r m a n , S. M., N i s u l a , B. C.. R oss , G. T ., B i r k e n , S., Ca n f i e l d , R.
(1976): Follicle  s tim u la tin g  a c tiv ity  of h u m an  chorion ic  go n ad o tro p in : effect o f  d is­
sociation an d  reco m b in a tio n  of su b u n its . E n d o crin o lo g y  99, 1126 1128.

14. K a u f m a n n , C. (1952): Zur K linik des ex p erim en tellen  P seu d o h e rm ap h ro d itism u s . Ge-
b urtsh . u. F ra u e n h e ilk . 12, 958-

15. K e t e ls le g e r s , J .  M ., H etzel , W. D ., S i i e r i n s , R . J . ,  Ca t t , K. J .  (1978): D ev elo p m en ta l
changes in te s tic u la r  gonado trop in  recep to rs: P la sm a  g onado trop ins and  p lasm a 
testoste rone  in th e  ra t. E ndocrino logy  103, 212 222.

16. M e t z g e r , P., B r ä c h e t , E. A. (1975): S en sitiv ity  to  in su lin  o f fe ta l and new born  ra b b it
d iaphragm . P ro c . 11th Ann. M eet, o f the E u r. Ass. for th e  S tu d y  of D iab etes , 1975. 
D iabeto logie 11, 362.

17. P i e r c e , j .  G., F a i t h , M. R.,  Gi u d i c e , L. C., R e e v e , J .  R. (1976): S tru c tu re  and  s tru c tu re -
function re la tio n sh ip  in g lycopro tein  horm ones. I n :  C iha Found. Sym p. 41. E lsev ier, 
A m sterdam .

18. W a r d , D. N. (1974): Correlation of ho rm o n al s tru c tu re  w ith  horm onal fu n c tio n  in m am ­
m alian tissues. In :  In v e rte b ra te  E n d ocrino logy  an d  H orm onal H e te ro p h y lly . E d .: 
B u r d e t t e , W . J .  Springer, B erlin  New Y ork.

19. W i l k i n s , L. (1960): M asculinization o f fem ale fe tu s  due to  use o f ora lly  given progestins .
J . Amer. m ed . Ass. 172, 1028-

2* Acta M orphologica A cadcm iae S c ien tiarum  H ungaricae 28 , 1980



20 O. DOBOZY et al.

H IS T O L O G IS C H E  A N A L Y SE  D E R  Ü B E R L A G E R U N G S W IR K U iN G  
D E R  H Y P O P H Y S E N H O R M O N E  A U F D E N  H A H N E N H O D E N

O. DOBOZY, G. CSABA, M. A . SH A H IN  und G. LÄZÄRY

Bei der h isto log ischen  U n te rsu ch u n g  des H ah n en h o d en s w urde die Ü b e rlag e ru n g sw ir­
k u n g  des FS H  u n d  des T S H  nachgew iesen  u n d  fe stg es te llt, daß  im u n te rs u c h te n  D osisbereich  
(2 0 — 160 /tg F S H  bzw . 27,5— 220 /tg T S H ) beide H o rm one die Zellzahl in  den  H o d en k an ä lch en  
e rh ö h e n  u n d  in  diesem  R a h m e n  a u ch  die V e rm eh ru n g  der S perm ato g o n ien , de r p rim ären  
S p e rm a to zy te n , der U rzeiten  d e r  S“rt о i i - Zellen. de r P rä-S erto lize llen  b ew irk en , fe rn e r die m ito ­
tis c h e  T eilung der S p erm ato g o n ien  u n d  die S perm atogenese  steigern . D ie g rö ß te  W irk u n g  
e n tfa lte te  d ie  B eh an d lu n g  m it 160 /ig F S H  bzw . 55 /ig T S H . Die im  Z u sam m en h an g  m it der 
h o c h d o sie rten  H o rm o n b eh an d lu n g  b e o b ach te te  H öh len b ild u n g  in den S trä n g en  d e u te t  gleich­
fa lls  a u f  die besch leunig te  O ntogenese  des H odens h in . Die e in an d er ü b e rlag ern d e  W irkung  
d e r  b e id en  H orm one lä ß t  sich d a m it e rk lä ren , d a ß  in de r F rü h p h ase  der O n togenese  die noch 
in  E n tw ick lu n g  begriffenen , u n re ifen  R ezep to ren  infolge ih rer ähn lichen  S t r u k tu r  beide 
H o rm o n e  b inden. Die m ax im ale  W irk u n g  der be id en  H orm one is t n ich t gleich , die des F S H  
is t  au sg ep räg ter.

ГИСТОЛОГИЧЕСКИЙ АНАЛИЗ ПЕРЕКРЫВАЮЩИХСЯ ДЕЙСТВИЙ  
ГИПОФИЗАРНЫХ ГОРМОНОВ НА ЯИЧКИ ПЕТУХА

О. ДОВОЗИ, Д. ЧАБА, М. А. ШХАХИН и Д. ЛАЗАРИ

При гистологическом изучении яичков петуха авторы выявили, что действия гор­
монов PSH h TSH перекрывают друг друга. Было установлено, что при применяемых для 
анализа количествах (20—160 иг  FSH и 27,5 — 220 <ur TSH) оба гормона вызывают повы­
шение числа клеток в семенных канальцах, в том числе повышение также числа спермато- 
гоний, первичных клеток первичных сперматоцитов и клеток Сертоли, предклеток Сертоли, 
усиленное митотическое деление сперматогоний и ускорение сперматогенеза. Наибольший 
эффект был получен при даче FSH в количестве 160 цг  или TSH is количестве 55 /гг. Обра­
зование полостей в тяжах, наблюдаемое при введении высоких доз гормонов, также ука­
зывает на ускоренный онтогенез яичнов. Перекрывающие друг друга действия двух гор­
монов предположительно объясняется тем, что в ранней фазе онтогенеза еще развиваю­
щиеся незрелые рецепторы, вследствие их подобной структуры сязывают оба гормона. 
Максимальное действие гормонов неодинаковое, более выраженный эффект вызывает FSH.

D r. O ttó  D obozi 
D r. G y ö rg y  Csaba 
D r. M. A. Shahin 
D r. G y u la  Lazáry

Sem m elw eis O rv o stu d o m án y i E gyetem  
B io lógiai In té z e t  N ag y v á rad  té r  4., 
H -1446 B u d ap est, H u n g ary
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COMPLEX MORPHOLOGICAL STUDY OF THE EFFECT 
OF GLUTAURINE IN MAST CELLS

L. F e u e r , P. K o v á c s , S. U . N a g y , O. T ö r ö k  and G. C s a b a  

(R eceived M ay 8, 1979)

G lu tau rine  p roduces ra p id  an d  in tensive  d eg ran u la tio n  o f m as t cells w ith o u t 
a ffecting  the com position  of th e ir  g ranules. T he m as t cells o f th e  in d iv id u a l organs 
differ in th e  ty p e  a n d  e x te n t of d eg ran u la tio n . T here  is a wide scale be tw een  excessive 
d eg ran u la tio n  (m as t cells of su b cu tan eo u s connective  tissue an d  of th e  peritoneum ), 
and  unresponsiveness (m as t cells of th y ro id  an d  ly m p h  nodes), and  th ere  are also 
differences in tim e . T he peritonea l m ast cells s ta in  p ositive ly  w ith  sa fran in , swell 
excessively and  assum e b izarre  form s in response to 5 /ig /ra t  g lu ta u rin e  in tra p erito n e- 
ally. F req u en t occurrence  of ly m p h o c y te -m a s t cell co n tac ts  seem s typ ica l.

G lu tau rine  increases :,H -h istid in e  u p tak e  of the  p e rito n ea l flu id  cells in general 
an d  35S su lphate  in co rp o ra tio n  in th e  p e rito n ea l m as t cells in p a r ticu la r . A ccum ulation  
of these sub stan ces is m ore m ark ed  a t  1 h o u r th a n  a t 3 ho u rs  a f te r  ap p licatio n .

Introduction

G lu tau rin e  (g am m a-L -g lu tam y l-tau rin e) is a recen tly  d iscovered  ho r­
m one o f the  p a ra th y ro id  [5, 6]. I t  is sim ilar in its  effects to  v ita m in  A and 
ac ts  as an a n tag o n is t to  co rtisone  [8] an d  th y ro x in e  [9]. Since b o th  fo rm ation  
and deg ran u la tio n  o f  th e  m ast cells are affected  by  v ita m in  A as well as by  th e  
a fo rem en tioned  horm ones [1, 11, 13, 15]. it seem ed o f in te re s t to  exam ine 
w h e th e r a)  g lu tau rin e  had an y  effect on th e  m ast cells; b)  if  so, w h e th e r th is 
effect was a d irec t or in d irec t one.

Materials and methods
A. Histochem ical studies

E ight inbred  m ale W is ta r  CB ra ts  w eighing betw een  150 an d  180 g were ad m in iste red  
1 fig  of g lu tau rine  in tra p e rito n ea lly . One and  6 hours a fte r  a d m in is tra tio n  of th e  horm one 
the  follow ing m ate ria ls w ere secured  from  tw o an im als for ligh t, fluorescence an d  dark-fie ld  
m icroscopy: peritonea l f lu id , m esen tery , su b cu tan eo u s connective  tissu e , ly m p h  node, thy ro id .

Phe m ateria ls w ere fixed  an d  processed  accord ing  to the  in d iv id u a l s tu d y . T he h is to ­
chem ical m ethods ap p lied  w ere: a lc ian -b lu e -sa fran in  m eth o d  of S p ic e r  [14, 15]; A zur-A 
(0 .1%  alcohol) accord ing  to  P e a r s e  [ 1 0 1; collo id-iron  m eth o d  accord ing  to  P e a r s e  [ 101; 
R einecke sa lt (dark -fie ld  m eth o d ) acco rd ing  to Sch a u er  and  W e r l e  112 ]: fo rm aldehyde  
induced  fluorescence ( F I F )  accord ing  to  F alck  [4].

B. isotope studies

В / l .  Four m ale in b red  W ista r CB ra ts  w eighing betw een 150 an d  180 g were ad m in ­
is te red  500 //,Ci N a235S 0 4 in  1 ml saline in tra p erito n ea lly . One h o u r la te r  th e  p e rito n ea l fluid 
and  tissues of two an im a ls  were processed , sm ears were p repared  from  th e  p e rito n ea l flu id , 
an d  th e  sed im ent o b ta in e d  by  cen trifu g a tio n  was em bedded  in A ra ld ite  (D u rc u p an  ACM,
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F lu k a , AG., B uchs, S w itz e r lan d ); specim ens excised from  m esen te ry , su b cu tan eo u s connective  
tis su e  and  th y ro id  w ere e m b e d d e d  in paraffin . T he tw o o th e r  an im als  received  1 fig  g lu tau rin e  
in  1 m l physiological sa line  in tra p e r ito n e a lly  1 h o u r a f te r  a d m in is tra tio n  of th e  iso tope. One 
h o u r  la te r  th e  p e rito n ea l f lu id  a n d  th e  tissues w ere p rocessed  as above. T he p re p ara tio n s  were 
co v ered  w ith  K5 Ilfo rd  em u ls io n  (K o d ak  L td ., K irk b y , L iverpoo l, E n g lan d ) d e tec ted  a fte r 
3 w eeks’ exposure a n d  s ta in e d  w ith  to lu id ine  blue.

B/2a. F o u r in b red  W is ta r  CB ra ts  w eighing b e tw een  150 a n d  180 g were adm in iste red  
200 ^ C i 3H -histid ine  (A m e rsh am  Co., A m ersham , E n g la n d ) in  1 m l saline in tra p erito n ea lly . 
O n í  h o u r la te r  10 m l h e p a r in iz e d  P a rk e r’s 199 so lu tio n  w as in je c te d  in tra p e rito n ea lly  and  
5 m in  la te r  th e  an im als  w ere ex te rm in a te d  by  an  overdose  of e th e r  and  th e  p e rito n ea l 
f lu id  was w ith d raw n  w ith  a  p ip e tte .  The P a rk e r’s so lu tio n  c o n ta in in g  th e  p e rito n ea l cells 
o b ta in e d  from  tw o an im a ls  o n  e ach  occasion w as m ixed  a n d  th is  cell-suspension w as sedi­
m e n te d  on p lates p lac ed  in B ellco  tu b es left to  s ta n d  fo r 2 h o u rs , th e n  th e  flu id  was rep laced  
acco rd in g  to  the  follow ing sch em e:

6 tubes: con tro l n u t r ie n t  (P a rk e r  199)
6 tubes: 0.1 fig  g lu ta u r in e /m l P ark er 199 
6 tubes: 1.0 fig  g lu ta u r in e /m l P a rk e r 199
T he p lates w ere re m o v e d  from  th e  tu b es 1 a n d  3 h o u rs  la te r  in th e  corresponding  

p ro p o r tio n  fixed  in C arn o y ’s so lu tio n , w ashed a n d , a f te r  rin sing  w ith  d istilled  w a ter, covered  
w ith  K5 em ulsion fo r ra d io -a u to g ra p h y . Tim e of ex p o su re : 1 m o n th . S ta in in g  w ith  to lu id ine  
b lu e .

B/2b. T en m ale W is ta r  CB ra ts  weighing b e tw een  150 an d  180 g were ad m in iste red  
500 ^uCi/ml/animal o f N a 35S 0 4 (A m ersh am  Co., A m ersh am , E n g lan d ). H a rv es tin g  of th e  pe ri­
to n e a l  cells was done as ab o v e . T h e  cells were sed im en ted  on  th e  p la te s , in cu b a ted  for 2 hours, 
th e n  th e  fluid was rep laced  acco rd in g  to  th e  follow ing schem e:

12 tubes: con tro l n u t r ie n t  (P a rk e r  199)
12 tubes: 1.0 fig  g lu ta u r in e /m l P a rk e r 199.

P ro cessin g  was done as in d ic a te d  u n d e r  B/2a.

C. Cell cultures

C /l.  The ra ts  w ere a n a e s th e tiz e d  w ith  e th e r an d  in je c te d  in tra p e rito n e a lly  w ith  10 ml 
o f  th e  cu ltu re  m edium  of th e  fo llow ing  com position:

90%  P a rk e r (TC 199) m ed iu m
10%  calf serum  (P h y la x ia , B u d ap est, H u n g ary )
200 I.U ./m l pen ic illin  (B io g al, D ebrecen, H u n g a ry )

4 fig /m \ h e p arin -N a  (R ic h te r  B u d ap est, H u n g ary ).
A naesthesia  w as th e n  c o n tin u e d  u n til d e a th  o f th e  an im als  (a p p ro x im a te ly  5 m in), 

th e n ,  a f te r  lap a ra to m y  th e  in tra p e r i to n e a l  flu id  was w ith d raw n  w ith  a P a s te u r  p ip e tte  u n d e r 
s te r ile  conditions and  t ra n s fe r re d  in to  Bellco tubes (1.5 m l pe r tu b e )  w ith  a coverglass a t  th e  
b o t to m  of each. A fter s e d im e n ta tio n  for 2 hours in  a th e rm o s ta t  th e  f lu id  w as rep laced  by  
th e  co n tro l and by  g lu ta u rin e  0.1 a n d  0.5 fig per m l co n ta in in g  n u tr ie n t ,  respec tive ly . A t 1, 
3 a n d  24 hours a fte r f lu id  ex ch a n g e  th e  cells on th e  coverg lass were fix ed  in C arnoy’s so lu tion  
a n d  s ta in ed  w ith  iro n -a lu m -a lc ia n -b lu e -sa fran in .

C/2. The contro l ra ts  rece iv ed  1 ml T yrode’s so lu tio n , th e  te s t  an im als 1 fig  or 5 fig 
g lu ta u r in e ,  in 1 m l T y ro d e ’s so lu tio n  in tra p erito n ea lly . One h o u r  la te r  10 m l of th e  n u tr ie n t 
d e sc rib e d  for group A w as in je c te d  in tra p e rito n ea lly . T he su b seq u e n t s tep s were th e  sam e 
a s  fo r  group  A, w ith  th e  d iffe ren ce  th a t  exchange of th e  n u tr ie n t  in th e  Bellco tu b es was 
u n n e c e ssa ry , w hich allow ed to  f ix  th e  cells a t 1, 3 an d  24 h o u rs  a f te r  e x p la n ta tio n .

Results

A ) Histochemical studies

A lc ian-b lue-sa fran in  method

T his m ethod  allow s th e  d iffe ren tia tion  o f m a s t cells a t  d iffe ren t stages 
o f  m a tu ra tio n  and  is also su ite d  for th e  d e m o n s tra tio n  o f deg ran u la tio n . 
Im m a tu re  young m a s t cells a re  alcian-hlue p o sitive . D u rin g  m a tu ra tio n  th e y
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show  m ixed s ta in in g  an d  m atu re  cells a re  sa fran in -p o sitiv e . A fter d e g ra n u la ­
tio n  th e  sa fran in -p o sitiv e  granules becom e a lc ian -b lu e  positive. As m a s t cell 
g roups are p laced  irreg u la rly , th e ir  co u n tin g  w as baseless; th e ir  q u a n ti ty  w as 
es tim a ted  by  g enera l im pressions.

Peritoneal f lu id

One hour a f te r  g lu tau rin e  a d m in is tra tio n  th e re  were few m a s t cells 
p re se n t and  a lc ian -b lue  positive ones d id  n o t o ccu r. T he m ajo rity  of sa fran in -  
p o sitiv e  m ast cells u n d e rw e n t d eg ran u la tio n , th e  a lc ian -b lue  granules c lu s te red  
a t  th e  m arg inal zones o f th e  cells. B y  th e  end o f  th e  6 th  hour the  exc lusive ly  
sa fran in -p o sitiv e  cells increased  in size to  sev era l fold of th e  size of th e  co n tro ls  
or o f the  cells found  a t  1 hour. The m a jo rity  o f  th e  m ast cells were in  a p p a r ­
e n tly  close c o n ta c t w ith  one ly m p h o cy te  (F ig . 1), occasionally  w ith  sev era l 
lym phocy tes (F ig . 2), o r w ith  a single one w h ich  jo ined  o ther ly m p h o cy te s  
b y  its  processes (F ig . 3).

Mesentery

One ho u r a f te r  g lu tau rin e  a d m in is tra tio n  exclusively  sa fran in -p o sitiv e  
m a s t cells are  v isib le , th e  m a jo rity  o f w hich  show s no  d eg ranu la tion . A t 6 h ou rs 
th e  m a jo rity  o f th e  cells, w hich are  likew ise exclusively  sa fran in -p o sitiv e , 
show ed d eg ran u la tio n  in  co n trast to  th e  co n tro l.

Subcutaneous connective tissue

One ho u r a f te r  g lu tau rin e  a d m in is tra tio n  th e  appearance  of sa fra n in -  
p ositive  m ast cells was observed. T h ey  w ere in ta c t  and  showed no sign  o f 
d eg ran u la tio n .

At 6 hours a fte r  g lu tau rine  t re a tm e n t th e  exclusively  sa fran in -p o sitiv e  
m ast cells show ed d eg ran u la tio n , m an ifestin g  in  som e cases w ith th e  a p p e a r ­
ance of m arg inal a lc ian -b lue  granules. In  o th e r  cases d eg ranu la tion  in v o lv ed  
th e  en tire  cell su rface .

Thyroid

A t 1 and  6 hours a fte r g lu tau rin e  a d m in is tra tio n  only sa fran in -p o sitiv e  
m a s t cells were p re se n t; none of th e m  show ed deg ran u la tio n . T here  w as no 
difference b e tw een  te s t  anim als and co n tro ls .

L ym ph  nodes

A t 1 and 6 hours a fte r g lu tau rin e  a d m in is tra tio n  alcian-blue p o s itiv e  
as well as sa fran in -p o sitiv e  cells w ere found  to g e th e r  w ith  cells o f  m ixed  
g ran u la tio n . T he resu lts  ob ta ined  w ith  th e  a lc ia n -b lu e -sa fra n in  m e th o d  w ith
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F ig . 1. S afran in -positive  sw ollen m a s t cell 6 hours a f te r  g lu ta u rin e  trea tm e n t. T he ly m p h o c y te  
ap p ears to  be w edged  in to  th e  cy to p la sm  o f th e  m as t cell. AS, X 1200 

F ig . 2. S afran in -positive  m a s t cell, swollen to  excessive  size, 6 hours a fte r g lu ta u rin e  t r e a t ­
m en t. The m as t cell is in  close co n tac t w ith  tw o  lym phocy tes . AS, X 1200 

F ig . 3. M ast cell swollen to  excessive  size, 6 ho u rs  a f te r  g lu tau rin e  tre a tm e n t. N o te  th e  ly m ­
p h o c y te  a tta c h e d  to  th e  m a s t cell and  form ing  c o n ta c ts  w ith  o th er ly m p h o cy tes  b y  i ts  p ro ­

jec tions. AS, X 1200
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reg a rd  to  d eg ran u la tio n  were confirm ed by  th o se  o f  th e  o th e r four p rocedures 
an d  revealed  no difference betw een th e  g ra n u la r  com ponen ts in  th e  te s t  
an im als  and  th e  co n tro ls .

B) Isotope studies

В / l .  No d ifference was seen b e tw een  th e  te s t  g roup  an d  th e  con tro ls  
in th e  u p tak e  of láb b e lied  su lpha te  b y  th e  m a s t cells of th e  th y ro id , m esen te ry  
an d  subcu taneous conn ec tiv e  tissue. T h o u g h  th e  p e rito n ea l flu id  is little  su ited  
for th e  d em o n stra tio n  of q u a n tita tiv e  d ifferences, d eg ran u la tio n , in  o th e r 
w ords elim ination  o f  su lp h a te -co n ta in in g  g ran u les , seem ed to  be increased  
in th e  g lu ta u rin e - tre a te d  group (Figs 4, 5).

B/2a. H is tid in e  is tak en  up not on ly  by  th e  m a s t cells b u t also b y  o th e r 
cells o f the  p e rito n ea l flu id . G ranules on the  su rface  o f th e  cells o f 1 and 3 hour 
cu ltu re s  were sp a rse , an d  little  su lp h a te  w as ta k e n  up  (Fig. 6). T he cu ltu res  
t r e a te d  w ith  0.1 fig g lu tau rin e  show ed m an y  g ra in s  on to p  of th e  cells a t 1 ho u r 
(F igs 7, 8) in c o n tra s t  to  th e  contro l (F ig . 9).

B y th e  end o f  th e  3 rd  hour th e  g ranu les decreased  in q u a n tity  h u t  were 
still in excess of th o se  found in th e  con tro ls . T ho u g h  tre a tm e n t w ith  1 fig 
g lu ta u rin e  caused less strik ing  d ifferences, in creased  u p ta k e  o f labelled  su l­
p h a te  in the  g lu ta u rin e - tre a te d  cu ltu res  was n one  th e  less d is tin c t as com pared  
w ith  th e  contro ls. T h e  cu ltu res tre a te d  for 1 an d  3 h ou rs show ed no sign ifican t 
difference.

B]2b. A t 1 a n d  3 hours m assive a c c u m u la tio n  o f labelled  su lp h a te  was 
seen in  the  m ast cells. The cells ap p ea red  in ta c t ,  th e  u p ta k e  was elective,
0.1 fig  g lu tau rin e  p ro d u ced  defin ite  d e g ra n u la tio n  b y  th e  end of th e  f irs t hou r, 
w hile th e  a m o u n t o f  su lp h a te , was s im ila r as in  th e  con tro ls. T he 3 hour 
cu ltu re s  yielded s im ila r resu lts. T re a tm e n t w ith  1 fig g lu tau rin e  resu lted  in an 
excessive u p ta k e  o f  su lp h a te  by  th e  end  o f  th e  f irs t hour. T he m ast cells 
ap p ea red  to  be co a ted  w ith  th e  g ran u les . D eg ran u la tio n  was also in tense  
(F igs 10, 11, 12). A t 3 hours the  cells co n ta in ed  su lp h a te  in  m o d era te  am o u n ts  
and  d eg ran u la tio n  w as also less m ark ed . T he g ra in u les  seem ed to  be sim ilar 
in q u a n tity  as in th e  contro ls (Fig. 13).

C) Cell cultures

C jl. One h o u r  a fte r  add ition  o f 0.5 fig g lu ta u rin e  in 1 m l saline th e  
n u m b e r of m ast cells was s ig n ifican tly  h ig h er in  th e  te s t  group th a n  in th e  
co n tro l groups (F igs 14, 15). A s ig n ifican t p ro p o rtio n  of th e  m ast cells was 
in diverse stages o f  deg ran u la tio n . T h e  su rface  o f  som e cells was ripp led , w hich 
m ig h t be an ea rly  sign of deg ran u la tio n , o th e r  cells w ere found  to  d ischarge 
g ranu les, th e  sites o f  ejection  were ta p e r in g  off, th e  cell m em branes uneven . 
In  o th e r cases d eg ran u la tio n  was m ore m ark ed  an d  was c learly  seen over the

A d a  M orphologien A cadem iae  Sc ien tia ru m  H ungaricae 28 , 1980



2 6 I . F E U E R  et. al.

F ig . 4. Sem i-th in  a u to rad io g ram  o f th e  p e rito n ea l flu id  of a g lu tau rin e  tre a te d  r a t .  T he m as t 
cells show  m arked  d eg ran u la tio n  b u t  are  covered  by  granu les in d ica tiv e  o f su lp h a te . T o lu id ine

b lue, X 1200
F ig .  5. S em i-th in  a u to rad io g ram  o f  p e rito n ea l flu id  o f con tro l ra t.  S u lp h a te  h a s  b een  ta k e n  
u p  e le c tiv e ly  by the cells. T here  a re  m ore g ran u les on th e  cells th a n  a fte r  g lu ta u rin e  t re a tm e n t.

T o lu id ine  b lue, X 1200

e n tire  cell surface (F igs 16, 17), an d  th e  cells even  d is ru p te d . S a fran in -p o si- 
t iv e  cells were p re d o m in a n t, a lc ian -b lu e  po sitiv e  cells w ere spo rad ic  a n d  tho se  
o f  m ix e d  g ran u la tio n , also  sp a rse .

A t 3 hours a fte r  t r e a tm e n t  w ith  0.5 /ig /m l g lu ta u rin e  th e  q u a n tia t iv e  
r a t io  w as sim ilar as a t  1 h o u r: th e  te s t  c u ltu re s  co n ta in ed  a fa r  la rg e r n u m b e r 
o f  p re v a le n tly  sa fra n in -p o s itiv e  m a s t cells th a n  d id  th e  co n tro l c u ltu re s  
(F ig s  18, 19). W hile d e g ra n u la tio n  in  th e  co n tro l cu ltu re s  w as c o n fin ed  to  
s p o ra d ic  cells, in th e  te s t  c u ltu re s  d eg ra n u la tio n  w as m arked .

A t 24 hours, d e g ra n u la tio n  in th e  co n tro l c u ltu re s  was v e ry  m a rk e d  and  
m a n y  cells were co m p le te ly  d is ru p te d . O n th e  o th e r  h an d , d e g ra n u la tio n
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Fig. 6. Peritoneal cell cu ltu re  o f contro l a n im a l, 3 hours a f te r  th e  s ta r t  of g lu ta u rin e  tre a tm e n t.
Sporad ic  g ra in s are seen on  th e  cells. T o lu id in e  b lue, X1200 

Fig. 7. G ran u lar m ass on to p  of a  p e rito n ea l cell cu ltu re , 1 h o u r a f te r  th e  s ta r t  o f  g lu tau rine  
t re a tm e n t  (0.1 fig). Toluid ine b lu e , X 1200

Fig. 8. A fter tre a tm e n t w ith  1 fig  g lu ta u rin e , granules a re  seen in m assive a m o u n ts  on the 
cells o f th e  peritonea l cu ltu res . T o lu id ine  b lue, X 1200 

Fig. 9. One hour a fte r h a rv es tin g  the  co n tro l cu ltu res th e y  co n ta in  less g ran u les  th a n  do the 
g lu ta u rin e - tre a te d  cu ltu res . T o lu id ine  b lue, X1200
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.Fig. 1 0 ., I I . ,  12. Labelled s u lp h a te  in  excessive am o u n ts  in th e  m as t cells and  th e ir  n e ig h ­
b o u rh o o d  in peritoneal cell c u l tu re s  trea te d  w ith  1 /ug g lu ta u rin e . T o ta l d eg ran u la tio n  

of th e  cells. Toluidine b lue , X 1200
F ig .  13.  T hree hours a fte r g lu ta u r in e  trea tm e n t th e  g ra n u la r  m ass on to p  of th e  cells has 

decreased and  th e re  is less degranulation . T o lu id in e  b lue, X1200
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o f th e  g lu ta u rin e -tre a te d  cu ltu res  lagged  far beh ind  th a t  found  a t  3 hours 
w hen  th e  n u m b er o f cells M as g rea te r  th a n  is th e  con tro l cu ltu res  (F igs 20, 21). 
N um erous m acrophages were seen to  co n ta in  p h agocy ted  m a s t cell g ranu les.

The effect of 0.1 //g/m l g lu ta u rin e  was sim ilar in ty p e  as th a t  o f  0.5 /tg, 
o n ly  less in tensive.

C/2. A fter the  in jec tio n  of 1 ц g g lu tau rin e  to  ra ts  th e ir  c u ltu re d  m ast 
cells show ed m arked  d eg ran u la tio n  as ea rly  as 1 ho u r a f te r  e x p la n ta tio n . 
S u b seq u en tly , th e  n u m b e r of m ast cells did n o t exceed th a t  of th e  con tro ls 
an d  d eg ran u la tio n  Mas also th e  sam e as in  th e  contro ls.

T he m ast cells c u ltu red  a fte r  5 /tg g lu tau rin e  show ed th e  sam e n u m b er 
as in  th e  contro ls 1 h o u r a fte r  e x p la n ta tio n . T he cells w ere p re v a le n tly  safra- 
n in -p o sitiv e . No signs o f d e g ran u la tio n  were v isib le, th e  cy to p la sm  show ed 
in v ag in a tio n s, th u s  ap p earin g  to  fo rm  cellu lar orifices (F ig . 22). B y  th e  end 
o f  th e  3rd  hour th e  p ic tu re  was th e  sam e , h u t b y  24 hours th e  fea tu re s  d em o n ­
s tra b le  a t 1 hour had becom e very  m a rk e d . T he m ost cells d isp layed  in v a g in a ­
tions a t  m u ltip le  sites, and  som e o f th e  cells had  a c lover-leaf ap p ea ran ce  w ith  
signs o f in tensive  d eg ran u la tio n  (F ig . 23).

D iscussion

I t  appears from  th e  h istochem ical s tud ies th a t  th e  q u a n ti ty , o r r a th e r  
th e  h istochem ically  dem o n strab le  p ro p o rtio n , of g ran u la r m ast cell com ­
p o n en ts  as v isualized  b y  alcian -b lue sa fran in  s ta in ing , rem ains u n a ffec ted  
by  g lu tau rin e . On th e  o th e r hand  g lu ta u rin e  produces rap id  d eg ra n u la tio n  
in th e  h istochem ical assays as well as in  cell cu ltu res. L a te r  th is  fades and  
m ay  d isap p ear a lto g e th e r, as in d ica ted  b y  th e  o bserva tion  th a t  d eg ra n u la tio n  
in cells o b ta in ed  a t 1 an d  3 hours is in ten s iv e  w hereas a t  6 an d  24 h o u rs  i t  is 
less m ark ed . D eg ranu la tion  appears to  be physio logical, since th e  cells, in s tead  
o f be ing  d isru p ted , seem  to  discharge th e  granu les one b y  one.

I t  Mas s trik in g  to  fin d  d ifferen t responses of th e  m ast cells o rig in a tin g  
from  d ifferen t organs. W hile th e  m a s t cells o f th e  perito n ea l flu id  show ed 
d eg ran u la tio n  a fte r  one ho u r b u t none a t  6 hou rs, those  from  th e  m esen te ry  
an d  subcu tan eo u s connective tissue d iffered  in no w ay  from  th e  co n tro ls  a t 
1 hou r, b u t d isp layed  d eg ran u la tio n  a t  6 hours. On th e  o th e r h a n d , th e  m ast 
cells o f th e  th y ro id  and th e  lym ph nodes мгеге un affec ted  by  g lu ta u rin e . This 
m ig h t be connected  w ith  th e  in tra p e rito n e a l ro u te  of a d m in is tra tio n  w hich 
w ould  accoun t for th e  deg ran u la tio n  a s  ea rly  as a t  1 hour. T his is, h ow ever, 
a t v a rian ce  w ith  the  fin d in g  th a t  in th e  m esen teric  m ast cells d e g ran u la tio n  
w as ab sen t u n til th e  end  o f th e  6 th  h o u r, th o u g h  here, too , th e  effect M a s  

a d irec t one.

A cta  M orphologica Academ iae Scienliarurn H ungaricae 28 , 1980



3 0 L. F EU ER  et al.

F ig. 14. One hour p e rito n ea l cell cu ltu re  from  a co n tro l an im al. Sporad ic  m as t cells H S, X 100 
F ig . 15. Peritoneal cell c u ltu re  1 hour a fte r t r e a tm e n t  w ith  0.5 /ig g lu tau rin e . N u m ero u s

m ast cells are seen AS, X 100
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T here w as a close c o n ta c t b e tw een  th e  m ast cells an d  th e  ly m p h o cy te s , 
con firm ing  ou r earlier s tud ies [2] based  on m icro k in em ato g rap h ic  analy sis  
o f norm al p e rito n ea l m ast cells w here  th is  connection  re su lted  in d e g ra n u la ­
tio n  in  th e  m a jo rity  of cases. In  th is  case, how ever, th e  c o n ta c t w ith  th e  
ly m p h o cy tes  w as form ed b y  m edium -sized , b u t  never b y  large m ast cells. 
T he phenom enon  is uncom m on in  p erito n ea l cell p rep a ra tio n s . In  view  o f th e  
te ch n iq u e  app lied  i t  m ay be assu m ed  th a t  the  c o n ta c t w ith  th e  ly m p h o cy te s  
h a d  been form ed before th e  cells w ere rem oved and rem ain ed  in th is  s ta te  
d u rin g  exsiccation . This is co n s is ten t w ith  th e  o bserva tion  th a t  in ex p erim en ts  
(see C/2) w here th e  cells w ere rem o v ed  as la te  as 1 ho u r a fte r  th e  a d d itio n  
o f g lu ta u rin e , th e  phenom enon d id  n o t ap p ear and  in  th e  h istochem ical s tu d ie s  
to o , i t  was d em onstrab le  only  in  th e  6 ho u r specim en. I f  in  th is , an y  d e g ra n u ­
la tio n  was fo und , i t  was co n fined  to  th e  ly m phocy te  co n tac ts . I t  m ay  th u s  
be assum ed th a t  ly m phocy te  c o n ta c t, w hich is a physio logical p h en o m en o n , 
is enhanced  b y  g lu tau rine . A ly m p h o cy te  being in c o n ta c t w ith  a m a s t cell 
m ay  form  c o n tac ts  w ith o th e r  ly m p h o cy tes  as well.

The sa fran in -positive  m a s t cells ob ta ined  6 hours a fte r  g lu tau rin e  t r e a t ­
m e n t were all excessive in size in  com parison  w ith  th e  ly m p h o cy tes . Such an  
en la rg em en t o f some th e  m a s t cells and  th e  ap p earan ce  o f b iza rre  fo rm s 
occurred  in cell cu ltu res too , b u t  on ly  sporad ically .

Iso to p e  s tud ies are p a r t ic u la r ly  su ited  for ev a lu a tio n  of th e  re su lts  o f 
sh o rt- te rm  cu ltu re s , from  w hich  i t  c learly  em erged th a t  th e  u p ta k e  o f  b o th  
labelled  su b stan ces, h istid ine  an d  su lp h a te , is enhanced  b y  g lu tau rin e . H is t i­
d ine as an un iv ersa l am ino ac id , is a com ponen t of num erous p ro te in s , its  
u p ta k e  w as, therefo re , n o t c o n fin ed  to  th e  m ast cells. T his, how ever, fails 
to  acco u n t fu lly  for the  excessive h istid ine  u p ta k e  b y  th e  p e rito n ea l m a s t 
cells, p a r tic u la rly  in the  case o f  ap p lica tio n  of g lu tau rin e  in 0.1 pg doses, w hich  
w ould  seem  to  in d ica te  th a t  g lu ta u rin e  s tim u la tes  p ro te in  syn thesis .

Since su lp h a te  forms one o f  th e  groups o f th e  o th e r m ast cell c o m p o n en t, 
h ep a rin , its  u p ta k e  is an e lec tiv e  in d ica to r of th e  syn th esis  o f th e  la t te r .  
G lu tau rin e , p a rtic u la rly  a t h igh  dose levels, s ig n ifican tly  increased  th e  u p ta k e  
o f  su lp h a te , th u s  also th e  sy n th e s is  o f heparin .

The labelled  substances w ere in tro d u ced  in  all ex p erim en ts  in  vivo  and  
th e  cells w ere rem oved a t 1 h o u r. Iso tope  was p re sen t in  th e  w ash ing  flu id  
as well as in th e  cells by  w hich  i t  h ad  been ta k e n  up . In  tho se  cases w here

Fig. 16. M arked degran u la tio n  in  a c u ltu re  a f te r  one h o u r g lu tau rin e  t re a tm e n t. G ran u les  a re  
d ischarged  over th e  en tire  m as t cell su rfaces. N ote discharge of a row  o f g ra ins b y  th e  cell

a t  th e  b o tto m  AS, x  480
Fig. 17. G lu tau rin e -tre a ted  cu ltu re  a t  one h our. M arked d eg ran u la tio n  of m as t cells. T h e  one 
in th e  m iddle is in the  phase of co m p le te  d isru p tio n , b u t  its  s tru c tu re  is p reserved . D e g ran u ­
la tio n  of th e  m a s t cell a t the  b o tto m  h as  ju s t  s ta r te d , w hereas th e  m as t cell on to p  has d is­

charged  n u m ero u s  granules AS, X 480
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Fig. 18. C o n tro l p e r ito n e a l cu ltu re  a t  3 h o u rs . Few  m as t cells AS, xlOO 
F ig. 19. G lu tau rin e -tre a ted  (0.5 fig) cu ltu re  a t  3 h o u rs . T here  are m ore m as t cells th an

in the  controls AS, X 100
F ig . 20. Control cu ltu res  24 h o u rs  a fte r s ta r t  o f th e  ex p erim e n t. M arked  d eg ranu lation

AS, X 240
F ig . 21. G lu tau rin e -tre a ted  (0.5 /ug) cu ltu re  24 h o u rs  a f te r  s ta r t  o f th e  ex p erim en t. The 
n u m b e r  o f m ast cells h a s  c o n sid e rab ly  increased , d e g ran u la tio n  is less m ark ed  AS, X 240
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Fig. 22. G lu tau rin e -tre a ted  (0.5 ,ug) p e rito n ea l cell c u ltu re  a t  24 hours. The m a s t cell show s 
an orifice-like in v ag in a tio n  AS, X 480

Fig. 23. G lu tau rin e -tre a ted  cu ltu re  a t  24 h ours. T he m a s t cells have assum ed a c lo v e r-lea f 
shape as a re su lt o f in v ag in a tio n s  AS, x48 0

th e  q u a n ti ty  of g rains was in creased , lab e lled  su lp h a te  had  been  ta k e n  up 
b y  th e  cells from  th e  n u tr ie n t. U p ta k e  reach ed  its  peak a t 1 h o u r  in  b o th  
cases, w hich in d ica tes  th a t  g lu ta u rin e  tak es  effect rap id ly  (as co n firm ed  also 
b y  all assays described  in  th is  re p o rt) . T he d ifference was, how ever, t h a t  for 
h is tid in e , 0.1 /rg/ml n u tr ie n t o f g lu ta u rin e  an d  fo r su lpha te , 1.0 (ig/nil n u tr ie n t  
p ro v ed  m ore p o te n t. We can n o t ex p la in  th is  fin d ing , b u t it  is possib le  th a t  
th e  dose w hich still s tim u la tes  th e  sy n th esis  o f  m ucopo lysaccharides, m ay  
be in h ib ito ry  to  th a t  of p ro te in s .
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K O M P L E X E  M O R P H O L O G IS C H E  A N A L Y SE  D E R  W IR K U N G  D E S L IT O R A L O N S
A U F D IE  M A S T Z E L L E N

L. F E U E R , P. K OVÁCS, ZSUZSANNA NAGY, O T T IL IA  TÖ R Ö K  und  G. CSABA

D as P rä p a ra t  L ito ra lo n  v e rä n d e rt  n ich t die Z u sa m m e n se tz u n g  der M astzellenkörnchen , 
h in g eg en  b ew irk t es eine ra sch e  u n d  energische D e g ra n u la tio n  der M astzellen. Im  A usm aß  
u n d  im  T y p  der D e g ra n u la tio n  bestehen  U n te rsch ied e  zw ischen  den in den v e rsch iedenen  
O rg an en  befind lichen  M astze llen , angefangen von  e in e r au ß e ro rd e n tlich  hochgrad igen  D e g ran ­
u la tio n  (su b k u tan es B in d egew ebe  u n d  peritoneale  M astze llen ), h in  bis zur R eak tio n slo sig k eit 
(M astzellen  der Sch ildd rüse  u n d  der L y m p h d rü sen ), u n d  es lassen sich auch  zeitliche  V er­
sch ieb u n g en  b eo b ach ten . D ie  p e rito n ea len  M astzellen  s in d  S affran in -positiv  u n d  schw ellen  
s ta rk  a n ; u n te r  der W irk u n g  von 5 /ig L ito ra lon  n e h m e n  sie b izarre  Form en an. D er häu fige  
K o n ta k t  zw ischen L y m p h o z y te n  u n d  M astzellen sc h e in t ty p is c h  zu sein.

L ito ra lo n  b ew irk t e in en  allgem einen A nstieg  d e r H is tid in au fn ah m e  in die Zellen der 
P e rito n ea lflü ss ig k e it u n d  e in en  speziellen A nstieg  d e r S u lfa tau fn ah m e  in die p e rito n ea len  
M astzellen . Die A n re ich eru n g  d ieser Substanzen  ist n a ch  e in e r S tunde  s tä rk e r als n ach  drei 
S tu n d e n .

A d a  M orphologica A cadem iae  S c ie n tia ru m  Hungaricae 28, 1980
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THE AMPHICRINE (ENDO-EXOCRINE) CELLS 
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TO AMPHICRINE NEOPLASIAS
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In  th e  h u m a n  g astro in te stin a l t r a c t  th e  am ph icrine  cells are described  as a special 
form  of endocrine  cells. D epending on  th e ir  behav iour u n d e r silver im p re g n a tio n , th e y  
are d ivided in to  th ree  subgroups: th e  m uco arg en ta ffin e , th e  m u coargyro jih ilic  an d  
the  m u co arg y ro p h o b ic  cells. T hey  w ere d e tec ted  e lectron  m icroscopically  in 1969, b u t  
th ey  were h isto log ically  verified an d  id en tified  as m u cus-excreting  endocrine  e lem en ts 
on ly  in 1977. S ince 1969 such cells h a v e  also been observed in n o rm al and  reg en e ra tin g  
r a t  and m ouse s to m ach s. Our own h u m a n  m ate ria l includes s to m ach  (3 cases), a p p e n ­
d ix  (12 cases), colon (1) and a series o f am ph icrine  p ro life ra tions an d  tu m o u rs . Two 
cases of chronic g a s tr itis  and one c h ro n ic  p ep tic  u lcer w ith  m etap la s tic  an d  reg en e ra tin g  
ep ithe lium  co n ta in ed  m u co argyroph ilic  cells w ith  m ucus below th e  nucleus in th e  
a ty p ica l g lands. T he possibility  of en d o crin e  granules being  sluiced o u t in  th e  m ucous 
gra ins is d iscussed . Of the ap p en d ices only tw o were norm al (ages 6 and  7 y ears), 
10 showed p a tho log ica l changes: th e re  w ere seven neurogenic  ap p en d ico p a th ie s  (14 
58 years), one ly m p h a tic  h y p erp lasia , an d  one h y p erp lasia  o f m u co arg y ro p h o b ic  cells 
w ith  m ucostasis. M ucoargentaffine cells fa r o u tn u m b ered  th e  m u co argyroph ilic  an d  
m u co argyrophob ic  cells. The m ucus m a y  have  e ith e r an  apical or basal loca tio n ; in  th e  
la t te r  case, p a rac rin e  secretion in to  th e  su b ep ithe lia l lam ina  p ro p ria  was seen. As neo­
p las tic  cells, th e  am phicrine  cells fo rm  th e  ra re  am phicrine  tu m o u rs  (goblet-cell and 
m uco-adenoid  carc ino ids) of the a p p e n d ix  and  colon. T h ey  are also fo u n d  in m ucinous 
cy stadenom as of th e  ovary  [26,] in th e  e n te ra l type  of a nasal carc inom a 127, 28], an d  
in a 5 -H T -carcino id  of the ovary  [15]. T h ey  are therefore  to  be reg ard ed  as a d iffer­
e n tia tio n  d iso rd er o f the endocrine cells u n d e r the  patho log ical co n d itions of appen- 
d ico p a th y , h y p e rp la s ia , m etap lasia  a n d  tru e  neoplasias.

Introduction

A m phicrine cells are rare  d iffe re n tia tio n  form s o f F e y h t e r ’s “ H elle 
Z e llen ”  (“ clear cells” ), which in th e i r  to ta l i ty  form  th e  “ d iffuse endocrine  
e p ith e lia l organs”  [5] or, as he la te r  called  th em , th e  “ p e rip h e ra l endocrine  
(p a rac rin e) g lands”  [6 ,  7 ] .*  F e y r t e r ’s cell system  is now  b es t know n in th e  
g a s tro in te s tin a l t r a c t  and  is d iv ided  in to  th ree  subgroups,

1. Ihe argentaffine enterochrom affin ( E C )  or 5 -H T  cells w h i c h  h a v e  b e e n  

k n o w n  f o r  l o n g  a n d  w h i c h  m a y  h e  d e m o n s t r a t e d  w i t h  M a s s o n ’s s i l v e r  m e t h o d .

* O th er term s fo r th is  cell system s in c lu d e  “ F e y r t e r ’s d issem inated  endocrine  (p a ra ­
crine) cells” [10, 16, 20, 21, 22]. The la te s t  W H O  suggestion  is “ F e y r t e r ’s d iffuse endocrine  
sy s te m ” . T oday  in th e  A nglo-A m erican a n d  G erm an  lite ra tu re  the  te rm  “ A P U D -cells”  has 
becom e cu stom ary . I t  is in tended  to  su m m arize  th e  ch arac te ris tic  h istochem ical p ro p e rtie s  
o f th e  cell granules: z lm ine  Precursor U p ta k e  and  D ecarb o x y latio n .

A c ta  M orphologica Academ iae Sc ien tia ru m  H unparicae 28 , 1980
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F ig . 1 a A pp en d ix  A 3/A 5: fo r  com parison : 2 o rd in a ry  b asa l g ra n u la te d  argen taffin e  
cells (Е С -cells) w ith o u t m u cu s d ro p le ts . N ote  th e  a b u n d an ce  of n o rm al subep ithe lia l

nerve f ib res  (arrow s). X 9200
1 b A ppend ix  A 3 /A t : m u co arg en ta ffin e  cell. Som e large ty p ic a l m ucus d rop lets 
below  th e  h ig h -ly in g  nucleus. T his is in d en te d  b y  th e  la rg es t d ro p le t. S ta rs  =  lip id  
v acuo les; bl =  b asa l lam in a . T hick  arrow s p o in t to  th e  sw ollen axons of neurogenic 
a p p en d ico p a th y  w ith  few  m ito ch o n d ria  (m ) a n d  few  n eu ro sec re to ry  g ranules (crossed 

arrow s). Schw ann-cell cy to p la sm  (S). X5200
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2 .  The large  group of argyrophilic cells, dem o n strab le  w ith s ilver im p reg ­
n a tio n  accord ing  to  B o d i a n , G r i m e l i u s  an d  S e v i e r - M u n g e r ; th e y  form  
a b o u t a dozen d iffe ren t peptides (p ep tid e  cells) or h istam ine  in E C L  cells.

3. A ra re  th ird  subgroup is th e  “ leere helle  Zelle”  or “ em p ty  c lea r ce ll” 
[6, 29]. In  these  a rgyrophob ic  cells endocrine  g ran u les  m ay no t he d e m o n s tra te d  
n e ith e r  h istochein ica lly  nor w ith s ilver im p reg n a tio n . M em b ran e-su rro u n d ed  in ­
clusions in EC cells o f append ix  c ry p ts  w ere also found  [24] (Figs 1- 3). T hese 
inclusions lay  b e tw een  th e  EC g ranu les on th e  cells base, and were id e n tif ie d  
as m ucous g ra ins. In  neurogenic a p p e n d ic o p a th y  a sim ilar cy top lasm ic  in c lu ­
sion suggestive o f m ucus was found  in an  EC cell o rig ina ted  via  “ e n d o p h y tia ” 
F e y r t e r ’s from  c ry p t  ep ithelium  [ 2 ] .  U n til th e re , no such m u cu s-co n ta in in g  
endocrine cells h av e  been rep o rted  in  m an  b y  e lec tro n  m icroscope b u t  a t  th e  
sam e tim e  pecu lia r cells have been o bserved  in  th e  d igestive tra c t o f  m ice and  
ra ts  [13] and  ra re ly  in  th e  norm al s to m ach  (fundus and  pylorus), in  th e  large 
s in testin e  and th e  regenera ting  g astric  m ucosa; th e se  cells contained  b o th  e n d o ­
crine granules an d  inclusions w hich w ere held  to  be m ucus globules o r  zy m o ­
gen g ranu les. L a te r  m ucus-con ta in ing  en d o crin e  cells were observed in  th e  
h u m an  sto m ach , ap p en d ix  and colon [22]; th e y  have  been in tro d u c e d  in to  
lite ra tu re  as am phicrine cells. M eanw hile th e  p a th o lo g is ts  [9, 32] d e te c te d  th e  
endo-exocrine carc ino ids in the ap p en d ix .

In  th is  p a p e r  th e  am phicrine cells o f th e  h u m a n  g astro in testin a l t r a c t  are  
described  and e v a lu a te d  w ith p a r tic u la r  reg a rd  to  th e ir  fo rm ation  o f  m u cu s. 
The cells w ere f ir s t  s tu d ied  electron m icroscopically , w hereby  th ey  m a y  easily  
he id en tified , th e n  in  histological p re p a ra tio n s , w here th e y  m ay be recogn ized  
only  a fte r  careful s tu d y  using m ucus s ta in in g  an d  silver im pregnation .

Fig. 2. A ppendix  A3/A 3: process of a m u co arg en ta ffin e  cell fro m  th e  basis of the  c ry p t. B lack  
p leom orphic  5 -H T  granules a n d  m ucus d ro p le ts  (m d). X 21,700

A cta  M orphologic a A ca d em ia e  Sc ien tiarum  Hungaricae 28, 1980
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F ig . 3. A p p en d ix  A 3/A 4: B asal g ran u la ted  m u co a rg en ta ffin e  cell. D ense m ix tu re  o f 5-H T  
g ran u les  and m u cu s d ro p le ts  of various sizes; th e  la t t e r  are co n cen tra ted  n e a r th e  basis 
o f th e  cell. T he co n te n ts  o f th e  sm all d ro p le ts  (a rro w s) are m ostly  denser th a n  those  
o f th e  large  ones. C =  cloverleaf-shaped b e g in n in g  confluence of th ree  m u cu s d ro p le ts ; 
n =  nucleus o f  a n e ighbouring  cell; E  =  e n te ro c y te ;  bl =  basal lam in a ; a =  axon .

X 20,300
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КОМПЛЕКСНЫЙ АНАЛИЗ ДЕЙСТВИЯ ЛИТОРАЛОНА НА ТУЧНЫЕ КЛЕТКИ  
Л. Ф ЕУЕР, П. КОВАЧ, Ж УЖАННА НАДЬ, ОТТИЛИЯ Т Ё Р Ё К  и Г. ЧАБА

Литералон не изменяет зернистого состава тучных клеток, но вызывает их интен­
сивную и быструю дегрануляцию. В размере и типе дегрануляции наблюдаются откло­
нения между тучными клетками, находящимися в различных органах, начиная с чрезвы­
чайно сильной дегрануляции (подможная соединительная такнь и перитонеальные туч­
ные клетки) вплоть до отсутствия реакции (тучные клетки в щитовидной железе и в лим­
фатических узлах), и имеются также смещения во времени. Перитонеальные тучные клет­
ки сафранин-положительны и они набухают в значительной мере. Под влиянием 15 /ír 
Литоралона они принимают причудливые формы. Характерными кажутся частые контакты 
между лимфоцитами и тучными клетками.

Литералом повышает поглощение гистидина клетками перитонеальной жидкости 
в общем, и специально поглощение сульфата перитонеальными тучными клетками. На­
копление этих веществ по истечение часа сильнее, чем по истечению 3 часов.

D r. László F euer C hinoin  G yógyszer és V egyészeti T erm ékek  G y ára , 
P f. 110., 1325 B u d a p e s t, H u n g a ry

D r. P é te r  K ovács 
D r. Z suzsanna  N agy 
D r. O ttilia  T örök 
D r. G yörgy Csaba

Sem m elw eis O rv o stu d o m án y i E gyetem , 
B iológiai In té z e t, N a g y v á ra d  té r  4. 
H -1089 B u d ap est, H u n g a ry

3* A cta  M orphologien A ca d em ia e  Sc ien tia ru m  H ungaricae 2 8 , 1980





TH E  A M PH IC R IN E  CELLS 41

M aterials and m ethods

F re sh  surgical m a te r ia l w ith  am p h ic rin e  cells

A. Under non-neoplastic conditions

1. F u n d u s ventriculi
M ,: E  9052/69, E  9252/69, EM No. 220, 41 y rs., m.

C hronic g a s tr itis , p rev ious v ag ec to m y .
M 2: E  637/74, EM No. 673, 63 yrs., fern.

Chronic a tro p h ic  g a s tr itis  of the  co rp u s w ith  e n te ra l m e tap la s ia , h y p e rp la s tic  a rgyro- 
philic  cells an d  m icrocarcinoidosis [22]. Pern icious an aem ia .

2. Pylorus. E  30240/69, 52 y rs., fem. R e g en e ra tin g  m ucosa in th e  v ic in ity  o f a ch ro n ic  p ep tic
ulcer. Main d isease: g a strin -p ro d u c in g  carcino id  of th e  liv e r w ith  m éta stasés .

3. 12 appendices А ,— A 12.
A ,: E  5636/67 EM N o. 110, 58 y rs ., fem . V erm iform  process w ith  neurogenic  append ico - 

p a th y  (n. a.), w ith o u t in flam m atio n .
A.,: E  5635/67, EM  N o. I l l ,  18 y rs., fem ., n. a. w ith  e n d o p h y ty , oxyuriasis .
A 3: E  9263/63, EM  N o. 138, 15 yrs., fem ., n. a.
A ,:  E  9262/68, EM  No. 139, 14 yrs.,  fem . ,  n. a. w ith  endophytia/FEYRTER.
Ag: E  26777/68, EM  No. 185, 7 y rs., m ., app en d ic itis  p e ra c ta  (con tro l case w ith o u t a m p h i­

crine cells, on ly  h istological).
A(i: E  20909/71, 31 y rs ., fern., a p p en d ec to m y  in th e  course o f ste riliza tio n . H y p e rp la s ia  of 

m u co argyrophob ic  cells.
A-: E  38982/76, 6 y rs .,  fem ., ap p en d ic itis  pe rac ta .
A8: E  2709/77, 70 y rs ., fern. M ucosa in th e  v ic in ity  of a m a lig n an t a rg y ro p h o b  pep tide  

carcinoid of th e  append ix .
A9: E  3412/77, 60 y rs ., fem ., n. a.

A I0: E  13422/69, EM  No. 241, 55 y rs ., fem ., n. a.
A M: E  4355/69, EM  No. 205, 10.5 y rs ., m ., slight ly m p h a tic  h y p e rp la sia .
A 12: E  8000/69, EM No. 217, 48 y rs., fem ., n. a.

C: Colon sigm oideum  E  3709/77, 47 y rs .,  fem.
N orm al m ucosa 15 cm prox im al to  an  adenocarc inom a.

B . N eoplastic  am phicrine cells

1. A m phicrine  carcinoids o f  the appendix
A 13: E  2520/77, 48 y rs ., fem . M ixed m u co arg cn ta ffin e  an d  m u coargyroph ilic  am p h icrine  

carcinoid of th e  ap p en d ix . M ucoadenoid  ty pe.
A ,4: E  16607/76, 70 y rs ., m ., Goblet-cell carcinoid.

2. Argyrophobic carcinoids o f  the colon w ith  single cell m ucin production  
C,: E  17642/75, 53 y rs ., m . Relapse in colostom y.*
C 2: E  771 776/79, 81 y rs., fem. M etastiz ing  coecal tu m o u r.*

3. M ucinous cystadenomas o f  ovary as endodermal derivatives, 25 cases [26]
4. N asal carcinoma o f  enteral type

E  421 13/76, EM  No. 915, 39 y rs ., m . [27, 28].
Electron m icroscopy. The m ate ria l w as cu t in to  1 m m :j pieces in th e  o p e ra tin g  room  and 

p refixed  in 3%  g lu ta ra ld e h y d e  (caco d y la te  buffer pH  7.3) for 3 h o u rs . A fter rinsing  w ith  
caco d y la te  buffer th e  m ate ria l was p o stfix ed  and  p re co n tra s te d  in a 1% osm ium  te tro x id e  
so lu tion  for 2 h ours, th e n  a fte r d e h y d ra tio n  em bedded  in E p o n  812. T he sec tions p rep ared  
w ith  an  Om U2 R e ic h e rt u ltram ic ro to m e  were occasionally  p o s tc o n tra s ted  w ith  lead  h y d rox ide  
and  u ran y l ace ta te  so lu tio n . The e lec tro n  m icroscopic p ic tu res  o f th e  sections were m ade w ith  
a Ph ilips EM 200 a p p a ra tu s .

Light microscopy. P a ra ffin  sections were s ta in ed  w ith  H E , v an  G ieson, PA S , and  A lcian 
b lu e; silver m ethods w ere according to  M a s s o n , B o o i a n , G r i m e l i u s , S e v i e r -M u n g e r , and  
co m b in a tio n  of Al c ián  blue w ith  th e  silv er m ethods.

* N on-pub lished  observations.

A cta  M orpholof'ica A cadem iae  S c ien tia ru m  H iingaricae 28 , 1980



4 2 M. RA TZE N H O FE R — L. A UBÖCK

F ig . 4. S tom ach A l/M ,: C hron ic  g a s tr itis . M ucoargyrophilic  cel), T he ro u n d  b lack  pep tide  
g ra n u le s  are in te rm ing led  w ith  l ig h t m ucus drop lets. L ow er co rner r ig h t; b a sa l p a r t  of an  

endocrine cell; b l  =  b asa l lam ina; R  =  re ticu lu m  cell. X 15,200

R esults

As the am ph icrine  cells w ere discovered w ith  th e  elec tron  m icroscope, 
th e s e  find ings will f i r s t  be  d iscussed  in co rre la tio n  to  th e  h isto log ical behav iou r 
u n d e r  silver im p reg n a tio n . D epend ing  on th e  n a tu re  o f th e  specific g ran u la tio n , 
th e  cells are subd iv id ed  in to  m ucoargentaffine , mucoargyrophilic and muco- 
argyrophobic am phicrine cells (see Figs 10 and 11, T ables I  and  I I ) .

A . U ltrastructural results

1. A m phicrine m ucoargentaffine cells. W e saw  th ese  re p e a te d ly  in  th e  
12 ap p en d ices  (Figs l b ,  2, 3). T he m ucus d rops w ere found  m ixed w ith  5-H T 
(F ig . 2) or ECL g ranu les, a n d  w ere alw ays in  th e  basa l p a rts  o f th e  cell, i.e.

A c ta  M orphologien Academ iae S c ie n tia ru m  H ungaricae 28, 1980
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Т а Ые I

M ucus localization in am phicrine cells and in am phicrine tum our cells. Location o f f in d in g s  in  the-
gastrointeslinal tracts

Mucoargent affine Mucoargyrophilic Mucoargyrophobic
Mucus lies

apical basal apical basal apical basal

Electronm icro- + + +
scopical 11/2 ! и /1 11/2 11/2

111/2* 111/За III/3a

H istological +
II/3 I I / Í ,  3 II/ I ,  3 II/ 1. 3 11/ 1, 2, 3 11/2, 2

III/l 111/1 ,2 ,3 III/Í.I 4 III/I, 1 4 111/2 111/2

T he lum bers re fer to  th e  loca tions of find ings in th e  o rg an s as show n in Tabic I I  u n d e r  n o r­
m al and non-neop lastic  c o n d itio n s, and in T ab le  I I I  u n d e r  n ep la s tic  conditions

* Reference [11]

Tabic II

A. The subtypes o f  the am phicrine cells in the organs and their location and pathologic f in d in g s
under non-neoplastic conditions

Stom ach futulus 
cases M,, M.,

P redom inan t (А-like?) m uco­
argyrophilic  cells

C hronic “ U m baugastritis”  w ith  in ­
te s tin a l m etaplasia

Pylorus, 1 case p redom inan t m ucoargyrophobic 
cells

regenerating  mucosa n ea r p ep tic  
u lcer

Verm iform  proc­
ess, 10 cases

m ucoargentaffine cells p red o m i­
n a n tly  of basal type A, — A ,, A 6, 
A A*n 9 ,  2 V | ()

m ucoargyrophilic  cell A8 

m ucoargyrophobie cells A 3, A8

neurogenic append icopathy  in 7 of 
10 pathological cases w ith  endo- 
p h y tia  in A«, A4, A 10 

n ear to a m alignant a rgy ro p h o b ic  
carcinoid in this appendix  

m ucoargyrophobic cell h y p erp lasia  
w ith  m ucus h y p erp ro d u c tio n  (A f()

Colon, 1 case m ucoargyrophobic cells in the  
c ryp ts

n ear to an  adenocarcinom a

below or n e x t to  th e  nucleus (for com p ariso n  see F ig . l a :  a com m on a rg e n t-  
affine cell). L arge m ucus drops m ay even  m ake an  in d en ta tio n  in th e  n u c leu s. 
Sm aller, a p p a re n tly  younger m ucus d rops (F ig . 2) are som ew hat co a rse r an d  
m ore p ro n o u n ced ly  osm iophilic in th e ir  g ra n u la tio n ; larger ones a re  fine ly  
g ran u la ted  a n d  less o paque . All m ucus d rops are  su rro u n d ed  by  a 60 Â th ick , 
con tinuous en v e lop ing  m em brane, w ith o u t 5 -H T  granules in th e  im m e d ia te  
v ic in ity . L arg e r m ucus drops show a b eg in n in g  confluence (Fig. 3) an d  th e n  
correspond  to  th e  h isto logically  d e m o n s tra b le  fin e  m ucus drops. T h e  non-

A cta  M orphologien A cadem iae Sc ien tiarum  H ungaricae 2 8 , 1980
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F ig . 5 Sam e cell as in  F ig . 4. A  — O rigin of th e  m u cu s globules from  th e  Golgi 
zone (centre). L eft above an d  righ t, m an y  sm all Golgi vesicles w ith  c o n te n ts  
(G v). The th ic k  a rro w  p o in ts  to a m iddle-sized  m ucigenic g ranule w ith  dense , 
fine  g ran u la r co n ten ts . V ery  little  and  c o n tra s tp o o r  m ate ria l inside th e  la rg e s t 
m ucus d rop lets (1). B elow  r ig h t (*) a f la t  cu t th ro u g h  the  b o u n d ary  m em b ran e ,

X 62,300
Fig. 5 B . Sam e m ucoarg y ro p h ilic  cell as in F ig . 4. A large m ucus d ro p le t w ith  
ovo id , delicately  c loudy  profiles w hich ad h ere  to  th e  d ro p le t m em brane  (above  
a n d  below ). T he low er, pearsh ap ed  p rofile  is ab ove  an endo crin e  g ran u le . 
A bove th e  p ep tid e  g ran u le  (p) seems to  p a r t  th e  d ro p le t m em brane  like  lips 

(beginning ex p u ls io n  of the  g ranule  in to  th e  m ucus?), X 57,000



ТНК A M PH I С HIN E CELLS 4 5

Fig. 6. S tom ach  A l/M 2: A trophic  fundus m ucosa w ith  in te s tin a l m etap lasia. A bove 
and  below e n te ro cy te s  w ith  d a rk  ground p lasm  (E ). B asa l g ra n u la ted  m ucoargyro- 
philic cell, c lear g ro u n d  cy top lasm . Most p ep tid e  g ran u le s  are a t  th e  base of th e  cell. 
T he m ucus d ro p le ts  are large and hom ogeneously g rey ; e — ergastop lasm . X 20,300. 
In se t:  th ree  b lack  endocrine  granules and  m ucus g lobules. In  the  cen tra l d ro p le t a 

b lack  p a tc h  w ithou t m em b ran e  X 43,000
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F ig .  7. A ppendix  A 3/A 3: A rgyrophobic  e m p ty  ( =  “ leere helle” ) cell o f a p p en d ix  
c ry p t  w ith  q u estionab le  su p ran u c lea r m ucous vesicles. No defin ite  endocrine  g ran u le s ; 
m  =  m ito ch o n d ria . X 13,100. In se t:  ta k e n  fro m  S p r a f k e  [29]: A p p en d ix  c ry p t 
(p a r t ia l  view) w ith  one a rg en taffin e  cell (b lack ) an d  two e m p ty  clear cells (s ta rs). 

P u sh ed -u p , ro u n d  nucleus. 1 =  lum en, ca. x 4 0 0
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Fig. #. A ppendix  A 3/A 3: fo rm ol-P A S . A :  apical su b ty p e  of m u co arg en ta ffin e  cell w ith  
m ucus plug as in g o b le t cell (arrow ). 5- H T  in fran u c le a r g ranu les grey (yellow  from  
form ol fixation ). X 250. В  : B asal su b ty p e  of m u co a rg en ta ffin e  cell (betw een  th e  
arrow s and  inset). U n d e r th e  nucleus fine grey (yellow ) 5-H T  g ran u les, to the  left a 
few red , fine m ucus g ran u les (in the  d raw in g  as sm all d a rk  sp o ts), th e  fine 5 -H T  
granu les b lack , v  =  su b ep ith e lia l vacuole. In  th e  lam in a  p ro p ria  (lp), four m ucophages 
w ith  fine and coarse m ucus d ro p le ts  (*). X 360 C: S to m ac h  A l/M ,: G astritis . G rim elius- 
A lcian blue. A rgyroph ilic  g ranu les on  th e  hase o f th e  m ucus p lug (a) X 340. D : 
S tom ach  A l/M 2: E n te ra l  m etap lasia . G rim elius. Tw o m u co a rg y ro p h ilic  cells (arrow s), 
th e  r ig h t one of th e  ap ica l su b ty p e ; g =  ty p ica l m o n o crin e  goblet cell, p m onocrine 
argy roph ilic  pep tid e  cells, m o stly  w ith  basal g ra n u la tio n . X 360 E :  A ppend ix  A 3 /A 6: 
A lcian  blue, h aem a to x y lin . H yperp lasia  of m u co a rg y ro p h o b ic  cells in a c ry p t. T he 

Golgi zone is be tw een  the  nucleus and the  ap ical m ucus plug. X 380
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The histological sub types cf gastrointestinal endocrine cells.

Fig. 10. D iag ram  of th e  histological s u b ty p e s  o f th e  g a s tro in te s tin a l en d o crin e  cells

hom ogeneous s tru c tu re  of the m u cu s  lia rs  confusion w ith  lip id  d rops and  
v acuo les (Fig. IB ).

2. A m phicrine  mucoargyrophilic cells in  the fu n d u s  ventriculi (T ahié I I ) . 
In  th e  case of ch ron ic  gastritis  (F ig s  4 6) we found  in  th e  g lands in  a d d i­
tio n  to  pu re ly  exocrine  chief and  p a r ie ta l  cells an d  m ucous neck cells, an d  in 
a d d itio n  to  m ono-endocrine cells am p h ic rin e  m ucoargyroph ilic  cells w ith  large 
l ig h t m ucus granu les in  th e  basal p a r ts  o f  th e  cell. T he co n ten ts  are  c o n tra s tr -  
poor an d  d elica te ly  c loudy  and th re a d y . On th e  ou tside , th e  ro u n d  p ep tid e  
g raan u le s  freq u en tly  lie close a g a in s t th e  m em brane , while in sid e , delicate  
ro u n d ish  or e llip tical lam ellated  p ro file s  e ith e r s tick  to  th e  m em b ran e  or are 
free inside th e  cell. H alf m oo n -sh ap ed  u n ited , lam ellar defined  vacuoles * *

F ig. 9. Py lorus: Л2 R eg en e ra tin g  zone n e x t  to  a p ep tic  u lcer. Superficial g lan d s . Form ol 
H G. X 360 A :  v a n  G ieson in the  fu n d u s o f  th e  g lan d , below th e  crosslinks, h y p e rp la s ia  of 
a rg y ro h p o b ic  clear cells a t  th e  base of th e  e p ith e liu m  (cu rv ed  arrow s); g go b le t cells. Hasa 

g ran u la ted  EC cell (th ick  arrow ). X 180
B :  h aem atoxy lin  PA S: four m u co a rg y ro p h o b ic  cells o f the  apical su b ty p e  (arrow s).

* m ucus
C : h aem ato x y lin  PA S: ap ical suh type o f  m u co arg y ro p h o b ic  cell (m oa) w ith  large basal 
v acu o les ; m m ucus. M ucus droplets on th e  base  o f the ep ith e liu m  belong to  m u co a rg y ro ­

phobic cells of th e  h asa l su b ty p e  (arrow s)
I): h aem ato x y lin  PA S: m ucoargyrophobic  cell of th e  basal su b ty p e  (m ob). T he a rro w  in d ica tes 

th e  e x tru d in g  subepithelia l m u cu s below an argy ro p h o b ie  cell 
E :  h aem ato x y lin - PAS: h y perp lasia  of a rg y ro p h o b ie  cells, som e w ith m ucus (m ). T he arrow s 
in d ica te  subep ithe lia l m u cu s droplets a f te r  ex p u ls io n  in to  th e  lam ina p ro p ria  (lp). F  an d  G 
Case B4: in te s tin a l ty p e  adenocarcinom a o f th e  nose. F o rm ol, G rim elius—A lcian  blue 
F . tw o  m ucoargyroph ilic  cells (arrow s) a t  th e  base  of the  ep ith e liu m . T he u p p e r  cell w ith  

very  l ittle  m ucus; g g o b le t cells; L lum en of the  gland 
G: n arrow , slim cone-shaped  basal and a p ic a l g ra n u la te d  m u coargyroph ilic  cell (m y), g

g o b le t cell

4 A c ta  M ttrphologica A cadem iae  Sc ien lia ru m  H u nguricae  2 8 , 1980
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F ig . 11. A :  Case B l /A 13. A m phicrine  m uco arg en ta ffin e - a n d  -argy roph ilic  goblet-cell carc i­
no id  of th e  append ix . S ev ier-M unger. A lveolus o f goblet-cell-like  m u coargyroph ilic  cells. X 420 
Б  : Case B l /A 14. A m p h icrin e  s ig n e t cell carc ino id  of th e  ap p en d ix . H a em a to x y lin —PA S. Cross 
sec tio n  o f c ryp ts . A c resc e n t-sh ap e d  tu m o u r b o rd e r has d ev elo p ed  a ro u n d  th e ’ u p p e r c ry p t 

(arrow s). N u m ero u s b u d d ed -o ff s igne t tu m o u r  cells. (*) X l8 0

(F ig . 4) form  th e  la rg e s t p rofiles in  th e  im m e d ia te  v ic in ity  of th e  m em brane. 
T hese adhering  vacu o lic  processes p resen t th e  q u es tio n  as to  w h e th e r th e y  are 
re m n a n ts  of th e  m em b ran es  or endocrine g ran u les , fo r a t  tim es one has th e  
im p ressio n  th a t  en d o crin e  granules pass from  th e  cy to p lasm  in to  th e  m ucus 
th ro u g h  an  opening  in  th e  b o u n d a ry  m em b ran e  o f  th e  m ucus granules (F ig. 
5B ). I t  is, how ever, to  b e  stressed  th a t  th e  endocrine  granules ly ing  on th e

A d a  M orpho log ica  A cadem iae S c ie n tia ru m  H ungaricae 28, 1980
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jFig. 12. Case B l /A 13. A :  m ix e d  a rg en ta ffin e -a rg y ro p h ilic  m uco ad en o id  sulit % pe of a p p en d ix  
carcinoid . H E . C .rypt-likc g landu lar fo rm a tio n s  w ith  goblet cells. x l2 5  

H: Sevier-M unger. L ong, slig h tly -b ran ch ed  g la n d  w ith  a rg y ro p h ilic  cells (left), m u co a rg y ro - 
ph ilic  cells (m idd le) and ex o crin e  cells (r ig h t) . X l2 5

o u ts id e  o f th e  en ve lop ing  m em branes a re  g e n e ra lly  in ta c t. T hey  posses tint 
ro u n d  shape o f p e p tid e  granules and a h ig h ly  an d  reg u la rly  osm iophilic  core 
w h ich  is sep a ra ted  b y  a v e ry  small ha lo  fro m  th e  g ranu le-envelop ing  m e m ­
b ran e , T here  is no cy to p lasm ic  g ranu lo lysis . T h e  g ran u les  are 180 220 nm
in d ia m e te r; th ey  m ost c losely  resem ble th e  А -like g ran u les . Thus, such  am p h i- 
crine cells are  to  he considered  m ucoargyrop liilic  А-cells. Tint genesis o f  m ucus 
drops in th e  Golgi zone o f  norm al m o n o crin e  m u co u s cells [3] is also c learly  
to  be seen in  th e  m ucoargyrop liilic  cells (F ig . 5A).

T he m ucoargy rop liilic  cells of case M 2 (m e tap la s ia  and  pern icious a n a e ­
mia) w ere sim ilar to  th o se  o f  M, (Fig. 6): a n  u n s tru c tu re d  cy top lasm  w ith  l i ttle  
e rg astop lasm , longish  m itochondria  v a ry in g  in size an d  shape. The en d o crin e  
g ranu les an ,d  th e  r a th e r  hom ogeneous m ucus d rops are  located  b asa lly , and  
are u su a lly  m ixed to g e th e r  in a th ick  lay e r. O w ing to  th e ir  vary ing  osm io p h ily  
and size, G -granules com e u n d er co n sid e ra tio n . A m edium -sized  m ucus d ro p le t 
co n ta in s  a com pact osm iophilic  cen tre  w hich  is sh a rp ly  defined  b u t  lacks 
a m em b ran e ; a t p re se n t it cannot be id e n tif ie d  (an  im m igra ted  g ra n u le  or 
a “ p a tc h ”  inside th e  m u cu s? ).

3. A  mucoargyrophobic coll free o f  granules  (e m p ty  clear cell), was d e te c te d  
u n d er th e  electron m icroscope in the v e rm ifo rm  process A;i (Fig. 7). T h e  sm all, 
g rey  m ucus granules lay  above the nu c leu s in th e  Golgi area.

4* A cta  M orphologicu A cadem iae  Scienliaruni H ungaricae 2 8 , 1980
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В. Histological results (see Tables I  and  II)

1. M ucoargentaffine cells. These h is to lo g ica lly  generally  obscure a n d  o n ly  
se ldom  clearly  d em o n strab le  elem ents w ere observed  years a fte r  th e ir  d e te c ­
tio n  w ith  th e  e lec tro n  m icroscope in th e  A p p e n d ix  A9, owing to  th e  p resence 
o f  fin e , free m ucus d ro p le ts  located  su b e p ith e lia lly  in  th e  lam in a  p ro p ria , an d  
in  deeper-ly ing  m ucophages (Fig. 8B). T he overly ing  en te ro ch ro m affin e  cells 
c o n ta in e d  fine  m ucus granu les only b asa lly  u n d e r  th e  nuclei. A single a rg en t-  
a ffin e  cell co n ta in ed  an  unam biguous ap ica l m ucus p lug as well, w ith  th e c a  
a n d  sto m a as in  a gob le t cell (Fig. 8A), w hile  th e  yellow en te ro ch ro m affin e  
g ran u les  lay  as u su a l u n d e r  th e  nucleus.

2. M ucoargyrophilic  cells could be d e m o n s tra te d  h isto logically  in  th e  tw o  
cases o f chronic g a s tr itis , Mj and  M 2. T here  w ere  in p a r t  basa l m ixed  g ra n u la ­
tio n s , o therw ise th e  m ucus was located  as in  g o b le t cells ap ically , w ith  g ra n u ­
la tio n  un d er an d  n e x t  to  th e  m ucus (F ig . 8C, D ). The m ucoargy roph ilic  cells 
a re  m ost o ften  seen  as neop lastic  e lem en ts: in  am phicrine carc ino ids (F igs 
11, 12), in  m u cinous cystadenom as o f th e  o v a ry  [26], and in  th e  end o crin e  
cell-rich  in te s tin a l ca rc inom a of th e  nose [27, 28].

3. M ucoargyrophobic  em p ty  clear cells w ith  su p ran u c lear m ucus w ere 
seen  h isto log ically  in  th e  sigm oid [22] an d  in  a py lo rus as well as in  th e  c lin i­
ca lly  a sy m p to m a tic  ap p en d ix  A 3 (Fig. 8E ), w h ich  was p a rticu la rly  r ich  in  th e se  
cells (h y perp lasia ). T he ch a rac teristics o f th e  m ucoargyrophob ic  cells are:

a)  th e  p u sh ed -u p , com pact nucleus, as in  all endocrine e n te ra l cells;
b)  th e  sam e g ranu le-free , para - an d  in tra n u c le a r  clear cy to p la sm , o ften  

occup ied  b y  la rg e  vacuo les, d em o n stra ted  b y  n u c lea r sta in ing  an d  w ith  silver 
m e th o d s ; i t  conform s to  th e  e lec tron -op tica l c lea r g round p lasm a (see a p p e n ­
d ix  A 3, Fig. 8);

c) th e  m ucus is lo ca ted  e ith er as an  apical plug  (in A 6, F ig . 8E ) a n d  
in  th e  clear-celled  reg en e ra tin g  m ucous m e m b ra n e  of th e  py lo rus (F ig . 9B , C), 
or basally (F ig. 9D ).

In  th is  b a sa l ty p e  subepithelial P A S -p o sitiv e  mucus w as fo u n d  in  th e  
s tro m a  in  th e  fo rm  of sm all, f la t  or ro u n d  d ro p s  (F ig. 9D, E ), w h ereb y  m u co ­
p h ag es reap p e a re d  in  th e  lam ina  p ro p ria . I n  th e  apical su b ty p e  th e  Golgi 
a p p a ra tu s  is lo c a te d  b e tw een  th e  nucleus a n d  th e  m ucus p lug (F ig . 8E ).

The neoplastic am phicrine cells (Table I  an d  I I I )

In  general, th e  a rran g em en t of m ucus in  th e  apical or b a sa l p a r ts  o f  th e  
tu m o u r  cells is n o t  p ronounced  and  ch an g eab le  according to  th e  u n re g u la te d  
cell d iffe ren tia tio n  o f tu m o u r cells. T he am p h ic rin e  carcinoids (B l)  h av e  
d iffe ren t s tru c tu re s  such  as goblet [30], m ucoadeno id  [22] an d  s ig n e t cell 
ty p e s  [23]. T he tu m o u rs  co n ta in  m u co a rg en ta ff in e , m ucoargy roph ilic  an d  
m u co arg y ro p h o b ic  cells.
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T able  III

B. The subtypes o f  the amphicrine cells in  the organs under neoplastic conditions

Subtypes Tumours

1 A ppendix 
Cases A l3, A,.,

m uco-argentaffine and miico- 
argyrophylic  (1) carcinoid  cells

am phicrine carcinoids o f m uco-ade- 
noid or goblet cell type

2 Colon m uco-argentaffine (11), m uco- 
argyrophilic  and m uco-argyro- 
phobic tu m o u r cells, signet cell 
carcinoid*

m ucoargentaffine, inucoargyroph ilic , 
m uco-argyrophobic 
carcinoids*

3 O vary a) secretin? sub type  of muco- 
argyropliilic cells

b)  m uco-argentaffine cells

m ucinous cystadenom as (26) 

5-H T-carcinoid of the o v a ry  (IS )

4 Nose Л -like sub type  of m uco-argyro- 
philic cells

en te ra l type carcinom a of th e  nose 
(28)

* N on published  tum o u rs o f th e  colon

T he a rg y ro p h o h ic  carcinoids o f  th e  colon (B2) consist a lm ost to ta lly  
o f n o n -g ran u la ted  cells; only  p a r t  o f th e  cells co n ta in s  m ucus. The sing le  cell 
m ucin p ro d u c tio n  (“ E inzelze llversch le im ung” ) is ch a rac teris tic .

In  th e  m ucinous cy stad en o m as o f th e  o v a ry  [26] (B3) and th e  endo- 
am phierine  en te ric  carcinom a of th e  nose [28] (B 4), th e  am phicrine  cells are 
few and d isp ersed  in th e  exo- and  m onoendocrine  tu m o u r ep ithe lium . B eside 
th e  m ucus g lobules th ey  co n ta in  ro u n d  p e p tid e  g ranu les. As to  t[ie ir spec ia  
fea tu res see T ab le  I I I .

D iscussion

A sch em a tic  su m m ary  o f th e  m o rpho logy  o f  th e  in testin a l am p h ic rin e  
cells is show n in th e  cell d iag ram  (Fig. 10) w here  th e y  are com pared  to  in te s ­
tin a l m onoendocrine  cells.

B asal m ucus fo rm ation  in argentaffine E C  cells o f  the appen d ix  w as 
d em o n stra ted  b y  e lectron  m icroscopy in  e ig h t cases; wi th th e  light m icroscope, 
m u co arg en ta ffin e  cells w ith  hasal or apical m ucus deve lopm en t could be  show n 
only  ra re ly  (F ig . 8A, B). E lec tro n  m icroscopic ev idence for apical ex o crin e  
secretion  b y  th e  norm al m u co arg en ta ffin e  cell an d  fo r basal m ucus p ro d u c tio n  
by  th e  n o rm al m ucoargy rophob ic  cells is lack in g . In  th e  stom ach , th e  m uco- 
argy roph ilic  cell o f th e  basal and  ap ica l su b ty p e  is the  m ost fre q u e n t one. 
These cells a re  found  above all as tran sfo rm ed  patho log ica l elem ents.

The m u coargyrop h ob ic cell and its  b asic  form , th e em p ty  clear ce ll o f  
th e  en d ocrine (F e y r t e r ) sy stem , h a v e  n o t b een  clarified  electron  m icroscop i-
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ca lly , ex cep t fo r one single id e n tific a tio n  in  A 3 (F ig . 7); th ey  also req u ire  a 
p rec ise  u l t r a s t ru c tu ra l  d iffe ren tia tio n  from  c e r ta in  form s of th e  g o b le t cell 
o f  th e  cA on [12].

A m p h ic r in e  cells as norm al or pathological cell fo rm s  (see Tables I I  - I I I )

Seen as a w hole, th e  am phicrine cells a re  p ro b ab ly  v e ry  ra re  e lem en ts 
in  th e  g lan d u la r e p ith e liu m  of no rm al in te s t in a l  organs or th e y  w ould  have  
b e e n  no ticed  earlie r.

In  th e  end o crin e  cells o f th e  ca rd ia l g lan d s p ep tid e  cells o f D 1 an d  A1 
s u b ty p e  w ere found  [12a] hav ing  m ucus v acu o les  beside th e  ro u n d  endocrine 
g ran u le s . In  F igs 4 an d  5 th e y  conform  e x a c tly  to  th e  gastric  m ucoargy ro - 
p h ilic  cell, p re se n te d  in  F ig u r  4. In  m an лее saw  th e m  u n d e r n o rm al cond itions 
to o , in  th e  ju v en ile  append ices A 5 and  A 7, o therw ise  only Finder p a th o lo g ica l 
co n d itio n s  or as n eo p la s tica lly  d eg en era ted  cells in  neurogenic ap p en d ic o p a th y  
w ith  and  w ith o u t e n d o p h y tia , in  th e  re g e n e ra te d  and m etap la s tic  ep ith e liu m  
o f  th e  s to m ach , a n d  in  am p h icrin e  tu m o u rs  (T able  I I  and  I I I ) .  On th e  o th e r 
h a n d , endocrine cells w ith  exocrine sec re tio n  p ro d u c ts  (endo-exocrine cells) 
h a v e  also been  found  in  n o rm a l or d iffe re n tia tin g  gastric  ep ithe lium  in ro d en ts . 
K a t a o k a  [ 1 3 ]  re p o rte d  “ a new  cell ty p e ”  fro m  th e  m ouse s tom ach , w ith  en d o ­
c rin e  granules an d  large  inclusions co rresp o n d in g  to  th e  m ucus g ra ins, b u t 
he  w as unab le  to  ex p la in  these  inclusions. C a p e l l a  e t al. [4] show ed a m ixed  
endo- and  exocrine  cell in  th e  r a t  s to m a c h ; i t  co n ta in ed  EC L g ran u les  and  
la rg e  zym ogen inc lusions.

N a b e y a m a  [17] fo u n d  in  th e  colon a n d  py lo rus o f th e  m ouse m ixed 
endo-exocrine  cells; th e  inclusions w ere id e n tif ie d  as m ucus w ith  th e ir  fine, 
g re y  co n ten ts  an d  p ecu lia r th icken ings (so -called  “ p a tch es” ), w hich  are  know n 
f re m  th e  m ucigen  d ro p le ts . T a h a b a  [ 3 1 ]  c re a te d  a rtific ia l s to m ach  u lcers in 
th e  m ouse an d  found  in  th e  reg en era ted  ep ith e liu m  a) chief and  p a r ie ta l  cells 
w ith  m ucus, b u t  also b) endocrine cells w ith  m ucus and  zym ogen g ranu les. 
I n  th e  m ouse sm all in te s tin e  th e re  w ere re g is te re d  ra re  ep ithelia l cells c o n ta in ­
in g  m ucus g lobules an d  en tero -endocrine  g ran u les  [4a].

These f in d in g s in  th e  ro d en t s to m ach  in d ica te  th a t  in  m an  th e  a m p h i­
c rin e  cells a re  b y  no m eans alw ays a p a th o lo g ica l elem ent. T h ey  p ro b ab ly  
deve lop  and  c e rta in ly  increase in  n u m b e r in  d iffe ren tia tion  d iso rders w ith in  
th e  co n tex t o f  re g e n e ra tio n , m e tap las tic  e p ith e lia l regeneration  in  th e  sto m ach  
a n d  above all in  ca rc in o id  grow ths, fu r th e r  in  th e  endocrine e lem ents o f ca rc i­
n o m a s  [1 4 ,  1 5 ,  28] an d  in  m ucinous c y s ta d e n o m a s  o f th e  o v ary  [26] (Table 
I I I ) .

N eop lastic  p ro life ra tio n  o f am p h icrin e  cells leads to  fo rm atio n  o f a m p h i­
c rin e  tum oFirs. T h ey  h a v e  only  recen tly  b eco m e know n firs t tim e  in  th e  ap p e n ­
d ix  an d  th e n  in  th e  c o lo r . These tu m o u rs  a re  b u ilt  up  of m u co arg en ta ffin e ,
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m ucoargy roph ilic  an d  m ucoargy rophob ic  cells, y e t  in  v e ry  d iffe ren t re la tio n  
to  th e  secretion  p ro d u c ts . One m ay  d is tin g u ish  betw een

1. th e  g ob le t cell carc ino id  [30] (F ig . 11B) described  u n d e r e lectron  
m icroscope b y  А в т  and  C a r t e r  [ 1 ] ;

2. th e  m uco-adeno id  carc ino id  [22] (F ig . 12);
3. th e  signet-cell ca rc ino id  [23] (F ig . 11A), n o t to  be confused  w ith  th e  

signet-cell ca rc in o m a.
A m ong th e  com m ended  nam es, W H O  p ro p o sed  m ucocarc ino id ; th is  is 

a superposed  nam e.
The d ev e lo p m en t o f am p h icrin e  tu m o u rs  is a n o th e r v a lu ab le  in d ic a to r  

o f  th e  existence o f  n o n -neop lastic  am p h icrin e  cells am ong  th e  ra re  e lem ents 
o f th e  g a s tro in te s tin a l ep ith e liu m .

As to  th e  m orphogenesis  o f th e  m ucus in  am p h ic rin e  cells th e  sm allest 
m ucigenic d ro p le ts  develop  in th e  Golgi zone (F ig . 5A, 8E ). T his a p p a ra tu s  
is th e  key  lo ca tio n  o f th e  m a tu ra tio n  of m onoendocrine  g ranu les or, u n d er 
th e  cond itions m e n tio n e d  above, o f th e  d iffe ren tia tio n  o f  endo- an d  exocrine 
sec re to ry  p ro d u c ts .

F e y r t e r  [ 5 ]  has stressed  th e  p o ss ib ility  an d  th e  p o ten cy  o f his clear 
cells to  p roduce  m ucus, an d  to  do so in carc ino ids as well. H e th e re b y  m ean t, 
how ever, only  th e  ac id -th io n in e  or P A S -red -sta in ed  “ slim y  ex cre tio n s”  on th e  
cell surface, w hich o ften  fill in  g lan d u la r spaces in  carcino id  fo rm atio n s. U ltra - 
s tru c tu ra l e x am in a tio n  show s th a t  th is  hom ogeneous excre tion  is n o t m ucus 
b u t  a v e ry  fine, o f  course, g ranu led  m a te ria l w ith  a pecu lia r s tru c tu re  w hich 
fills th e  spaces b e tw een  th e  cilia o f th e  tu m o u r  cells an d  m ay  b y  no m eans 
be held  to  be e jec ted  cy top lasm ic  m ucus. T hese cell su rface p ro d u c ts  th u s  have  
n o th in g  to  do w ith  th e  m ucus globules as a secre tion  p ro d u c t o f  am ph icrine  
cells an d  am ph icrine  tu m o u rs . A p p ro p ria te  m ucus globules are  m issing in  b o th  
m onocrine endocrine  cells an d  com m on carc ino ids.

A m phicrine cells an d  am p hicrine  carc ino ids offer im p o r ta n t su p p o rt to  th e  old th eo ry  
of th e  endoderm ic orig in  of th e  endocrine  cells. O th e r c lear ev idence is th e  occurrence of 
a rg en taffin e  g ra n u la te d  en te ro cy te s  an d  P a n e th  cells in carc ino ids, as well as b y  th e  v a ry in g  
q u a n tit ie s  of a rg en ta ffin e  g ra n u la te d  tu m o u r cells p re sen t in g astric  (3 .1% ) an d  in te s tin a l 
carc inom as (2 .5% ) [14]. F u r th e r  p roof is offered by  g a s tro in te s tin a l tu m o u rs  show ing t ra n s i­
tio n  fro m  carc inom a to  carc ino id . [23].
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Ü B E R  D IE  A M P H IK R IN E N  (E N D O -E X O K R IN E N ) Z E L L E N  IM  M E N S C H L IC H E N  
V E R D A U U N G S T R A K T  M IT  E IN E M  K U R Z E N  H IN W E IS  

A U F  D IE  A M P H IK R IN E N  N E O P L A S IE N

M. RA TZEN H O FER u nd  L. ATJRÖCK

Im  G a s tro in te s tin a ltra k t des M enschen w erden  als Sonderform  der en d o k rin e n  die 
am p h ik rin en  Zellen n äh er besch rieb en  u n d  h iebei ab h än g ig  vom  V erhalten  bei V ersilb e ­
rung 3 U n te rg ru p p e n  u n te rsch ied en : die m u co a rg en ta ffin e , die m ucoargyroph ile  u n d  die 
m ucoargyrophobe  Zelle. Sie w urden  1969 von R a t z e n h o f e r  u n d  M itarb. zu erst e le k tro n e n ­
m ikroskopisch  gesehen, ab er e rs t 1977 h isto log isch  v e rif iz ie rt u n d  als Sch lein-sezern ierende 
endokrine  E lem en te  g ed eu te t. Solche Zellen w u rd en  se it 1969 auch  im  norm alen  u n d  reg en e ­
rierenden  M agen bei R a tte  u n d  M aus b e o b ac h te t. D as e igene m enschliche U n te rsu ch u n g sg u t 
u m faß t n u n m e h r die A p p en d ix  verm ifo rm is (12 Fälle), M agen (3) u n d  D ickdarm  (3) u n d  e in ­
zelne a m p h ik rin e  W u ch eru n g en  u n d  G eschw ülste. U n te r  den  A ppendices w aren  2 n o rm ale  
(6 u. 7 J a h re )  u n d  10 pa th o lo g isch  v e rän d e rte : 7m al neu ro g en e  A ppendicopath ie  (14 b is 58 J .) ,  
1 ly m p h a tisch e  H y p erp lasie , I H yperp lasie  von  m u co a rg y ro p h o b en  Zellen m it M u costase . 
Es fan d en  sich ganz überw iegend  m u co arg en ta ffin e , se lten  m ucoargyroph ile  u n d  m u co a rg y ro - 
phobe Zellen. D er Schleim  k a n n  in den Zellen en tw ed e r ap ical oder basal liegen, w obei in  d ie­
sem F a lle  eine p a rak rin e  S ek re tio n  in die su b ep ith e lia le  L am in a  p ropria  u n d  M uco p h ag en  
b eo b ac h te t w urd en . 2 Fä lle  von ch ron ischer G astritis  u n d  1 chronisches pep tisch es P y lo ru s-  
geschw ür e n th ie lte n  in den a ty p isch en  S c h le im h au td rü sen  m ucoargyroph ile  Zellen m it  Schleim  
u n te rh a lb  des K ernes. Die M öglichkeit eines A u ssch leußens von endokrinen  G ra n u la  in  die 
Sch leim körner w ird  d isk u tie r t. N eoplastische am p h ik rin e  Zellen b auen  die se lten en  B ech e r­
zell- u n d  m uco ad en o id en  K arzino ide  der A p p en d ix  u n d  des Colon auf. Sehr se lten e  F u n d ­
s tä tte n  a m p h ik rin e r T u m o rze llen  sind fe rner ein N asen k arz in o m  (en tera le r T y p  27, 28), ein 
argent affines K arzin o id  des O vars 15. R egelm äßig  k o m m en  neoplastische am p h ik rin e  Zellen 
(als b eq u em es S tu d ien o b je k t)  v o r allem  in den M u cin k y sto m en  der O varien vo r (S c h m i d  [26]). 
Die a m p h ik rin e n  Zellen t r e te n  d an ach  vor allem  als D ifferenzierungsstörungen der endokrinen  
/ eilen unter fo lgenden pathologischen B edingungen au f:  neurogene A p p en d ico p a th ie , H y p e r ­
p lasia, M etap lasie  u n d  ech te  Neoplasie.

Д А Н Н Ы Е  К А М Ф И К РИ Н М Ы М  (Э Н Д О -Э К З О К Р И П Н Ы М ) К Л Е Т К А М , 
Н А Х О Д Я Щ И М С Я  И П И Щ Е В А Р И Т Е Л Ь Н О М  Т Р А К Т Е  Ч Е Л О В Е К А , С К О Р О Т К И М  

У К А З А Н И Е М  Н А  А М Ф И К Р И Н Н Ы Е  Н О В О О Б Р А З О В А Н И Я

М. РА ТЗЕН Х О Ф ЕР

Амфикринные клетки, находящиеся к желудочно-кишечном тракте человека, опи­
сываются как особые формы эндокринных клеток. В зависимости от их поведения при 
серебрении различаются 3 подгруппы: мукоаргеитаффинные, мукоаргирофильные и муко- 
аргирофобные клетки. В 1969 г. автор впервые наблюдал в электронном микроскопе эпи 
клетки, однако их гистологическое доказаиие удалось только в 1977 году, причем он рас- 
смотрил их как слизовыделяющие эндокриниче элементы. С 1969 года такие клетки на­
блюдали также в нормальном и регенерирующемся желудке крысъ и мыши. Человеческий 
материал для исследования автора охватывает теперь слепую кишку (12 случаев), желу­
док (3 случая) и толстую кишку (3. случая), а также отдельные амфикринные разращения 
и опухоли. Среди толстых кишок было 2 нормальных (6-и 7-летние больные) и 10 патологи­
чески измененных, а именно 7 случаев неврогенной аппендикопатии (больные от 14 до 
58 лет), 1 случай гиперплазии и 1 случай гиперплазии мукоаргирофильных клеток с застоем 
слизи. В преобладающем большинстве случаев встречались мукоаргеитаффинные, но 
изредка и мукосаргирофильные и мукоаргиробные клетки. Слизь располагалась в апи­
кальной или в базальной части клетки. В последнем случае наблюдали наракринную 
секрецию в субэпителиальную слизистую оболочку (Lamina propria) и мукофаги. В двух
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случаях хронического гастрита и в одном случае хронической пептической язвы прив­
ратника атипичные железы слизистой оболочки содержали мукоаргирофильные клетки 
со слизой под ядром. Обсуждается возможность выделения эндокринных зернышек в 
слизистые зерна.

Редко встречаемые бокаловидные клетки и мукоаденоидные карциноиды слепой и 
толстой кишок построены неопластическими амфикринными клетками. Очень редко ам- 
фикринные клетки встречаются также при раке носа (энтеральный тип 27, 28), и аргентаф- 
финном карциноиде яичника 15. Неопластические амфикринные клетки регулярно наб­
людаются (как удобные объекты для изучения) прежде всего в муцинкистомах аичников 
(Шмид 26. Следовательно, амфикринные клетки появляются прежде всего в результате 
расстройств дифференциации эндокринных клеток при следующих патологических сос­
тояниях: неврогенная аппендикопатия, гиперплазия, метаплазия и настоящая неоплазия.

D r. М а х  R a t z e n h o f e r  

D r. L udw ig A u b ö c k

In s t i tu t  für P a th o lo g isch e  A natom ie d. U n iv e rs itä t 
G raz, A u en b ru g g e rp la tz  25., A-8036 G raz. Ö sterre ich

A c ta  M orphologica A ca d em ia e  S c ien tia ru m  Hungaricae 28, 1980



Acta Morphologica Acad. Sei. Hung. 28 (1 -2) 59 69, 1980

D e p artm en t o f E lec tro n  M icroscopy a t  th e  P a th o lo g ica l-A n a to m ic  In s t i tu te  o f th e  U n iv e rs ity
of G raz, A ustria

INTRAEPITHELIAL MAST CELLS IN THE HUMAN 
GASTRIC MUCOSA IN A CASE OF MICROCARCINOIDOSIS

L. A uböck

(R eceived  J a n u a ry  6, 1979)

A 63-year-o ld  fem ale p a tie n t  w ith  pern ic ious an aem ia  an d  chron ic  tra n s fo rm a ­
tio n -g astr itis  w ith  num ero u s d issem in a ted  endocrine  cells o f th e  fu n d u s  g lan d s had 
dev elo p ed  a diffuse m icrocarcinoidosis. M ast cells were iden tified  n o t on ly  in  th e  s t r a ­
tu m  p ro p riu m  m ucosae, b u t  also in  th e  ep ith e liu m  of a ty p ica l g lan d s o f th e  basal 
m ucosa. E lec tro n  a n d  lig h t m icroscopic in v es tig a tio n s  c learly  show ed t h a t  th e  in t r a ­
ep ith e lia l m as t cells em ig ra ted  in to  th e  n e ig h b o u rin g  s tro m a. D u rin g  th e  process of 
secre tion  th e  u l tra s tru c tu re  of the  specific g ran u les changes con tin u o u sly , w h ereb y  four 
d iffe ren t phases can  be d istin g u ish ed  b y  th e  e lec tro n  m icroscope.

Introduction

M ast cells, f ir s t  described  as in d e p e n d e n t cell form s b y  E hrlich in  1877, 
re p re se n t an  im p o r ta n t  cellu lar com ponen t o f th e  connective  tissue . T h e  fu n c­
tio n  o f th e  m a s t cells is essen tia lly  tied  to  th e ir  h is tam in e , h ep arin e , dopam ine 
and se ro to n in  co n te n t (7, 8, 9, 15, 20]. E sp ec ia lly  th e ir  functional im p o rtan ce  
in th e  course of in f la m m a to ry  processes o f th e  co nnec tive  tissu e  has been 
em phasized  [1]. B ecause o f th e ir  enzym atic  ac tiv e  su b stan ces, m a s t cells are 
a d d itio n a lly  considered  to  h a v e  lysosom al p ro p e rtie s  [11, 12, 19, 24], lim ited  
p h ag o cy tic  a c tiv ity  [18] and  a sh are  in an tig en  an tib o d y -reac tio n s . T he in flu ­
ence of m a s t cells on th e  sm all b lood vessels an d  th e  organ  p a re n c h y m a  cells 
as a ty p e  o f n eu ro h o rm o n a l feedback  system  has also been show n [3, 4, 22].

E lec tro n  m icroscopic ex am in a tio n s  of h u m a n  m a te ria l w ere re s tr ic te d  
to  th e  id e n tif ic a tio n  o f  m ast cells in  connective  tissue  [2, 10, 22], an d  only  
few a u th o rs  rep o rted  on th e  p resence o f m ast cells in  th e  g a s tro in te s tin a l 
t ra c t,  in p a r tic u la r  o f in tra -  (in ter-) ep ith e lia l m asto cy te s  [5, 23].

T herefo re  e lec tron  m icroscopic id en tif ic a tio n  o f num erous m ast cells b o th  
in th e  ep ith e liu m  an d  in th e  lam in a  p ro p ria  o f th e  gastric  m ucosa in  a case 
of d iffu se  m icrocarcino idosis seem s of in te re s t.

Materials and methods

A 63-year-o ld  fem ale  p a tie n t  w ith  pernicious an aem ia  an d  chron ic  tran s fo rm a tio n  
g as tr itis  w h ereb y  num ero u s d issem in a ted  endocrine  cells o f th e  g astric  m ucosa w ere p ro d u ced  
had  developed  a diffuse m icrocarcino idosis. 'tissu es for u l tra s tru c tu ra l  s tu d ies  o b ta in e d  by  
g astric  b iopsy  w ere im m ed ia te ly  cu t in to  1 m m 3 large  pieces a n d  p re fix ed  for tw o  hours
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in  3 %  g lu ta ra ld eh y d e  b u ffe red  w ith  0.1 M  sodium  caco d y la te  buffer. T h e  specim ens were 
d e h y d ra te d  in  g raded  e th a n o l, em b e d d ed  in  E p o n  812, 1 /m  th ic k  sections w ere s ta in e d  w ith  
to lu id in e  b lue  for lig h t m ic ro sco p y . U ltra th in  sections w ere cu t a t  50 to  70 n m  b y  a R e ich ert 
u ltra m ic ro to m e  Om U 2, s ta in e d  w ith  u ra n y l ace ta te  an d  lead  c itra te , a n d  p h o to g rap h e d  w ith  
a  P h ilip s  EM -200 e lec tro n  m icroscope.

Electron microscopic results

M ast cells in  la rg e  n u m b e rs  w ere id e n tif ie d  n o t only  in  th e  s tra tu m  
p ro p r iu m  m ucosae b u t  also in  th e  ep ith e liu m  o f th e  gastric  m ucosa . On die 
b a s is  o f  th e ir  fine  s tru c tu re , b u t  p a r tic u la rly  because  of th e  d iffe ren t u ! 'r e ­
s t ru c tu re  o f th e  specific  cy to p lasm ic  g ranu les, th e  m a s t cells could be su b ­
d iv id e d  in to  four d iffe ren t p h ases , rep resen tin g  fo u r d iffe ren t sec re to ria l s ta g e r .

Phase I  — mast cell (F ig . 1) has th e  u su a l a sp ec t o f a w ell d iffe ren tia ted  
m a tu re  m a s t cell an d  is an  a p p ro x im a te ly  10 /m i large , e lo n g a ted  or round  
cell, w ith  num erous 400 — 600 Â th ick  and  severa l /tm long m icrovilli on its 
o u te r  surface. The u su a lly  k id n ey -sh ap ed , 5 — 8 /tm large nucleus con ta ins 
la rg e  am o u n ts  of c lum ped  c h ro m a tin  w hich te n d s  to  be m ore co m p ac t a t  th e  
p e r ip h e ry . D istin c t dense nucleo li were occasionally  p resen t. T he cy top lasm  
is e le c tro n  dense an d  has n u m ero u s , irreg u la rly  a rran g ed  50 — 70 Á th ic k  f ila ­
m e n ts . T he endoplasm ic re tic u lu m  was sparse  w ith  a p p ro x im a te ly  equal 
a m o u n ts  of sm ooth  an d  ro u g h  su rfaced  e lem en ts. T he Golgi com plex  is m o d er­
a te ly  p ro m in en t, co n sis tin g  o f f la tte n e d  lam ellae , vesicles an d  occasional 
v acu o le s . M itochondria  are  ro u n d  or s lig h ty  e lo n g a ted  w ith  a le n g h t up  to
0.2 /tm . T hey  are p e rin u c le a r  in  position  or closely  a d ja c e n t to  th e  Golgi 
co m p lex , a lthough  o ccasionally  th e y  are p re se n t all over th e  cy to p lasm . The 
u s u a l v a r ie ty  of lysosom e-like bodies w as ra re ly  seen. Some cells co n ta in  one 
o r tw о dense bodies, p re su m a b ly  lip id  d ro p le ts . G lycogen p a rtic le s  could  no t 
be  id en tif ied , n e ith e r  w ere m icro tu b u les  an d  m a s t cells in  m itosis. T he u ltra -  
s t ru c tu ra l  appearance  o f th e  p h ase  I  — m ast cell is d e te rm in ed  b y  th e  m o rp h o l­
ogy  o f  th e  specific cy to p la sm ic  g ranules, m ore p rec ise ly  b y  th e  u ltra s tru c tu re  
o f th e  g ranu le  co n ten t.

M em brane enclosed g ran u les , irreg u la rly  d is tr ib u te d  in  large num bers 
o v e r th e  en tire  cy to p lasm , av e rag e  0.3 to  0.6 /tm in  size and  ran g e  up  to  1 /tm 
in  g re a te s t  d iam eter. T he en v e lop ing  m em b ran e  is n o t alw ays co n tin u o u s and  
so m etim es  d ifficu lt to  d e lin ea te . The g ranu le  c o n te n t consists p re d o m in a n tly  
o f  co n cen trica lly  a rran g ed  m em b ran e  cy linders ly ing  n e x t to  each  o th e r in 
g ro u p s  in  close p ro x im ity  o f p ara lle l ru n n in g  a t  tim es also co ncen trica lly  
a rra n g e d  m em brane p ro files , or o f incom plete  lam e lla r cy linder sections. All 
o f  th e se  s tru c tu re s  are s to re d  in  an  elec tron -dense  an d  fine g ra n u la r  m a trix .

T h e  phase I  m a s t cell is found  n o t on ly  in  th e  lam in a  p ro p ria  b u t  also 
in  th e  ep ithe lium  o f th e  g as tr ic  m ucosa (F ig . 1). These in te re p ith e lia l phase I 

m a s t cells lie a t  th e  b a se  o f th e  ep ith e liu m  ju s t  above th e  b asa l lam ina  
a n d  s ta n d  in  close in te rc e llu la r  co n tac t w ith  th e  a d jacen t ep ith e lia l cells b y
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Fig. 1. In traep ith e lia l ph ase  I — m as t cell w ith  large  nucleus (n), c y to p la sm ic  filam ents, 
m ito ch o n d ria  (in), finger-like  p ro jec tio n s (fp) and  specific g rann ies (gr). T he m a s t cell is s itu ­
a te d  ju s t  above th e  b asa l lam ina  (Ы) of the  g astric  m ucosa. M agnification  X 30,200. In  the 

in se t, a  specific g ranu le  a t  X 92,000 m ag n ifica tio n

m ean s o f th e ir  n u m ero u s  p ro m in en t cy top lasm ic  p ro jec tio n s or m icrovilli. T hey 
do n o t  alw ays lie in  line w ith  th e  ep ithe lia l cells, b u t  o ften  b en d  over b u d ­
sh ap ed  in to  th e  lam in a  p ro p ria  (b ig . 2). T h e reb y  th e  in te rc e llu la r  co n tac ts  are 
loosened , the  fingerlike  p ro jec tio n s ad jo in ing  each  o th e r in  a n e tw ork -like  w ay 
a re  u n tan g led  and  th e  b asa l lam ina  is push ed  o n to  th e  o u te r  su rface  o f th e  cell
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F ig . 2. E m ig ra tin g  phase I — m a s t  cell b end ing  over b u d -sh a p ed  in to  th e  lam in a  p ropria . 
T h e  basal lam ina (bl) is p e n e tr a te d  b y  single cy to p lasm ic  p ro jec tio n s  (e) X 24,700

w h ic h  is tu rn e d  tow ards th e  lam in a  p ro p ria  and ah ead  o f th e  cy top lasm ic  
p ro je c tio n s  w hich a t these  p o in ts  closely adjoin  th e  cell m em brane . T he h asa l 
la m in a  is in  m any places n o  lo n g er con tinuous b u t  is p e n e tra te d  b y  single 
m ic ro v illo u s  cytoplasm ic p ro cesses  o f th e  m ast cell. O ccasionally  th in  c y to ­
p la sm ic  pro jections of su b m u co sa l fib ro b lasts  in th e  v ic in ity  of th e  ep ithe lium  
a re  m isfo rm ed  by th e  m a s t cells.

P hase  I I  — mast cell (F ig . 3) differs only s lig h tly  in  re sp ec t o f its  sub- 
c e llu la r  s tru c tu re  from  th e  cells described above. A n essen tia l difference 
b e tw e e n  th e  tw o cell form s lies in  th e  d ifferen t in n e r s tru c tu re  o f th e  specific 
g ra n u le s . T he granule c o n te n t  o f th e  phase I I  — m a s t cell consists m ain ly
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F ig. 3. P a r t  o f  a secre to ry  active  phase  I I  — m a s t cell w ith  num erous specific  g ranu les. 
T he c o n te n t o f the  g ranu les consists o f th re a d s  o r fine g ra n u la r  m a trix . M agnification  X 48,600

of th re a d s  t ig h tly  b o u n d  in to  halls or o f a fin e  g ran u la r m a trix  w ith  d iffe ren t 
degrees o f e lec tron  den sity . M ast cells w ith  th is  g ranu le  p o p u la tio n  are  described  
as sec re to ry  ac tive  cell form s. S p o rad ica lly  we also fin d  granules o f th e  phase  
I  — m a s t cell, d isp lay ing  a lam ella r in n e r s tru c tu re  in  th e  cy to p lasm  o f th e  
phase  I f  cells.

P h ase  I  and  I I  cells can be id en tif ied  w ith  th e  lig h t m icroscope in  to lou i- 
d ine b lu e -s ta in ed  sem i-th in  con tro l sections as lilac -g ran u la ted  cells, p ro v id ed  
th a t  th e y  h av e  been  seized and  id e n tif ie d  w ith  th e  electron m icroscope. E lec­
tro n  m icroscopical id en tif ic a tio n  o f ph ase  I I  m a s t cells succeds b o th  in th e  
ep ith e liu m  as well as in th e  lam in a  p ro p ria . T hey  are n o t in fre q u e n tly  fo u n d  
n e a r  sm all b lood vessels, nerv e  fib re s  a n d  sm o o th  m uscle fib res.

In  phase I I I  m ast cells (F ig . 4) th e  po lym orph ism  of th e  g ran u les  is 
so m ew h at m ore  pronounced . H ere  th e  g ran u le  sp ec tru m  ranges from  th e  form s
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F ig . 4. In trae p ith e lia l ph ase  I I I  m as t cell (m e1) le a v in g  th e  ep ithe lium  and p a r t  o f an 
e m ig ra te d  phase I I I  m a s t cell (m e2) s itu a te d  in th e  la m in a  p ropria . M agnification  X 32,300. 

In  th e  in se t, a  g ran u le  o f th e  em ig ratin g  m a s t cell a t  X 54,100 m ag n ifica tion
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Fig. 5. T h ree  em ig rating  in tra e p ith e lia l phase IV -  m ast cells (m e1, m e2, m e3) p acked  w ith 
large  e m p ty  vacuoles; round  g ra n u la te d  endocrine cell (ec), basal lam ina  (hi), sm all blood 
vessel (bv). M agnification  x 9 8 0 0 . In  the  inset, a phase IV  m ast cell w ith  ligh t-co loured  

vacuoles in to lu id ine  b lu e-s ta in ed  sem i-th in  sec tion . M agnification  X 1000
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seen  in  phase I and I I  cells to  la rg e r granules. T hese  now  have a sm all am o u n t 
o f  e lec tron -dense, u su a lly  ex cen trica lly  a rranged  m a te ria l, or a p p ea r as em p ty  
v acu o le s .

In  th e  phase I V  — m ast cell (Fig. 5) th e  cy to p la sm  is a lm ost com plete ly  
f i l le d  w ith  large, em p ty  v acu o les . U nder high m ag n ifica tio n  i t  becom es ev iden t 
t h a t  th e  enveloping m e m b ra n e  is for th e  m ost p a r t  dissolved an d  th a t  th e  
e x is te n c e  of p a rtia l m e m b ra n e  residuals is on ly  s im u la ted  b y  fin e  fib rilla r, 
c irc u la r ly  arranged m a te r ia l . B etw een  these  v a c u o la r  g ranule  s tru c tu re s  th e re  
a re  iso la ted  granules o f th e  p h ase  I I I  m ast cells. W hereas th e  m itoch o n d ria  
e x h ib i t  no fine s tru c tu ra l ch an g es, the  phase IV  cell nucleus show s degener­
a t iv e  changes such as d is t in c t  c lo tting  and occasionally  a considerab le  e x te n ­
sion  o f  th e  space be tw een  th e  tw o  m em branes o f  th e  nu c lea r envelope. This 
cell is recognizable ligh t m icroscopically  in to lu id in e  b lu e-sta ined  sem i-th in  
c o n tro l sections as a cell w ith  a dense, reduced n uc leus an d  m an y  la rg e , em p ty  
v a c u o le s . W hile e lec tron  m icroscop ica lly  th e  cell can  easily  be recognized  as 
a m a s t  cell form w ith  its  rem ain ing  con ten t o f  phase  I I I  g ranu les, it  can 
be  m is ta k e n  for a lig h t-co lo u red  cell in th e  lig h t m icroscope. In  m a n y  m icro­
g ra p h s  in traep ith e lia l m a s t cells o f all four phases  w ere found in  v e ry  close 
p ro x im ity  to  round g ra n u la te d  endocrine cells (F ig . 5).

Discussion

W h a t is the  cause o f  th e  peculiar ab u n d an ce  o f in tra -  (in ter-) ep ithe lia l 
m a s t  cells of the  gastric  m u co sa  in  the p a r tic u la r  case of m icrocarcinoidosis ? 
A n o b v io u s assum ption  w o u ld  be th a t  th e  m a s t cells as cellu lar com ponen ts 
o f  th e  rec ticu loendo thelia l sy s te m  [18], sim ilarly  as th e  lym phocy tes in  in te s ti­
n a l e n te ro p a th y  [16, 17], u n d e r  th e  patho log ica l conditions o f th e  m icro­
ca rc in o id o sis  leave th e  b lo o d  vessels and se ttle  in  th e  ep ithe lium  o f th e  gastric  
m u c o sa  [5]. On th e  basis o f  o u r electron m icroscope p h o to g rap h s, how ever, 
w e a ssu m e  th a t  such a m a s t  cell m igra tion  does n o t  ta k e  p lace, b u t  in s tead  
o f i t ,  a n  em igration  o f m a s t cells occurs ou t of th e  ep ith e liu m  th ro u g h  th e  basal 
la m in a  in to  the  lam ina  p ro p r ia . T he electron m icro g rap h s in  w hich th e  still 
in tra e p ith e lia lly  s itu a te d  m a s t  cells are seen to  a rc h  fo rw ard  w ith  tw o -th ird s  
o f  th e i r  cell surface in to  th e  la m in a  p ropria , p u sh  th e  basa l lam in a  ahead  and 
b re a k  th ro u g h  w ith th e ir  fin g e r-lik e  pro jections an d  bend  th in  cy top lasm ic  
p ro cesses  of the f ib ro b la s ts  in  p ro p o rtio n  to  th e ir  surface, can be in te rp re te d  
as a  s ta tio n a ry  phase o f  th e  dynam ic  em ig ra tio n a l process. This m a s t cell 
e m ig ra tio n , however, p re su p p o ses  th e  a ssum ption  o f a g rea t increase of m ast 
cells in  th e  epithelium . F o r  a h istogenctic  connection  betw een  in tra e p ith e lia l 
m a s t cells and  basophilic leu co cy tes  [25], T ly m p h o cy te s  [14] or m onocy to id  
ce lls , th e re  was no m o rp h o lo g ica l su pport. W hile  th e  lig h t m icroscopical
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id e n tif ic a tio n  of in tra e p ith e lia l m a s t  cells in  to lu id ine  b lu e -s ta in ed  sem i-th in  
con tro l sections often  p resen ts  d ifficu ltie s , a subdivision in to  fo u r m a s t cell 
form s is possible w ith  th e  e lectron  m icroscope, above all on th e  b asis  o f  d iffer­
ences in  th e  fine  s tru c tu re  o f th e  sec re to ry  g ranules. In  ag reem en t w ith  D lE T E - 

RICH [2] and  o ther a u th o rs , our p h ase  I  m a s t cell can be co nsidered  a m a tu re  
s to rag e  fo rm , th e  ph ase  I I  m ast cell as a secreting  form . A p p a re n tly , th e  
release o f horm ones an d  enzym es inv o lv es  a change in th e  in n e r  s tru c tu re  
o f  th e  specific  granrdes; th is  is u n d e rlin ed  b y  th e  freq u en t p resence  o f b o th  
g ran u le  form s in  one and  th e  sam e  m a s t cell. The phase I I I  an d  phase  
IY  m ast cells w ith  th e ir  to lu d in e  b lu e  pa le  and  no t v e ry  e lec tro n -d en se  
or e m p ty  vacuo la r g ranu les are th u s  to  be in te rp re te d  as s ta t io n a ry  p ic tu res  
o f th e  ad v an ced  or a lread y  fin ished  sec re to ry  process. On th is  basis  a c o n tin u ­
ous tra n s itio n  from  th e  p re sec re to ry  s to rag e  phase I  m a s t cell to  th e  
e x h au s ted , e m p ty  phase  IY  — m ast cell should  be assum ed. D e g ra n u la tio n  [2] 
is to  be supposed  as a sec re to ry  m echan ism  n o t th ro u g h  coalescence anti in co r­
p o ra tio n  of th e  lim itin g  m em b ran e  o f  th e  secre to ry  granule in to  th e  p lasm a- 
lem m a in  th e  sense o f exocy tosis, b u t  th ro u g h  m em brane re lease  (d iacrine 
m echan ism  o f granule release) an d /o r in tra c e llu la r  granulo lysis. T h e  process 
o f secre tion  seems to  invo lve  irrev ers ib le  fin e  s tru c tu ra l cell chan g es in  th e  
f in a l s tag es; ch ro m atin  clum ping , c o n c e n tra tio n  and  m arg inal c lo ttin g  as well 
as ex tension  o f th e  perin u c lear c is te rn  o f  th e  nucle i of th e  phase  IV  m a s t cell 
a re  obviously  u ltra s tru c tu ra l signs o f  cell d ea th .

Since release o f th e  co n ten t o f  th e  specific  granules ta k e s  p lace  in  th e  
ep ith e liu m , an  endocrine and /o r p a ra c r in e  effect o f th e  in tra e p ith e lia l  m ast 
cells (increased m ucous secretion , in c rea sed  m em brane release in  endocrine  
p o ly p ep tid e -p ro d u c in g  cells) c an n o t b e  ru led  o u t. The close to p o g ra p h ic a l 
re la tio n sh ip  betw een n e a rly  all m ast cells of th e  lam ina  p ro p ria  an d  th e  m uscle 
cells o f th e  sm all blood vessels and  th e  n e rv e  fib res  m ay  be in te rp re te d  as a ty p e  
o f  neu rohorm onal feedb ack -reg u la tin g  m echan ism  [4]. The fre q u e n t p ro x im ity  
o f m a s t cells and sm ooth  m uscle cells could  p o in t to  a sim ilar in flu en ce  on th e  
la t te r  cells.
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IN T R A E P IT H E L IA L E  M A ST ZE L LE N  IN  D E R  M A G E N SC H L E IM H A U T  
B E I  M IK R O K A R Z IN O ID O S E

L. AUBÖCK

Bei einer 63j. P a t ie n t in  m it  Perniciosa u n d  c h ro n isch e r U m b au g as tr itis  und  H y p e r­
p las ie  de r dissem inierten e n d o k r in e n  Zellen in den D rü sen  d e r M agensch leim haut w ar es zur 
E n tw ic k lu n g  einer d iffusen  M ikrokarzino idose  gekom m en . M astzellen  fanden  sich n ich t n u r 
im  in te rg lan d u lä ren  S tro m a, so n d e rn  auch im E pithel de r a ty p isc h e n  D rüsen der S ch le im h au t­
b a s is . Die elektronén- u n d  lich tm ik ro sk o p isch en  U n te rsu c h u n g e n  e rgaben  e in d eu tig , d aß  die 
in tra e p ith e lia le n  M astzellen in s  b en ach b arte  S tro m a  a u sw a n d e rn . Im  R ahm en der S e k re t­
a b g a b e  än d ert sich k o n tin u ie r lic h  d ie F e in s tru k tu r de r spez ifischen  G ranu la , wobei v ier v e r ­
sch ied en e  Sekretionsbilder au se in a n d erg e h a lten  w erden k ö n n en .

A cta  M orphologica A cadem iae S c ie n t ia r u m  Hungaricae 28, 1980
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ВНУТРИЭПИТЕЛИАЛЬНЫЕ ТУЧНЫЕ КЛЕТКИ В СЛИЗИСТОЙ ОБОЛОЧКЕ 
ЖЕЛУДКА ПРИ МИКРОКАРЦИНОИДОЗЕ

Л .  А У Б Ё К

У 63 летней больной с злокачественной анемией, хроническим гастритом и гипер­
плазией диссеминированных эндокринных клеток в железах слизистой оболочки же­
лудка развился диффузный микрокарциноидоз. Тучные клетки встречались не только в 
интергландулярной строме, но и в эпителии атпичных желез на базе слизистой оболочки. 
В электронно- и светомикроскопических исследованиях недвусмысленно было доказано, 
что внутриэпителиальные тучные клетки эмигрируют в соседнюю строму. В процессе 
секретоотделения непрерывно изменяется тонкая структура специфических зернышек. 
При этом можно различать четыре различных секреторных картин.

D r. L udw ig  A u b ö c k : In s t i tu t  fü r  Patho log ische  A nato m ie  A b t. fü r E lec tro n en - 
m ik roskop ie , U n iv e rs itä t G raz, A u en b ru g g erp la tz  25 , 
A-8036 G raz, Ö sterreich

Acta  M orphologien A cadem iae Sc ien liarum  H ungaricae 28 , 1980
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M arkusovszky  H o sp ita l, S zo m b ath e ly , a n d  F irs t  D e p a rtm e n t of A n a to m y , 
Sem m elw eis U n iv ersity  M edical School, B udapest

POSSIBLE ROLE OF MYOFIBROBLASTS 
IN THE PATHOGENESIS OF DUPUYTREN’S 

CONTRACTURE

X .  S a l a m o n  a n d  J .  H á m o r i  

(R eceived F e b ru a ry  18, 1979)

In  the  c o n tra c tin g  palm ar ap o n eu ro sis  o f p a tie n ts  suffering fro m  D u p u y tre n ’s 
disease m y o fib ro b lasts  are revealed b y  e le c tro n  m icroscopical e x am in a tio n . T hese  cells 
d isp lay  ab n o rm al fo ld ings of the  n u c le u s , m ic ro filam en ts  resem bling th e  m y o fila m e n ts  
in  sm ooth  m uscle cells, rough en d o p lasm ic  re tic u lu m  occupying c ircu m scrib ed  p o rtio n s 
o f th e  cy to p lasm , free ribosom es, w e ll-developed  Golgi a p p a ra tu s , n u m ero u s  m ito ­
ch o n d ria , occasionally  lipid drop lets, c ilia-like  fo rm atio n s , hem idesm osom es a n d  m acu ­
lae adherens (desm osom es) betw een th e  cells a n d  fo rm atio n  of b a sem en t m em b ran e . 
A ccording to  l i te ra ry  d a ta , the m y o fib ro b la s ts  c o n ta in  actin  and  h av e  co n tra c tile  
p ro p erties . T hese  m yofibrob lasts a re  su p p o sed  to  co n trib u te  to th e  d ev e lo p m en t of 
D u p u y tre n ’s c o n tra c tu re . The process is f in a lly  stab ilized  by the  d isa p p ea ran c e  of 
m y ofib rob lasts a n d  by the  sim u ltan eo u s d ev e lo p m en t of com pact co llagenous fibre  
b u n d les  secern a ted  b y  classical f ib ro b la s ts .

In tro d u c tio n

S everal theories have  been offered  concern ing  th e  aetiology an d  p a th o l­
ogy o f  D u p u y tre n ’s co n trac tu re . In  h is com p reh en siv e  w ork, M i l l e s i  [15] m en ­
tio n s  21 aetiologic fac to rs  th a t  m igh t he re le v a n t. A ccording to  K r e b s  [11] 
th e  m o st p robab le  fac to rs  are t r a u m a , d ev e lo p m en ta l d is tu rb a n c e s , d ia ­
b e tes , alcoholism , liv e r  cirrhosis, rh e u m a tism , a r th r itis , and  au to sen sib iliza tio n . 
U p to  now , how ever, th e  d ifferent a sp e c ts  could  n o t be reconciled , n o r was 
th e  rea l cause of th e  disease found. T h e  m a jo r ity  o f earlier h istologic e x a m in a ­
tio n s p o in ts  to  th e  fa c t th a t  areas r ic h  in  cells m ay  be observed in  th e  early  
s tag e  o f  th e  disease, w hile later th e  p ic tu re  is dom in a ted  by  c o m p a c t scar 
tissu e  w ith  fib re  an d  poor in cells [14, 15, 19]. In  M i l l e s i ’s [15] opinion 
d eg en era tio n  of th e  e lastic  fibres a n d  th ic k e n in g  as well as a m yelin ic  t r a n s ­
fo rm a tio n  of th e  collageneous fib res a re  ch a rac te ris tic . In  th e  p a lm a r  ap o ­
neurosis o f  p a tie n ts  affec ted  by D u p u y tre n ’s c o n tra c tu re , D a h m e n  [3] found  
im m a tu re  collagen fib res  contain ing co n n ec tiv e  tissue  in iso lated  a re a s . In  his 
op in ion  th e  n eo fo rm ation  of co n n ec tiv e  tissu e  can n o t be p ro p e rly  p ro v en  
b y  m ere histologic exam ina tions. R ecen tly , how ever, the presence o f  m yo­
f ib ro b la s ts  was o b serv ed  in healing w ou n d s [13], in  g ranu la tion  tissu e  (4, 17, 
1 8 ]  an d  in  h y p e rtro p h ic  scars [1, 2 ] .  G a b b i a n i  and  M a j n o  [5] w ere th e  f irs t 
to  ra ise  th e  possible role of m y o fib ro b lasts  in  th e  fo rm ation  o f D u p u y tre n ’s 
c o n tra c tu re . By m ean s o f  electron m icroscopic  ex am in a tio n , th re e  u ltra s tru c -

A d a  M orphologica Acaderniae Scientiarurn H ungaricae 2d , 19tW
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tu r a l  ch a rac te ris tic s  w ere rev ea led  in th ese  cells, viz. de fo rm ity  o f th e  nuc leu s, 
m ic ro filam en ts  in  th e  cy to p la sm  and th e  fo rm a tio n  of b asem en t m em b ran e  
on th e  cellu lar su rface . O th e r  au th o rs , too , o b se rv ed  m yofib rob lasts  in D u p u y - 
t r e n ’s c o n tra c tu re  n o d u le s  and  assigned a p r im a ry  role to  these  c o n tra c tile  
cells in  th e  d ev e lo p m en t o f  th e  disease [9, 20].

In  th is p a p e r we re p o r t  on ligh t and  e le c tro n  m icroscopical f in d in g s o f 
th e  rem oved  p a lm a r aponeurosis  of p a tie n ts  su ffering  from  D u p u y tre n ’s 
c o n tra c tu re .

M aterials and  m eth o d s

Pieces of p a lm a r ap o n eu ro sis  rem oved  in  th e  course  o f op eratio n  from  d iffe ren t a reas 
o f 6 p a tie n ts  suffering  fro m  D u p u y tre n ’s c o n tra c tu re  in  d iffe re n t stages of th e  d isease, w ere 
f ix e d  in  4%  g lu ta ra ld e h y d e  a n d  2%  osm ium  te tro x id e , th e n  em bedded  in to  D u rc u p an  ACM. 
U l t r a th in  sections w ere s ta in e d  b y  lead  c itra te  a n d  u ra n y l  a ce ta te . O bserva tions were m ad e  
on  a JE M  100 В ty p e  e le c tro n  m icroscope.

O th e r p a rts  o f th e  su b to ta lly  rem oved p a lm a r ap o n eu ro sis , as well as pieces o f p a lm a r  
tis su e  rem oved  in 27 cases w ere fixed  in 10%  fo rm a lin . A fter em bedding  in p a ra f f in -  
ce llo id in  th e  sections w ere s ta in e d  w ith  h a em a to x y lin -e o sin  an d  K ru tsa y ’s trich ro m e  m e th o d , 
fo r l ig h t  m icroscopical e x am in a tio n .

Results

L igh t microscopy

In  th e  early  s tag e , a reas  rich  in cells and  a rra n g e d  in islands are o b se rv ed . 
T h ese  cells and th e ir  n u c le i are m ain ly  oval in fo rm  and  con ta in  loose c h ro m a ­
t in .  T h e  nucleus is o ccasionally  picnotic. B e tw een  th e  rich cell a reas, co lla ­
genous fib re  bundles ru n n in g  in  irregu lar course a re  v isib le  am ong th e  f ib ro b la s ts  
a n d  f ib ro cy tes . In  th e  ad v a n c e d  stage sca r tis su e  sim ilar to  a te n d o n  can  be 
seen , consisting  c o m p a c t collagenous fib re . T h e  fib res  ru n  para lle l course an d  
am o n g  th em  lo n g itu d in a lly  arranged  f ib ro c y te s  are  seen (Figs la ,  b ; 2a, b ).

Electron microscopy

F ib ro b la s ts  f ro m  e a r ly  stages o ccasionally  co n ta c t each o th e r th ro u g h  
th e i r  processes an d  fo rm  an irregu lar, re t ic u la r  o rgan iza tion . T h e ir n u c lea r  
m e m b ra n e  is w avy , th e  endoplasm ic re ticu lu m  is well developed. C ollagenous 
f ib re  bun d les  ru n n in g  in  d ifferen t d irec tions a re  observable , em bedded  in to  
th e  in tra n u c le a r  su b s ta n c e  (F ig . 3). The p o ly m o rp h o u s  nucleus o f loose c h ro ­
m a tin  s tru c tu re  c o n ta in s  re g u la rly  1 nucleo lus, th e  cellu lar m em brane is w av y , 
so m etim es  foldings or im pressions are d isce rn ib le , u sua lly  tra n sv e rsa lly  to  th e  
lo n g itu d in a l axis (F ig . 4). M ost s trik ing  is th e  reg u la r appearance  of m ic ro ­
fila m e n ts  in th e  c y to p la sm  o f th e  p resum ed  m y o fib ro b la s ts  (Figs 5 8). T hese
fine in tra c y to p la sm ic  f i la m e n ts  ru n  para lle l to  th e  lo n g itud ina l axis o f th e  cell. 
In  som e cases th e y  are  seen  n ear th e  su rface  m em b ran e , in o th e r cells th e y

A c ta  M orphologica A cadem iae  S c ien tia ru m  H ungaricae 28, 1980
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Fig. 1. D u p u y tre n ’s c o n tra c tu re . L igh t m ic ro g rap h s of th e  early  stage, a) A reas in f il tra te d  
by  cells w ith  ro u n d  and oval nuclei (arrow s), am o n g  th e m  loose fibres collagenous of w avy  
f ib ro b la s ts  an d  fib rocy tes . H aem ato x y lin  s ta in in g , XlOO. b ) D a rk sta in in g  collagenous fib res 

ru nn ing  a w av y  course. K ru tsa y ’s tr ic h ro m e  sta in ing . XlOO 
Fig. 2. L igh t m icroscopic d e ta ils  from  D u p u y tre n ’s c o n tra c tu re  scar in ad v an ced  stage, 
a) C ollagenous fibres paralle l to  each o ther ru n n in g  in lo n g itu d in a l direction  w ith  fib ro cy tes  
be tw een  th em . H a em a to x y lin -eo s in  stain ing , x  100. b ) C om pact scar tissue co n sis tin g  of 

co llagenous fibres. K ru ts a y ’s s ta in in g . XlOO
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F ig . 3. E lec tro n  m ic ro g rap h  of D u p u y tre n ’s c o n tra c tu re  in  th e  in itia l stage. M y o fib ro b las ts  
a re  a rra n g e d  in  a loose, re tic u la r  p a tte rn . In  th e  in te rce llu la r  substance, co llagenous f ib re  

bu n d les ru n  in various d irec tio n s . X 12,600

o cc u p y  a m ajo r p a r t  o f th e  cy top lasm . In  th e se  la tte r  cases th e  ro u g h  e n d o ­
p la sm ic  re ticu lu m  is located  in a c ircum scribed  a rea  o f the  cy to p lasm . F re q u e n t­
ly , free  ribosom es also occur. M ost cells are  r ic h  in  oval or som ew hat e lo n g a ted  
m ito c h o n d ria  (Figs 4, 5). The Golgi a p p a ra tu s  is usually  w e ll-deve loped  
(F ig . 4a). Som etim es ciliu in-like organelles (F ig . 4a) and lipid d ro p le ts  (F ig . 8) 
o ccu r in  th e  cy to p lasm . M any m y o fib ro b lasts  are  in close co n tac t (F igs 5, 6, 9).
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Fig. 4. E lec tro n  m icrographs o f m yofibrob lasts, a) N : nucleus. A rrow s show in d e n ta tio n s  of 
the  n u c lear m em brane . G: Golgi ap p ara tus. C: c ilium  like o rganella . Short arrow s: d en sitie s  
o f m y o filam en t bundles. F : collagenous fibres in  th e  v ic in ity  o f the  cell. X 19,000. b) N: cell- 

nucleus. Arrow s: large  im pression  of n uclear m em b ran e , p: pinocytosis. X 16,000
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F ig . 5. E lec tro n  m ic ro g rap h  of tw o  m yo fib ro b lasts  c o n ta c tin g  each o th er. M icro filam en ts  are 
conspicuous especially  in  th e  m arg in a l areas of th e  c y to p la sm s , m icrofilam ent den sitie s  (a rro w s), 
n u m e ro u s  m ito ch o n d ria  (m ), N : nucleus, F : co llagenous fib res in the  in te rce llu la r  su b s ta n c e . 

F ine  g ran u la tio n  am ong th e  fib res . X 27,000
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Fig. 6. E lec tro n  m ic ro g rap h  of tw o m y o fib ro b last p rocesses c o n ta c tin g  each o th er by  d esm o ­
som e (arrow ). T he cy to p lasm  is filled  w ith m ic ro filam en ts . F : collagenous fibres in  th e  in te r ­

cellular space. X 48,600

These c o n tac ts  m ay  a p p e a r  as hem idesm osom es, or m acu lae  adheren ts (desm o­
somes) or long, aspecific  surface co n tac ts . On th e  ce llu la r surface, as a c h a ra c ­
te ris tic  fea tu re  o f m y o fib ro b lasts , fo rm a tio n  o f a b asem en t m em brane (F igs 
4a, b) an d  signs o f p inocy tosis m ay be o bserved  (F igs 4b, 9).

In  th e  ad v an ced  stage  (Fig. 10), m a tu re  collageneous fib re  b u n d les  
do m in a te  th e  p ic tu re . T he fib res show  a p a ra lle l a rra n g e m en t m ain ly  in th e  
lo n g itu d in a l p lane o f th e  palm . There a re  few ce llu la r e lem ents left, w h ich  are  
fib rob lasts  or f ib ro cy tes .

Discussion

T he o b se rva tions co rro b o ra te  tho se  d a ta  [5, 9, 20] according to  w hich 
m y o fib ro b lasts  occur in th e  p a lm ar nodu les o f D u p u y tre n ’s c o n trac tu re  an d  
th ese  cells m ost possib ly  p lay  an im p o r ta n t ro le in  tb e  developm ent o f  th e  
disease. W e could observe  th e  con trac tile  cells in  ea rlie r stages of th e  d isease

Acta  M orphologien A ca d em ia e  Scientiaruni Hungaricae 28, 1980
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F ig . 7. C ytoplasm ic d e ta il o f  a m y o fib rob last. N u m ero u s m icrofilam ents; in  som e p laces 
th e y  form  densities (a rro w s). X 48,600

F ig . 8. M icrofilam ents in th e  cy top lasm  of a m y o fib ro b la s t; Id: lipid d ro p le t, m : m ito -
chondrium . X 48,600
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Fig. 9. M yofibrob lasts in d ifferen t stages o f m a tu ra tio n  c o n ta c tin g  each  o ther. Micro- 
filam en ts  in b o th  cells. N: nucleus; E R : rough endoplasm ic re tic u lu m ; in: m itochondrium .

I — collagenous fibrils. X 19,440

A d a  M orphologica A ca d em ia e  Sc ien tia ru m  Hungaricae 28 , 1980



80 A. SALAMON—J. HÁMORI

F ig . 10. E lec tro n  m ic ro g rap h  of D u p u y tre n ’s c o n tra c tu re  scar in adv an ced  stag e . C ollagenous 
fib res  ta k e  a n o rm al, ten d o n -lik e  p a ra lle l course, X 40,500

w h e n  th e y  form  th e  m a jo rity  o f cellu lar e lem en ts in th e  p a lm ar n o d u le s . The 
lo o se ly  or tig h tly  co n n ec ted  m y o fib ro b la s ts  are arranged  in  th e  lo n g itu d in a l 
a x is  o f th e  h an d  an d  o f the  fingers. T h e  collagenous fib re  b u n d les  em bedded  
in to  th e  netw o rk -lik e  m y o fib ro b last sk e le to n , exh ib it an irreg u la r a rran g em en t 
a n d  m ay  form  a n e tw o rk  b y  th em selves. In  th e  basic in te rce llu la r  su b stan ce  
f in e  g ran u la tio n  a n d  f ib re  fragm en ts a re  also visible. Beside th e  presum ed  
m y o fib ro b la s ts , classical fib ro b lasts  a n d  h is tio cy tes  are also seen. In  co n tra s t 
to  ea rlie r s tages, in  th e  m a tu re  D u p u y tre n ’s co n trac tu re  th e  p a lm a r ap o n eu ro ­
sis consists m ain ly  o f m a tu re  collagenous f ib re  bundles and  is s im ila r s t ru c tu r ­
a lly  to  a ten d o n .

M yofib rob lasts w ere found  beside  D u p u y tre n ’s c o n tra c tu re  also  in  heal­
in g  w ounds, g ra n u la tio n  tissue  and h y p e r tro p h ic  scars. S im ilar p re su m ed  con­
tra c t i le  cells w ere observed  in  a rte rio sc le ro tic  processes and  in  th e  scars  of the  
c irrh o tic  liver, i.e . in  processes re la te d  to  som e sort of c o n tra c tio n . M yofibro­
b la s ts , how ever, w ere also found in  n o rm a l tissues, e.g. in  th e  s tro m a  of the  
d u o d e n a l villi [7], w here th e y  are  su p p o sed  to  be involved  in  th e  regu la tion  
o f  fu n c tions.

B y  th e ir  subm icroscop ical c h a ra c te r is tic s , th e  m y o fib ro b la s ts  m ay he 
d iffe re n tia ted  from  th e  classical f ib ro b la s ts  as well as from  th e  fib ro b lasts  
o f  h is tio cy te  n a tu re . T he ex ac t orig in  o f  th e se  con trac tile  cells is n o t know n 
a n d  th e  question  shou ld  be raised  w h e th e r  th ey  o rig inate  from  th e  classical 
fu n c tio n in g  f ib ro b la s ts , or from  m u ltip o te n tia l  stem  cells [6]. A ccord ing  to  
K a t e n k a m p  e t al. [10] i t  is th e o re tic a lly  possible th a t  m esen ch y m al cells 
m ig ra te  from  th e  p e riv ascu la r space a n d , as fixed  p ericy tes, deve lop  a base­
m e n t m em b ran e . F ib ro b la s ts  tra n s fo rm e d  from  pericy tes w ere show n  to  play
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an im p o r ta n t role in  th e  reg en era tio n  o f  te n d o n  [10]. On th e  o th e r  h a n d , due 
to  th e ir  ac tin  co n ten t, th e  filam en ts lo ca ted  in  th e  m y o fib ro b la s ts  h av e  con­
tra c ti le  p roperties [8, 12, 13]. This p ro p e r ty  is ch a ra c te ris tic  o f  a c tiv e  m yo­
fib ro b lasts  on ly  and  c a n n o t be observed  in  cells from  th e  la te  s ta g e  o f  w ound 
healing . In  th e  early  s tag e  o f these  p rocesses th e re  is enhanced  co llagen  sy n ­
thesis  in  w hich b o th  f ib ro b las ts  and  m y o fib ro b las ts  are  in v o lv ed . I t  was, 
how ever, suggested  [5] th a t  th e  m y o fib ro b la s ts  w ould  p ro d u ce  an  em b ry o n a l 
(T ype I I I )  collagenous f ib re  su b stance .

T he m ost obvious fu nc tion  o f m y o fib ro b la s ts  occu rring  in d ifferen t 
p a th a lo g ic  pracesses m u s t be re la te d  to  c o n tra c tio n . I t  ap p ears  t h a t  in  the  
pa thogenesis  o f D u p u y tre n ’s c o n tra c tu re  th e  role o f th is  te m p o ra ry  cell ty p e  
is im p o r ta n t, b u t aspecific. On th e  basis o f  ou r observa tions i t  can  be  suggested  
th a t  due to  th e ir  co n tra c tile  p ro p e rty  th e  m y o fib ro b lasts , p lay  a decisive  role 
in  th e  developm ent o f  c o n tra c tu re . In  la te r  stages th e  m y o fib ro b la s ts  d is­
a p p ea r and  are rep laced  b y  com m on fib ro b la s ts , w hich by  p roducing  
n o rm al (Type I) collagenous fib re  b u n d les  w ill bu ild  up  and  s tab ilize  th e  well 
know n and n o n -co n trac tile  scar tissue.
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D IE  B E D E U T U N G  D E R  M Y O F IB R O B L A S T E N  IN  D E R  P A T H O G E N E S E  
D E R  D U P U Y T R E N -K O N T R A K T U R

A. SALAMON, J . H ÁM ORI

Im  N arbengew ebe, d a s  d e r  A poneurosis p a lm aris  v o n  K ra n k e n  m it D u p u y tre n -K o n ­
t r a k t u r  en tnom m en  w u rd e , s in d  e lek tro n en m ik ro sk o p isch  M yo fib ro b las ten  m it den  fo lgenden  
u ltra s tru k tu re l le n  K en n ze ich en  nachw eisbar: D e fo rm itä te n  u n d  F ä lte lu n g  der Z ellkerne, 
M ik ro filam en te  im Z y to p la sm a , “ ro u g h  endoplasm ic re tic u lu m ” , das e inen  u m sch rieb en en  
T e il des P lasm as e in n im m t, fre ie  R ibosom en, ein g u t au sg e b ild e te r  G olgi-A p p a ra t, zah lre iche  
M ito ch o n d rien , stellenw eise F e tt-T rö p fch e n , zilienförm ige G ebilde, Z ellverk lebung  m itte ls  
H em idesm osom en , M aculae a d h ä re n s  (D esm osom en), A u sb ild u n g  e iner B asa lm em b ran . D ie 
M y o fib ro b las ten  w erden in  d en  F rü h s ta d ie n  der K ra n k h e it  b e o b a c h te t u n d  e n th a lte n  au fg ru n d  
v o n  L ite ra tu ran g a b en  A k tin . D iese  k o n trak tile n  Z ellen s in d  v e rm u tlic h  an  der P a th o g en ese  
d e r  D u p u y tre n -K o n tra k tu r  m aß g e b lic h  beteilig t, w obei d ie v o n  den trad itio n e lle n  F ib ro b la s te n  
se z e rn ie r te n  K o llagenfaserbündel d en  Prozeß stab ilisieren .

РОЛЬ МИОФИБРОБЛАСТОВ В ПАТОГЕНЕЗЕ КОНТРАКТУРЫ ДЮПЮЙТРЕНА
А. ШАЛАМОН и Й. ХАМОРИ

В рубцовой ткани, удаленной из сухожильного растяжения больных, страдающих 
контрактурой Дюпюйтрена, а электронном микроскопе выявляемы миофибробласты со 
следующими ультраструктурными характеристиками: деформации, вмятины клеточных 
ядер, микрофиламенты в цитоплазме, грубая эндоплазматическая сетчатка, занимающая 
ограниченную часть плазмы, свободные рибосомы, местами жировые капельки, ресничные 
образования, слипание клеток посредством гемидесмосом и десмосом, развитие базальной 
мембраны. Миофибродласты наблюдаются в ранних стадиях заболевания и на основе ли­
тературных данных они содержат актин. Эти сократимые клетки предположительно игра­
ют важную роль в развитии контрактуры Дюпюйтрена, а выделаемые традиционными 
фибробластами коллагенные волокна стабилизируюр патологический процесс.

D r. A n ta l Salamon: V as M egye T anácsa M ark u so v szk y  K órház , 
H -9701 , S zom bathely , H u n g a ry  

D r .  Jó z se f  H ámori: S em m elw eis O rv o stu d o m án y i E g y e tem
I. sz. A n a tó m ia i In té z e t, T ű zo ltó  u . 58. 
H -1450  B u dapest, H u n g a ry
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INFLUENCE OF THE PINEAL BODY 
ON EXPERIMENTAL TSH DOMINANCE IN RAT

A. Z a l a t n a i ,*  S u s a n n a  U. N a g y  and  G. C s a b a  

(R eceived M arch 29, 1979)

Iodide u p tak e  of th e  th y ro id  follow ing th e  jo in t a d m in is tra tio n  o f 1 -m ethy l- 
2-m ercap to-im idazo le  (M M I) and  T S H  was stu d ied  by a u to ra d io g ra p h y  a t  various 
p o in ts  of tim e th ro u g h o u t 125 d ay s in p inealectom ized  an d  sh am -o p era ted  r a ts .  In  th e  
p inealectom ized  group  iodide u p ta k e  decreased . T he enhanced  T S H  e ffec t also de­
creased  by  the  end of th e  e x p e rim e n t, suggesting  th e  existence of a m ech an ism  a n ta g ­
onizing the  T SH  effect. I t  is assum ed  th a t  p ro longed T SH  dom inance  s tim u la te s  the  
pineal w hich, in tu rn ,  in h ib its  iodide u p tak e  by  th e  th y ro id . T his m ech an ism  w ould 
th u s  p rev en t the  T S H  d o m in a n t s ta te  to  influence th e  th y ro id . As th is  p re v en tio n  
occurred  also in p inea lec tom ized  an im als it is p o stu la ted  th a t  some o th e r  as y e t  u n k n o w n  
s tru c tu re s  ex ert a sim ilar effect. I t  is suggested  th a t  the  pineal b o d y  a c ts  u p o n  the  
fo llicu lar cells of th e  th y ro id , e x e rtin g  th u s  a p e rip h eral in h ib ito ry  e ffec t on  iodide- 
u p tak e .

Introduction

T he role of th e  p in ea l b o d y  in th e  reg u la tion  o f th y ro id  fu n c tio n  has 
re c e n tly  been d em o n stra ted  in  ro d e n ts  [1, 6, 7, 11, 21 ] a lth o u g h  n o t  u n e q u iv ­
ocally  [18, 19]. T he effect is o f in h ib ito ry  n a tu re , ex e rted  m o st p ro b a b ly  
th ro u g h  m ela ton in  [1, 6, 21]. T he efferen t p a r t  o f th e  con tro l sy s te m  seem s 
to  be a com plex one as th e  effect o f o th e r substances of th e  p in ea l (5-H T , 
5 -H IA A ), and of th e  m ed ia to r  am ines (dopam ine, 5-H T, h is ta m in e ) o f  th e  
th y ro id  C and  m ast cells m u st also be reckoned  w ith . In te ra c tio n  o f  these  
su b stan ces  m ay m odify in d iv id u a l effects [1]. The ac tua l s ta te  o f  th y ro id  
fu n c tio n  is th u s d e te rm in ed  b y  a n u m b er of facto rs.

T h e  o th e r p re req u is ite  of co n tro l, th e  a ffe ren t p a r t , is r a th e r  obscure . 
O u r ex p erim en ts  were u n d e rta k e n  to  in v estig a te  th e  in h ib ito ry  e ffec t o f th e  
p ineal b o d y  on th y ro id  iod ide u p ta k e  in experim en ta lly  TSH  d o m in a n t ra ts

M ateria ls and  m ethods

W is ta r  CB ra ts  of b o th  sexes an d  of 260 g m ean body  w eight were used . T w elve  an im als  
were p inealectom ized  3 weeks before th e  ex p erim en t. T he sham -o p era ted  an d  u n tr e a te d  con tro l 
g ro u p s co n ta in ed  11 and 5 an im als , re spec tive ly . T he sham -o p era ted  and  p in ea lec to m ized  
an im als  received th ro u g h o u t 125 days 20 m g /an im al/d ay  I-rn e th y l-2 -m ercap to -im id azo le  
(M e to th y rin , R ich te r; MM I) dissolved in d rin k in g  w a ter. P ro p er in ta k e  w as m a in ta in e d  
b y  d e te rm in in g  the  daily  a m o u n t of w a te r d ru n k  by  each anim al.

* P resen t address: Sem m elw eis H o sp ita l, H-1085 B udapest.
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F rom  th e  41st d a y  o f t r e a tm e n t,  the above tw o  g ro u p s received  daily  10 m U  T S H  
(A m b in o n , O rganon) in tra p e r i to n e a lly  to  ensure T S H  d o m in an ce . A nim als w ere sacrificed 
o n  d a y s  41, 89 and 125 (fo r th e  schedule  of t r e a tm e n t, see F ig . 1). P rio r  to  k illing  w ith  chloro­
fo rm , th e  anim als were in je c te d  in trap erito n ea lly  w ith  125I  (specific  a c tiv ity , 10 / iCi/100 g). 
T h e  th y ro id  glands w ere re m o v e d , weighed and e m b ed d ed  in  p a ra ffin . Six fi sections were cu t, 
c o v e re d  w ith  Ilford  K 5 n u c le a r  em ulsion using th e  d ip p in g  tech n iq u e . P re p a ra tio n s  were 
d e v e lo p ed  in  R 0 9  O R W O  a n d  a f te r  21-day exposure  f ix e d  fo r 5 m in  in  an  acid  fix er, and  
c o u n te rs ta in e d  w ith  h a e m a to x y lin -e o s in .

P rep ara tio n s w ere e v a lu a te d  under 600-fold m ag n if ica tio n  using  an  o cu la r square. 
G ra in  num bers over collo id  a n d  fo llicu lar cells were c o u n te d . A verage g ra in  n u m b er pe r u n it 
a re a  w as determ ined , re su lts  w ere  ev aluated  using  S tu d e n t’s t te s t .

Results

1. A n im a l weight durin g  treatm ent (Fig. 1)

Before T SH  t r e a tm e n t ,  m ean w eight d id  n o t decreased  su b s ta n tia lly . 
S o o n  a fte r th e  b eg in n in g  o f  tre a tm e n t, th e  w e ig h t an d  m o tility  o f anim als 
d ec reased  su b s ta n tia lly  to  a n  ex ten t th a t  we w ere  a fra id  o f s tro n g er an im als 
k illin g  the  w eaker ones. T herefo re  T SH  tr e a tm e n t  was con tin u ed  h u t  MMI 
a d m in is tra tio n  was te m p o ra r i ly  replaced b y  p u re  w a te r . In  a few days th e  
a n im a ls  reached th e ir  w e ig h t m easured a t  th e  la s t  MMI dose, and  a fu r th e r  
g ra d u a l decrease c o n tin u e d . B y  th e  end o f th e  t r e a tm e n t  (day  125), th e  sham - 
o p e ra te d  and p in ea lec to m ized  anim als show ed  a 12 .4%  an d  9 %  w eight 
d ec rea se , respective ly . T h e  w eigh t curves o f  th e  tw o  g roups w ere sim ilar.

D uring  t r e a tm e n t, th e  anim als in b o th  g ro u p s lo st th e ir  m o tility , becam e 
d y sb a s ic , the ir fu r w as d re n c h e d  and th e y  w ere in d iffe ren t to  ex te rn a l stim uli. 
T h e  p inealectom ized  a n im a ls  were in a slig h tly  b e t te r  cond ition  th a n  th e  sham - 
o p e ra te d  ones.

-----MMI-treated group
---- pinealectomized group

Treatment schedule: MMI p.os

9
80

<n 60
-C  
a i

|  iO 

g 20

200 - I J I _
10 20. 30. 40 50 60 7̂0. 80 90 100. 110. 120. days

F ig . 1. M ean w eight o f a n im a ls  du rin g  tre a tm e n t. S ch ed u le  o f t re a tm e n t. T im e  of sacrifice
ind icated  b y  a rro w s
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2. T hyro id  weight during  treatment (T able  I)

In  th e  contro l g roup , th y ro id  w eigh t o f th e  an im als killed on day s 89 an d  
125 w as 16 mg. In  th e  o th e r tw o g roups, a 3.8 — 6.9-fold increase was o b se rv e d . 
In  th e se  groups th e  th y ro id  was consp icuously  vascu larized . As m easu red  on 
d ay  89, th e  w eight increase o f th e  th y ro id  o f  sh am -o p era ted  an im als su rp a sse d

T able  I

Thyroid weight (m g ) during treatment 

2nd sacrifice, day  89

U ntreated control
Sham -operated Pinealectomized

G rowth (x) Growth (x)

x = 1 6 .0 5 x  =  1 1 1 .6 6.9 x = 9 4 .3 6  5.9

3rd sacrifice, day  125

U ntreated control
Sham -operated Pinealectomized

Growth (x) Growth (x)

x =  16.0 x = 6 0 .5 3 3.8 x = 7 6 .6 5 4.7

t h a t  o f  th e  p inea lec tom ized  an im als (6.9-fold vs. 5.9-fold) b u t  th e  in crease  w as 
in b o th  cases g rea te r  th a n  on d a y  125 (3.8-fold an d  4.7-fold). In  th e  sh am - 
o p e ra te d  group w here th e  in c re a se  w as sm aller, m ean  w eight w as h igher. 
As a re su lt of t r e a tm e n t ,  th y ro id  w e ig h t show ed a sharp  in itia l in crease  fo l­
low ed b y  a decrease, th e  degree o f  w hich  w as low er in th e  p in ea lec to m ized  
g roup .

3. Total gra in  num ber over the thyroid  (T able  II)

I t  was included th e  am o u n t o f  g ra in s , co u n ted  over fo llicu lar cells an d  
co llo id , sep a ra te ly . A verage grain  n u m b e r  p e r u n it was d e te rm in ed  (8 — 
41 X 100 squares). C onsidering th e  inhom ogeneous groups, s ta n d a rd  d e v ia tio n  
was n o t counted .

Table* II

Total grain number over the thyroid

Day 41 Day 89 I)uy 125

U n trea ted  control 666.4 695.5 722.8
P > 0 .5

Sham -ope ra ted 426.3 356.3 
P >  0.2

276.1
P < 0 .0 1

Pinealectom ized 331.5 479.6
P < 0 .0 2

345.4
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No sig n ifican t changes occurred  in  th e  iod ide u p ta k e  o f th e  con tro l 
g ro u p . In  th e  sh a m -o p e ra te d  group th e  to ta l  g ra in  n u m b er decreased g rad u a lly , 
b u t  s ig n ifican tly  o n ly  on  day  125. A t th is  tim e  th e  degree of decrease w as 
3 5 .3 %  as com pared  to  th e  f irs t k illing. I n  th e  p inealectom ized  g roup  th e  
iod ide  u p ta k e  in c reased  s ign ifican tly  on d a y  89, la te r  on decreased on d ay  125, 
ap p ro x im a te d  th e  v a lu e  o f  the  firs t killing .

C om paring th e  g ro u p s, iodide u p ta k e  o f  th e  p inealectom ized  group was 
seen over the  sh a m -o p e ra te d  one, ex cep ting  th e  f irs t killing. T hus th e  degree 
o f  decrease of iod ide  u p ta k e  of groups h a v in g  th e  p ineal body , w as m ore.

4. Grain number over fo llicu la r  cells and colloid  (T able  I I I )

In  th e  u n tre a te d  con tro ls  a sligh t in c rea se  o f  iodide u p ta k e  w as seen 
o v e r the  follicular cells on d ay  125, h u t  n e ith e r  th is  increase nor th a t  observed  
o v e r th e  colloid p ro v ed  to  he sign ifican t s ta tis tic a lly . G rain n u m b e r w as 
1.44 1.82-tim es h ig h e r  o v er the  colloid th a n  over fo llicular cells. As a re su lt 
o f  t re a tm e n t, iod ide u p ta k e  of follicular cells increased  in both  ab so lu te  and  
re la tiv e  term s, so t h a t  th e ir  ra tio  (colloid/cell) te n d e d  to  decrease.

Table I I I

Grain num ber/100 square units over colloid (C ) and follicular cells (c)

day  41

U ntreated control Sham -operated Pinealectomized

c 860 +  ly7.8 395 +  167.6 321 ±  77.9

c 473.5 ±  121.5 452 ±  53 342 ±  57.6

C/c 1.82 0.87 0.УЗ

day 89

C 869.9 +  277 352.5 +  138.5 402.8 ±  67

c 520.9 +  147.4 378.9 ±  179.2 534.5 ±  159.9

C/c 1.67 0.93 0.75

day  125

C 836.8 +  154.4 237.6 62.2 225.1 ±  82.9

c 580.5 +  85.4 310.8 77.5 454.8 ±  121.4

C/c 1.44 0.76 0.49
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I n  the  sh am -o p e ra ted  group, t r e a t m e n t  b ro u g h t  abou t a g radua l  decrease  
o f  iodide up take  b o th  in to  the  follicular cells and  in to  the  colloid. Fo ll icu la r  
cells con ta ined  consis ten tly  more grains.

T h e  degree of  decrease was com pared  be tw een  cells and colloid (Table  IV). 
T h e  to ta l  grain n u m b e r  in the p inea lec tom ized  group was n on -s ign if ican tly  
lower, th a n  in sh am -o p e ra ted  ones (666.4 versus  331.5 P  > 0 . 1 ) .  Iod ide  u p ta k e  
inc reased  from th is  va lue  till the  8 9 th  d a y  th en  it  decreased till d a y  125. 
T h e  ten d en cy  of changes  was similar in  th e  follicular cells and  the  colloid b u t  
th e i r  am pli tude  was different (Table IV , F ig  2). The increase was m ore  p ro ­
nounced  in the cells and  even on d a y  125 it  exceeded th e  d ay  41 v a lu e  which 
w as ta k e n  as 100% . On the co n tra ry ,  colloidal iodide u p tak e  showed a s teep  
fall an d ,  with a d v an c in g  trea tm en t ,  th e  colloid/cell ra t io  diminished g ra d u a l ly .

Table  IV

G rain number changes over colloid and follicular cells 

Sham -operated group  (MMI only)

Follicular cells Day 41 Day 89 D ay 125

M ean g ra in  count change 452 378.9 310.8

p e r cen t — 16.2 17.6

resp.

Colloid 31.3

M ean g ra in  count change 395 352.5 237.6

per cen t 32.4

10.7 resp.

— 40

Follicular cells Pinealectomized group

M ean g ra in  count change 342 543.5 454.8

per cent +  59 16.2

resp.

Colloid +  33

Mean g ra in  count change 321 402.8 225.1

per cen t +  25.5 43.9

resp .

— 30
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F ig . 2. Iodide u p ta k e  d u rin g  tre a tm e n t, in p e r cen ts  o f  th e  value  a t the  f irs t  sacrifice

Fig. 3. T o ta l grain  n u m b ers  in  th e  experim en ta l g ro u p s: I_I co n tro l: —I sh am -o p era ted ; Ш\
p in ea lec tom ized . P , =  sign ificance  vs. th e  co n tro l; P 2 =  significance vs. th e  sh a m -o p era te d

group
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On d ay  89, iod ide  up take  b y  th e  fo llicular cells was 59%  h ig h er  t h a n  
on d a y  41, and  colloidal up take  also increased  a l though  som ew hat less. B y  
day  125, to ta l  grain  n u m b e r  nea r ly  reach ed  th e  initial value as a r e s u l t  o f  
opposite  t ren d s  in follicular cells a n d  colloid. T h e  decrease over th e  colloid 
on d a y  125 was a lm o s t  identical in th e  p inea lec tom ized  and the s h a m -o p e ra te d  
anim als.

Discussion

T he  f i rs t  experim en ta l  period la s te d  till d a y  41. In  this period th e  p in e a l ­
ectom ized and sh am -o p e ra ted  groups received MMI only.

MMI is c u r re n t ly  known no t  to  affect iodide u p ta k e  of follicular cells b u t  
to  in h ib i t  the  organic  b ind ing  o f  iod ide  and  to  block the inh ib i to ry  effect 
of iodide on th e  T S H  m edia ted  cA M P  response  [17]. A consequence o f  th is  
is c en tra l ly  a h y p o th y ro id  s ta te  a n d  pe r ip h e ra l ly  an  increased T S H  response  
and  en la rgem en t o f  t h e  gland.

In  b o th  groups th e  enhanced T S H  effect was evident from th e  th y r o id  
w eigh t  and  histo logy (Figs 4 a —h). I t  ap p ea rs ,  on th e  o ther hand, t h a t  d u r in g  
t r e a tm e n t  th is  effect is diminished in  b o th  groups in spite o f  u n c h a n g e d  
d rug  ad m in is t ra t io n .  This argues for th e  ex is tence  of  an  an ti-TSH  m e c h a n ism  
elicited by  T S H  t re a tm e n t .

a)  In  th e  sham -opera ted  group iodide u p ta k e  decreased non -s ign if ican tly  
(Fig. 3). In  th e  fo llicular cells it  w as a lm os t  unchanged  as com pared  to  th e  
control.  E n t r y  in to  th e  colloid was s ig n if ican tly  blocked (P 0.01). D ue  to  
su p p re ssed  th y ro id  horm one p ro duc tion ,  th e  h is to logy  was typical o f  th e  T S H  
effect (Fig. 4b).

b)  In  the  pinealectom ized g roup , iodide u p ta k e  decreased s ig n if ican t ly  
while th e  decrease was non-sign if ican t as co m p ared  with the  s h a m -o p e ra te d  
g roup  (Fig. 3). F o r  th e  to ta l  decrease, th e  m a rk e d  reduction  of colloidal gra in  
n u m b e r  is held responsible (P <  0.01). In  th e  sham -opera ted  g ro u p  th e  
decrease was non-significant (P >  0.3).

H isto logy  showed an even m ore  p ro n o u n ced  T S H  effect t h a n  in th e  
p rev ious group (Fig. 4c).

E ar l ie r  s tud ies  have shown t h a t  p in ea lec tom y  increases iod ide  u p ­
tak e  of  th e  th y ro id  [6, 7, 21]. This m a y  be ach ieved  th rough  e i the r  a hypo- 
th a lam o -h y p o p h y sea l  (central) a c t ion  or a d irec t  peripheral co u n te ra c t io n  of 
th e  T S H  effect in follicular cells. T h e  ex is tence  o f  b o th  m echanism s is s u p ­
p o r te d  exp e r im en ta l ly ,  b u t  the  e x a c t  m ode o f  ac tion  is still u n know n  [1, 3, 7, 
11, 16, 20, 2 2 ,2 3 ] .  In  our p inealectom ized g roup  th e  increased iod ide  u p ta k e  
was inh ib ited  b y  MMI th a t  has a d irec t  effect on th e  thyro id , and  th e  e n h a n c e d  
T S H  effect did n o t  increase iodide u p ta k e  o f  th e  follicular cells h u t ,  on th e
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F ig . 4. A u to rad io g ram s o f th e  th y ro id . H E  co u n te r-s ta in in g , a =  U n tre a te d  
co n tro l ( x l 6 ) ;  b =  sh a in -o p era ted  group, 41 d ay s  ( x l 6 ) ;  c =  p inealectom ized

group, 41 days ( x l 6 ) ;
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d  p inealectom ized  g ro u p , 41 days ( x 4 0 ) ;  e =  sh am -o p era ted  group, 89 d a y s  
( x 4 0 ) :  /  p inea lec tom ized  group, 89 d a y s  ( X 4 0 ) ;  g sh am -opera ted  g ro u p , 

125 days ( X 40); h p inea lec tom ized  g ro u p , 125 days ( x  i6)
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F ig . 5. R e la tio n sh ip  be tw een  endocrine  organs. A H  =  ad en o h y p o p h y sis ; T h y r =  th y ro id  fo l­
lic le ; C P  =  p in ea l b o d y ; cap  =  cap illa ry ; 1 =  s ite  o f M M I action ; 2 =  su p p o sed  s ite  o f

action  of th e  p inea l

c o n t r a r y ,  it  decreased i t  (Table  I I I ) .  These p h e n o m e n a  are ind ica tive  o f  a d irec t  
i n h ib i to r y  effect of th e  p inea l  gland.

T h e  increased iodide u p ta k e  was decreased  b y  MMI to such  an  e x te n t  
t h a t  d u e  to  th e  sign if ican t red u c t io n  of colloidal u p ta k e ,  the  to ta l  g ra in  n u m b e r  
was also reduced . The red u ced  horm one p ro d u c t io n  fu r the r  s t im u la te d  T S H  
re lease .

F ro m  th e  t im e  of e x te rn a l  T S H  a d m in is t r a t io n ,  th e  decrease in  iod ide  
u p t a k e  becom es s t rong ly  s ign if ican t  in th e  sh am -o p e ra ted  animals (Fig. 3). 
B o th  colloid and  follicular cells showed a re d u c e d  iodide u p tak e  b u t  th is  w as 
m o re  p ro n o u n ced  in th e  cells, resu lting  in  a red u ced  grain n u m b e r  over  th e  
colloid. This  m eans th a t  in sp ite  of T S H , iod ide  u p ta k e  did no t increase .  Tt is 
th e re fo re  assum ed t h a t  th e  inh ib i to ry  effect o f  th e  pineal g land is e x e r te d  
a t  t h e  s ite  o f  iodide u p ta k e .  This is su p p o r te d  b y  th e  fact t h a t  a f te r  p ineal-  
e c to m y ,  w hen  iodide u p ta k e  b y  the  follicular cells is m arkedly  increased , M M I 
is in su f f ic ie n t  to  an tagon ize  th is  process, lead ing  to  an increase of g ra in  n u m b e r  
o v e r  t h e  colloid (Table I I I ) .

O n  d a y  125, iodide u p ta k e  decreased s ign if ican t ly  in the  s h a m -o p e ra te d  
a n im a ls ,  due  p r im ar i ly  to  th e  decreased colloidal t ra n sp o r t ,  b u t  th e  decrease  
w as s u b s ta n t i a l  also in th e  cellular iodide u p ta k e .  In  spite of T S H , ce llu la r  
u p t a k e  decreased  fu r th e r .  Th is  an ti-T S H  effect was indica ted  also b y  th e  
th y r o id  w eights  (Table I). T h e  considerab ly  re d u c e d  iodide u p ta k e  on d a y  89 
r e p re s e n te d  a reduced  T 3, T 4 p rodu c t io n ,  w hich  is a s trong  stim ulus o f  f u r th e r
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T S H  release. P rov ided  t h a t  th e  pineal has  a n  in h ib i to ry  effect on th e  iod ide  
u p ta k e  o f  follicular cells, th e  con tinuously  e lev a t in g  T SH  level is th o u g h t  
to  s t im u la te  th e  p ineal. T h e  decrease of  th e  b lo o d  horm one level, in  a d d i t io n  
to  induc ing  a T S H  response , m ay after som e t im e  s t im u la te  m ela ton in  re lease  
which in  t u r n  would m o d e ra te  the excessive T S H  effect by  inh ib it ing  iod ide  
u p tak e .  Ca d y  et al. [4, 5] have  shown t h a t  t h e  p ineal m ay take  u p  th y r o id  
horm ones  an d  th is  process is enhanced b y  m e la to n in .

O ur experim en ts  suggest th a t  th e  p in ea l  b o d y  antagonizes th e  T S H  
effect a t  th e  level o f  follicular cells. This em p h as ize s  th e  possibility o f  a new  
feedback  m echanism s op era t in g  under c e r ta in  c ircum stances  involving a reg ­
u la to ry  effect o f  th e  p ineal gland.

As iodide u p ta k e  o f  th e  follicular cells w as  inh ib ited  after p in ea lec to m y , 
it  is supposed  th a t  o th e r  s tructu res  are  ab le  to  su b s t i tu te  pineal in h ib i t io n .  
T heir  ex a c t  site is n o t  know n.
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P IN E A L E  W IR K U N G E N  B E I E X P E R IM E N T E L L E N  T S H -Ü B E R G E W IC H T
B E I R A T T E N

A. ZALATNAI, ZS. U. NAGY u d  G. CSABA

D ie A ufnahm e von  J o d  d u rc h  die Sch ilddrüse  v o n  p inea lek to m ierten  u n d  sc h e in o p e rie r­
t e n  R a t te n  w urde bei g le ichze itiger V erab re ich u n g  v o n  l-M e th y l-2 -m ercap to -im id azo l u n d  
T S H  a u to ra d io g ra p h isc h  re g is tr ie r t .  Die gesteigerte  T S H -W irk u n g  nahm  am  E n d e  d e r  E x p e r i­
m e n te  a b , w as an  das V o rh an d en se in  eines dem  T S H -E ffe k t  en tgegenw irkenden  M ech an ism u s 
d e n k e n  lä ß t .  Die A u to ren  v e rm u te n , daß  das a n h a lte n d e  T SH -Ü berangebo t e in en  R eiz  fü r  
d a s  C o rp u s pineale b e d e u te t,  d e r  eine H em m ung d e r A u fn a h m e  von Jo d  du rch  d ie S c h ild d rü se  
b e w irk t  u n d  so die W irk u n g  des exzessiven T S H -Ü b erg e w ich ts  auf die Sch ildd rüse  a b w e h r t.  
D a  d ie A bnahm e der T S H -W irk u n g  auch  bei p in e a le k to m ie r te n  T ieren b e c b a c h te t  w ird , is t 
a n z u n e h m e n , daß  der die S ch ild d rü se  hem m ende E f fe k t  des Corpus pineale a u ch  v o n  a n d e re n , 
e in s tw e ile n  noch n ich t b e k a n n te n  S tru k tu ren  ü b e rn o m m e n  w erden kann .

A u fg ru n d  der B efunde  h a t  es den A nschein , d a ß  das Corpus pineale seine d ie Jo d a u f-  
n a h m e  h em m ende W irk u n g  a n  den fo lliku lären  Z ellen  d e r  Schilddrüse m it p e r ip h e re m  A n ­
g r if f sp u n k t e n tfa lte t.

ПИНЕАЛЬНЫЕ ДЕЙСТВИЯ ПРИ ЭКСПЕРИМЕНТАЛЬНО ВЫЗВАННОМ 
ПЕРЕВЕСЕ TSH У  КРЫСЫ

А. ЗАЛАТНАИ, Ж УЖАННА У. Н А Д Ь  и Д. ЧАБА

У  крыс удаленной шишковидной железой и у животных с ложной операцией автор 
регистрировали авторадиографическим методом поглощение йода щитовидным телом в ходе 
совместной дачи 1-метиль-2-меркаптоимидазола и TSH. К концу экспериментов повы­
шенное действие TSH понижалось и это выдвигает возможность, что существует меха­
низм, действующий против эффекта TSH. Авторы полагают, что длительный перевес TSH 
означает раздражение дли щищковидного тела, задерживающее поглощение иода щи­
товидной железой и предотвращающее таким образом действие крайнего перевеса TSH. 
Ввиду того, что уменьшение действия TSH наблюдается также у животных с удаленным 
шишковидным телом, можно полагать, что задерживающее действие последнего, оказанное 
на щитовидную железу, могут вызывать и другие, еще неизвестные структуры. На основе 
экспериментальных данных авторов кажется, что шишковидное тело оказывает свое задер­
живающее действие на поглощение йода щитовидной железной на фолликулярных 
клетках последней с периферической точкой приложения действия.

D r.  A t t i la  Zalatnai: P e s t  Megyei T an ács  Semmelweis K órháza ,
G yulai Pál u. 2. H -1085  B udapest,  H u n g a ry  

D r.  Z su zsan n a  U. N agy  1 Semmelweis O rv o s tu d o m á n y i  E gye tem . Biológiai 
D r .  G y ö rg y  Csaba  J In té z e t ,  N a g y v á ra d  t é r  4., H-1445 B u d ap es t ,  H u n g a r y
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We have th e  h o n o u r  to  publish  most o f  th e  p ap e rs  p resented  a t  th e  6 th  
Conference of th e  E u ro p e a n  T era to logy  Socie ty ,  held a t  Szentendre, 4 7 
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FO R M S A N D  CAUSES O F  H U M A N  M A LFO R M A TIO N S 

L e n z , W i d u k i n d

VESA LI US WEG 1 2 - 1 4  IN STITUT FÜR H UM A N G EN ET IK  M ÜNSTER 44. MÜNSTER, GERMANY

T here  is a g rea t v a r ie ty  of forms a n d  causes o f h u m an  m alform ations, b u t  no sim ple 
re la tio n  betw een  cause and  form . The sam e fa c to r  m ay  p roduce  d ifferent m a lfo rm atio n s  in 
va rio u s in d iv id u a ls  or no t produce any m alfo rm atio n  a t  all, while in addition  v a rio u s fac to rs  
m ay  p ro d u ce  th e  sam e an o m aly . We can easily  u n d e rs ta n d  how  th e  effect of an  ex ogenous 
te ra to g e n  depends on th e  e x ac t tim e ( f  its  a p p lic a tio n  in re la tio n  to the  d ev elopm en t o f th e  
em bryo . T hus in  th a lid o m id e  em b ry o p a th y  th e  follow ing sequence is observed (T ab le  I).

T ab le  I

Thalidom ide intake

Postm enstrual days Type of malform ation

35— 37 No ears

39— 41 No arm s

41—43 No u teru s

4 5 - 4 7 No tib ia

4 7 - 4 9 T rip h a lan g ea l thum bs

The sam e line of reasoning  also helps to ex p la in  w hy th a lid o m id e  did no t in v ariab ly  p ro d u ce  
m alfo rm ations . The c ritica l period for th a lid o m id e  m alfo rm atio n s appears to  e x te n d  from  
the  3 5 th  to  th e  48 th  p o stm en s tru a l day if  co n cep tio n  occu rred  a t  the  14th p o s tm e n s tru a l 
day , and  to a few days th e re a f te r  if  conception  to o k  p lace  la te r. F ive suffic ien tly  w ell d o cu ­
m en ted  cases are  on reco rd , in  which the m o th e r  a p p a re n tly  took  thalidom ide d u rin g  th e  
critica l period  w ith o u t a n y  dam age to  the  ch ild .

In  th e  case described by Peinbrey e t al. (1970), th e  e x p e c ta n t m other h ad  b een  p re ­
scribed th a lid o m id e  on th e  4 5 th  day after he r la s t  m e n s tru a l period . Assum ing t h a t  she  to o k  
th e  ta b le ts  on th e  sam e or th e  following d ay , th is  was c learly  w ith in  the  critical p e riod . K a jii 
e t  al. (1973) have rep o rted  fo u r add itional cases in  w hich thalidom ide  was tak e n  fro m  th e  
46 th  to  4 9 th , 47 th  to 53rd , 4 8 th  to  52nd an d  4 9 th  to  55 th  p o stm en s tru a l days. T he f i r s t  case 
is som ew hat d o u b tfu l, since th e  m other was su ffe rin g  from  nausea  and vom iting  a n d  could  
no t rem em b er w h e th er she to o k  the  drug. H e r p reg n an cy  te rm in a te d  a t  the  243rd d a y . T he 
au th o rs  also discuss th e  poss ib ility , th a t  in th e  J a p a n e se  lan g u ag e  p o stm enstrua l d ay s  m ig h t 
be und ersto o d  as the  days a f te r  the  last day  o f th e  las t m e n s tru a l period. This w ould , a f te r  
an a p p ro p ria te  co rrec tion , p lace th e  p rescrip tio n s on th e  4 9 th , 53rd, 52nd and 5 5 th  d a y . 
One of th e  four cases, m oreover, is doubtful b ecau se  of a h is to ry  of irregu lar m en stru a l periods. 
104 Ja p a n ese  m others had  been prescribed th a lid o m id e  a f te r  th e  critical period. T h e ir  o ff­
spring  w ere n o rm al, ex cep t fo r one in fan t w ith  an a l stenosis.
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Sim ilar experience h as been  rep o rted  b y  a G erm an  O bste tric  D e p artm en t, in  w hich 
n o te s  w ere availab le  on  100 m o th e rs  who took  th a lid o m id e  a t  some tim e during  p reg n an cy . 
In  one  case th a lid o m id e  w as adm in iste red  in  th e  s ix th  w eek , and the  in fan t was b o rn  w ith  
ra d iu s  ap lasia  and  re c ta l  stenosis; in an o th er case th a lid o m id e  was p rescribed  on th e  45 th  
d a y , a n d  th e  child h a d  on ly  re c ta l stenosis; in  a th ir d  case, thalidom ide was ad m in is te re d  
o n  th e  4 9 th  or 50 th  d a y , an d  th e  child h ad  an al s tenosis. In  th e  o ther 97 cases, th a lid o m id e  
w as g iv en  in  th e  10th w eek or la te r  (Gagel, 1970).

S im ilar series h a v e  been  w idely quo ted  in th e  l i te r a tu re  as supporting  a co m p a ra tiv e ly  
low  risk  to  th e  fe tus exp o sed  to  thalidom ide . I f  4 ab o rtu se s  w ith  m alform ations in  th e  Ja p a n ese  
series a re  n o t considered , th e  figu res give an  in c idence  o f 1 pe r cen t m alfo rm ations in  ch ild ren  
b o rn  to  m others who h av e  ta k e n  tha lid o m id e  d u rin g  p re g n an c y , ye t th ey  are c o n sis ten t, as all 
o th e r  s tu d ies , w ith  a 100 pe r cen t risk  if  th e  m o th e r to o k  thalidom ide  betw een  th e  4 0 th  and  
th e  4 5 th  d ay . A ny conclusions on th e  risk  of te ra to g e n ic ity  based  on th e  p e rcen tag e  o f m a l­
fo rm e d  in fan ts  b o rn  to  m o th e rs  who took  a ce rta in  d ru g  a t  some tim e durin g  th e  f irs t  t r i ­
m e s te r  m ay  be grossly  m islead ing .

In  co n stru c tin g  th e  tim e  tab le  for specific m a lfo rm atio n s  due to thalid o m id e  o n ly  cases 
o f  su ch  m alfo rm ations h av e  been  used. To d e te rm in e  th e  critica l period, e.g ., fo r ap lasia  o f 
th e  ra d iu s , all such cases w ith  docum ented  tim e of in ta k e  of thalidom ide have  been  collected  
a n d  an a ly sed . By th is  m e th o d  one could find  o u t th e  e a r lie s t and  th e  la te s t  as well as th e  m o st 
f re q u e n t  d ay  on w hich th a lid o m id e  w ould p roduce ra d iu s  ap lasia . By th is m e th o d , how ever, 
th e  lim its  of th e  c ritica l p eriod  are  set by  e x cep tio n a l cases, possibly due to  irreg u la ritie s  
o f m e n s tru a tio n , u n u su a l ea rly  or late  conception , or e v en  erro rs  in th e  d a ta . I t  is im p o r ta n t, 
th e re fo re , to  sup p ly  th e  re su lts  by  an analysis o f n e g a tiv e  findings. I f  the  cases o f o th e r  th a l i ­
d o m id e  m alfo rm ations b u t  w ith  th e  rad ius p re sen t a n d  w ell docum en ted  th a lid o m id e  in ta k e  
are  an a ly sed , th e  n e g a tiv e  p ic tu re  of th e  c ritica l p e rio d  show ing on w hich d ay s th a lid o m id e  
in ta k e  m ig h t no t re su lt  in ra d iu s  aplasia can be o b ta in e d . The som ew hat b lu rre d  co n tours 
o f th e  c ritica l period  com e in to  sharper focus b y  th e  second  m ethod . Critical periods fo r defined 
single  m alfo rm atio n s a re  sh o rte r  for th e  m a jo rity  o f cases th a n  originally  env isaged . Pooled  
ex p erien ce  from  th a lid o m id e  cases from  various c o u n trie s  is, however, in  conflic t w ith  th e  
id ea , t h a t  a t  any  g iven  m en s tru a l age th e  d e v e lo p m en ta l horizon  of th e  em bryo  is as v a riab le  
as assu m ed  by  N ish im u ra  e t al. (1974). I t  rem ains to  be seen , which m eth o d  is m ore  re liab le . 
O b v io u sly , b o th  c an n o t be co rrec t.

T he v a ria b ility  o f m alfo rm ations due to  a n  exogenous tera to g en  m ay  be a t t r ib u te d  
to  tim in g , dosage an d  g en etic  factors. I t  is m uch  m ore  d iff ic u lt to explain  w hy som e d o m in a n t 
genes hav e  v ariab le  effec ts in  d ifferen t m em bers o f th e  sam e fam ily. We have, o f course, fin e  
w o rd s such  as e x p ress iv ity , specificity  or p en e tran ce , b u t  these  are no t really  helpfu l.

As an  exam ple  o f v a ria b le  expressiv ity  we m a y  choose th e  au tosom al d o m in a n t H o lt- 
O ra m  syndrom e. T he gene m ay  have th e  follow ing consequences:

1. T rip h a lan g eal th u m b s ,
2. hy p o p las tic  th u m b s  in  sy n d ac ty ly  w ith  fo refin g ers,
3. ap lasia o f th u m b s  an d  radii,
4. ap lasia  o f th u m b s , ra d io u ln a r synostosis, h y p o p las ia  of hum eri.
These v a rio u s  fo rm s of th e  H o lt-O ram  sy n d ro m e  are very  sim ilar to  m alfo rm atio n s  

cau sed  b y  th a lid o m id e  g iven  a t  d ifferen t days b e tw een  th e  42nd and 48 th  p o s tm en s tru a l d ay . 
I t  is d ifficu lt to  see, how ever, how a d o m in an t gene, w hich  is p resen t all th e  tim e , could  be 
a c tiv e  a t  d ifferen t tim e s  in  d ifferen t cases. In  th a lid o m id e  cases, deafness a n d  p a ra ly sis  of 
th e  eye m uscles w hich  arise  a b o u t 4 to  5 days befo re  th e  lim b defects are fre q u e n t. In  th e  
H o lt-O ram  sy n d ro m e, d eafness and abducens p a ra ly s is  a re  no t seen. T hree o th e r  au to so m al 
d o m in a n t sy ndrom es, h o w ev er, have been re p o rte d , in  w hich deafness is a sso c ia ted  w ith  
m a lfo rm atio n s  of th e  f ir s t  ra y  of th e  hands. T hese are
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1. acrofacial dysostosis N ager
2. lacrim o-au ricu lo -d en to d ig ita l syndrom e (L A I)D )
3. Arias sy n d ro m e .

I t  is not clear, a t  p re sen t, w hether these are  d is tin c t sy n d ro m es or v ariab le  expressions o f th e  
sam e gene, b u t  th e y  certa in ly  are d ifferen t from  th e  H o lt-O ram  syndrom e. Only b y  carefu l 
s tu d y  and d o c u m e n ta tio n  of m any m ore fam ilies can we hope  to  o b ta in  m ore know ledge a b o u t 
th e  in tra fam ilia l a n d  in le rfam ilia l v a r ia b ili ty  o f these  sy n d ro m es and  th ereb y  solid d a ta  for 
genetic  counseling. G iven th e  p h en o typ ic  v a r ia b ili ty  w ith in  one geno ty p e  and the  p h e n o ty p ic  
sim ilarities be tw een  d iffe ren t genotypes, i t  is d ifficu lt to  decide  w hich cases m ay by pooled 
for analysis. M orphological analysis, th e  s tu d y  of fo rm , h as to  go han d  in hand  w ith  gen etic  
analysis, i.e. th e  s tu d y  of etiology.

T halidom ide em b ry o p a th y  does n o t a p p ea r to  be th e  on ly  phenocopy of th e  th re e  
do m in an t syndrom es invo lv ing  the  f irs t ra y  an d  th e  ear. T h ere  are m an y  sporadic cases w ith  
un ila te ra l and  ip s ila te ra l invo lvem en t of th e  ear and  th e  f ir s t  ray  and , in add itio n , v a ria b le  
m alform ations o f th e  eye, th e  m andible an d  th e  cerv ico -th o raca l spine, which show sy m p to m s 
th o u g h t to be ty p ic a l o f such ill defined e n ti t ie s  as th e  G o ld en h ar syndrom e, or hem ifac ia l 
m icrosom ia, th e  W ild e rvanck-syndrom e, or th e  V A C T E R L  asso c ia tion . In  th e  m ajo rity  o f cases 
o f un ila te ra l rad iu s  d e fec ts , the  cerv ico tho racic  spine is m alfo rm ed . In  m y experience, u n i­
la te ra l rad ia l d e fec ts in  association  w ith  h em iv e rte b rae  a n d /o r fusion of verteb rae  a re  in v a r i ­
ab ly  sporadic. I h av e  also seen hem ifacial m icrosom ia w ith  h y p o p las ia  o f th e  rig h t h e m ith o ra x  
an d  of the  r ig h t th u m b  in one of m onozygotic  tw ins. F o u r p a irs  of m onozygotic tw in s d is­
co rd an t for G o ld en h ar’s syndrom e have been rep o rted  (B ock , 1961; B erthelon and  C rem er, 
1968; Cordier, 1970; P a p p  e t al., 1974). In  th e  case from  D ebrecen , as in our case, only th e  tw in  
w ith  the  lower b ir th w e ig h t was affected. In  P a p p ’s case, th e re  was a h isto ry  of p ro g esterone  
an d  oestrogen in je c tio n s  in the  six th  week. In  our case p ro gestogens were given for v a g in a l 
bleeding in th e  n in th  week. In a case o f m ic ro tia  and  d e rm o id  of th e  con ju n c tiv a , re p o rte d  
by  Hollwich and  V erb eck  (1969) 250 m gm s an d  125 m gm s p ro lu to n  were adm in iste red  for 
u te rin e  bleeding in th e  second m onth.

P ru e tt  (1965) has reported  a case o f th e  o c u lo v e rte b ra l syndrom e w ith h y p o p las ia  
o f the  first r ig h t m e ta c a rp a l bone and a h y p erm ob ile  r ig h t th u m b . T he m other was tre a te d  
for ab o u t six weeks w ith  m edroxyprogesterone  a ce ta te , b ecause  of vag inal bleeding d u rin g  
th e  9th and 10th w eeks. C hristiaens e t al. (1965) have seen a boy  w ith  cervical h em iv e rteb ra  7, 
a derm oid of th e  r ig h t  eye and  a p reau ricu la r app en d ag e , whose m o th e r received p rog estero n e  
in jections s ta r tin g  from  th e  f irs t m onth. M andelcorn  e t al. (1971) described a boy w ith  a sh o rt 
r ig h t hum erus, th ree  m etaca rp a ls  and two fingers on th e  r ig h t h an d  a m issing th u m b  on th e  
le it hand. On th e  r ig h t side o f his face he had  a p re au ricu la r  ta g  an d  a derm oid  on th e  b u lb a r 
co n ju n c tiv a . The m o th e r  h a d  been trea te d  for th rea te n in g  a b o rtio n . W eyers (1950) has d escribed  
a case w ith m ic ro tia  an d  m and ibu lar h y p o p las ia , in w hich th e  m o th e r received th ree  tim es 
50 m gms L utocyclin  a n d  th ree  tim es 10 ta b le ts  P ro lu ton .

There was a h is to ry  of horm one tre a tm e n t in 4 o f o u r 9 cases o f rad ia l defects acco m ­
panied  by spine m alfo rm atio n s . In an a d d itio n a l case o f r ig h t side m ic ro tia , facial p a ra ly s is , 
hypop lasia  o f th e  ja w  an d  preaxial p o ly d ac ty ly , p ro lu to n  a n d  gestan o n  have been given fo r 
bleeding in the  second m o n th  of pregnancy.

N ora and  N ora  (1974, 1975, 1976) have  found  a h is to ry  of progestogen and/or e stro g en  
a d m in is tra tio n  be tw een  th e  14th and 60th d ay  o f p regnancy  in 9 o u t of 15 cases of the  V A C T E R L  
com plex. In 4 d iffe ren t con tro l series only 8 to  15 per cen t o f m o th ers  had  taken  progestogens 
an d /o r estrogens. K a u fm a n  (1973) has rep o rted  a case w ith  v e r te b ra l anom alies, im p e rfo ra te  
an u s , absence of th e  left k id n ey , hypoplastic  le ft th u m b , an d  p re ax ia l p o lydacty ly  of th e  r ig h t 
foo t. The m o th er w as g iven  oral stilboestro l a n d  in tra m u sc u la r  p rogesteron  followed by  in t r a ­
m u scu la r h y d ro x y p ro g es te ro n  for two m o n th s beg inn ing  47 d ay s  a f te r  th e  last m en s tru a l
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p e rio d . G reenberg  e t al. (1977) have  com p ared  reco rd s o f drug in ta k e  in e a rly  p regnancy  
b y  m o th e rs  of 836 m alfo rm ed  an d  836 no rm al b ab ies . T h ey  found  h is to ries  o f h o rm onal 
p re g n a n c y  te s ts  in 93 m o th ers  o f m alform ed in fa n ts  a g a in s t 55 in contro ls. T he d ifference  has 
b e e n  w id e ly  in te rp re te d  as in d ic a tin g  a possible te ra to g e n ic  effect o f p re g n an c y  te s ts . As 
r e p o r t in g  b y  doctor, m idw ife, or h e a lth  v is ito r w as v o lu n ta ry , and  as o f 2867 n o tific a tio n s  
o n ly  836 were follow ed, a lte rn a tiv e  e x p la n a tio n s  a re  n o t excluded. One m ig h t specu la te , 
e .g . t h a t  m o th ers  who hav e  h a d  a p reg n an cy  te s t,  w ere m ore concerned a b o u t p reg n an cy  and  
th e  c h ild  an d  th u s m ore a p t  to  coopera te . T h ey  also rep re sen t a sam ple o f m o th e rs  w ho can 
m o re  eas ily  be traced , because  th ey  are  likely  to  be m ore doctorm inded . M oreover, i t  is not 
c le a r  w h e th e r  th e  d o c to r who a tte n d e d  th e  b ir th  o f th e  m alform ed child  o r th e  d o c to r who 
a t te n d e d  th e  m o th e r in  early  p reg n an cy  was a p p ro ac h ed . The second p o ss ib ility  seem s to be 
m o re  lik e ly , since from  th e  1405 cases in  w hich in v e s tig a tio n  was a tte m p te d  th e  d o c to r could 
n o t  be  tra c e d  in  130 cases, h ad  no reco rd  in 46 cases, cou ld  no t cooperate  in  53 cases a n d  the  
re m a in in g  130 cases fa iled  for va rio u s reasons su ch  as d ifficu lty  in  id en tify in g  th e  child  from  
th e  reco rd s . Only ch ild ren  b o rn  in  th e  sam e p ra c tic e  w ere selected as co n tro ls, fo r w hich  in fo r­
m a t io n  on early  p reg n an cy  m ay  hav e  been less com plete .

I f  th e  B ritish  figures a re  ta k e n  a t  face v a lu e , a n d  if  a basic m alfo rm atio n  r isk  o f 1 per 
c e n t  is  assum ed, th e  r isk  of a m a lfo rm atio n  is in c re ased  b y  0.7 per cen t b y  a h o rm o n a l p reg ­
n a n c y  te s t.

T h ere  are various reaso n s , how ever, w hich  m ak e  me believe t h a t  th e  B ritish  figures 
d o  n o t  p rove  a te ra to g en ic  e ffec t o f h o rm o n al p reg n an cy  tests. F irs t ,  th e  sam e or sim ilar 
f in d in g  h as been rep o rted  b y  G reenberg  e t al. fo r b a rb itu ra te s , d esp ite  th e  fa c t  t h a t  in  the  
m o re  ex ten siv e  p rospective  s tu d y  b y  H ein o n en  e t  al. (1977) th e  overall m a lfo rm a tio n  ra te  
in  b a b ie s  b o rn  to  2413 p re g n a n t w om en who to o k  b a rb itu ra te s  in lu n a r  m o n th s  1 to  3 was 
n o t  h ig h e r  th a n  in con tro ls ; fo r th e  c en tra l n e rv o u s  system  th e  raise of m a lfo rm atio n s  was 
o n ly  87 p e r cent, and  for m u scu loskele ta l m a lfo rm atio n s  90 per cen t of th e  r a te  in  contro ls. 
I n  th e  sam e s tu d y  th e  incidence of c en tra l n e rv o u s  sy s tem  m alfo rm ations , re sp ira to ry  m al­
fo rm a tio n s , includ ing  c left lip  an d  m uscu lo sk ele ta l m alfo rm ations was n o t h ig h er in  babies 
b o rn  to  2327 p re g n an t w om en who to o k  h o rm o n es , horm one a n tag o n is ts  o r  co n tracep tiv e s  
in  lu n a r  m o n th s 1 —4 th a n  in  con tro ls. T he sam e w as tru e  for th e  subgroups of 866 w om en who 
to o k  p ro g esta tio n a l ag en ts  as well as fo r 614 w om en  who took  estrogenic  ag en ts .

A n o th e r a rg u m en t ag a in s t a cau sa tiv e  in te rp re ta tio n  of th e  B ritish  f in d in g s  is, th a t  
th e y  seem  to  app ly  likew ise to  cen tra l nervous sy s te m  m alform ations, o ra l c le fts , lim b  m al­
fo rm a tio n s  an d  o th e r  ab n o rm a litie s . I t  w ould be s tran g e  for a te ra to g e n  to  h av e  no specific 
e ffe c ts  b u t  to cause all so rts  o f m alfo rm atio n s .

V illum sen (1970) fo u n d  in  a re tro sp ec tiv e  s tu d y , th a t  383 ou t o f 8833 e x p e c ta n t  m o thers 
h a d  ta k e n  horm ones such as in su lin , th y ro x in , co rticostero ids, oestrogens a n d  progestogens 
d u r in g  th e  f irs t trim este r. T h is was th e  case in 6 .1 %  of m others o f m alfo rm ed  c h ild ren  against 
3 .2 %  o f m others of n o rm al ch ild ren . 5 .5%  o f th e  m o th ers  who were t r e a te d  w ith  horm ones 
g a v e  b ir th  to  m alform ed ch ild ren , w hich was n o t  sign ifican tly  d iffe ren t fro m  th e  incidence 
o f  3 .6 %  in  th e  case of m o th e rs  who d id  n o t rece ive  m edication . O f 21 m a lfo rm ed  ch ild ren  
b o rn  to  m others on horm ones, 3 h a d  m a lfo rm atio n s  co n sisten t w ith  th e  d iagnosis o f Y A C T E R L  
c o m p le x  or G oldenhar sy n d ro m e. U n fo rtu n a te ly , th e  ty p e  of horm one t r e a tm e n t  g iven  in these  
cases is n o t m entioned .

B au m an n  e t al. (1976) have  described  in  d e ta il 17 cases o f th e  V A C T E R L  com plex 
in c lu d in g  8 w ith  rad iu s  ap lasia . Careful q u estio n in g  revealed  in no case h o rm o n a l p reg n an cy  
te s ts ,  horm one in jec tions o r o v u la tio n  in h ib ito rs .

Shokeir (1977) has re p o rte d  e ssen tia lly  n eg a tiv e  findings in  24 C a n ad ian  cases of th e  
G o ld e n h a r  syndrom e. All th ese  cases w ere sp o rad ic . P regnancy  h isto ries w ere u n rem ark ab le . 
N o  co n sis ten t h is to ry  of specific d ru g  in g estio n  o r exposure  to any te ra to g e n  co u ld  be  revea led .
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I th in k  the  balance of th e  evidence is a g a in s t th e  h y p o th esis , th a t  n o n -g e n ita l m al­
fo rm atio n s , m ore specifically , m alfo rm ations o f th e  ra d iu s  and th e  spine are  cau sed  by  sex 
horm ones.

T here  are some au to so m al recessive c o n d itio n s in w hich th e  rad ius and  th e  th u m b  m ay 
he a b se n t or hypop lastic . T hese are:

1. F a n c o n i’s anem ia (p an m y elo p a th y ),
2. th e  rad ius ap la s ia -th ro m b o cy to p en ia  sy n d ro m e,
3. T h om son’s po ik iloderm ia,
4. p seu do thalidom ide  syndrom e,
5. R o b e rts  syndrom e: te trap h o co m elia  w ith  c left lip  and  pa la te .
6. au to so m al recessive popliteal p te ry g iu m  syn d ro m e (B artsocas a n d  P a p a s , 1972; 

R osselli and  G u liene tti, 1962).
In F an co n i’s anem ia v a rio u s nonskeletal m a lfo rm atio n s  such as a tresia  o f th e  a u d ito ry  

can a l, d u o d en al a tresia , deafness, s trah ism , fac ia l p a ra ly s is , ap lasia  of the  a p p en d ix , c ry p to r­
ch id ism  an d  ren a l d y stop ia  m ay  he seen, w h ich  are  also p a r t  of thalidom ide  e m b ry o p a th y . 
As such  m alfo rm ations m ay  be le th a l, some c h ild ren  w ith  F an co n i’s anem ia die a s  new borns, 
i.e . a t  an age, when anem ia  or th ro m b o cy to p en ia  hav e  n o t ye t developed a n d  th e  correct 
diagnosis has no t been m ade. O nly a re tro sp ec tiv e  e x p la n a tio n  for th e  m ultip le  m alfo rm atio n s 
th ro u g h  th e  b ir th  of a n o th e r a ffected , hu t su rv iv in g  sib ling  is found . The in cidence  of m al­
fo rm atio n s o f th e  in te rn a l o rg an s as given in th e  l i te ra tu re  is p robab ly  u n d e re s tim a te d , as 
th e  cases su rv iv ing  u n til school age, when an em ia  an d  th ro m b o cy to p en ia  are becom ing  a p p a r­
en t, a re  selected  for h av in g  no le th a l m alfo rm atio n s . T his is illu s tra ted  by a fam ily  rep o rted  
by C sordás an d  Schneider (1955) in which th e  d iagnosis o f th e  p ro b an d ’s o lder s is te r , who 
was b o rn  w ith  a b ir th  w eight o f  1820 gins, ap la sia  o f th e  left th u m b , hypoplasia  o f th e  r ig h t 
th u m b , ap lasia  of the  left k id n ey , r ig h t u re te r  d u p lex , d u o d en al a tresia  and v e n tr ic u la r  sep ta l 
defec t, an d  who died on  th e  fo u rth  day, was o n ly  re tro sp ec tiv e ly  m ade.

T he s tr ik in g  sim ila rities  betw een th a lid o m id e  e m b ry o p a th y  and F a n c o n i’s anem ia 
suggest th a t  one should  look fo r a com m on d e n o m in a to r in  th e  pathogenesis of b o th  sy n d ro m es. 
On th e  o th e r  h a n d , m ore severe defects of th e  a rm s , a n d  those  of the  legs a re  n o t seen in 
F an co n i’s an em ia , and  n e ith e r chrom osom al b re ak s  o r reu n io n s , nor hem atological a lte ra tio n s , 
ty p ic a l o f F an co n i’s anem ia are  seen in th a lid o m id e  cases. W hereas the  defects o f  th e  first 
ray  are  v a riab le  in  F ancon i’s anem ia, b ila tera l to ta l  ap lasia  o f th e  rad ius is seen in  all cases 
of th ro m b o cy to p en ia  rad ius ap lasia  syndrom e, w here , m oreover, i t  is not acco m p an ied  by 
ap lasia , tr ip h a la n g y  or severe hypop lasia  of th e  th u m b . B ila te ra l rad iu s aplasia w ith  th u m b s 
p re sen t is h igh ly  ch arac te ris tic  o f th e  T A R  sy n d ro m e  a n d  m ay  serve to d is tin g u ish  i t  from  
all o th e r  h e red ita ry  syndrom es involving rad iu s ap lasia  as well as from  th a lid o m id e  e m b ry o ­
p a th y . R ad iu s defects are also seen in  some ch ro m o so m al a b erra tio n s , no tab ly  tr iso m y  18, 
p a r tia l tr iso m y  a n d  p a rtia l m onosom y for th e  long  a rm  of chrom osom e 4 and  p a r tia l  m ono­
som y fo r th e  long arm  of chrom osom e 13. In th e  1 3q-syndro ine , absence, h ypop lasia  o r d u p li­
cation  o f th e  th u m b s  w ith  rad iu s  p resent is so m etim es assoc ia ted  w ith prox im al syn o sto s is 
o f th e  4 th  an d  5 th  m etaca rp als. T he same ty p e  o f m e ta ca rp a l synostosis is also seen in  th e  
rad ius ap lasia  th ro m b o cy to p en ia  syndrom e and  in  th e  p seu d o-thalidom ide  sy n d ro m e, b u t  no t 
in o th e r  syndrom es w ith  rad ia l defects.

A plasia o f the  th u m b  is seen in  some p a tie n ts  w ith  sp lith an d  sp litfoo t m a lfo rm atio n , 
w hich in th e  o th e r  affected m em bers of the fam ily  show  th e  m ore usual ty p e  w ith  th u m b s  
p resen t. In  o th e r  fam ilies a m onodacty lous ty p e  of sp li th a n d , in which only th e  f if th  finger 
is p re sen t, is seen as the ty p ica l defect, accom pan ied  by m o nodacty lous or lo b ster ty p e  feet. 
The sp lith a n d  sp litfoo t m alfo rm atio n  poses a m o st d ifficu lt problem  in genetic  counseling  
w hen an  a ffec ted  child has been bo rn  to n o rm al p a re n ts . T h ough  th is  s itu a tio n  is p ro b a b ly  
often  due to a fresh  m u ta tio n  w ith  no recurrence risk  for consecu tive  siblings, th is  m ay  no t
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be so. T h e re  are  m any  fam ilies on  reco rd  in  w hich tw o o r m ore  affected  ch ild ren  h av e  been 
b o rn  to  u n a ffe c te d  p a ren ts . F a ilin g  p e n e tran c e , tw o step  m u ta tio n s , delayed m u ta tio n s  or 
single s t r a n d  m u ta tio n  have  been  su g g ested  as ex p la n a tio n , b u t  th e  problem  is fa r  from  being  
so lved . V a riab ility  of th e  p h e n o ty p e  in  some fam ilies, p ro b a b ly  g reat h e te ro g en e ity , an d  
i r re g u la r i t ie s  defying an y  sim ple m en d e lian  analysis c o n tr ib u te  to  a confused p ic tu re . T h is 
m a y  b e  overcom e only by  sy s tem ic  collection, d o c u m e n ta tio n  a n d  analysis o f a large  u n se lec ted  

m a te ria l.
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I N  V IT R O  M E T H O D S F O R  T H E  STU D Y  O F  T H E  E F F E C T S  O F T E R A T O G E N S  
ON P R E IM P L A N T A T IO N  E M B R Y O S

H o r s t  S p i e l m a n n , H a n s - G e o r g  E i b s , U r s u l a  J a c o b -M ü l l e r

IN STITU T F ÜR TO X IKO LO G IE  UND EM BRYONAL-PHARMAKOLOGIE, 
F R E I E  UNIV ERSITÄ T BERLIN, GARYSTRASSE 9, D-1000 B E R L IN  33, GERMANY

In troduc tion

K ey words :

P re im p la n ta tio n  em bryos, b las to cy st, im p la n ta tio n , in  vitro cu ltu re, t r a n s p la n ta t io n ,  
cyclophospham ide, U V -irrad ia tion , ste ro id  sex h o rm ones.

Two m eth o d s  are p red o m in an tly  used in te ra to lo g ica l research , the  tes tin g  of te r a to g e n s  
in p re g n an t lab o ra to ry  an im als in  vivo an d  ep idem io log ica l investiga tions on h u m a n  p o p u la ­
tions. In h e re n t to  b o th  approaches are serious l im ita tio n s  a n d  draw backs, as has been  s tre sse d  
rep ea ted ly  (K a rk in e n -Jä ä sk e lä in e n  and Saxen , 1976; N e u h e r t  and  B arrach , 1977). E p id e m io ­
logical s tud ies have  to  he based on very  large  n u m b ers  o f  exposed wom en, since m o s t a b n o r ­
m alities occur a t  low  frequency  (1% ). E v en  th e  m ore th a n  50,000 pregnancies in v e s tig a te d  
in th e  “ B oston S tu d y ”  (H einonen  e t al., 1977) do n o t a llow  final conclusions. In  vivo  s tu d ie s  
on ex p erim en ta l an im als  on th e  o th er h an d  o ften  do n o t p e rm it conclusions on te ra to g e n ic  
m echanism s, since th e  system  (m other, p lacen ta  an d  em b ry o ) is ra th e r  complex. F u r th e rm o re , 
th e  ty p e  of m alfo rm atio n  induced  in one species does n o t necessarily  coincide w ith  th e  a b n o r ­
m alities found  in o th e r  species or in m an.

T herefore, ad d itio n a l in vitro cu ltu re  tech n iq u es h a v e  been developed, to  s tu d y  spec ia l 
even ts o f d iffe re n tia tio n  and  m orphogenesis an d  th e ir  m o d ifica tio n  by tera to g en s (K o c h h a r , 
1975; N eu h ert e t al., 1977). W hole organ an d  tissue  c u ltu re  m eth o d s have been used  b y  d e v e l­
o p m en ta l bio logists since th e  tw enties. T he m eth o d  of w hole em bryo  culture  o f p o s t im p la n ta ­
tion  em bryos has been estab lished  by New (1967) a b o u t  a decade ago and has successfu lly  
been applied  to  e x p erim en ta l tera to log ica l p ro b lem s (C o ck ro ft and  New, 1975).

A lthough  m eth o d s to  cu ltu re  m am m alian  e m b ry o s  successfully during  th e  p re im ­
p lan ta tio n  period have  been developed m ore th a n  a d ecade  ago (W h itten , 1957; B rin s te r , 
1963), these  tech n iq u es have h a rd ly  ever been  used in te ra to lo g ica l research, since i t  is g e n e r­
ally believed th a t  p re im p lan ta tio n  em bryos a f te r  being  exp o sed  to tera togen ic  a g e n ts  e ith e r  
die before im p la n ta tio n  or surv ive to te rm  u n h a rm ed . H ow ever, th e  m ethods d e v e lo p ed  in 
the  field o f early  em bryology  provide new possib ilities to  s tu d y  tera to log ical p rob lem s d u rin g  
p re im p lan ta tio n  d ev elopm en t. In fo rm atio n  on in fluences o f  toxicological and p h arm aco lo g ica l 
agen ts on p re im p lan ta tio n  em bryos can especially  be o b ta in e d  w ith  th e  in vitro c u ltu re  an d  
tra n sp la n ta tio n  of early  em bryos. R ecent re su lts  o b ta in e d  in our lab o ra to ry  w ith  th e  tw o 
tech n iq u es p rove th a t  th e  action  of d rugs on em b ry o s d u rin g  p re im p lan ta tio n  d e v e lo p m en t 
is m ore com plex th a n  is generally  assum ed (E ibs a n d  S p ie lm an n , 1977a; Sp ie lm ann  e t  a l., 
1977; Sp ie lm ann  an d  E ibs, 1978).

Materials and m ethods

M ating , handling and treatment

Fem ale  m ice of th e  N M R I and  C57BL stra in s  w eigh ing  30 g (Z en tra lin s titu t fü r  T ie r­
zu ch t, H an n o v er, F R -G erm an y ) and  W ista r SW  72 ra ts  w eigh ing  200 g (W inkelm ann , K irc h ­
b o rchen , F R -G erm an y ) were bred  under a norm al d a y /n ig h t cycle and placed w ith  m ales
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o v e rn ig h t . E m b ry o s w ere o b ta in ed  a t  th e  follow ing tim e s  a fte r  the  m id p o in t o f th e  d a rk  
p e rio d : 1-cell stage o f m ice and  ra ts  a t  12 h; 2-cell s ta g e  o f mice and ra ts  a t  36 h ; 8-cell s tage  
of m ice  a t  60 h  an d  o f ra ts  a t  84 h ; m orulae  an d  e a r ly  b la s to c y sts  of mice a t  84 h  a n d  o f ra ts  
la te  b la s to c y s ts  o f m ice a t  96 h  a n d  of ra ts  a t  120 h . Im p la n ta tio n  occurs b e tw een  96 and  
108 h  in  th e  m ouse a n d  b e tw een  120 and  132 h in  th e  r a t .  All m edia and so lu tions w ere p re ­
p a re d  fro m  th ree  tim es  q u a rtz -d is tille d  w ater. D u rin g  flu sh in g  from  th e  o v id u c t o r u te ru s  
a n d  th ro u g h o u t t r a n s p la n ta t io n  th e  em bryos w ere h a n d le d  a phosphate  b u ffered  m ed ium  
(P B -1 ) w hich  does n o t re q u ire  gassing w ith  C 0 2 (S p ie lm a n n  and E ibs, 1977). C um ulus cells 
w ere rem o v ed  from  zy g o tes  w ith  150 u n its  (mice) o r 400 u n its  (ra ts) hya lu ron idase  (B o eh rin g er, 
M an n h e im , F R -G erm a n y ) pe r ml BP-1 m edium .

C yclophospham ide  (C PA ) and its  m e ta b o lite s  (4-O H -peroxy-C PA  =  4 -H P -C P A ; 
a c ro le in  =  A cr; p h o sp h o ra m id e -m u s ta rd  =  PAM ) w ere g ifts  from  Prof. N. B ro ck  (A sta- 
W erk e , B ielefeld, F R -G erm a n y ). C PA  was dissolved in  d is tilled  w ater and  in jec ted  su b c u ta n e ­
o u sly . T he s tab le  iso to p e  13C c o n te n t o f th e  u n ifo rm ly  labelled  13C-glucose (U - l3C-glucose) 
w as 86 a to m  %  13C. T he U -13C-glucose was a g ift fro m  D r. C. T. Gregg (Los A lam os Scien tific  
L a b o ra to r ie s , New M exico, USA). C yproterone a c e ta te  (CA ; Schering AG, B erlin , F R -G erm a n y ) 
a n d  m ed ro x y p ro g este ro n e  a c e ta te  (M PA; U p jo h n , K a lam azo o , US) were dissolved in  benzy l 
b e n z o a te  (10%  w /v) an d  d ilu te d  w ith  casto r oil to  o b ta in  a volum e of 0.1 m l/33 g m ouse. 
T h e  s te ro id  horm ones w ere in jec ted  s.c., contro l a n im a ls  received  an in jec tion  w ith  th e  so lv en t 
(b en zy l b e n zo a te /ca s to r oil). To expose p re im p la n ta tio n  m ouse em bryos to  d ru g s  in  v itro . 
C P A  a n d  its  m e tab o lite s  were dissolved in th e  c u ltu re  m ed iu m  and the  ste ro id  h o rm o n es  were 
d isso lv ed  in  e th an o l an d  ad ded  to  th e  cu ltu re  m ed iu m .

In  th e  U V -irrad ia tio n  ex p erim en ts em bryos o f d iffe ren t developm en tal s ta g es  were 
i r ra d ia te d  in 50 fd  d ro p le ts  o f cu ltu re  m edium  on  g lass slides w ith a conv en tio n al g erm icida l 
low -p ressu re  m ercu ry  lam p  (Ph ilip s AG, N e th e rlan d s ) h av in g  an  o u tp u t of 253.7 nm . The 
ir ra d ia t io n  dose was v a ried  from  8.3 to 249 e rg /m m 2 b y  changing  the  tim e of ex p o su re  to  UV 
lig h t fro m  1 to  30 sec. In  a few  experim ents i r r a d ia te d  a n d  control em bryos w ere c u ltu re d  
in  m ed iu m  co n ta in in g  caffeine (M erck AG, D a rm s ta d t ,  FR -G erm any) a t  c o n c e n tra tio n s  
o f 0.1 o r 0,5 mM.

D eterm ina tion  o f  the cell num ber o f  the embryos

T he cell n u m b er o f p re im p lan ta tio n  em b ry o s w as de term ined  according to  T a rk o w sk i’s 
m e th o d  (1966).

I n  vitro culture o f  p re im p lan ta tion  embryos and tra n sp la n ta tio n

P re im p la n ta tio n  m ouse em bryos from  th e  1-cell (zygote) to th e  b las to c y st s ta g e  were 
c u ltu re d  in W h itte n ’s m ed ium  for ovum  cu ltu re  (W M O C ; W h itten , 1971) su p p le m e n ted  w ith 
0 .4 %  bovine serum  a lb u m in  (BSA ; Sigm a AG, M ü n ch en , F R -G erm any). T he e m b ry o s  were 
c u ltu re d  in d isposab le  tissue  cu ltu re  dishes (No. 1420, N unclon, NU NC A/S, D e n m ark ) in 
a h u m id ified  5%  C 0 2 in  a ir gas m ix tu re  a t  37 °C in  a  continuous flow  gas in c u b a to r  (No. 
K B  600 К  C 0 2, H eraeu s AG, G öttingen . F R -G erm a n y ).

Mouse b las to c y sts  w hich had  developed in  v itro  f ro m  4- or 8-cell em bryos d u rin g  a 48 h 
c u ltu re  period , to g e th e r  w ith  n o rm al b lastocysts w h ich  w ere ob tained  from  th e  u te r i  'of fem ale 
m ice 84 h  a fte r  m a tin g , were surgically  tra n s fe r re d  in  groups of five to  th e  u te r in e  horns 
o f p se u d o p reg n a n t fem ales on day  3 of p seu d o p reg n an cy . P seudopregnancy  w as induced  
b y  m a tin g  n o rm al fem ales w ith  vasecto in ized  m ales. T h e  foste r m others were sac rificed  on 
d a y  17 of g e sta tio n  an d  th e  success ra te  o f th e  tra n s p la n ta t io n s  was d e te rm in ed  b y  th e  p e r­
c en tag e  of reso rbed  an d  live fe tuses. The fe tuses w ere  w eighed , carefully  in sp ec ted  fo r g row th  
re ta rd a tio n s  and  m alfo rm atio n s , and s ta in ed  for sk e le ta l  abnorm alities w ith  A liza rin  R ed S.
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Growth and d ifferentia tion  o f  mouse and rat b lastocysts in  vitro during im plantation  period

M ouse and  r a t  b las to cy sts  th a t  had e ith e r  d ev elo p ed  in  vivo or in  vitro w ere c u ltu re d  
in  groups of ten  in  p las tic  cu ltu re  dishes (N U N C , N u lco n . D enm ark) w ithou t oil a t  37 °C in 
a hum id ified  5 %  C 0 2 in  a ir a tm osphere  in m ed iu m  NCTC-109 (M icrobiological A ssocia tes , 
F ra n k fu r t ,  F R -G erm an y ) supp lem en ted  w ith  10%  FC S accord ing  to Sherm an (1975) (NCTC- 
109-FCS). W hen m ouse and  ra t  b lastocysts w ere c u ltu re d  for 96 h in m edium  N C TC -109-FC S, 
d ev elopm en t proceeded  th ro u g h  th e  following d iffe re n tia tio n  stages (F ib s an d  S p ie lm an n , 
1977a; S p ie lm ann  e t al., 1978): h a tch ing  from  th e  zona  pellucida  a fte r  2 4 —48 h, a tta c h m e n t  
to the  surface  of th e  cu ltu re  dish  a fte r 36 — 60 h, a n d  o u tg ro w th  of th ree  c h a ra c te ris tic  cell 
ty p e s — a tro p h o b la s t lay e r w ith  g ian t cells an d  an  ICM consisting  of the  ectoderm  a n d  e n d o ­
derm  germ  layers a f te r  96 h.

P h o to m ic ro g rap h s of th e  em bryos were ta k e n  on  a B iovert photom icroscope (R e ic h e rt 
AG, A u stria ) a t a m agn ifica tion  of X 160 on Ilfo rd  P a n  F film  (Ilford  Co., E ng land).

Results and  discussion

I. In v itro  culture o f  mouse embryos during the p re im p la n ta tio n  period

a) N o r m a l  d e v e l o p m e n t

In  vitro cu ltu re  o f p re im p lan ta tio n  m ouse e m b ry o s  in a sim ple defined b ic a rb o n a te  
buffered m edium  (e.g. WMOC) con ta in ing  p y ru v a te ,  la c ta te  and  glucose as th e  o n ly  e n erg y  
sources, is a s ta n d a rd  procedure  in m any lab o ra to r ie s  since B rinster (1963) had  in tro d u c e d  
th e  m ethod  of in cu b a tin g  th e  em bryos in m ic ro d ro p le ts  o f m edium  un d er oil. B esides being  
som etim es tox ic  th e  oil will allow' lipid soluble a g en ts  t h a t  are tes ted  for e m b ry o to x ic ity  
(e.g. ste ro id  horm ones) to diffuse from  the  c u ltu re  m ed ium  in to  the  oil. This m ay  lead  to 
m is in te rp re ta tio n  of th e  resu lts . W hen, how ever, a u to m a tic a lly  gassed and h u m id ified  in ­
cu b a to rs  were in tro d u c ed , it becam e possible to  c u ltu re  em bryos w ith o u t any  oil a t  th e  sam e 
success ra te .

Table I

Differences in developm°nt o f  N M R I  and C 5 7 B L  preim plantation  mouse embryos in culture

Period in culture I Success rates

Begin End
Culture medium

culture (h) NMRI
(%)

C57BL
(%)

1-cell 2-cell WMOC 24 72 9ft

1-cell M orula WMOC 72 0 7ft

1-cell B lastocyst WMOC 9ft 0 2 4

2-cell B lastocyst WMOC 72 85 9ft

B lastu la Im p lan ted  em bryo* NCTC-109 120 89 15

* E m bryos consisting  of a trophoblast lay e r w ith  g ian t cells and an inner cell m ass (ICM ) 
w ith  2 germ  layers (en toderm  and ectoderm ). F o r ab b rev ia tio n s  and culture conditions (w ith ­
out oil) see “ M aterials and m ethods” section. A t least 75 em bryos were used in each  group

A d a  /Morphologien A cadem iae Scientiarum  Hungaricae 2 8 , 1980



1 0 8 H. SPIELMANN et al.

F ertilized  1-cell em b ry o s (zygotes) of a few in b re d  m ouse stra in s  (e.g. C 57BL, T ab le  I) 
c o u ld  be  cu ltiv a ted  to  th e  b la s to c y s t stage in su ffic ie n t q u an titie s . In  all o th er m ouse s tra in s  
a b lo c k  in  developm ent o ccu rred  a f te r  th e  2-cell s tag e  (e.g. N M R I, Table I) w hich p re v e n te d  
a co m p reh en s iv e  te s tin g  of in  vitro  cu ltu red  1-cell e m b ry o s . H ow ever, 85%  of all 2-cell m ouse 
e m b ry o s  developed to th e  b la s to c y s t stage in W M OC m ed iu m  (Table I). T oxicological s tu d ie s  
on  p re im p la n ta tio n  em bryos in  cu ltu re  were th e re fo re  p e rfo rm ed  on 2-cell, 4-cell a n d  8-cell 
e m b ry o s  w hich u sually  dev elo p ed  to  th e  b las to cy st s tag e  a t  a slower ra te  in  vitro th a n  in  vivo. 
R a b b i t  em bryos show ed a low er success ra te , and  r a t  em b ry o s could only be cu ltu red  in  vitro  
fo r o n e  or two cleavage d iv isions.

b )  E f f e c t s  o f  t r e a t m e n t  d u r i n g  i n  v i t r o  c u l t u r e

W h en  th e  effect o f in  vitro  U V -irrad ia tion  on  th e  d iffe ren t developm en tal s tag es o f  p re ­
im p la n ta t io n  m ouse em bryos (2-cell em bryo to m o ru la )  w as inv estig a ted  by  d e te rm in in g  th e  
p e rc e n ta g e  of em bryos reach in g  th e  b lastocyst s tag e  in  c u ltu re , we were able to  co n firm  th e  
d e c re a s in g  rad io sen sitiv ity  d u rin g  p re im p lan ta tio n  d ev elo p m en t prev iously  re p o rte d  for 
X - ir ra d ia tio n  (Fig. 1). H ow ever, when em bryonic  d ev elo p m en t du rin g  th e  24 h  fo llow ing 
U V -irra d ia tio n  was stu d ied  m o ru lae  showed a h ig h er U V -sen sitiv ity  th a n  earlier s tag es (E ib s  
a n d  S p ie lm an n , 1977b). T he a b ili ty  to  form  a b la s to c y s t c av ity , w hich is th e  f ir s t  s te p  of 
d if fe re n tia tio n  during  em b ry o n ic  developm en t (E p s te in , 1975), was therefore  a b e tte r  in d ic a to r  
o f  e m b ry o n ic  U V -sensitiv ity  th a n  developm ent d u rin g  th e  f irs t 24 h a fte r irrad ia tio n .

T he in vitro d ev e lo p m en t o f U V -irrad ia ted  e m b ry o s  was fu r th e r  im p a ired  b y  th e  
p re sen c e  of caffeine in  th e  c u ltu re  m edium  a t c o n c e n tra tio n  levels w hich d id  n o t in te rfe re  
w i th  th e  developm ent o f n o n -irrad ia te d  em bryos (0.1 a n d  0.5 mM). Since caffeine is a well- 
k n o w n  in h ib ito r  of th e  p o st-rep lica tio n  DNA re p a ir  m echan ism , these  resu lts  su g g est t h a t  
d u r in g  p re im p lan ta tio n  d ev e lo p m en t m am m alian  e m b ry o s  were able to  re p a ir  D N A  lesions 
b y  th e  p o st-rep lica tio n  re p a ir  m echan ism  (E ibs a n d  Spie lm ann , 1977b).

T he in  vitro cu ltu re  o f p re im p lan ta tio n  e m b ry o s  can  also be used to te s t  th e  em b ry o - 
to x ic i ty  o f a te ra to g en  an d  i ts  m etab o lites . The a lk y la tin g  d rug  cyclophospham ide (C PA ) h as

"’.rfect of UV-irradiatlon on blastulation of proimplantation mouse embryos m culture

% of em bryos developed
into b las to cy sts  «tage of development w hen irradiated

0
1 2 5 7.5 10 12.5 15 20

16.6 41.5 83 124.5 166

~x
30 time 

sec
of exposition 

to  UV
249 

erg /m m 2

F ig . 1. D evelopm en t o f p re im p la n ta tio n  m ouse e m b ry o s  in to  b las to cy sts fo llow ing UV- 
ir ra d ia t io n . Curves re p re se n t th e  responses of 5 rep lica tes . A fter variance  an a ly sis  ra tio s  

be tw een  s tag es  and  doses w ere s ig n ifican t (p <  0.01)
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Effect of cyclophosphamide and its m etabo li tes  in-vitro on 
development of preimplantation mouse embryos; 
b lastu lation

B las tu la t ion
° o  norm ally developed

drug
co n c en tra tio n
in -v itro

F ig . 2. C P A :  cyclop h o sp h am id e ; A c r : acro lein ; P A M :  p h o sp h o ram id e  m u sta rd ; 4 -H P -C P A
4 -h ydroxy  p e ro x y -C P  A

to  be m etabolized  by  h y d ro x y la tin g  liver enzym es to  4 -O H -C P A  to be m etabo lica lly  a c tiv e  
in cancer tre a tm e n t an d  p ro b ab ly  also to ac t as a te ra to g e n . In c u b a tio n  of 4- and 8-cell m ouse 
em bryos in  th e  presence of increasing  co n cen tra tio n s o f  C PA  an d  its  m etabolites is show n 
in F ig . 2. B las tu la tio n  o f th e  em bryos was in h ib ited  by  c o n ce n tra tio n s  of th e  two m e ta b o lite s  
PAM  and  4-O H -C PA  (4 -H P -C P A  is an  unstab le  p recu rso r o f 4-O H -C PA ) th a t  were 10,000 tim e s  
low er th a n  CPA c o n cen tra tio n s  and  100 tim es low er th a n  A cr co n cen tra tions. Since 4 -O H -C P A  
is m etab o lica lly  deg rad ed  in to  PAM and Acr a t  a 1 : 1 ra tio ,  PAM  p robab ly  is th e  em b ry o - 
tox ic  m etab o lite  of CPA w hen th e  d rug  is app lied  in e m b ry o to x ic  doses to  th e  m o th er in  vivo.

I t  is im p o rta n t to  no te  th a t  in the  tw o ex am p les g iven  for tre a tm e n t of em b ry o s  in  
c u ltu re  (U V -irrad ia tion  and  CPA tre a tm e n t)  S -shaped  e ffec t re la tio n sh ip s were fo u n d  (F ig s 
1 a n d  2) w hen a lo g arith m ic  tran sfo rm a tio n  of th e  dosage w as em ployed and  th e  e ffec t o f 
t r e a tm e n t  was scored by  th e  percen tage  of em bryos re ac h in g  th e  b lastocyst stage.

c) I n  v i t r o  c u l t u r e  a n d  t r a n s p l a n t a t i o n

Follow ing in vitro  d ev elo p m en t to th e  b la s to c y s t s tag e  m ouse em bryos can be t r a n s ­
ferred  to th e  u te ru s  o f a fo s te r  m o th e r and will th e n  d evelop  to  norm al foster te rm  fe tu ses  
(M cL aren a n d  B iggers, 1958). In  th e  sam e m an n e r em b ry o s  tre a te d  w ith a te ra to g en  in  c u l­
tu re  can be tra n sp la n te d  to  a rec ip ien t (Fig. 3). An e x am p le  o f th is  ty p e  of e x p erim e n t in 
te ra to lo g ica l research  is given in T able  II.

Mouse em bryos w ere cu ltu red  in th e  presence o f 13C-glucose from  the  4-cell to  th e  
b las to cy st s tage  to s tu d y  th e  te ra to g en ic  effect o f th e  s ta b le  iso tope 13C. D uring  th e  48 h 
cu ltu re  period  em bryon ic  d ev elo p m en t was no t in h ib ited  as in d ica ted  by th e  p e rcen tag e  of 
em bryos reach in g  th e  b las to cy st stage and by th e  n u m b e r o f cells in these b las to cy sts. T he 
13C co n te n t o f these  b las to cy sts  w as 20 a tom  %  acco rd in g  to  inco rp o ra tio n  stud ies w ith  14C 
glucose (Sp ie lm ann  e t al., 1976). To tes t the  v iab ility  o f such  b las tocysts th ey  were t r a n s ­
p lan te d  to  p se u d o p reg n a n t recip ien ts  and the p e rcen tag e  o f liv ing  and resorbed em bryos w as 
reco rded  a t  te rm . T ab le  I I  gives th e  success ra te s  of th e  b la s to c y s t tran sp la n ta tio n  e x p e r i­
m en ts . The p e rcen tag e  of im p la n ta tio n s  was id en tica l for in  vivo  developed norm al b la s to c y s ts
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Treatment during in vitro culture and trans­
p la n ts

I-----1— da ys

trea tm ent

Ж
fért. 

transfer 

in vitro

transplantation

preimpl. culture ( 3 d a y s )

r e c i p i e n t V
-1--------1--------Г"

implantation term

F ig . 3. D iag ram  show ing th e  co m b in a tio n  of in  vitro  c u ltu re  of p re im p lan ta tio n  m ouse  em b ry o s 
an d  su b seq u en t tran s fe r  to  a fo s te r  m other

a n d  fo r th o se  cu ltu red  in  W M OC m edium . The d ifferen ce  betw een th e  tw o g ro u p s  w as th e  
lo w e r p e rce n ta g e  of liv ing  te rm  fe tu ses resu ltin g  fro m  in  vitro  developed b las to cy sts . No d iffer­
en ce  w as fo u n d  in th e  d ev e lo p m en t w hen b la s to c y s ts  h a d  been cu ltu red  in  W M OC m ed ium  
c o n ta in in g  e ith e r n o rm al o r 13C glucose. No w e ig h t red u ctio n  or m alfo rm atio n s cou ld  be 
d e te c te d  in  an y  of th e  tra n s fe rre d  m ouse em b ry o s (Sp ie lm ann  e t al., 1976). T h is re su lt  was 
n o t  su rp ris in g , since so fa r  on ly  one re p o rt has a p p e a re d  in  the  lite ra tu re  c la im in g  in creased  
m a lfo rm a tio n  ra te  in  em bryos c u ltu re d  in  th e  p resen ce  o f a te ra to g en  (cap tan e , a n  in sectic ide; 
S ta p le s , 1975). V arious ty p es  o f m an ions an d  t r e a tm e n t  o f em bryos in  vitro h av e  n ev er been 
a b le  to  in d u ce  m alfo rm atio n s a t  te rm  a fte r  t r a n s p la n ta t io n  of th e  em bryos (S p ie lm an n , 1976; 
S p ie lm a n n  and  E ib s , 1978).

Table II

Success rate o f  blastocyst transfer experiments in  the mouse

A
Development

before
transfer

в
Culture
medium
(Glucose)

c
Total num ­

ber of 
embryos

D
Im p lan ta ­
tion  sites 
(% ofC )

E
Living 

embryos 
(% ofC )

F
Resorbed 
embryos 
(%  ofC )

in vivo — 400 52 38 14

in  vitro WMOC 75 53 27 26

( ,2C)
in  vitro WMOC 75 52 25 27

(U -I3C)

B la s to c y s ts  w ere tran sfe rre d  in  g ro u p s of 5 to  each  u te r in e  horn  of a p se u d o p reg n a n t rec ip ien t. 
E v a lu a t io n  of success ra te  on  d a y  17, 24 h  before  te rm

A c ta  M orphologica Academ iae S c ie n tia ru m  H ungaricae 28 , 1980



USES OF EMBRYO CULTURE IN TERATOLOGY 111

I I .  In  vitro culture o f  mouse and rat embryos during im p lan ta tion

a) N o r m a l  d e v e l o p m e n t

C onditions for th e  in  vitro cu ltu re  of m ouse b la s to c y s ts  have been g rea tly  im p ro v e  
du rin g  th e  la s t  5 y ears. A lthough  H su (1973) has ach iev ed  d ifferen tia tio n  of p re im p la n ta tio n  
m ouse em bryos in  vitro  to  th e  early  som ite  stage, his m e th o d  can n o t be used in  tox ico log ical 
s tud ies , since the  success ra te  is fa r below 10% . W e p re fe r  to  use the  cu ltu re  co n d itio n s d e ­
scribed by S herm an (1975; see “ M aterials and  m e th o d s” ), since ab o u t 90%  of all m ouse 
b las to cy sts (s tra in  N M R I, T able  I, Fig. 4) were able to  proceed  w ith  d iffe ren tia tio n  d u rin g  
a 96 h  cu ltu re  period in m edium  NCTC-109 w ith  FCS: th e y  h a tc h ed  from  th e  zona p e llu c id a , 
a tta ch e d  to  th e  b o tto m  of th e  cu ltu re  dish, developed  a tro p h o b la s t layer w ith  g ia n t cells 
and of an in n er cell m ass (ICM ) w ith  tw o germ  lay e rs  (ec to d erm  and en toderm ) (E ib s  a n d  
Spielm ann , 1977a; Sp ie lm ann  e t a l., 1978). A ty p ica l e x am p le  o f a w ell-developed ICM  w ith  
a t  least tw o germ  lay ers is given in F ig . 5.

D evelopm ent of m ouse  and rat b la s to c y s ts  in v it ro  in m edium  
NCTC 1 0 9  a f t e r  9 6  h rs

% -  m o u s e  - - -  ra t

Fig. 4. In  vitro  d ev elo p m en t of ra t  and  m ouse b la s to c y sts  a f te r  96 h in m edium  NCTC-109. 
O rig inal d a ta  are g iven by  con tro l values in T able  3. ICM in n er cell m ass ex tensive  ICM =  

ICM w ith  2 germ  layers (en to d erm  a n d  ectoderm )

lú g . 5. W ell-developed ICM of a m ouse em bryo  cu ltu red  fo r 96 h  in m edium  NCTC-109 w ith  
10%  h CS. I he egg cy linder-like  s tru c tu re  consists of at lea s t tw o germ  layers. I t  is g row ing  

on top  of th e  tro p h o b la s t lay e r (w hich co n ta in s g ia n t cells) like a m ushroom . X l6 0
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R a t em bryos c an n o t ro u tin e ly  be cu ltu red  d u rin g  th e  whole p re im p lan ta tio n  period , 
a n d  no  a tte m p ts  have been  p u b lish ed  to  cu ltu re  r a t  e m b ry o s  beyond  th e  tim e of im p la n ta tio n . 
W e h a v e  achieved a m o d era te  success ra te  w ith  r a t  b la s to c y sts  in m edium  NCTC-109. Fig. 4 
a n d  T ab le  I I I  show t h a t  less th a n  50%  of th e  r a t  b la s to c y s ts  developed an  ICM a n d  be tw een  
5 a n d  10%  an  ICM w ith  2 germ  layers. B iochem ical d iffe re n tia tio n  as in d ica ted  b y  th e  a p p e a r ­
a n ce  o f th e  L D H  isozym e L D H -5  in  im p lan tin g  m ouse b las to cy sts (Spielm ann e t a l. ,  1978) 
w a s  also  found  in r a t  b la s to c y s ts  cu ltu red  d u rin g  im p la n ta tio n . I t  has to  be s tre sse d  th a t  
b la s to c y s ts  o f some m ouse s tra in s  like C57BL d id  n o t  develop  any  b e tte r  th a n  r a t  b la s to c y s ts  
u n d e r  id en tica l cond itions (T ab le  I).

b )  D e v e l o p m e n t  a f t e r  t r e a t m e n t  o f  t h e  m o t h e r

S tud ies on th e  effects o f  CPA tre a tm e n t 36 h  befo re  im p la n ta tio n  on th e  d e v e lo p m en t 
o f  r a t  em bryos before an d  a f te r  im p lan ta tio n  (S p ie lm an n  e t al., 1977) show ed th a t  th e  early  
t r e a tm e n t  in te rfered  w ith  th e  d ev elopm en t of th e  em b ry o  before as well as a fte r  im p la n ta tio n . 
I n  id e n tic a lly  tre a te d  p re g n a n t ra ts  and mice th e re  w as no red u ctio n  of th e  n u m b er o f em bryos 
p e r  m o th e r  and  th e  ra tio  b las to cy sts /m o ru lae  24 h  a f te r  m ate rn a l tre a tm e n t w as th e  sam e. 
T h e  cell nu m b er of th e  m orpho log ically  no rm al b la s to c y sts , how ever, was re d u ce d  dose- 
d e p e n d e n tly  (E ibs and  S p ie lm an n , 1977a). B la s to c y s ts  from  CPA tre a te d  m o th e rs  were 
tra n s fe r re d  to m edium  NCTC-109 an d  c u ltu red  fo r 96 h. The resu lts are given in  T ab le  I I I .  
D if fe re n tia tio n  of CPA tr e a te d  m ouse em bryos w as in h ib ited  dose-dependently  fo r a ll stages 
o f  d iffe ren tia tio n . T he d ev e lo p m en t of th e  2 g erm  la y e rs  of th e  ICM was th e  m o s t sensitive

Table III

Effect o f  cyclophosphamide ( C P A )  treatm ent in  vivo on differentiation  
o f  mouse and rat blastocysts in  vitro

CPA dose 
(mg k g - 1)

No. of
blastocysts

(100%)
Hatching,

о//0

Trophoblast
outgrow th,

о//о

ICM,
о//о

Extensive
ICM,

о//о

M ouse

0 300 96 93 90 87

20 119 89* 82* 73** 61***

40 73 81 71* 48** 25**

60 184 62** 50** 31* 11**

80 62 30* 22*** 8** 0**

R a t

0 260 88 81 37 7

30 139 81 79 5*** 0**

60 131 40** 32** 0** 0

T rea tm en t 36 h  before im p lan ta tio n  (m ouse =  d ay  2; ra t  =  day 3). B egin  of culture  
12 h  before im p lan ta tio n  (m ouse =  day  3; ra t  =  d a y  4). Culture period 96 h. S ignificance levels 
w ere  determ ined  by th e  X 2 te s t  separately  for each  step  of d ifferen tia tion  by  com paring  the 
g ro w th  ra te  (as percentage o f b lastocysts c u ltu red ) a t  every  CPA dose w ith  th e  g ro w th  ra te  
a t  th e  n ex t lower CPA dose. * p <  0.05; ** p  <  0.01; *** p  <  0.001
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p a ram ete r. I t  was a lread y  in h ib ited  sign ifican tly  a t  th e  low est CPA dose s tu d ied  (20 m g/kg), 
a dose w hich did no t affec t th e  cell n u m b er of trea te d  b las to cy sts  (E ihs and  S p ie lm an n , 1977a). 
The sam e tab le  d em o n s tra tes  th a t  developm ent o f r a t  b las to cy sts from  CPA t r e a te d  m others 
was in h ib ited  dose -d ep en d en tly  in  th e  sam e m an n er. S im ilar to p re im p la n ta tio n  em bryos 
developing in th e  presence of tera to g en s S-shaped d o se -resp o n se  curves w ere o b ta in e d  with 
b las to cy sts cu ltu red  du rin g  im p la n ta tio n  a f te r  m a te rn a l CPA tre a tm e n t. T h e  slopes o f the 
dose response curves w ere, o f course, d ifferen t for th e  various d ev elo p m en ta l p a ram ete rs  
tes ted  (h a tch in g , tro p h o b la s t o u tg ro w th , ICM d ev elopm en t w ith  1 or 2 germ  layers).

In  id en tica l ex p erim en ts  on em bryos tre a te d  in  vivo 36 h before im p la n ta t io n  w ith 
th e  sex ste ro id  cy p ro te ro n e  a c e ta te  (CA) and  m edoxyprogesterone  ace ta te  (M P A ) in vitro 
developm en t o f m ouse b las to cy sts  was in h ib ited  a t  doses th a t  not a t  all in flu en ced  th e  cell 
num bers of t re a te d  b las to cy sts  b u t only th e  m alfo rm atio n  ra te  of tre a te d  e m b ry o s  a t  te rm  
(E ibs e t al., 1978). T his re su lt again  stresses the  im p o rtan ce  of the  in  vitro c u ltu re  m ethod  
in  stud ies on te ra to g en ic  effec ts o f d rug  tre a tm e n t d u rin g  th e  p re im p lan ta tio n  p eriod  which 
can n o t he d e tec ted  by m orpholog ical m ethods (Sp ie lm ann  and  E ibs, 1978).

c) D e v e l o p m e n t  a f t e r  t r e a t m e n t  i n  v i t r o  d u r i n g  
t h e  p r e i m p l a n t a t i o n  p e r i o d

As described elsew here in m ore d e ta il th e  in  vitro  cu ltu re  of m ouse e m b ry o s  beyond 
im p la n ta tio n  has been used by several in v estig a to rs  to  te s t  th e  v iab ility  o f b la s to c y s ts  trea te d  
du ring  in  vitro p re im p lan ta tio n  cu ltu re  (E ib s and Spie lm ann , 1977a; S p ie lm an n  a n d  E ibs, 
1978). In  in v estig a tio n s on te ra to g en ic  effects o f 13C en rich m en t in p re im p la n ta tio n  m ouse 
em bryos we could no t d e te c t an y  differences in th e  v iab ility  of m ouse b la s to c y s ts  cu ltu red  
du rin g  im p la n ta tio n  a fte r  dev elo p m en t from  the  4-cell stage in WMOC m ed iu m  co n ta in in g  
e ith e r l2C or 13C glucose (S p ie lm ann  and  E ibs, 1978). T h is resu lt confirm ed th e  e a rlie r  d a ta  
ob ta in ed  w ith  th e  em bryo  tra n s p la n ta tio n  techn ique  on effects of 13C in co rp o ra tio n  in to  
cu ltu red  m ouse b las to cy sts  (T able II). We were fu rth e rm o re  able to find  a d o se -d ep en d en t 
in h ib itio n  of em bryon ic  d ev elo p m en t beyond im p la n ta tio n  a fte r  in  vitro in c u b a tio n  of 4-cell 
em bryos in th e  presence of th e  ste ro id  sex horm ones CA a n d  MPA a t c o n ce n tra tio n s  com ­
p arab le  to those  occurring  in vivo  du ring  horm one tre a tm e n t (E ibs e t al., 1978).

Comments

T he resu lts  o b ta in ed  w ith  in vitro cu ltu red  p re im p lan ta tio n  em bryos t r e a te d  in  vivo 
or in vitro d em o n s tra te  th a t  c lear-cu t dose response re la tio n s ex is t for the  e ffects o f te ra to g en s  
even before th e  em bryos have  im p la n te d  in th e  u te rin e  m ucosa. The inh ib ited  in  vitro  d iffer­
e n tia tio n  of b las to cy sts  from  p re g n an t mice and ra ts , p rev iously  tre a te d  w ith  te ra to g en ic  
doses of CPA or w ith  s te ro id  sex  horm ones (CA an d  M PA ), proved th a t  th ese  d ru g s  had 
p e n e tra te d  in to  th e  em b ry o  a lread y  before im p la n ta tio n . H ow ever, th e  early  t r e a tm e n t  had 
n o t influenced th e  m orphology of th e  p re im p lan ta tio n  em bryos. E m b ry o  c u ltu re  beyond 
im p la n ta tio n  therefore  is th e  m ost sensitive  m ethod  to d e tec t effects o f t r e a tm e n t  du ring  
th e  p re im p lan ta tio n  period. T he m ost sensitive p a ram e te r  of th e  system  is th e  d ev elo p m en t 
o f the  tw o germ  layers of th e  ICM. In h ib ited  dev elo p m en t o f em bryos tre a te d  in  vivo  w ith 
CPA before im p la n ta tio n  as d e te c te d  by th is  cu ltu re  tech n iq u e  is also of im p o rta n c e  for in 
vivo  d ev elopm en t since em bryos in trea te d  m others die du rin g  organogenesis (S p ie lm an n  et 
a l., 1977). T rea tm e n t w ith th e  ste ro id  sex horm ones CA an d  M PA on the f irs t d ay s  o f  p reg n an cy  
seem s to increase th e  incidence of m alfo rm ations in te rm  fe tuses (E ibs e t al., 1978). T he in
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v itro  c u ltu re  of b lastocysts f ro m  t r e a te d  m others, th e re fo re , is o f im p o rtan ce  in te s tin g  p u ta tiv e  
te ra to g e n s  during  early  p re g n a n c y .

In co n sis ten t success ra te s  o b ta in e d  even by  ex p erien c e d  in v es tig a to rs  are th e  general 
d is a d v a n ta g e  of th e  em b ry o  tra n s p la n ta t io n  e x p erim en ts  (S p ie lm an n , 1976). T re a te d  and  
su b se q u e n tly  tran sp la n ted  e m b ry o s  h a v e  so fa r no t been  fo u n d  m alform ed b u t e ith e r reso rbed  
a n d  d e ad  or alive and no rm al. T h e  success ra te  o f t ra n s fe r  e x p e rim e n ts  can, th e re fo re , only 
b e  d e te rm in e d  w ith th e  tw o p a ra m e te rs  dead or alive. I t  co n se q u en tly  tak es a long  tim e  and 
m a n y  p re g n an t anim als to  te s t  th e  effect of a single dose o f a te ra to g e n  on p re im p la n ta tio n  
e m b ry o s  in  tran sp la n ta tio n  e x p e r im e n ts .

F o r th e  evaluation  of th e  e ffec ts  of tera togens on  p re im p la n ta tio n  em bryos, th e  in  vitro 
c u ltu re  o f trea te d  em bryos b e y o n d  im p lan ta tio n , as d esc rib ed  in  th is  and a p rev io u s re p o rt  
(E ib s  a n d  Spielm ann, 1977a), h a s  severa l advan tages w hen  co m p ared  to  the  em bryo  tra n s fe r  
te c h n iq u e . The in  vitro sy s tem  re q u ire s  fewer em bryos an d  i t  is fa s te r  and  m ore precise  because 
m a te rn a l  facto rs and in d iv id u a l v a r ia tio n s  are no t in v o lv ed . I t  also gives c lear-cu t dose re ­
sp o n se  re la tio n s which are d if f ic u lt  to  ob tain  when t r e a te d  em b ry o s are tran s fe rre d .

H ow ever, the in  vitro  a p p ro a c h  can only an aly ze  th e  d irec t effect o f th e  te ra to g e n  
on  th e  em bryo  up  to th e  e a rly  egg  cy lin d er stage an d  does o n ly  in d irec tly  allow  an  assessm en t 
o f  a d is tu rb ed  m aterna l p h y sio lo g y . T he de tection  of m a te rn a l  effects of th e  early  tre a tm e n t 
s t i l l  req u ire s  t ra n sp la n ta tio n  e x p e rim e n ts . T ra n sp la n ta tio n  o f em bryos is also necessary  in 
e x p e r im e n ts  to  te s t w h e th er t r e a tm e n t  of p re im p lan ta tio n  em b ry o s during  in  vitro  cu ltu re  
is ab le  to  induce m a lfo rm atio n s  a t  te rm .

Summary

I n  vitro cu lture m e th o d s  a re  described for m ouse em b ry o s  du rin g  th e  p re im p la n ta tio n  
p e r io d  (W h itte n ’s m edium ) a n d  fo r  m ouse and r a t  b la s to c y s ts  du rin g  th e  tim e of im p la n ta tio n  
(N C T C -109 m edium ). E x am p les  a re  given for th e  in flu en ce  o f  th e  genetic  b ack g ro u n d  (s tra in  
d iffe ren ces) on in  vitro d e v e lo p m e n t and  for the  d e te c tio n  o f a D N A  rep air m ech an ism  in  
c u ltu re d  p re im p lan ta tio n  e m b ry o s . S -shaped dose effec t cu rv es w ere ob ta in ed  for th e  in fluence 
o f U V -irrad ia tio n  and cy c lo p h o sp h am id e  (CPA) and  i ts  m e ta b o lite s  on dev elo p m en t o f  p re ­
im p la n ta t io n  mouse em bryos t r e a te d  during  in vitro c u ltu re . S im ilar curves w ere o b ta in e d  for 
m o u se  b las tocysts cu ltu red  a t  im p la n ta tio n  afte r t r e a tm e n t  o f th e  m o th er w ith  e ith e r  CPA 
o r th e  ste ro id  sex horm ones c y p ro te ro n e  aceta te  (CA) or m ed ro x y p ro g estero n e  a c e ta te  (M PA ). 
T h e  e m b ry o  tran sp la n ta tio n  te c h n iq u e  is described as a te ra to lo g ica l m ethod  to  te s t  th e  v iab il­
i t y  o f  p re im p lan ta tio n  m ouse e m b ry o s  which have in c o rp o ra te d  th e  stab le  iso tope  13C durin g  
in  vitro  cu ltu re. The im p o rta n c e  o f  th e  in  vitro cu ltu re  te c h n iq u e s  and  of th e  t ra n s p la n ta t io n  
m e th o d  in  experim ental te ra to lo g y  du rin g  the  earliest p e rio d  o f p regnancy  is d iscussed .
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In troduction

C ulture m ethods for p o s t- im p la n ta tio n  m am m alian  em b ry o s have  found  ap p lica tio n  
in m an y  fields, as th e y  allow close con tro l of th e  em bryos’ e n v iro n m en t, w ith o u t th e  com plica­
tions th a t  m ay be in tro d u ced  by  m ate rn a l effects (R eview ed b y  New , 1978). The m ethods 
are app licab le  to  r a t  em bryos ex p la n ted  a t  any  age betw een 7 1/2 d ay s (i.e. early  egg-cylinder 
stage, B uckley  e t a l., 1978) an d  13 1/2 days of gesta tion  (i.e. 50 — 55 som ite foetuses, Cockroft, 
1973, 1976). The m iddle  of th is  range  (i.e. 9 1/2 —11 1 /2d) is o f p a r tic u la r  in te re s t to  te ra to l-  
ogists, since du ring  th is  period  th e  m ain  processes of o rganogenesis are tak in g  place.

The cu ltu re  m eth o d s them selves are o f a nu m b er o f ty p es . S ta tic -m ed iu m  system s have  
been used successfully  in a n u m b er o f stud ies , b u t b e tte r  d ev elo p m en t can  usually  be o b ta in ed  
w ith  c ircu la tion  or a g ita tio n  of th e  cu ltu re  m edium . In  th e  N ew -ty p e  c ircu la to r (N ew , 1967) 
bubb les of gas a re  used  b o th  to ox y g en ate  th e  cu ltu re  m edium  a n d  to  propel it p a s t th e  em ­
b ryos, w hich are anch o red  in an  em bryo  cham ber. This ty p e  of c ircu la to r was used  for th e  
in itia l stud ies on carb o n  m onoxide effects on early  ra t  em b ry o s (R o b k in  e t al., 1976) w hich 
will be discussed m ore fully  la te r. A n o th er cu ltu re  system , in  w hich  em bryos are sim ilarly  
anchored  in a c u rre n t o f o x y g en ated  m edium  in an  em bryo  ch am b er, is th e  ‘P lasm om ’ (R o b k in  
e t al., 1972). In  th is  case how ever, th e  m edium  is o x y g en ated  in  a silicone m em brane  ‘lu n g ’ 
and  the  flow is p ro v id ed  by a p e ris ta ltic  pum p. One fea tu re  o f th is  design is th e  sm oo th  flow 
of m edium  p ast th e  em b ryos, w hich w as used to  ad v an tag e  in a s tu d y  on th e  effects o f card io ­
ac tive  drugs on m id -te rm  ra t  em bryos (R o b k in  e t al., 1974); th e  h e a r t ra te  was m o n ito red  
w ith  a laser beam  an d  p h o toelectric  cell, and  p lo tted  on a c h a r t  recorder.

A lthough  each  system  has its  p a rticu la r  ad v an tag es  w hich  m ay  d ic ta te  its use in th e  
s tu d y  of a p a r ticu la r  prob lem , th e  one w hich has found g re a te s t  ap p lica tio n  in  th e  field  of 
te ra to lo g y  is cu ltu re  in  ro ta tin g  b o ttle s  (N ew  e t al., 1973; K o ch h ar, 1975; C ockroft, 1977) 

the  em bryos are in cu b a ted  in  b o ttle s  or tu b es co n ta in ing  cu ltu re  m edium  and  a gas phase , 
and  th e  vessels are ro ta te d  to  fa c ilita te  in te rch an g e  of gases and n u tr ie n ts  betw een  th e  em bryos 
a n d  th e ir  e n v iro n m en t. T his p a p e r  describes th e  system  in use in  our lab o ra to ry  an d  some 
of th e  w ays we have  app lied  i t  to  th e  s tu d y  of prob lem s in te ra to lo g y .

Materials and methods

Two ty p es of cu ltu re  b o ttle  are illu s tra te d  in Fig. 1; 60 ml P y re x  reagen t b o ttle s  w ith  
g round  glass s to p p e rs  are very  sa tis fac to ry . A little  silicone grease  on  th e  sto p p er allow s it to 
form  a g as-tig h t seal. A lte rn a tiv e ly , b o ttle s  m ay  be purpose m ade in an y  size to su it req u ire ­
m en ts. The ty p e  illu s tra te d  in F ig . 1(b) is closed w ith  a silicone ru b b e r  bu n g  and  has a cap ac ity  
o f 30 m l, w hich is co n v en ien t for sm all n u m bers of em bryos.

The b o ttle s  a re  p laced  on h o rizo n tal rollers ab o u t 30 m m  in d iam e te r and  250 m m  long, 
an d  ro ta ted  a t  30 — 60 rp m  in an in cu b a to r a t  37 — 38 °C.
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F ig . 1. Two ty p es o f c u ltu re  b o ttle  co n ta in in g  em bryos and  cu ltu re  m ed iu m , a) 60 m l P y rex  
reagent b o ttle  w ith  g lass s to p p e r; b) 30 ml b o ttle  w ith  silicone ru b b e r  sto p p er

The cu ltu re  m ed iu m  is u su a lly  pure  r a t  serum , and  ra th e r  th a n  a llow ing  th e  clot to 
fo rm  before cen trifu g a tio n , i t  has  been  fo und  th a t  b e tte r  d ev elopm en t is o b ta in e d  if  th e  blood 
is  cen trifuged  im m ed ia te ly  a f te r  w ith d raw al from  th e  dorsal a o r ta  of th e  e th e r-an a es th e tiz e d  
d o n o r r a t  (Steele and  N ew , 1974). T he clot th e n  form s in  th e  su p e rn a ta n t a n d  th is  is squeezed 
to  release contained se ru m  a n d  d iscarded . A fte r re -cen trifu g a tio n  th e  se ru m  is d ecan ted  and 
s to re d  a t  10 °C u n til  re q u ire d . B efore us,ç th e  serum  is th aw ed , h e a t in a c t iv a te d  a t  56 °C 
fo r 30 m in, gassed to  d rive  o ff  resid u al e th e r and  cen trifuged  to  b ring  dow n a n y  fu r th e r  fib rin  
c lo t.

The e x p la n ta tio n  p ro ced u re  for em bryos to  be cu ltu red  in  ro lle r b o ttle s  is sim ple: 
th e  p reg n an t u te ru s  is re m o v e d , opened  in  saline along th e  a n tim eso m e tria l side and  th e  con- 
c ep tu se s  cu t aw ay w ith  a c a ta ra c t  kn ife. A fter tra n s fe r  to  fresh  saline th e  m a te rn a l decidua 
is rem oved  an R e ic h e rt’s m em b ran e  is to rn  open. T he e-ctoplacental cane, or in  o lder em bryos 
th e  a llan to ic  p lacen ta , is le ft a tta c h e d  to  th e  ex p la n t w hich  is now  read y  to  be p laced  in  a ro ller 
b o ttle .

A t 9 1/2 d ay s o f g e s ta tio n  (d ay  of sp e rm -positive  vag in a l sm ear =  d ay  1/2) ab o u t 
6 em bryos m ay be p laced  in  6 m l o f serum  per 60 m l b o ttle . F o r o p tim u m  d ev elopm en t of 
11 1/2 day em bryos, th e  sam e size b o ttle  will accom m odate  3 em bryos in  9 ml serum .

The air in  th e  b o ttle  is rep laced  w ith  a su itab le  gas m ix tu re  w hich  fo r th e  9 1/2-day 
r a t  em bryo  consists o f  5 %  0 2, 5%  C 0 2, 90%  N 2 w hich is changed to  20%  0 2, 5 %  C 0 2, 75%  N 2 
a t  24 h of culture  (N ew  e t a l., 1976a). E m b ry o s e x p la n ted  a t  11 1/2 d a y s  re q u ire  95%  0 2, 
5 %  C 0 2 th ro u g h o u t th e ir  cu ltu re  period .

Results and discussion

A t 9 1/2 days o f  g e s ta tio n , th e  em bryos are p re -so m ite  egg cy linders w ith  th e  beginning 
o f th e  head-fold and  th e  a lla n to ic  b u d , and m easu ring  ab o u t 1.5 m m  long a n d  0.6 m m  in d ia ­
m e te r. The em bryon ic  p o rtio n  co n ta in s less th a n  5 fig  p ro tein . A fter 48 h  in  cu ltu re , and 
d ep en d in g  on the  tim e  of d a y  th e y  w ere ex p lan ted , th e y  have developed 25 — 28 som ites, w ith 
a  crow n rum p len g th  of 3.0 — 3.8 m m  and  a p ro te in  co n te n t o f 120 — 240 fig. D evelopm ent 
o f th ese  em bryos is v e ry  close to  th a t  o b ta in ed  in  vivo over th e  sam e period  (N ew  e t al., 1976b) 
a n d  equally  im p o r ta n t  fo r te ra to lo g ica l s tu d ies , a v e ry  high p ro p o rtio n  of con tro l em bryos 
(u su a lly  100% ) develop n o rm ally  in  cu ltu re .
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E m bryos e x p la n te d  a t  11 1/2 days o f g esta tio n  develop  fo r 18 24 h a t slightly  slow er
ra te s  th a n  in vivo. A t e x p la n ta tio n  th ey  h a v e  27 31 som ites, a crow n rum p len g th  of 3.5 —
4.5 m m  and 200 — 500 fig  o f pro tein . A fter 18 24 h in cu ltu re  th e  som ite  num ber has reach ed
39 — 42 the  crow n-rum p len g th  has increased  to 5.5 —6.5 m m , an d  th e  p ro tein  c o n te n t to  
700 — 1200 fig.

In  th is lab o ra to ry  em bryos cu ltu red  th ro u g h  these  pe rio d s have  been used to s tu d y  
effec ts of h y p e rth e rm ia , excess glucose an d  carbon  m onoxide.

H y  por therm i a

T em porary  e lev a tio n  of deep body tem p e ra tu re , re su ltin g  from  fever or c lim atic  co n d i­
tio n s , m ay  be te ra to g e n ic  in th e  p reg n an t fem ale. A bortions, re so rp tio n s and m alfo rm atio n s 
h av e  been found in  a n u m b er of species in  w hich  h y p e rth e rm ia  has been induced e x p e rim e n t­
a lly  (review ed by E d w a rd s , 1974 and E dw ards and  W anner, 1977), u su a lly  by h eatin g  th e  w hole 
p re g n a n t anim al. T h is obviously  causes severe  distress to  th e  m o th e r; hence the  effects on th e  
em b ry o  m ay be a re su lt o f m ate rn a l d is tu rb an ce  ra th e r  th a n  a d irec t effect o f h e a t on th e  
em b ry o . A fu rth e r co m p lica tio n  is in tro d u ced  by the m o th e r’s th erm o reg u la tio n  w hich m akes 
precise  contro l of th e  e m b ry o s’ tem p e ra tu re  im possible. One w ay  of e lim inating  these m a te rn a l  
effec ts is to rem ove th e  em bryos from  the  m o th e r and g raw  th em  in culture.

In co llabora tion  w ith  Denis New I have been s tu d y in g  th e  effects of te m p e ra tu re  
e lev a tio n  on ra t em b ry o s in v itro .

The em bryos w ere ex p lan ted  a t  9 1/2 days of g e sta tio n  and  cu ltu red  for 2 days in  th e  
ro lle r-b o ttle  system . In  an  in itial series of ex p erim en ts  (C ockroft an d  New, 1975) em bryos w ere 
c u ltu red  a t control te m p e ra tu re s  of 37 — 38 °C, a t 40 °C a n d  a t  41 °C. E m bryos cu ltu red  a t 
40 °C were very s im ilar to  contro ls, bu t a t  41 °C developm en t w as v e ry  abnorm al and  g ro w th  
seriously  re ta rd ed . E x p o su re  to 41 °C for o n ly  p a rt of the  c u ltu re  period  showed th a t  h y p e r­
th e rm ia  during th e  f irs t h a lf  of cu ltu re  h ad  a g rea ter effect th a n  in th e  second half, an d  e x ­
po su re  for various 12 h  periods suggested t h a t  the  early  p a r ts  o f  th e  11 th  day m igh t be p a r tic ­
u la rly  sensitive to  in creased  tem p era tu re .

More recen t w ork  has been d irected  tow ards specify ing  th e  critica l tem p era tu re  ran g e  
m ore closely, and to  id en tify in g  less d ra m a tic  b u t p o ten tia lly  serious effects of h y p e rth e rm ia  
(C ockro ft & New, 1978). T he f irs t was stu d ied  by including 40.5 °C in th e  range of te m p e ra tu re s  
so th a t  developm ent a t  38, 40, 40.5 and 41 °C was com pared . As before, little  d ifference was 
fo u n d  in protein  c o n te n t, som ite num ber or c row n-rum p len g th  a t  38 and 40 °C. A t 40.5 °C 
how ever, there was s ig n ifican t reduction  in  all these p a ram e te rs  and  in a d d itio n  th e  m a jo rity  
o f th e  em bryos failed to  undergo axial ro ta tio n . A t 41 °C, p ro te in  c o n ten t and c ro w n -ru m p  
len g th  were sig n ifican tly  lower th an  a t 40.5 °C, and  som ite d ev e lo p m en t was so poor a t  41 °C 
t h a t  no counts were possible.

T he m alfo rm atio n s in these em bryos followed the  sam e tren d s . W ith 18 em bryos in 
each  group , no ab n o rm a litie s  were found in th e  contro l em b ry o s c u ltu red  a t 38 °C, and a t  40 °C 
on ly  one em bryo show ed obvious m icrocephaly . At 40.5 °C over h a lf  the  em bryos show ed 
severe  m icrocephaly a n d  one had expansion  o f th e  pericard ia l c a v ity  in add ition . The em b ry o s 
cu ltu red  a t 41 °C w ere all abnorm al, m ostly  w ith  m icrocephaly  a n d /o r expansion of th e  p e ri­
c a rd iu m ; in one e m b ry o  th e  neural folds h ad  failed to fuse a n d  in th ree  th e  an te rio r an d  p o s te ­
rio r folds had fused to  each  o th er (Fig. 2).

A lthough on ly  one of the  em bryos cu ltu red  a t 40 °C w as o bv iously  m icrocéphalie , i t  was 
o u r im pression th a t  in several o thers the b ra in  m ight be sm alle r th a n  norm al. To m easure th is  
im pression  more o b jec tiv e ly  a series of ex p erim en ts  was p e rfo rm ed  in which the  a n te rio r  p a r t  
o f th e  head was cu t o ff a f te r  cu ltu re , an d  th e  head and  bod y  p ro te in  co n ten ts were m easu red
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F ig . 2. R a t em bryos e x p la n te d  a t  9%  days of g e s ta tio n  and cu ltu red  fo r 48 h o u rs  a t  tem p e ra ­
tu res  o f 38— 41 °C

F ig . 3. Side view (left) a n d  fro n t view  (r ig h t)  o f head  region of r a t  e m b ry o  ex p la n ted  a t 
9 l/ 2 d a y s  of gestation  a n d  c u ltu re d  for 48 ho u rs . T h e  d iagram s show th e  p o s itio n  of th e  cu t 
m a d e  fo r separate  h ead  a n d  b o d y  p ro te in  d e te rm in a tio n  and the  four h ead  d im ensions th a t  
w ere  m easu red : the  le n g th  o f th e  head  (a) and  th e  len g th  (b), heigh t (c) an d  w id th  (d) o f the

te len cep h alo n

se p a ra te ly . The line o f se p a ra tio n  was along th e  a n te rio r  edges of th e  a u d ito ry  vesicle and 
th e  m and ib le  (Fig. 3). F o r  e ach  em bryo th e  h ead /em b ry o  p ro te in  ra tio  w as c a lcu la ted , and 
to  e lim in a te  any effects a ris in g  from  v a ria tio n  in  th e  size of th e  em bryos, e ach  em bryo  was 
p a ire d  w ith  a contro l e m b ry o  w ith  a sim ilar to ta l  p ro te in  co n ten t — th e  m ax im u m  d iscrepancy  
a llo w ed  being 5 f i g . In  each  g ro u p , 18 o u t o f 30 e m b ry o s  could be closely m a tc h e d  in  th is way 
a n d  th e  rem ainder w ere ex c lu d ed  from  th e  re su lts . T he m ean  em bryo p ro te in  c o n te n t was 
th u s  th e  sam e in  each  g ro u p  (167 ^  9 fig =  m ean  ^  S .E .) b u t th e  h ead /em b ry o  p ro te in  ra tio  
a t  40 °C (0.278 i  0.005) w as sig n ifican tly  low er th a n  a t  38 °C (0.295 i  0.003).

As a fu rth e r w ay  o f in v es tig a tin g  th e  m ic ro cep h a ly  induced  a t  40°, m ea su re m e n ts  were 
m a d e  of th e  length  of th e  h e a d  (a), and  th e  le n g th  (b), h e ig h t (c) and  w id th  (d) o f th e  te le n ­
c e p h a lo n  (Fig. 3). The e m b ry o s  cu ltu red  a t 38 °C a n d  40 °C were again  p a ire d , th is  tim e on 
th e  b asis  of their crown ru m p  len g th , and  22 o u t  o f  30 em bryos were m atch ed  w ith  a m axim um  
d isc rep a n cy  of 0.1 m m . I t  w as found  th a t  th e  len g th  of th e  head (a) an d  th e  len g th  (b) and
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heigh t (c) o f the  te len cep h alo n  were all s ign ifican tly  reduced  a t  40 °C, h u t th a t  th e  w id th  (d) 
o f th e  te lencephalon  w as th e  sam e a t th e  two tem p era tu res .

H ence sm all b u t  s ig n ifican t defec ts in b ra in  d ev elo p m en t have been show n to  occur 
as a d irec t resu lt o f a tem p e ra tu re  e lev atio n  of only 2 °C. T h is  ty p e  of defic it in th e  early  
foe tus could well he responsib le  for th e  pe rm an en tly  reduced  b ra in  size found  by  E d w ard s  
and  his co-w orkers (1976) in  gu inea  pigs sub jected  to  h y p e rth e rm ia  d u rin g  p reg n an cy , an d  
also th e  cause of th e  reduced  lea rn in g  ab ility  o f n eo n ata l g u inea-p igs sim ilarly  tre a te d  in m id 
g esta tio n  (E d w ard s e t  ah , 1974).

1 lyperglycaem  in

A n u m b er o f clinical s tu d ies  h av e  show n th a t  p re g n an t d iab e tic s  are m ore like ly  to give 
b ir th  to ab n o rm al ch ild ren  th a n  no rm al m others (e.g. P ed ersen  e t al., 1964; K u cera , 1971). 
A h igher incidence of m alfo rm atio n s is also found  in ro d e n ts  w ith  ex p erim en ta lly  induced  
d iabe tes (H orii e t a l., 1966; D eu ch ar, 1977). Since a n u m b er o f facto rs m ay  be invo lved  in 
d iab e tes  (e.g. h y p erg ly caem ia , h y p e ro sm o la rity , insulin , to x em ia  e tc .) th e  cause of these  m al­
fo rm ations is no t clear. T he p re sen t s tu d y  was m ade in co llab o ra tio n  w ith  P a t  C oppola, and 
was a im ed a t iso la ting  th e  e ffects o f hyperg lycaem ia  from  th e  o th e r  co n co m itan ts o f d iab e tes  
(C ockroft and  C oppola, 1977).

The  exper im en ts  were done on em bryos e xp lan ted  a t  9 1/2 days of ges ta t ion  and cu l­
tu red  for 48 h in ro ta t in g  bottles.  To the  culture  serum was a d d e d  D-glucose a t  concen tra t ions  
of 6 —15 mg/ml. In  some cultures ,  the  osmolari ty  rise caused  by the  glucose was corrected  
by add it ion  of distil led water .  As a fu r th e r  osmolarity  con tro l ,  and  to see w h e th er  i t  had  any  
tera togen ic  act ion , L-glucose, the  non-metabolisable  isom er of D-glucose, was also tes ted ,  
again w ith  and w i th o u t  o sm olar i ty  correction.

I t  was found  t h a t  concen tra t ions  of 12 mg/ml of D-glucose caused abnorm ali t ie s  in 
ab o u t  one fif th  of  the  e m b ry o s  even when osmolarity  correc tion  was applied, h u t  t h a t  lower 
concen tra t ions  o f  D-glucose had  no effect. At 15 mg/ml D-glucose, ha lf  the  e m bryos  showed 
severe m alform ations  when  the  osm olar i ty  was corrected, a n d  w ithou t  osm olar i ty  correction 
all the  em bryos  were a bnorm a l  and  th e  severity  of the  abnorm ali t ie s  was g rea ter  (Fig. 4).

Fig. 4. R a t em bryos ex p la n ted  a t head  fold stage (9*/2 d ay s) and  cu ltu red  for 48 h in contro l 
m edium  (left), m edium  co n ta in in g  15 m g/m l exogenous D-glucose w ith  correc tion  to norm al 

o sm o larity  (cen tre) an d  15 m g/m l D-glucose w ith o u t o sm o larity  correction  (righ t)
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T h e  m o st com m on m alfo rm atio n s  in these  em bryos were ab n o rm al fusion  o f th e  n eu ral folds, 
m ic ro cep h a ly  and eye d e fec ts . L-glucose, even  a t  th e  h ighest co n cen tra tio n s  an d  w ithou t 
o sm o la r ity  correction, did n o t  cause ab n o rm alitie s, th o u g h  som e g ro w th  re ta rd a tio n  was 
e v id e n t.

We have therefore  d e m o n s t r a te d  t h a t  12 —15 m g/m l D-glucose has a d i rec t  tera togenic  
e ffec t  which is d is tinct f rom , b u t  ex acerb a ted  by ,  its  osmotic  effect. The  c oncen tra t ions  we 
h a v e  used are high, b u t  such  levels h ave  been recorded  in severely d iabe tic  p a t i e n ts  (Fulop 
e t .  a l. ,  1975).

R ecently  stud ies h av e  b een  m ade w ith  em bryos ex p la n ted  12 h earlie r (i.e. a t  9 days 
o f  g e s ta tio n ) and c u ltu red  for 66 h  (C ockroft, in  p re p a ra tio n ). These em bryos a re  m uch  more 
se n s itiv e  to hyperg lycaem ia : a ll th e  con tro l em bryos developed no rm ally  b u t  one q u a rte r  
o f th e  em bryos cu ltu red  w ith  6 m g/m l D-glucose w ith  o sm o larity  correc tion  h a d  b ra in  or eye 
d e fec ts , and  a t 9 m g/m l, n e a r ly  h a lf  th e  em bryos show ed these  anom alies.

Carbon monoxide

As a resu lt of a tm o sp h e ric  p o llu tio n  or c ig a re tte  sm oking, carb o n  m on o x id e  m ay 
a cc u m u la te  in the  blood s tre a m  of p re g n an t w om en w here i t  com bines p re fe re n tia lly  w ith 
b o th  m ate rn a l and fe ta l h aem oglob in  to  form  carboxyhaem oglobin . This m a y  d rastica lly  
re d u c e  th e  am oun t of h aem o g lo b in  av ailab le  for oxygen tran sp o rt.

A lthough co n cen tra tio n s o f  on ly  0 .1%  in  th e  in sp ired  air are ra p id ly  le th a l to  adu lts, 
a  s tu d y  by  R obkin  e t al. (1976), show ed th a t  c o n cen tra tio n s  of 10%  CO in th e  p e rfu s in g  gas 
h a d  no  effect on the  h e a r t ra te  o f r a t  em bryos cu ltu red  a t  10 1/2, 11 1/2 or 12 1/2 d ay s o f gesta­
tio n . T h is  unexpected  fin d in g  ra ises  th e  question  of w h e th er CO has a n y  physio log ical affects 
on  r a t  em bryos in cu ltu re .

T h e  s tu d y  described h ere  w as carried  ou t in  co llabora tion  w ith  M aurice R o b k in  from  
S e a tt le  and  we have tr ied  to  re la te  g ro w th  in cu ltu re  to  th e  changing  p a tte rn s  o f energy 
m e ta b o lism  in the p resence of CO an d  of sub o p tim al oxygen  levels.

R a t  em bryos were e x p la n te d  a t  11 1/2 days o f g es ta tio n  and cu ltu red  for 18 h  in  ro ta tin g  
b o ttle s . Control em bryos w ere c u ltu red  in  85%  0 2, 5 %  C 0 2 w ith  1 0 % N 2. T he ex p erim en ta l 
e m b ry o s  were exposed e ith e r to  1 0 %  CO in  place of th e  n itro g en , or to  a red u ced  oxygen  level 
o f  4 0 %  b u t  w ithout CO. A ssays w ere m ade  of th e  glucose an d  lac ta te  in  th e  c u ltu re  m edium  
so t h a t  th e  glucose co n su m p tio n  an d  la c ta te  p ro d u c tio n  o f th e  em bryos could be calcu la ted .

N e ith e r 10%  CO nor re d u c tio n  to 4 0 %  0 2 h ad  a s ig n ifican t effect on so m ite  p ro d u c tio n  
or c ro w n -ru m p  increase a n d  no a b n o rm a litie s  were p roduced . H ow ever, b o th  t re a tm e n ts  caused 
a s ig n ific a n t reduction  in th e  g ro w th  ra te  (as m easured  b y  p ro te in  in crem en t). T he lac ta te  
p ro d u c tio n  was sign ifican tly  in creased  b y  CO or hy p o x ia , an d  glucose co n su m p tio n  increased  
s lig h tly  in th e  presence o f 10%  CO an d  sig n ifican tly  in th e  presence of 40%  0 2. T he ra tio  
o f la c ta te  produced to glucose con su m ed  increased  sig n ifican tly  in  th e  presence of b o th  10%  CO 
a n d  th e  reduced  oxygen level o f 4 0 %  0 2, b u t  there  was no sign ifican t d ifference be tw een  the 
tw o  t re a tm e n ts .

T hese  results suggest t h a t  th e  em bryos respond  to in te rference  w ith  oxygen  tra n sp o rt  
by  a re la tiv e  increase in an ae ro b ic  m etab o lism  and a c o n co m itan t decrease in  th e  m ore efficient 
o x id a tiv e  m etabolism  of glucose v ia  th e  c itric  acid cycle. T h is resu lts  in  a n e t en erg y  loss w hich 
cou ld  a cc o u n t for th e  o bserved  re d u c tio n  in g row th  ra te . (R o b k in  an d  C ockroft, 1978). The 
f in d in g  t h a t  the  overall effec t o f CO is sm all suggests th a t  in  our cu ltu re  sy s tem  re la tiv e ly  
l i t t le  o x y g en  is being carried  by  th e  red  blood cells, and  th a t  physical so lu tion  is th e  d o m in an t 
m ec h an ism  of oxygen tra n sp o r t.
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In  vivo , w here prevailing oxy g en  levels are low er, haem oglobin  p resu m ab ly  p lay s 
a bigger role in oxy g en  tran sp o rt: hen ce  th e  effects on th e  fo e tus of carbon  m onoxide w ould 
p robab ly  be m ore severe.

Sum m ary

R at em b ry o s ex p lan ted  a t  9 1/2 or 11 1/2 days o f g e s ta tio n  and cu ltu red  in ro ta t in g  
b o ttle s were su b je c ted  to a n u m b er o f agents.

E m bryos ex p la n ted  a t 9 1/2 d a y s  (head-fo ld  stage) a n d  in cu b a ted  for 48 h a t  40.5 °C 
were re ta rd ed  a n d  ab norm al and th ese  effects were m ore seevre  in em bryos cu ltu red  a t  41 °C. 
E m bryos exposed  to  40° over th is  period  were superficially  no rm al, b u t sep ara te  head  and  
body pro tein  d e te rm in a tio n s  and  care fu l m easu rem en t of th e  head  d im ensions show ed th em  
to  be m icrocéphalie .

A ddition  o f 12 — 15 mg/ml D -glucose to th e  cu ltu re  m edium  of em bryos grow n in  v itro  
over the sam e period  also produces m alfo rm ations . T his te ra to g en ic  action  of D -glucose is 
d is tin c t from  b u t ex acerb a ted  by its  osm otic  effect. E m b ry o s  ex p lan ted  12 h earlie r (i.e. a t  
9 days of g e s ta tio n ) and cu ltu red  for 66 h were m ore sensitive  to excess glucose — a b n o r­
m alities were p ro d u ced  by 6 —9 m g/m l exogenous D -glucose.

E m bryos e x p lan ted  a t 11 1/2 d ay s  of g e s ta tio n  an d  c u ltu re d  for 18 h responded  to  b o th  
10%  CO and su b o p tim a l oxygen levels w ith  a red u ctio n  in  g ro w th  ra te  and an increase  in th e  
ra tio  of la c ta te  p roduced  to glucose co n su m ed , suggesting  a sh if t to less efficient an aero b ic  
energy m etabolism .
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Fusion  facial sw ellings; surface c o a t;  c le ft lip; nasal processes.

Fusion of ep ithe lia l ridges is a co m m o n ly  observed  process d u rin g  em bryogenesis, 
occurring  in developm en t o f  th e  neural tu b e , nasal folds, p a la te , eye, h e a r t  a n d  o th e r  regions. 
These regions are also com m on sites for cong en ita l m alfo rm ations such  as exen cep h a ly  an d  
sp ina  b ifida , cleft lip an d  p a la te , and b u lb u s  and  conus lesions resp ec tiv e ly  (L an g m an , 1976). 
The re la tio n sh ip  betw een  facto rs responsib le  fo r norm al ep ith e lia l fu sion  a n d  th e  occurrence 
of ab n o rm alitie s  is no t clear. H ow ever, a t  le a s t  tw o processes — in creased  p ro d u c tio n  of su r­
face coats and  fo rm atio n  or e levation  of ridges — ap p ear to  be essen tia l fo r n o rm al fusion. 
In som e instances in te rference  w ith these  ev en ts  in  la b o ra to ry  an im als  h as re su lted  in con­
gen ita l deform ities.

The presence of surface  coats has been  observed du rin g  p a la ta l  she lf fusion  ( P ra t t  et 
al., 1973; Greene and K ochhar. 1974: P r a t t  a n d  Hassell, 1975; Souchon, 1975; G reene and 
P r a t t ,  1976), and  neural tu b e  closure (M oran  an d  Rice, 1975; Lee e t al., 1976; Sad ler, 1978). 
Surface co at m ateria l is increased  over p ro sp ec tiv e  fusion areas im m ed ia te ly  p rio r to  co n tac t 
an d  is th o u g h t to p rov ide  a m eans of te m p o ra ry  adhesion  be tw een  opposing  ridges, folds 
or shelves u n til more p e rm an en t cell to cell co n tac ts  can be estab lish ed  (G reene an d  P ra t t ,  
1976). In h ib itio n  of su rface  co at syn thesis has been  show n to  p re v en t fusion  be tw een  p a la ta l 
shelves in  vitro , thus p rov id ing  evidence th a t  th e  coat is essen tia l for n o rm al c losure (Greene 
an d  P ra t t ,  1977). H ow ever, no clefts or fu sion  defects have been produced  in th e  in ta c t  organism  
by  in h ib itio n  of surface co at p roduction .

F o rm atio n  and e lev atio n  of ridges a n d  folds is also essen tia l for no rm al closure in all 
of these  fusing  areas. T he ridges, folds or she lves m u st be e lev a ted  in to  a p o sitio n  of apposition  
or a severe defect will re su lt. M any fa c to rs  are  invo lved  in fo rm atio n  and  ap p o sitio n  of the 
ridges and folds, includ ing  th e  underly ing  m esenchym e. T his tissue ap p ea rs  to  p lay  a sign ifican t 
role in n eu ra l fold e lev a tio n  (Schroeder, 1969; M yrian thopoulos, 1978). S u b stan ces know n 
to a ffec t m esoderm al cells, such as v ita m in  A. d isru p t norm al m esenchym al d ev elo p m en t and 
in th is  w ay in h ib it closure o f th e  folds (M orriss and  Steele, 1977). T h u s em b ry o s tre a te d  w ith 
v ita m in  A during  n e u ru la tio n  have in su ffic ien t m esoderm al tissue  in th e  n e u ra l folds and 
ex h ib it closure m alfo rm ations such as ex en cep h a ly . These resu lts  suggest a cause  an d  effect 
re la tio n sh ip  betw een in te rference  w ith th e  underly ing  m esenchym e an d  th e  defec t. D irect 
effects on th e  n eu roep ithe lium  itself, h o w ev er, can n o t be excluded.

A lthough  the  ap p earan ce  of su rface  coats a t th e  tim e of fusion a n d  th e  d isrup tion  
of m esenchym e in m alform ed em bryos su g g est an  im p o rta n t role for th ese  ev en ts  during  
closure processes, i t  is still no t clear how  these  processes a re  invo lved  in th e  p ro d u c tio n  of 
m alfo rm ations. One d ifficu lty  in assessing th e  im p o rtan ce  of these  ev en ts  has been  th e  inac- 
cessab ility  o f th e  m am m alian  em bryo  to  th e  in v estig a to r. H ow ever, re ce n t developm ents, 
p rim arily  by  New an d  his co-w orkers (1978) and  by K o ch h ar (1975) an d  S ad ler (1978), have 
led  to  th e  successful m a in ten an ce  of in ta c t  r a t  and  m ouse em bryos in  vitro  th ro u g h o u t o rgano­
genesis.
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U sing th e  tech n iq u e  o f w hole  em bryo c u ltu re , o u r la b o ra to ry  h as been involved in 
a n a ly z in g  processes resp o n sib le  fo r no rm al and ab n o rm al lip  d ev elopm en t. Cleft lip is one 
o f  th e  m o st com m on h u m an  m alfo rm atio n s  (1 : 1000) (F ra se r, 1971), b u t  one of th e  least 
u n d e rs to o d . H ow ever, i t  is k n o w n  th a t  th e  nasal folds m u s t e lev a te  a n d  fuse if  developm ent 
is  to  proceed  norm al. T h u s, b a se d  on re su lts  from  in v es tig a tio n s  in  th e  p a la te  and  neural tu b e , 
th e  n a sa l processes p rov ide  an  ex ce llen t o p p o rtu n ity  to  fu r th e r  assess th e  im p o rtan ce  of su r­
fa c e  c o a ts  and und erly in g  m esen ch y m e  for norm al closure o f th e  nose a n d  lip  regions. F u r th e r­
m o re , th e  use of the  whole e m b ry o  cu ltu re  tech n iq u e  offers a u n iq u e  o p p o r tu n ity  to  m an ipu late  
th e  develop ing  lip region a t  c ru c ia l stages of its  developm en t.

M aterials and methods

In  all experim ents we u se d  ra n d o m  bred  m ice of th e  IC R  s tra in  w hich were m ated  
f ro m  8:00 A.M. to noon. P lu g  d a y  w as considered to  be th e  1st d ay  of g esta tion .

W hole embryo culture

These techniques in v o lv ed  a d a p ta tio n s  of those o rig in a lly  designed b y  New (1978) and 
m o d if ie d  b y  K ochhar (1975). E le v e n  d a y  em bryos were s tr ip p e d  of m o st p lacen ta l tissue and 
R e ic h e r t ’s m em brane, leav in g  th e  y o lk  sac and a sm all e c to p lac en ta l cone. T ears were m ade 
in  th e  cephalic  and cau d a l en d s o f  th e  y o lk  sac tak in g  care n o t  to  dam age m ajo r blood vessels. 
T h e  em b ry o s were th en  p laced  in  25 m l ro und  b o tto m  flask s, co n ta in in g  2 ml o f 50%  W ay- 
m o u th ’s m edium , 50%  fe ta l c a lf  se ru m , and gassed w ith  9 5 %  0 2 and  5 %  CO.,. The flasks 
w e re  p laced  on a ro ta to r  w heel rev o lv in g  a t  30 rp m . C u ltu res w ere m ain ta in ed  a t  38 °C and 
re g a sse d  ap p ro x im ate ly  12 h  a f te r  th e ir  in itia tio n .

Loca liza tion  o f  surface coat m ateria l ( in  vivo)

T he presence of a su rface  c o a t over th e  ep ith e lia l lin in g s o f th e  n asa l swellings was 
e x a m in e d  by  using a m o d ifica tio n  of th e  ru th en iu m  red  (R R ) tech n iq u e  developed by L uft 
(1971). Tw elve day em bryos w ere  f ix ed  for 1 h in  0.25 m l o f 50%  g lu ta ra ld eh y d e , 5 m l of 
0 .2  M N a-cacodylate  b u ffer (p H  7 .3), 1.5 ml of d istilled  H 20  an d  3.3 m l o f 4500 ppm  R R  
(4 .5  m g  R R /m l distilled H 20 ) .  F ix a tio n  w as followed by  rin sin g  th e  em bryos tw ice for 20 m in 
in  5 m l o f 0.2 M N a-cacody la te  b u ffe r , 2 m l of 4500 p p m  R R  a n d  3 m l o f d istilled  H 20 . The 
tis su e s  w ere subsequently  p o s t-f ix e d  in  2.2 ml of 0.1 M N a-caco d y la te  b u ffer con tain ing  
1 %  O s 0 4 and 0.3 ml of 4500 p p m  R R . P o st-fix a tio n  w as follow ed by  d e h y d ra tio n , em bedding 
in  a ra ld ite  and sectioning fo r o b se rv a tio n  w ith  an RCA E M U -3 H  e lec tro n  m icroscope.

R ole o f  underlying m esenchym e ( in  vitro)

In  these experim en ts e m p h a s is  w as d irected  to w a rd  m an ip u la tin g  th e  ex trace llu la r 
m a t r ix  in  th e  nasal folds. H y a lu ro n id a se , an enzym e kno w n  to  d ig es t c e rta in  glycosam ino- 
g ly c a n s  (GAG) in the  e x tra c e llu la r  m a tr ix , and  DO N, a k n o w n  in h ib ito r  of GAG synthesis, 
w e re  em ployed  to  d isru p t n o rm a l m esenchym al in te g rity . U sing  a m icroneedle  a n d  in  vitro 
te c h n iq u e s , 5 /Л of h y a lu ro n id ase  (2 — 4 ,ug//d) or 5 [Л o f d iazo-oxo-norleucine (D O N , 1 /ng/[A) 
w as in je c te d  in to  th e  a rea  o f th e  fu s in g  n asa l folds. C ontrols rece ived  only ste rile  saline. Follow ­
in g  t r e a tm e n t,  em bryos w ere c u ltu re d  fo r 12 — 24 h  and  th e n  em b ed d ed  in  a ra ld ite , sectioned, 
a n d  ex am in ed  w ith  th e  lig h t m icroscope.
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In  add itio n  to  in  vitro s tud ies , DO N  w as also em ployed  in  vivo. P re g n a n t m ice were 
in je c te d  in tram u scu la rly  w ith 0.5 m g/kg DO N  on th e  11th d ay  of g esta tion . On th e  18 th  d ay  
th e  fe tuses were rem oved  and  exam ined  for e x te rn a l m alfo rm ations. Several fe tuses w ere th en  
em bed d ed  in  p a ra ffin  and  sectioned for lig h t m icroscopic e x am in a tio n , while o th e rs  w ere 
c leared  in K O H  and  sta ined  w ith  alizarin  red  S fo r o b se rv a tio n  of th e  skeleton.

Results and discussion

S tu d y in g  th e  developm en t of cleft lip in  m ice, T ras le r (1968) found  th a t  th e  ro o f  o f th e  
p rim itiv e  oral c av ity  in 11 day  old m ouse em b ry o s is ch arac te rized  by tw o deep b ila te ra l 
depressions, th e  nasal grooves. E ach  nasal g roove is f lan k ed  by  tw o prom inences, th e  m edia l 
an d  la te ra l nasal processes. As develo p m en t p roceeds, th e  ep ith e lia l lin ings of th e  opposing  
n asa l processes m ake co n tac t (T rasler, 1968; L ejo u r, 1970; P o u rto is , 1972). F u sio n  in itia lly  
occurs in th e  p osterio r p a r t  of th e  nasal groove and proceeds in an  an te rio r d irec tio n . T he 
re su lt o f th is  p o ste ro -an terio r z ippering  process is th e  fo rm atio n  of th e  p rim itiv e  n asa l c av ity
( F i s .  1 ) .

A t ab o u t th e  tim e  th a t  th e  m edial and  la te ra l  nasal processes fuse m esenchym e of th e  
tw o m edial nasal processes m erges in th e  m id line  region. T his m erg ing  com pletes th e  fo rm a tio n  
of th e  p ro lab ium  w hich rep resen ts  th e  m iddle th ird  of th e  u p p e r lip (D eM yer, 1975). T h e  end 
of th e  fusion and m erging of th e  nasal processes is th e  fo rm atio n  of th e  u p p e r lip  an d  th e  
p r im a ry  p a la te .

Serial coronal sections th ro u g h  the  h ead s o f 11 to  12 day  old em bryos d e m o n s tra te d  
a se p a ra tio n  betw een  th e  m edial and  la te ra l n asa l folds, a n te rio rly  (Figs 2 and  3). In  m ore 
p o ste rio r sections, w here th e  ep ithelial linings o f  th e  nasal sw ellings h ad  fused , th e  p r im itiv e  
n asa l c av ity  and an  ep ithe lia l p la te  (nasal f in )  were observed  (Fig. 4). In  sec tions fu r th e r  
p o ste rio rly  the  nasal fin  was ab se n t, hav ing  been  rep laced  b y  m esenchym e (F ig . 5). In  th e  
m o st p o sterio r p a r t  o f th e  p rim itiv e  nasal c a v ity , th e  nasal fin  had  no t regressed , b u t  p e rsis ted  
as th e  bucconasal m em brane  (F ig. 6).

W hen th e  ru th en iu m  red  procedure  w as app lied  to  12 day  em bryos a su rface  co a t, 
in d ica ted  by  a black p re c ip ita te , was observed  o ver ep ith e lia  in p resu m p tiv e  zones o f  fusion  
(F ig . 7). H ow ever, som e v a ria tio n  existed  in  th e  co at d is tr ib u tio n . In  som e em bryos th e  coat 
w as th ick est over ep ithe lia  o f p resu m p tiv e  fusion  areas (F ig . 8), w ith  lesser a m o u n ts  o f  r u th e ­
n ium  red observed over ep ithe lia l cells in deep er a reas o f th e  nasal groove and  m o u th  (F ig . 9). 
In  o th e r  em bryos th is  difference in  th ickness w as n o t seen and  an  even d is tr ib u tio n  o f  su rface  
co a t m ate ria l was observed  over all these areas. A t th e  p o in t o f in itia l co n tac t b e tw een  m edia l 
an d  la te ra l nasal sw ellings, th e  coat ex isted  as a th in  b lack  film  betw een cellular p ro jec tio n s  
(F ig . 10). H ow ever, th e  p rec ip ita te  was a b se n t in  regions fu r th e r  posterio rly  w here e p ith e lia l 
c o n ta c t was firm ly  estab lished  (F ig. 11). F u r th e r  in v es tig a tio n s  by  our la b o ra to ry  on  su rface  
co a t fo rm atio n  of th e  nasal swellings using 3H -co n can av alin  A and  q u an tifiab le  te c h n iq u es , 
hav e  show n conclusively th a t  a g rea ter a m o u n t o f  surface  co a t m ate ria l ex ists over p ro sp ec tiv e  
regions o f fusion im m ed ia te ly  p rio r to  co n tac t th a n  over non-fusing  regions (B u rk  e t  ah , 1978).

The o bservation  th a t  surface coat m a te ria l is th ic k e s t over p rospective  fu sio n  areas 
im m ed ia te ly  p rio r to  c o n ta c t is in  ag reem en t w ith  th e  w ork  of o th er in v es tig a to rs  ( P r a t t  e t 
ah , 1973; Greene an d  K o ch h ar, 1974; P ra t t  a n d  H assel, 1975; Souchon, 1975; G reene and  
P r a t t ,  1976) who fo u n d  th a t  th e  cell coat on p a la ta l  shelves was heav iest over e p ith e lia l lin ings 
a t  p rospective  c o n ta c t surfaces. S im ilarly , M oran and  R ice (1975) and  Sadler (1978) fo u n d  
th e  surface coat o f closing neural folds in am p h ib ia  and  m ice, respec tive ly , to be th ic k e s t  over 
th e  regions o f in itia l co n tac t.
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F ig s 1 6 .  (1) Surface v iew  o f th e  roof of the p r im itiv e  o ra l c av ity . The b ila te ra l n asa l grooves 
(a rro w s) are s itu a ted  a n te r io r ly  in  th e  roof of th e  p r im itiv e  oral c av ity  and  are f lan k ed  b y  th e  
n a sa l swellings. A, a n te r io r ;  P , poste rio r; F P , fro n to n a sa l p rom inence; x 2 7 . (2) C oronal 1 /im  
se c tio n  th ro u g h  the  n asa l g ro o v es a t  the  level of line 2 in  f ig u re  1. N ote  th e  tw o cereb ral vesicles 
(CY) c ran ia l to  the  n asa l g ro o v es (arrow s). x 3 6 . (3) H ig h e r m ag n ifica tion  of F ig . 2. T he 
n a sa l groove (NG) is f lan k e d  b y  th e  la te ra l (LN S) a n d  th e  m ed ia l (M NS) nasal sw ellings. X 100. 
(4) C oronal 1 /um section  a t  th e  level of line 4 in F ig . 1. T he p rim itiv e  n asa l c a v ity  (PN C ) 
a n d  th e  ep ithelial n asa l f in  (a rro w s) are visible. X 100. (5) Section  a t th e  level o f line 5. T he 
n a sa l fin  is absen t an d  th e  sp ace  betw een th e  p rim itiv e  n asa l an d  oral cav itie s is filled  up  
b y  m esenchym e. X 100. (6) S ec tio n  a t the  level o f  line 6 to  show  th e  ep ith e lia l bucco-nasa l 
m em b ran e  (arrow s). S lig h tly  p o ste rio r  to th is  sec tio n  th e  p rim itiv e  nasal c av ity  (PN C ) end.

XlOO
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Figs 7— 9. (7) Coronal 1 //m  section  th ro u g h  th e  nasal groove (NG) of an  em b ry o  s ta in e d  w ith  
ru th en iu m  red . A black  p rec ip ita te  is seen over the  ep ith e lia l cells in th e  region of p ro sp ec tiv e  
c o n ta c t (sm all arrow s); th is p rec ip ita te  is no t seen above or below th e  p re su m p tiv e  fusing 
regions (large arrow s). x370 . (8) E p ith e lia l surface  in th e  region of p rospective  fusion  show n 
in Fig. 7. T he th ick  surface coat is c o n tin u o u s  w ith  th e  cell m em brane, x  16,500. (9) E p i­
the lia l su rface  below  prospective fusion  in F ig. 7. N ote th a t  the  coat is co n sid erab ly  th in n e r  

th an  in th e  p ro sp ec tiv e  fusion area . X 16,500
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Figs  10—11. (10) P o in t o f  in it ia l  co n tac t be tw een  th e  su perfic ia l cells from  opposing nasal 
sw ellings. Note the  th in  b la c k  film  a t the  in te rface  b e tw ee n  th e  co n tac tin g  cy top lasm ic  p ro ­
je c tio n s  (arrows). M NS, m ed ia l nasal swelling; L N S, la te ra l  n asa l swelling. X  16,500. (11) Con­
t a c t  a rea  betw een th e  m ed ia l nasal swelling (M N S) a n d  la te ra l  n asa l swelling (L N S). N ote 
t h a t  th e  coat is p re sen t o v e r  ep ith e lia l cells w ith  a free su rface , b u t  i t  is absen t w here co n tac t 

is f irm ly  estab lished  (arrow s). X  12,000
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F igs 12 15. (12) C oronal 1 [im  section th ro u g h  th e  n asa l grooves of a 12-day em b ry o  (in
v ivo). X 40. (13) C oronal 1 //in section th ro u g h  the nasal grooves o f an em bryo tre a te d  w ith  
h y a lu ro n id ase  on d ay  1 1 o f gesta tion  and  c u ltu red  for 18 h. X 40. (14) Face of an 18-day fe tu s  
recovered  from  a m ouse tre a te d  w ith DON on th e  11th d a y  o f gesta tio n . N ote the  m ed ian  c le ft 
o f th e  upper lip and  nose . x l 2 .  (15) C oronal 1 / /m sec tion  th ro u g h  the  nasal grooves o f  a n  

em bryo tre a te d  w ith  DON on d ay  11 of g esta tio n  a n d  cu ltu red  for 18 h. x 4 0

Greene and P r a t t  (1977) suggested th a t  in the  seco n d ary  p a la te  th e  surface c o a t is 
im p o r ta n t  in m ed ia tin g  adhesion  betw een opposing  p a la ta l  shelves. W hen these in v es tig a to rs  
in h ib ite d  surface co at p ro d u c tio n  by m eans of DON in  v itro , th e  p a la ta l shelves failed to fuse . 
O ur findings th a t  th e  c o a t is p resent as a th in  film  be tw een  co n tac tin g  epithelial cells o f th e  
n asa l swellings also su g gests th a t  it m ay he im p o rta n t in  m ed ia tin g  ep ithelial fusion d u rin g  
lip developm ent.

In add ition  to th e  surface  phenom ena, th e  u n d erly in g  m esenchym e of both the  m ed ia l 
an d  la te ra l nasal processes ap p ears to p lay  a m ajo r role in n o rm al lip developm ent. E m b ry o s  
in w hich hyalu ron idase  w as selectively in jec ted  in to  th e  a rea  o f one nasal groove, show ed 
a severe affect p rim arily  on th e  m esenchym e of th e  trea te d  s ite . M esenchym e from the m ed ia l 
a n d  la te ra l nasal processes o f these u n ila te ra lly  trea te d  e m b ry o s  con ta ined  large am o u n ts  o f 
p y k n o tic  debris c h a ra c te ris tic  of cell necrosis (Figs 12 a n d  13). L ittle  effect was obse rv ed

9 * A d a  M orphologien A ca d em ia e  Sc ien tiarum  Hnngaricae 28, 1980
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in  th e  overly ing  ep ith e liu m  of these  processes w h e re  on ly  occasional p y k n o tic  cells were 
o b se rv ed . Fusion  of th e  n asa l processes on the  t r e a te d  side  was inh ib ited  and  a p p ea red  to  be 
d u e  to  a lack  of fold e lev a tio n . T h e  la te ra l nasal fold w as affec ted  m ore severely th a n  th e  m edial 
o n e  a n d  failed to m ake c o n ta c t w ith  the  m edial fo ld  th ro u g h o u t its en tire  len g th  (F ig . 13). 
A lth o u g h  p resen tly  con tro l an d  tre a te d  em bryos c a n n o t be cu ltu red  long enough to  env isage 
c o m p le te  lip  developm en t, th e  lack  of fold fusion d u e  to  m esenchym al collapse in th e  tre a te d  
e m b ry o s  w ould p ro b ab ly  lead  to  a  la te ra l cleft o f th e  lip .

M erging of m esenchym e betw een  th e  m ed ia l n a sa l processes also ap p ears  to  be im ­
p o r ta n t  for norm al lip fo rm atio n . For exam ple, in  vivo  s tud ies using D O N , a g lu ta m in e  a n a ­
lo g u e  w hich  m ay  affect e ith e r  m a tr ix  p roduction  a n d /o r  cell p ro liferation , p ro d u ced  a v a r ie ty  
o f  m id lin e  defects in  em bryos tre a te d  on day 11 of d ev elo p m en t. In  some in stan ces th e  en tire  
lip  a n d  p a la te  were c lefted . E m b ry o s hav ing  th e  m o st severe defect show ed c le ftin g  of all 
m id lin e  s tru c tu re s  in clud ing  th e  nasal sep tum  (F ig . 14).

I n  vitro stud ies u sin g  w hole em bryo c u ltu re  a n d  in jection  of DON in to  th e  region 
o f  th e  n asa l processes show ed serious dam age of th e  m esenchym e in th is  region. T h e  a m o u n t 
o f  m esenchym e was d ecreased  a n d  a w ider d is tan ce  w as observed betw een m edia l n a sa l p roc­
esses in  tre a te d  em bryos th a n  in  contro ls (Fig. 15). F u r th e r  investigations are  b e in g  co n d u cted  
to  s u b s ta n tia te  th is  e ffec t, b u t  o u r p re lim inary  re su lts  d em o n stra te  the  im p o rta n ce  of norm al 
m esen ch y m a l d ev elopm en t in  th e  region of th e  m ed ia l n asa l processes and su g g est a possible 
m e c h a n ism  for th e  m ed ian  c le fts  observed in e m b ry o s  tre a te d  w ith  DON in  vivo.

In  su m m ary , surface  c o a t synthesis a n d  m esen ch y m a l cell p ro life ra tio n  a n d  m atrix  
p ro d u c tio n  appear to p lay  an  im p o rta n t role in  n o rm al upper lip develo p m en t. T he tim e 
o f a p p ea ran ce  of in creased  su rface  coat m ate ria l in  p ro sp ectiv e  fusion areas m ay  su g g est th a t  
th e  c o a t has an adhesive  fu n c tio n  in norm al closure  o f th e  m edial and la te ra l n asa l processes. 
H o w ev e r, ex p erim en tal m a n ip u la tio n  of coat sy n th e s is  will be necessary  before  conclusive 
re su lts  can be o b ta ined . T he im p o rtan ce  of th e  m esen ch y m e  in  th e  nasal processes h as been 
c le a r ly  d em o n stra ted  a n d  suggests a possible m ec h an ism  for th e  origin of c le fts in  th e  lip 
a n d  n asa l region.

Acknowledgement. T h is  s tu d y  was p e rfo rm ed  w ith  support of G ran ts 5-T 32-D E-07037 
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CAN W E  M AKE A S A F E  W O R K P L A C E ?

K. S u n e  L a r s s o n

DEPARTMENT OF TO XICOLOGY, UNIVERSITY OF UPPSALA, BOX 573, S-751 23 UPPSALA, SW ED EN

I am  honored to  c h a ir  th e  Sym posium  on T era to lo g y  of O ccupational H e a lth  a t  th e  
6 th  Conference of our Society . I t  is ti tim ely  an d  p e r tin e n t  to  d iscuss these  p rac tica l m a tte rs  
w ith in  the  E uropean  T era to lo g y  Society since m an y  co u n tries , several scientific  d isc ip lines 
an d  various professional g ro u p s are rep resen ted . Issues re le v a n t to to d a y ’s sym posium  have  
recen tly  been deb ated  a t  several conferences in th e  U SA . I t  will be of g re a t in te re s t for us 
to  com pare  how tera to lo g ica l h aza rd s from  o c cu p a tio n a l ex p o su re  have  been dealt w ith  w ith in  
th e  various E u ropean  coun tries .

Physical and  biological agents such as ionizing  ra d ia tio n  or rubella  v irus were early  
iden tified  as risk  fac to rs  for th e  developing em b ry o  a n d  m easures were tak en  to p ro tec t ra d io l­
og ists and  nurses a t  m a te rn ity  and p e d ia tric  w ards from  u n d u e  occupational ex posure . 
Chemical agents are now  of concern  w ith re g a rd  to ex p o su re  o f o p e ra tin g  room  personnel an d  
b a tte ry  w orkers and I am  re s tr ic tin g  my p re sen ta tio n  to  chem ical exposure  when d iscussing  
if  we can  create  a safe w orkplace .

In  ad d itio n  to  birth defects, the adverse  e ffects o f occu p a tio n a l exposure  to  be co n ­
sidered  are transplacental cancer and  fe r ti l ity  im pa irm en t. B irth  defects suggested  as being 
caused  by various e n v iro n m en ta l factors in clud ing  o ccu p a tio n a l exposure have received m uch  
p u b lic  a tte n tio n  a fte r  th e  thalidom ide  trag e d y  (L enz, 1961; M cBride, 1961) and  p a r tic u la r  
a tte n tio n  has been focused on  the  risks for ch ild -b ea rin g  w om en. One of th e  recen t an d  m ost 
d ra m a tic  even ts in h u m an  te ra to lo g y  was th e  f irs t re p o rt  o f tran sp la ce n ta l chem ical c a rc in o ­
genesis (H e rb st e t a l., 1971). E ig h t cases o f ad en o carc in o m a  of th e  vag ina  in w om en of 14 — 
22 years of age were d escribed  in which seven of th e  m o th e rs  h ad  been trea te d  w ith  d ie th y l- 
s tilbestro l. The increased  in te re s t  in the  risk  o f  in tra u te r in e  exposure  is re flected  in th e  IA R C  
m onographs, ev a lu a tin g  v a rio u s chem icals as p o te n tia l  carcinogens. More recen tly  exposure  
o f m ale w orkers to  l,2 -d ib ro m o -3 -ch lo ro p ro p an e  has been  rep o rted  to  cause im paired  fe rti l ity  
(W h o rto n  e t al., 1977). T h is observation , in  ad d itio n  to  earlie r rep o rts  on lead- and  K epone- 
in duced  in fertility  in m en , h a s  had a g rea t in fluence in  ba lan c in g  th e  discussion on th e  special 
sa fe ty  problem s for w om en and men a t th e  w orkplace .

To ev alu ate  th e  possib ilities for estab lish in g  a  safe w orkplace  th e  conditions o f exposure  
have  to be considered as illu s tra te d  in th e  follow ing schem e:

Occupational exposure

Origin Target  group

W orkplace use

R estric ted  area w orkers

O pen area w orkers, public

E m ission

Controlled public , workers

U ncontrolled public , w orkers
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M ost a tte n tio n  has been  g iven  to  s tr ic t o c cu p a tio n a l exposure w hen a chem ica l is used 
in  a c lassical w orkplace, i.e. a re s tr ic te d  area  such  as a chem ical in d u s try  o r a la b o ra to ry . 
T h o se  exposed  a t the  re s tr ic te d  w orkplace  are th e  em ployees and  th e  a m o u n t o f exposure  
sh o u ld  b e  m onito red  so as n o t  to  exceed “ th e  safe levels” . The exposed person  or a group  
o f  p eo p le  a re  included in  v a rio u s m edical p rog ram s to  d e te c t adverse  effects early . I f  in  Sw eden 
a p e rso n  h as suffered an  o c cu p a tio n a l re la te d  h a rm , i t  h a s  to be rep o rted  to th e  Sw edish OSHA. 
T h e  a d v erse  effects discussed to d a y  should  be re p o rte d . Since m an y  issues o f o c cu p a tio n a l 
h a z a rd s  a re  m ainly  re la ted  to  s t r ic t  occu p a tio n a l exp o su re , I will discuss th is  ca teg o ry  in  m ore 
d e ta i l  a f te r  f irs t review ing th e  o th e r  conditions fo r exposure.

W h en  tru e  occupational ex p o su re  occurs in  an  open  area w orkplace — such as sp ray in g  
w ith  p estic id es on crops in fa rm in g  or in fo re s try  — p ro tec tiv e  m easures can  be ta k e n  to  
c o n tro l th e  exposure of th e  w o rkers. A ssum ing th a t  non  w orkers are n o t d irec tly  exposed , 
d e la y e d  exposure  of th e  pub lic  is how ever still possib le if  th e  chem icals p e rsis t in  th e  soil, 
in  w a te r  o r in  edible wild b e rrie s  an d  th u s  c o n tr ib u te  to  env iro n m en ta l p o llu tion . T h is la t te r  
o f  e x p o su re  has been a h o t side issue to  o ccu p a tio n a l use  of chem icals in  Sw eden w here  b ir th  
d e fe c ts  w ere claimed to  be cau sed  b y  p h en o x y  acids. An old tra d itio n , “ A lle m a n srä tte n ”  
(“ A ll M en’s R ig h t” ), allows ev ery o n e  to  w alk  free in  th e  fo res t and  to  collect w ild berries. 
D u e  to  th e  growing dem and o f w o o d -p ro d u c ts , i t  has  been  proposed th a t  p a r ts  o f th e  fo rests 
a t  c e r ta in  periods of tim e will be  considered  as “ in d u s tr ia l  w orkplaces” w ith  re s tr ic te d  access 
to  th e  p ub lic . I would like to  s tre ss  th a t  th e  degree of exposure  to th e  pub lic  b y  residues 
in  b e rrie s  o r by  strolling in  a fen o x y -sp ray ed  a rea  has been ju d g ed  negligible. M ore p o te n t 
c h em ica ls , how ever, m ay  be u sed  in th e  fu tu re  an d  im p ro v em en ts  will hav e  to  be m ad e  w ith  
r e g a rd  to  efficiency and  obed ien cy  to  th e  w arn ing  system s. To m ake these  ty p es  o f w orkplaces 
sa fe  w i th o u t  causing pan ic , e d u ca tio n a l p ro g ram s on en v ironm en ta l risks hav e  to  be m ore 

e ffe c tiv e .
W h en  a chem ical is u sed  in  various o c cu p a tio n a l processes som e em ission fro m  th e  

fa c to r ie s  will occur. Safety  s ta n d a rd s  can  be set by  co n tro l agencies and th e  a m o u n t o f re leased  
c h em ica l can  be controlled. H o w ev er, those liv in g  in  th e  v ic in ity  of certa in  fac to rie s  can 
be ex p o se d  to  noxious agen ts su sp ec t to  cause b ir th  defec ts or abortions. A d iscussion  on  th e  
in c re a se  o f b ir th  defects in th e  v ic in ity  of PVC fac to ries  has recen tly  been re p o rte d  (E d m o n d s 
e t  a l., 1978).

N o t on ly  a irborn  exposure  fro m  chim neys of chem ical factories b u t also illegal d u m p in g  
o f w a s te  chem icals from  in d u s try  cou ld  crea te  a h a za rd o u s  exposure  o f th e  public . S ince i t  will 
t a k e  t im e  to  de tect h arm fu l exogenous agen ts e m a n a tin g  from  a w orkplace , th is  ty p e  of 
e x p o su re  could  represen t a g re a te r  r isk  th a n  th e  reg u la r  daily  em ission-exposure v ia  ch im neys 
or v e n ts .  W hile w riting th is p re se n ta tio n , I read  a new spaper a rticle  concern ing  th e  leak ag e  
o f  w a s te  chem icals dum ped  som e th i r ty  years ago in a sw am p in N iagara  Falls. T he p o te n tia l  
r isk  fro m  th is  type of o c cu p a tio n a lly  re la ted  ex p o su re  is alw ays presen t.

H ow ever, the  m ost d an g ero u s  ty p e  of ex p o su re  from  a w orkplace is p ro b a b ly  when 
a m a n u fa c tu r in g  process goes o u t  o f con tro l as in th e  Seveso p lan t. In  such a case th e  am o u n t 
o f  e x p o su re  to  outsiders can be considerable . E v en  if  th e  exposure  is o f a sh o rt d u ra tio n , 
th e  te ra to g e n ic  threshold  levels can  m ore easily be reach ed  th a n  a t  a longer b u t  m ore m o d era te  
e x p o su re . To m ake w orkplaces safe in  th is  re spec t, i t  is im p o r ta n t  to  in s titu te  em ergency  a la rm  
sy s te m s  a n d  in advance — fro m  th e  ty p e  of p ro d u c tio n  — to m ake up lis ts o f th e  possible 
ch em ica ls  to  be found ou tside  th e  p la n t  a t  an  exp losion  or fire. The va rio u s h e a lth  h azard s 
co u ld  th e n  be predicted  and  d e a lt  w ith  w ith o u t de lay .

A lth o u g h  occupational ex p o su re  m ay  include  a risk  to people o u tsid e  p la n ts  in  resi­
d e n tia l  a rea s, it is how ever p e r tin e n t  to  review  in  m ore d e ta il th e  exposure risk  o f w orkers 
in  r e s t r ic te d  areas. The issue a t  s ta k e  is wom en a t  th e  w orkplace. In  Ju n e  1976, an  im p o r ta n t  
co n fe re n ce  w as organized by th e  Society  for O ccu p a tio n a l and E n v iro n m en ta l H e a lth , th e
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N atio n a l In s t i tu te  fo r O ccupational Safety and H e a lth  a n d  th e  N a tional F o u n d a tio n  — M arch 
of Dim es. I w ould reco m m en d  to read  th is conference re p o rt  for add itional in fo rm a tio n .

The follow ing fac to rs  w hich have c o n trib u ted  to  b rin g in g  th is  problem  to an  em o tio n ­
ally  loaded issue, will be b riefly  com m ented  upon :

Increased  in te re s t  and  know ledge in chem ically  in d u ced  p ren a ta l dam age.
Increased  n u m b er of w om en occupationally  exposed  to  chem icals.
The question  of jo b  re stric tio n  — sex d isc rim in atio n .
Since th e  th a lid o m id e  d isaste r in 1961, i t  has becom e ev id en t to  laym en an d  sc ien tis ts  

th a t  chem icals as d ru g s  can  cause severe b ir th  defects if  th e  m o th er used the  d rugs a t  special 
sensitive  stages in th e  em bryo-developm en t. I t  has a lso been recognized th a t  in tra u te r in e  
chem ical exposure can  re su lt in cancer la te r  in life. Several o th er chem icals besides d ru g s, 
such as food ad d itiv e s , hav e  been claim ed to  cause co n g en ita l m alform ations, b u t  fo r tu n a te ly  
very  few new h u m an  te ra to g e n s  have  been found . Som e of th e  chem icals h ighly  susp ec ted  
in  causing  b ir th  d e fec ts o r ab o rtio n s such as a n es th e tic  gases or so lven ts are used in professions 
w hich have a considerab le  n u m b er of fem ale em ployees such  as nurses and lab  tech n ic ian s .

The increased  n u m b er of w om en facing th e  risk  o f chem ical exposure du ring  p reg n an cy  
can be illu stra ted  by  som e figures from  the  USA. In  1975, 1 m illion ou t of 25 m illion w om en 
before th e  age of 15 to  44 y ears worked in occupations w ith  a p o ten tia l exposure to  chem ical 
substances w hich m ay  cause b ir th  defects and /or m iscarriages. O f th e  to ta l w orkforce, tw o 
fifth s  or 36 m illion w ere w om en. W om en continue to  ta k e  m ore new jo b s th an  m en — in 1976, 
1.6 m illion w om en, tw ice  as m an y  as m en, ob ta in ed  new  job s. The sam e year, h a lf  o f th e  
A m erican  fem ale p o p u la tio n  was em ployed or seeking w ork . In  1977, 1 m illion A m erican  
ch ild ren  were bo rn  o f w om en who worked du ring  p re g n an c y . A ccording to a recen t IL O - 
re p o rt , new jo b s in E u ro p e  go to  wom en even m ore so th a n  in th e  USA and  J a p a n .

Jo b  re stric tio n  — sex d iscrim ination  has m ain ly  been discussed in th e  USA. Som e 
em ployers refuse to h ire  w om en for w ork in certa in  p a r ts  o f  th e ir  p lan ts  where tox ic  chem icals 
are used — unless th e  w om en can  prove th a t  th ey  no longer can  hear children. These com panies 
claim  th a t  th e ir policies a re  based on the  fa c t th a t  th e  to x ic  su b stan ces m ay possib ly  d am ag e  
th e  u n b o rn  children  of p re g n a n t w orkers.

A fter th is sh o rt rev iew  of th e  problem , the  follow ing p o in ts  are proposed for d iscussion 
on how to m ake a w orkp lace  safe:

1. The reduction o f  exposure to occupationally used chemicals

A fu rth e r m ech an iza tio n  of w orkplaces will reduce  th e  exposure  a t the  p lan ts . H o w ­
ever, discussion on safe exposure  levels for th e  w orkers will rem ain  an im p o rta n t a rea  for 
investig a tio n . As ex p e rim e n ta l biologists m any  te ra to lo g is ts  m ay  be able to c o n tr ib u te  to  
im p ro v em en t and e v a lu a tio n  of an im al te s t m ethods to  p re d ic t  tera to log ica l effects, t r a n s ­
p lacen ta l cancer an d  o th e r  delayed  effects an d  reduced  fe rtility . The exposure level lead in g  
to  these  various ty p es  o f in ju ry  m ay  be qu ite  d ifferen t. To p re d ic t when a special w orkplace  
is safe for a given in d iv id u a l — a m an or a p reg n an t o r non  p re g n a n t w om an — m ore in fo r­
m ation  has to he o b ta in e d  a b o u t these  basic risk  p o ten tia ls .

2. The role o f  occupational exposure to simultaneous non occupational chemicals 
or other unfavourable conditions resulting in health hazards

W hen analyzing  th e  special risk  of occupational ex p o su re , all ty p es of en v iro n m en ta l 
in fluences have to be considered . A ccording to m y view , th e  know n adverse effects of a lcohol 
an d  sm oking seem to  be neg lected  as co-factors in h a rm fu l o ccu p a tio n a l exposure. If  for an y
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re a so n  chem ical in d u strie s  w ou ld  m ove to  dev elo p in g  coun tries w ith  less sa fe ty  reg u la tio n s  
t h a n  e.g. in ind u stria lized  co u n trie s , n u tr itio n a l deficiencies am ong th e  w orkers m ig h t be 
a n o th e r  co n trib u tin g  fa c to r to  o ccu p a tio n a lly  in d u ced  h aza rd s  in fe rtility  and  re p ro d u c tio n . 
T e ra to lo g is ts  w orking in  th e  a rea  o f ep idem iology will co n tinue  to co n trib u te  in  c re a tin g  safer 
w o rk p laces. I t  can how ever be  assu m ed  th a t  i t  will be  d ifficu lt to  collect an d  sto re  a ll th e  d a ta  
n e ed e d  on th e  various ty p e s  o f  exposure  in  th e  m o st effic ien t w ay. E m ployees, u n io n s  as well 
as em ployers , share a re sp o n s ib ility  in  d isclosing f u l l  in fo rm atio n .

3. Socio-legal aspects o f  the problem

As w ell-educated  c itizen s , all o f us shou ld  keep a b re a s t o f th e  discussion. In  th e  cap a c ity  
o f  spec ia lis ts , we m ig h t be ab le  to  tak e  p a r t  in  th e  d e b a te  and  in in fo rm a tio n a l/e d u ca tio n a l 
p ro g ra m s to  th e  w orkers. Close co n tac t w ith  th e  p ro b lem s a t  the  w orkplace cou ld  in itia te  
m ea n in g fu l scientific  w ork  to  c rea te  a safe w orkp lace . T era to log ists in a d m in is tra tiv e  bodies 
in  v a rio u s countries could  also co n trib u te  to  im p ro v ed  d issem ination  of in fo rm a tio n  to  th e ir  
fe llow  scientists. E TS by  k eep in g  up w ith  sa fe ty  a t  th e  w orkplace, could also be o f assistance  
in  th ese  m a tte rs  to  co u n trie s  in  w hich th is  ty p e  o f p rob lem  will occur in th e  fu tu re .

Acknowledgment. T h is  p a p e r  was su p p o rte d  b y  g ran ts  from  th e  fu n d s “ S ig u rd  och 
E lsa  G oljes M inne”  a n d  “ S igrid  och A ugust A ndersons M inne” .
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L. B i s a n t i , F. B o n e t t i , F. C a r a m a s c i i i , G. D e l  Co r n o , C. F a v a r e t t i ,
S. E . G i a m b e l l u c a , E. Ma r n i , E. M o n t e s a r c h i o , V. P u c c i n e l l i , G. R e m o t t i , 

C. V o l p a t o , E . Z a m b r e l l i , G. M. F ara

R ÉG IÓ N É LOM BARDIA, U FFICIO  SPE C IA L E  P E R  I PROG RA M M I DELLA L. R. 17. 1. 1977, NO. 2

I. In tro d u c tio n

On Ju ly  10 1976, a t  noon, a ru n -aw ay  re ac tio n  s ta r te d  in a p lan t for th e  sy n th esis 
o f trich lo ro p h en o l a t th e  IC M ESA  chem ical fac to ry  in M eda. a c ity  15 miles n o rth  o f M ilano. 
T he sa fe ty  v a lve  of th e  re ac to r  was not eq u ip p ed  w ith  p ro tec tiv e  devices, so th e  h o t  v ap o u rs  
blew in to  th e  a tm osphere  an d  the  resu lting  c loud, m oved  by a w eak w ind, began  to  fa ll to  the  
g round  covering  an a rea  so u th  east of th e  p lan t. A few  d a y s  la te r , lesions of th e  b u rn in g  ty p e  
began  to  ap p ea r on th e  sk in  of several people , m a in ly  y o u n g ste rs; grazing a n im a ls , m ain ly  
ra b b its , began  to  die. I t  w as only 9 days la te r  th a t  IC M E SA  a d m itte d  th a t  T C D D . an d  no t 
on ly  T C P , sodium  h y d ro x id e , sodium  tr ic h lo ro p h e n a te  a n d  e th y lene  glycol, could  h av e  been 
expelled  from  the  reac to r, so th a t  for a b o u t tw o w eeks th e  people were no t p ro tec te d  to  any  
e x te n t ag a in s t the  dam ages caused by T C D D .

Im m ed ia te ly , th e  C oun ty  H ealth  L a b o ra to ry  w e n t to  w ork try in g  to define th e  e x te n t  
an d  th e  in te n s ity  of th e  T C D D  pollution by  m eans o f  GC-MS d e te rm in a tio n s in su p erfic ia l 
soil sam ples tak e n  a t  50 — 100 m in tervals.

T h ree  zones were th e n  estab lished , as seen in  F ig . 1. Zone A was subd iv ided  in 7 su b ­
zones A1 to  A7, w ith  A1 th e  closest to th e  fa c to ry  an d  th e  m ost polluted. Zone В is lo ca ted  
s o u th -e a s t  o f zone A, while zone R (“ R esp ec t” ), w hich su rro u n d s  b o th  zones A a n d  B, was 
orig inally  ju d g ed  free from  co n tam in a tio n . S u b se q u e n tly  — as the  sen sitiv ity  o f th e  tes ts  
im proved  — it  was found  to  be slightly  an d  u n ev en ly  co n ta m in a te d .

Table I

Distribution o f  TCD D contam ination (pg /m 2) in  the A , ß ,  R  areas on the basis o f  G C -M S analysis  
o f  soil samples ( data provided by R egione Lom bardia , Piano Operativo N o. 1 )

Zone
Size
(h.)

jixg/m2 TCDD values
No. samples

Negative amples (1) Estim ated  
am ount ofTCD D  
on th e  area (g)average top No. %

A to t 80.3 306 12 3.9 147.5

A 1 10.7 580.4 5447 51 1 1.9 62.1

A 2 5.1 421.1 1700 19 0 0 26.5

A 3 9.2 350.5 2015 34 3 8.8 32.2

A 4 7.2 134.9 902 26 3 11.5 9.7

A 5 16.3 62.8 427 50 2 4.0 10.02
A 6 14.0 29.9 270 61 2 3.2 4.1

A 7 17.8 15.5 91.7 65 1 1.5 2.7
В 269.4 3.0 43.8 106 26 24.5 8.0

R 1430.0 (2) 0.9 9.7 449 308 68.6 8.5

(1) less th a n  0.75 p g /m 2; (2) only 950 ha m apped
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T ab le  I shows th e  size o f th e  a rea  involved , th e  av erag e  and top  c o n ce n tra tio n s  o f 
T C D D  fo r all zones and  subzones. Average TC D D  co n ce n tra tio n s , h ighest in subzone  A1 
(580.4 //g /m 2), are low est in  zone В (3 /ig/m 2) and  R (0.9 /ig /m 2); b u t an u neven  d is tr ib u ­
tio n  of T C D D , p a rticu la rly  in zones В and  R , is suggested  b o th  by  th e  high ranges o f in d iv id u a l 
m e a su re m e n ts  and  by th e  p e rcen tag e  of po in ts , fo r each  zone, found  “ free”  ( th resh o ld  con­
c e n tra t io n :  0.75 fig/m'-) from  co n tam in a tio n  (from  2 4 .5 %  in  zone В up to 68 .6%  in  zone R).

Im m e d ia te ly  a fte r  p re lim in a ry  d a ta  h ad  been  o b ta in e d , people were e v a c u a te d  from  
zone A ; in  c o n tra s t , in h a b ita n ts  o f zones В and R w ere le f t on th e  spot and in v ited  to  follow  
a n u m b e r  o f hygienic rules, in c lu d in g  a te m p o ra ry  adv ice  n e ith e r to s ta r t  p reg n an c ies  nor 
to  b re a s t-fe ed  these  babies. O nly ev acu atio n  of ch ild ren  a n d  p reg n an t w om en was p ro v id ed . 
P ro h ib itio n  to  grow  v eg etab les  an d  to  breed  an im als w as enforced, o rchards w ere d es tro y ed  
an d  all ed ib le  an im als were ta k e n  aw ay  or killed a f te r  re im b u rsem en t.

T here fo re , in h a b ita n ts  o f zone A are to be co n sid ered  as a group exposed  d irec tly  
to  th e  to x ic  cloud and  th u s  to  th e  m ost po llu ted  a rea , b u t  on ly  for as long as 19 d ay s . Could 
th e  in h a b i ta n ts  of zone B, who w ere left in th e ir  hom es, be considered ch ron ically  exposed  
to a m u ch  low er a m o u n t of T C D D ?

W h e th e r  such chron ic  exposure  is real or on ly  th e o re tic a l depends on:

Fig. 1. Schem atic  m ap of Seveso a rea  by  pollution zones
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1. w he th er T C D D  in th e  soil can reach  th e ir  o rg an ism s , an d  w hether th e y  fo llow ed 
all p recau tio n s suggested  by  th e  H ealth  A u thorities. T h is  is a p o in t of g reat d e b a te , w hich  
nobody  has clarified  y e t;

2. how  carefu lly  th ey  follow the p recau tio n s su g g ested . T his is very h a rd  to  s ta te . 
For in stan ce , ow ing to th e  lack  of grossly d e tec tab le  h e a lth  consequences, m any  peo p le  h av e  
never sto p p ed  or have  resum ed illegally to grow v eg e tab le s  an d  to breed anim als. B y th e  end  
of A ugust 1978, a h u n d red  of th em  were charged in f ro n t  o f  th e  C ourt w ith d iso b ed ien ce  of 
th e  M ayors’ o rd inances no t to  resum e breeding a n im a ls  an d  grow ing vegetables (C o rriere  
della Sera, Sept. 1 1978).

In  a d d itio n , ow ing to  too m any  political and  ideo log ica l d eb a tes  th a t  rav ag ed  th e  a rea  
for m an y  m o n th s , th e  exposure  questionnaires a d m in is te re d  to  th e  people of zone A a n d  В 
who accep ted  to  co o p era te , a re  o ften  hard  to tru s t .

T he h e a lth  surveillance p lan , which had been p u b lish ed  two years ago in  G a rg n an o  
(F ara , 1976) and  sligh tly  m odified  th ereafte r, in c luded :

1. clinical follow -up of each  ind iv idual liv ing  in  th e  p o llu ted  area. This was n o t m aird y  
for epidem iological purposes, bu t also because of h u m a n ita r ia n  reasons, and on a re q u e s t  by 
the  popu la tio n ;

2. lo n g itu d in a l con tro l o f groups a t h igher risk ;
3. special p ro jec ts , search ing  for dam ages of th e  neu ro log ica l, im m unological, c h ro m o ­

som al ty p e  as suggested  by  p rev ious experience w ith  a c c id e n ts  in hu m an s and by  e x p e rim e n ts  
in an im als;

4. su rv e illance  of general h e a lth  indicators.
The ob jec tiv es of th e  p ro g ram  and the  im p o rta n ce  o f th e  ta sk  were in c o n tra s t  to  th e  

rea lity  o f th e  s itu a tio n , nam ely  an  alm ost com plete  lack  o f local public  h ea lth  o rg a n iz a tio n .
In sp ite  of th a t ,  th e  decision of the R egional Council w as no t to give direct re sp o n s ib ility  

of the p lan  to ex te rn a l o rg an iza tio n s, hu t to im prove th e  local offices and to co m p le te  th e ir  
staff. T h is decision, th o u g h  dem ocratica lly  correct a n d  in  ag reem en t w ith the  h e a lth  p h ilo s­
ophy of th e  R egion, to o k  a trem en d o u s lo t of tim e to  g e t th e  p lan  s ta rte d  and  well a t  w ork . 
D espite  th e  generous help given by m any on a v o lu n ta ry  basis during  the in it ia l  m o n th s , 
th ings, proceeded  too slowly. F o r in stan ce , the  ep idem io log ical w orking team  only  g o t s ta r te d  
in J a n u a ry  1978 !

T herefore, d a ta  collection  an d  e laboration  of a v a ilab le  d a ta  are still far from  co m p le te .
A ccording to  th e  p rev ailin g  in te rests of th e  p a r tic ip a n ts  in  th is m eeting , d a ta  will 

be p resen ted  a b o u t b ir th  defects, abortions, b ir th s  a n d  d e a th s  in  th e  area. We sha ll also 
p resen t d a ta  on th e  on ly  clin ically  ascertained  consequence  o f th e  accident, c h lo racn e , a n d  
give a su m m ary  of th e  re su lts  o f some special p ro jec ts  u n d e r  way.

T able  I I  shows th e  d is tr ib u tio n  of th e  p o p u la tio n  in vo lved  in the  acc id en t b y  zone. 
Zone A includes segm ents o f th e  popu lation  of 2 c ities , Seveso an d  Meda; Zone В in c lu d es 
th e  segm ents o f th ree : Seveso, Cesano, Desio; Zone R , 31,800 people, the seg m en ts o f six  
(the four q u o ted , plus Seregno and  B arlassina).

A ccording to  tab le  I I ,  th e  11 cities can be d iv id ed  in to  th ree  groups. The f ir s t  g ro u p , 
Seveso and  Cesano, has m ore th a n  50%  of its  p o p u la tio n  in cluded  in th e  co n ta m in a te d  a rea  
(A -j- B -f- R ); th e  second group  (M eda and  Desio) has a n  in v o lv em en t of a round  2 0 % ; the  
th ird  g ro u p  (seven cities) is on ly  for 0 .2%  involved.
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Table II

D istrib u tio n  o f  inhabitants (N o . a n d % )  by city a n d  p o llu tio n  zone. The 6 cities whose territory was 
p a r tia lly  classified in  one or more o f  the pollution zones ( A ,  B , R ) are members, w ith  other cities, 
o f  three Health A dm in istra tive  Departments (C onsorzi San ita r i di Zona or C .S .Z . in  I ta lia n ) .  
Therefore, under zone “non ( A ,  B ,  R ) ”, in  last co lum n , 5 cities are listed which belong to the 3 C .S.Z . 

but are 100%  outside the pollution zones (e .g .: Seregno, Lentate, etc.)

No. (and % ) inhabitants
Cities

Total Zone A Zone В Zone R a + b + r non A, B, R

Seveso 16975 668 628 7945 9241 7734
(3.93) (3.69) (46.79) (54.45) (45.55)

C esano M. 33799 — 2736 14991 17727 16072
(8.09) (44.35) (52.44) (47.56)

T o ta l 1 50774 668 3364 22936 26968 23806
(1.31) (6.62) (45.17) (53.11) (46.89)

M eda 19571 62 4017 4079 15492
(0.31) (20.52) (20.83) (79.17)

D esio 33011 — 1373 4608 5981 27030
(4.15) (13.95) (18.10) (81.90)

T o ta l  2 52582 62 1373 8625 10060 42522
(0.11) (2.61) (16.40) (19.14) (80.86)

B ov isio  M. 11225 167 167 11058
(1.48) (1.48) (98.52)

B a rla ss in a 5656 — — 72 72 5584
(1.28) (1.28) (98.72)

Seregno 36838 — — — — 36838
(100)

L e n ta te 13037 — — — 13037
(100)

Y ared o 11841 — — — — 11841
(100)

N o v a  M. 19467 — — — 19467
(100)

M uggio’ 18690 18690
(100)

T o ta l 3 116754 239 239 116515
(0.20) (0.20) (99.80)

T o ta l 1 +  2 +  3 220110 730 4737 31800 37267 182843
(0.33) (2.15) (14.47) (17.84) (82.06)
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II. C hloracne

D uring  th e  first m o n th  a f te r  th e  acc iden t, only lesions due to th e  b u rn in g  com ponents 
o f th e  cloud were observed am o n g  th e  in h a b ita n ts  of th e  area : a fte rw ard s, u p  to  187 cases 
o f ch loracne were d iagnosed , 164 in  ch ild ren  0 — 14 y ears old, th e  o th er 23 in  a d u lts .

A f irs t  wave of ch lo racn e , 50 cases (34 of th em  ch ild ren  0 to 14 y ears) w as detected  
from  S ep tem ber to D ecem ber 1976; 137 cases m ore (only 7 am ong a d u lts ) w ere diagnosed 
be tw een  F eb ru a ry  a n d  A pril 1977, includ ing  b o th  people referred  by  p h y sic ian s a n d  those 
found  durin g  an ad hoc school screening.

D istrib u tio n  of cases a n d  ra te s  by  po llu tion  zones is show n in T ab le  I I I .  R a te s  for 
zone A of b o th  (1) “ e a r ly ”  an d  (2) “ la te ” chloracne are b y  fa r th e  h ighest. B u t fo r “ la te ”  
ch lo racne  th e  ra tes  for Seveso a n d  M eda, zone R . are h igher th a n  for th e  w hole zone B.

Table III
Chloracne cases (N o . and X  1000 inhabitants) by pollution zones

’dilution zone

(1) Chloracne 
Sept. Dec. l ‘)76 

“ E arly”

(2) Chloracne 
Feh. Apr. 1977 

“ L ate”

Chloracne 
(1) +  (2)

No. X 1000 No. X 1000 No. X1000

Zone A 46 63.01 15 20.55 6i 83.56

Zone В 0 9 1.90 9 1.90

Seveso So ne R 1 0.13 28 3.52 29 3.65

Meda So ne R 0 — 20 4.98 20 4.98

Cesano M. Sonc R 0 — ,3 0.87 13 0.87

Desio Sone R 0 — 9 0.43 2 0.43

Seveso Zone non (A .B .R ) 0 — 13 1.68 13 1.68
M eda Sone non (A .B .R ) 0 — 14 0.90 14 0.90

Cesano M. Sone non (A .B .R ) 0 — 8 0.50 8 0.50

Desio So ne non (A .B .R ) 0 — 5 0.18 5 0.18

O th er cities 3 10 13

T ota l 50 137 187

Presence of some ch loracne cases in a reas where soil po llu tion  is poor, s c a tte re d  or 
a p p a re n tly  ab se n t, is hard  to  e x p la in , also because answ ers to exposure  q u estio n n a ires  are 
o ften  re tic e n t or hard  to tru s t .  R em em bering  th a t  zones R  of Seveso and  M eda are  b y  closer 
to  zone A th a n  m an y  p a rts  o f so u th e rn  zone B, i t  is likely th a t  people from  such zones could 
h av e  h ad  d irec t or in d irect c o n ta c t w ith  zone A before i t  was e v acu a ted  an d  fen ced  off.

T able  IV shows the  d is tr ib u tio n  by pollu tion  zone of cases (and  ra tes) of “ e a r ly ”  an d  
“ la te ”  ch loracne and also of “ o th e r lesions”  (w hich include a tro p h o d e rm y  and d e rm a to lo g ica l 
lesions w hich were referred  to as d a tin g  b ack  before  Ju ly  10, 1976) in ch ild ren  0 14 years.
“ E a r ly ”  ch loracne ap p a re n tly  a ffec ted  only children  from  zone A ;1 th e  h ighest ra te  o f  “ la te ’’

1 O nly 31 o u t of 34 cases of “ e a r ly ”  chloracne rep o rted  in ch ild ren  0 14 y ears  a re  con­
sidered  here. T hree  more ch ild ren , u su a lly  living in o th e r c ities (2 in M ilano, 1 in M ariano 
C om ense) w ere involved while sp en d in g  th e ir  v aca tio n s in zone A.

A cta M orphologica Acaderniae Sc ien tiarum  H ungaricae 28 , 1980



1 4 4 L. BISANTI et al.

c h lo ra c n e  is in zone A an d  th e  lo w est in  zone non (A, B, R ) w hile in  zone В a n d  R  th e  “ la te ”  
c h lo ra c n e  ra te s  are low an d  a lm o s t th e  same. Specu la tions re p o rte d  for th e  p rev ious tab le  
c an  be  rep ea ted . In a d d itio n , we m u st consider the  “ o th e r  lesions” , whose d is tr ib u tio n  in 
zo n e  A , B , R is not d ifferen t fro m  th a t  o f chloracne. T he sign ificance  of those  lesions and  th e ir  
d is t r ib u t io n  by zone, tak in g  in to  a cc o u n t th a t  p ro d u c tio n  of T C P by  IC M ESA  d a te s  back  
to  1975, is now under carefu l co n sid era tio n .

Table IV
No. and percentage o f  subjects 0 —14 years showing dermatological lesions 

[zone A , B, R , non ( A , JB, R )]

Dermatological lesions
Zone A Zone В Zone R Zone

non (A, B, R)

No. % No. % No, % No. %

1. C h lo racne, Sept.-D ee. 1976 
(“ E a r ly ” ) to 31 14.5 0 0 0 0 0 0

2. C hloracne, Feb .-A pr. 1977 
( “ L a te ” ) to и 5.1 8 0.5 63 0.7 46 0.1

3. C hloracne 1. +  2. 42 19.6 8 0.5 63 0.7 46 0.1

4. O th e r  lesions* 2 0.9 7 0.5 38 0.4 44 0.1

5. T o ta l  of subjects 0— 14 y** 214 1468 8680 48263

* A trophoderm y F e b .-A p r . 1977 +  derm ato log ical lesions before Ju ly  10, 1976 -j- 
-f- a tro p h o d e rm y  before J u ly  10, 1976

** Population  0— 14 y e a rs  a t  Decem ber 31st, 1976

T able  V shows th e  re la tiv e  risks of chloracne in  ch ild ren  by  p a irs  o f zones. R ela tive  
r isk s  o f zone A vs. B, R  a n d  n o n  R  a re  highest, re la tiv e  r isk s  o f В and  R  vs. non (A, B, R ) are 
s ti ll  a ro u n d  7, re la tiv e  r isk  o f  В vs. R  is, on th e  c o n tra ry ,  close to  1.

Table V
Chloracne (1) -f- (2) in  children 0—14 yea rs , relative risk  fo r  pairs  

o f groups (zones), standard  error and confidence lim its  at 95%  probability level

R elative risks (RR)
S. E. 

( In  R R )
Confidence lim its 95%

Lower U pper

A vs. В =  44.6 0.39 20.6 96.5

A vs. R =  33.4 0.21 22.0 50.8

A vs. non (A ,B .R ) =  255.9 0.23 164.1 39.1

R vs. В =  1 33 0.38 0.6 2.8

В vs. non (A ,B ,R ) =  5.7 0.38 2.7 12.2

R vs. non (A .B .R ) =  7.7 0.19 5.2 11.2

O ther studies are  in  p ro g ress  on people a ffec ted  b y  chloracne.
From  clinical a n d  d e rm ato lo g ica l rep o rts i t  a p p ea rs  th a t  those  people had no o th er 

s ig n s of pathology u n til no w , a n d  also th a t  th e  im m u n e  system  of a  g roup  of ch ild ren  w ith 
ch lo racn e  showed no signs o f a lte ra tio n s  w ith in  tw o  y ears  from  th e  acc id en t, com pared  w ith  
th e  controls (Sirchia, 1978).
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I I I . B irth  defects (B D ’s)

F ea rin g  th a t  TCDD cou ld  be responsible for a rise in  B D  ra te s  (as suggested  b y  the  
an im al l ite ra tu re ) , special reco m m en d a tio n s  to local p h y sic ian s were issued ju s t  a f te r  the  
acc id en t o f Ju ly  10 1976, s tre ssin g  th e  im portance  to com ply  w ith  no tifica tio n  of B D ’s, w hich 
is m an d a to ry . T his was done b ecause  i t  was well know n th a t  B D ’s in  I ta ly  are u sua lly  u n d e r­
rep o rted : T able  V I shows th a t  on ly  1 or 2 BD ou t of 1600 — 1800 b ir th s  were n o tified , per 
year, betw een  1972 and 1975, in th e  fo u r cities which w ere to  becom e th e  m ost po llu ted  by 
TC D D . T he corresponding ra te s  (0.55 to 1.24 X 1000) were n o t too fa r aw ay from  th e  n a tio n a l 
ra tes , 1.6 —1.9 X 1000; it has also  been ascerta ined  th a t  before  th e  ICM ESA acc id en t m an y  
physic ians had  agreed no t to  re p o r t  several m alfo rm ations, because  such a no tifica tio n  was 
fe lt by  th e  p a ren ts  to he a socially  n egative  m ark . (A re tro sp ec tiv e  s tu d y  is now u n d e r w ay 
to re triev e  B D ’s born in  p rev io u s y ears by  m eans of c h ild ren  screening and ex am in a tio n  
of d e a th  n o tificatio n s by cause.)

D uring  1976 only 4 B D ’s w ere rep o rted , 3 of w hich before  Ju ly  and 1 in A ugust, o b v i­
ously all o f th em  u n re la ted  to  T C D D . T he exp ec ta tio n  of a possib le BD rise was for th e  beg in ­
ning of J a n u a ry  1977, when w om en, 3 m o n th s or less p re g n a n t a t  th e  d a te  of th e  acc id en t, 
were to  deliver th e ir  babies.

D uring  1977 (w ith no c lu s te rin g  in  any p a r ticu la r  m o n th ) 38 B D ’s were re p o rte d : 
7 in Seveso and  Cesano, 16 in  M eda an d  Desio, 15 in th e  o th e r  seven cities. D uring  th e  f irs t 
sem ester o f 1978 ad d itio n al 22 cases o f BD were reported . R a te s  for th e  th ree  groups of c ities 
are, re sp ec tive ly , 12.72, 23.02 a n d  9.81 in 1977; 16.7, 21.8 a n d  13.97 in 1978 (Table VI).

Table VI
Birth defects in the areas involved by the IC M E S A  accident and in  I ta ly , 1972 to 1978

( I - V I )

Year

1972

1973

1974

1975

1976

1977

1978
( I - V I )

Seveso +  Cesano Meda -f Desio O ther 7 cities

1/1712 or 0.58%o

1/1812 or 0.55%o

1/1721 or 0.58%o

2/1603 or 1.24%»

0/754

7/550
(12.72)

5/298
(16.7)

1/825
(1 .2 1  %o )

16/695
(23.02)

7/321
( 21.8)

N .A .

N .A .

N .A.

N .A .

3/1630
(1.84%„)

15/1529
(9.81)

10/716
(13.97)

Italy

1.8

1.6

N.A.

N.A.

N.A.

N.A.

N.A.

N.A. =  not availab le  yet

T herefo re , a d ram a tic  increase  in  BD in  the whole area  has been observed , suggesting  
th a t  “ so m eth ing  has hap p en ed ” . B u t several poin ts conflict w ith  th e  possib ility  to associate 
th is  rise w ith  the  accident.

1. In 1977 the  ra te  of BD in M eda an d  Desio, the  less p o llu ted  area  was twice as m uch 
as in the m ore po llu ted  Seveso and  C esano; again , in 1978, th e  h ig h est ra te  was in the  7 cities 
whose p o p u latio n  lived in the p o llu ted  area  less th an  2% ;
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2. a  sim ultaneous increase  in  n o tified  B D ’s to o k  p lace in several co u n ties  o f  L o m bardy  
(T ab le  V II ) :  i t  has doubled  in  M an to v a  a n d  V arese, tr ip le d  in  Sondrio, in creased  in  o th e r  four 
c o u n tie s , possib ly  due to  th e  im p ro v e m en t in  n o tif ic a tio n  accu racy  (acco rd ing  to  th e  recom ­
m e n d a tio n s  issued by th e  H e a lth  A u th o ritie s);

Table VII
B D  rates ( % o )  in  Lombardy and its counties. Data fo r  1970— 1975: Carreri and B ura tta  (1976). 
Y ea rs 1976— 1977: courtesy o f  D r. V. Carreri, Assessorato alla S a n ità , Régióné Lom bardia (u n ­

published data)

Counties 1970 1971 1972 1973 1974 1975 1976 1977

B resc ia 4.01 4.75 4.33 4.91 4.40 3.62 3.70 3.14

B erg am o 3.08 3.37 2.41 1.97 3.44 5.02 5.14 3.62

Com o 3.82 4.11 5.64 5.52 4.56 5.61 6.39 6.50

C rem o n a 7.21 6.54 4.17 6.20 2.09 5.60 6.44 6.93

M a n to v a 1.16 3.97 0.59 1.75 2.22 1.94 1.38 3.84

M ilano 0.74 2.00 3.08 3.49 3.44 3.86 4.13 4.99

P a v ia 6.03 3.73 N.A. 4.01 5.46 4.38 5.59 7.48

S o n d rio 3.09 3.02 3.12 2.09 1.79 3.31 2.07 6.02

V arese 1.80 1.73 1.51 1.92 2.20 2.82 1.74 4.45

L o m b a rd y 2.25 2.94 3.01 3.52 3.50 4.01 4.15 4.85

I ta ly 1.9 1.8 1.8 1.6

3. th e  d is tr ib u tio n  of B D ’s by  ty p e  show s no c luste ring  and  th e re  e x is ts  a  g re a t v a rie ty  
in  th e  B D ’s com pared to  th e ir  to ta l  n u m b e r  (T ab le  V III) ;

4. th e  ra tes  o bserved  in  1977 a n d  1978 in  th e  d iffe ren t groups of c ities , u p  to  23.0 /1000 
w ere  nev er h igher th a n  th e  ones u su a lly  o b se rv ed  in  th e  w estern  co u n tries  w here  no tification  
sy s te m s  w ork. This is also co n firm ed  b y  a lo n g itu d in a l s tu d y  in  o u r c o u n try , sponsored  by 
th e  N a tio n a l R esearch  C ouncil: 23.2 B D ’s per th o u sa n d  on 2409 new b o rn s in  4 M atern ity  
C e n te rs  is of th e  sam e m ag n itu d e  o bserved  now  in  th e  Seveso a rea  (F a ra  a n d  M aru b in i, 1974).

The BD ra te s  fo r 1977, co m p u ted  b y  p o llu tio n  zone (Table IX ), a re  12.45 (non R) and 
23 .93  (Zone R). No B D ’s w ere obse rv ed  in Zone В (o u t of 66 b ir th s )  a n d  in  Zone A (out of 
4 b ir th s ) .

I t  is in te res tin g  to  k n o w  w h e th e r  th e  la c k  of B D ’s in zones A an d  В is on ly  because 
o f  th e  sm all nu m b er o f b ir th s ,  and  w h e th er th e  h y p o th esis  of an  in creased  r a te  is still com ­
p a tib le  w ith  such observed  n e g a tiv e  resu lts .

In  Table X , p ro b a b ilitie s  have  been ca lcu la ted  th a t  no B D ’s are o b se rv ed  am ong new­
b o rn s  o f zone A and  В for sev era l a ssum ed  B D  incidence levels.

L ittle  can be con clu d ed  for zone A: p ro b a b ili ty  th a t  th e  incidence  h as  risen  up to 
5 0 %  is only 6% , b u t  th e  h y p o th es is  t h a t  th e  incidence has reach ed  up  5 o r 10 or even 20%  
c a n n o t be re jected , because  th e  p ro b a b ility  o f no B D ’s ou t of 4 b i r th s  is s till , 81.5, 66 and 
4 1 % , respectively .

T here is still a 20%  p ro b a b ili ty  t h a t  no B D ’s are o bserved  in zone В o u t  o f 66 b irth s , 
sh o u ld  th e  incidence be e q u a l  to  th e  one in  zone R  (nam ely  2 .4 % ), h o w ever th ere  is only 
a  3 .4 %  p ro b ab ility  should  th e  incidence hav e  risen  up  to  5% .
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Table  VIII

B D  observed in the polluted area, 1976 to 1978 (I V I)

A. Single defect ICD (1975) No. in 1976 No. in 1977
No. in 1978 

(I VI)

Inguinal hernia 550.9 1
Meningocele 741.9 l
H ydrocephalus 742.3 l
B ulbus cordis anom aly 745 l 4
In te rv en tricu la r sep tal defect 745.4 3 1
Stenosis of pu lm . valve 746.0 2
Cleft palate 749.0 1
Stenosis of sm all in testine 751.1 1
A nom aly in test, fix a tio n 751.4 1
E ctopic anus 751.5 1
H ypospadia 752.6 2 2 1
Cong, anom aly o f scro tum 752.9 1
Club foot 754.7 9 3
Syndacty ly 755.1 2 3
Osteogenesis im perfec ta 756.5 1
D iaphragm atic  hern ia 756.6 1
D ow n’s syndrom e 758.0 2 2 1
H am arto b lasto m a  cordis 759.6 1
N euroblastom a M/9500/3 1

B. M ultiple defects

In te rv en tricu la r sep ta l defect and
ostium  secundum  ty p e  a tria l 745.4
sep tal defect 745.5 1 1

In te rv en tricu la r  sep ta l defect and
agenesis of lung 745.4

748.5 1
B ulbus cordis anom aly  and epi- 745

spadia 752.6 1
Meningocele and hydrocephalus 741.9

742.3 1
A tresia  of au d ito ry  canal and 744.0

anom aly  N.O.S. o f ear 744.3 1
Clubfoot and sy n d ac ty ly 754.7

755.1 1
E x o tro p h y  of u rin ary  b ladder 753.5

an d  hypospadia 752.6 l
Om phalocele and gastroschisis 553.1

756.7 1
A nencephalus and om phalocele 740.0

an d  spina bifida 553.1
756.1 1

Clubfoot and c lubhand  om phalo- 754.7
cele 754.8

553.1 1
B u lb u s cordis anom aly  and 745

D ow n’s syndrom e 758.0 1
D ow n’s syndrom e and p o ly d ac ty ly 758.0

755.0 1
P o ly d acty ly  and ectop ic  anus 755.0

a n d  cyst of u rachus 751.5
753.7 1
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Table IX

BD /births by pollution zones and year 
[1976 to 1978 ( I — V I ) ]

Year (m onths) Zone A Zone В Zone R 3 c.s.z.
( -  A; B: R)

1976
( V I I - X I I )

0/2 0/29 0/221 1/1280
(7.8%o)

1977 0/4 0/66 9/376
(23.93%o)

29/2328
(12.45%o)

1978
( I - V I )

0 / .. 1 / .. 5 / . . 1 6 /..

A dm itting  a B D  ra te  for zone В as for zone R  (23.93%o), 1.5 +  0.7 or 0.8 to 2.2 m al­
fo rm ed  children ou t o f 66 b ir th s  should be expected  (p <  0.05).

Table X

Probability o f  no cases o f  Birth Defects in  1977 in  zone A  and zone В , 
given several assum ed incidence levels (adapted fro m  M ódiin  et al., 1976)

Observed BD
Zone A Zone В

1977 0 0

No. b irths 4 66

A ssum ed BD 
incidence levels

(xioo)

Zone A Zone В

No. cases of BD 
expected

P robability  
of no BD

No. cases of 
BD expected

Probability  
of no BD

2.4 0.096 0.907 1.6 0.201

5.0 0.2 0.815 3.3 0.034

10.0 0.4 0.660 6.6 0.001

20.0 0.8 0.410 13.2 4 X  10-7

50.0 2.0 0.060

T herefore, in  sp ite  o f th e  low n u m b er o f  b i r th s  in  zone B, am ong  w hich  no B D ’s hav e  
o ccurred , i t  can be co n clu d ed  th a t  th e  incidence  in  zone В is n o t h igher th a n  in  zone R. N o th ­
in g  can be said fo r zone A, w ith  only 4 b ir th s , e x c e p t th a t ,  should  an  increase  have ta k e n  
p lace, th is  w ould h a v e  n o t been  h igher th a n  2 0 %  !

In  su m m ary  i t  h a s  been  no ted  th a t  th e  la c k  o f increase in B D ’s in  th e  a rea  could be due 
to  th e  fa c t th a t  sev e ra l w om en, fearing  th e  fa te , u n d e rw en t a k in d  of “ th e ra p e u tic ”  ab o rtio n ; 
n o th in g  can be sa id  fo r th e  ones who a b o rte d  sec re tly  o r ab road . B u t for th e  30 official a b o r­
tio n s , w hich w ere all s tu d ie d  b y  Prof. G ropp , 4 w ere w om en of zone A, th ree  o f th em  exposed  
as long as 14 d ay s  b e fo re  ev acu atio n . No m alfo rm atio n s  were found  in  th e ir  em bryos (R e h d e r 
e t  a l., 1978). T h ere fo re , in  spite of some in c e r ti tu d e s  in trin sic  to  em bryolog ical d iagnosis 
o f  B D ’s, i t  can be co n clu d ed  th a t  a t least 8 p reg n an c ies in zone A did n o t invo lve  a n y  B D .
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IV .  S p o n t a n e o u s  a b o r t i o n s  ( S A ’s )

T o e v a lu a te  th e  possible effects of T C D D  p u llu tio n  on  th e  frequency  of S A ’s, tw o  lines 
o f in v es tig a tio n s  a re  being  considered: the  f ir s t  one consists o f th e  reg is tra tion  of SA’s re p o rte d  
by  p h ysic ians to  C ounty  M edical O fficer; th e  second one  in teg ra te s  the  n o tif ic a tio n s  w ith  
a special search  on adm ission/d ischarge h o sp ita l fo rm s. T he f irs t s tudy  allows c o m p ariso n s  
w ith  reg io n a l an d  n a tio n a l s ta tis tic s , when av a ilab le , w hile  th e  second one is an  ad hoc p ro je c t.

In  T ab le  X I  SA ra te s  per 100 p regnancies p e r y e a r  are  shown. R a te s  a re  s lig h tly  
f lu c tu a tin g  from  1973 to  1977. In  1977, ra te s  a re  a lw ay s h igher th an  in 1976: n e v e rth e -

ТаЫ е XI

Spontaneous abortion rates (  X 100 pregnancies) fro m  1973 to 1977

Years
Cities

1973 1974 1975 1976 1977

Cesano M. Seveso 9.55 9.76 10.04 10.13 10.19
Desio M eda 12.34 10.57 10.81 9.01 12.31

T o ta l 4 cities 10.91 10.15 10.45 9.54 11.38

O ther 7 cities 10.88 10.90 9.64 10.11 11.81

T o ta l 11 cities 10.89 10.55 10.01 9.74 11.63
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less, th e y  are low er o r r a th e r  sim ilar to  the  ones o f p rev io u s  years. The rise is n o t  easy  to 
ex p la in . I t  could be a ffe c te d  b y  im proved p h y sic ian s’ care  in  th e  reporting . In  fa c t, su ch  a rise 
is com m on in all th e  11 c itie s  a n d  it is no t a v e ry  la rg e  one.

Figure 2 co m p ares p o llu te d  areas w ith  th o se  in  M ilano and  L om bardy . T h e  tre n d  of 
p o llu ted  area ra te s  is v e ry  sim ila r to  Milano an d  L o m b a rd y  ra te s , which are a lw ay s h igher, 
u n til  1976. In  1977 th e re  is a rise in the  p o llu te d  a rea  ra te s , b u t even th e  im p ro v e m en t 
o f SA notifications does n o t  in d ica te  th a t  th e  r a te  re ac h es  th e  level of Milano a n d  L o m b ard y .

As to  th e  second  line  o f investiga tion , th e  a im  is to  re fer SA’s to to ta l co n ceivem en ts 
o f th e  sam e period .

SA’s of a  g iv en  t r im e s te r , collected by  th e  C o u n ty  M edical Officer, an d  th e  h o sp ita l 
fo rm s constitu te  th e  n u m e ra to r .  A t th e  d en o m in a to r th e re  a re  th e  same SA’s p lus b ir th s  and  
s tillb ir th s  w ith th e  sam e concievem ent tim e.

P reg n an cy  loss ra te  (P L R )
A b o rtio n s  ( J a +  F  +  M)

B ir th s  S tillb irth s  ( J u - f  A - f  S) +  A bortions ( J a -f- F  +  M)
X 100

D ata  on b ir th s  a n d  s tillb ir th s  are co llected  b y  Census B ureau and H o sp ita l form s. 
In d u c ed  abortions w ere  ex c lu d ed  b o th  from  n u m e ra to r  a n d  denom inator.

Such a sy s tem  o f co llec tin g  d a ta  becam e p o ss ib ly  o n ly  a f te r  Ju ly  10 1976, w hen  IC M ESA  
acc id en t happened: in  fa c t ,  a f te r  th is da te , h o sp ita l fo rm s re la te d  to people liv ing  in  th e  pol­
lu te d  area were s e p a ra te ly  filed  from  all the  o th e rs . D a ta  w ere processed by  h a n d  b ecause  
in  th e  regional c o m p u te r, w ork ing  th en  for a d m in is tra t iv e  ra th e r  th a n  for ep idem io log ical 
p u rposes, d a ta  w ere fed  in  w ith o u t names.

Table X I I  show s P L R  by  trim ester from  J u ly  1976 to  D ecem ber 1977. In  th e  cities 
w ith  m ore th an  50%  o f in h a b i ta n ts  in the  p o llu ted  a re a , th e  ra te s  show a rise in  th e  4 th  t r i ­
m es te r  of 1976; th e n  th e y  decrease  in th e  follow ing tr im e s te rs . In  the  cities w ith  a b o u t  2 0 %  of 
in h a b ita n ts  in th e  p o llu te d  a rea , the  ra te s  are in c re a s in g  u n til the  f irs t t r im e s te r  1977; 
th e n  th ey  decrease. A  sim ila r  tren d  is visible in  th e  o th e r  7 cities.

Table X II

Pregnancy loss rates ( P L R )  by trimester f r o m  J u ly  1976 to December 1977

Cities Jul. — Sep. 
1976

Oct. -  Dec. 
1976

J a n . Mar. 
1977

Apr. — Jun. 
1977

Jul. Sep. 
1977

Oct. - Dec. 
1977

Cesano M. Seveso A 27 30 21 21 24 25

P 164 141 188 171 186 186

R 16.5 21.3 11.2 12.3 12.9 13.4

D esio Meda A 18 26 33 27 25 32

P 200 187 208 197 198 237

R 9.0 13.9 15.9 13.7 12.6 13.5

O th e r 7 cities A 50 58 84 59 44 66

P 427 414 462 418 423 443

R 11.7 14.0 18.2 14.1 10.4 14.8

A =  a b o rtio n s; P  =  preguancies; R  =  P L R
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Such a tre n d  is v e ry  h a rd  to u n d e rs tan d , because  d a ta  before th e  acc id en t a re  no t 
availab le . I t  will be d ifficu lt to  o b ta in  these d a ta  because o f h o sp ita l form  in fo rm a tio n  system  
crite ria . M oreover, should  d ifficu lties be overcom e, th e  ea rlie s t com parison  p e rio d  w ould go 
back  no fu r th e r  th a n  J a n u a ry  1976, th e  d a te  o f the  beg in n in g  of ro u tin e  h o sp ita l form  col­
lection  in  L om bardy .

A more sa tis fac to ry  defin itio n  of exposure  levels is in  progress. T ab le  X I I I  shows 
P L R  by  p o llu tio n  area (zone B, R  an d  o th e r zones): zone A d a ta  were excluded  because of 
th e  sm all n u m b er of p regnancies. P L R  for zone В are a lw ay s h igher th a n  in  o th e r zones. 
O nly in th e  th ird  tr im e ste r  o f 1977 ra te s  show  s ta tis tica lly  s ig n ifican t differences (P  <  0.005). 
N everthe less , such a d ifference does n o t ex is t am ong v a rio u s ra te s  in zone B.

Table X III

Pregnancy loss rates (P L R )  by trimester from  J u ly  1976 to December 1977

Cities Ju l. Sep. 
1976

Oct. - Dec. 
1976

Jan. Mur. 
1977

Apr. Jim . 
1977

Jul. Sep. 
1977

Oct. Dec. 
1977

A 3 4 5 8 10 4

Zone В P 27 18 29 28 32 29

R 11.1 22.2 17.2 28.5 31.2 13.7

A 19 17 15 17 16 20

Zone R P 138 104 118 135 140 144

R 13.7 16.3 12.7 12.5 11.4 13.8

3 C.S.Z. S A .B .R A 74 94 119 81 67 99

P 670 632 713 621 634 691

R 11.0 14.8 16.6 13.0 10.5 14.3

A =  abortions; P  pregnancies; R  =  P L R

V. Crude birth and death rates (B R , D R )

D a ta  on b irth s  and  d e a th s  were p rov ided  by th e  Census B ureau . B R  a n d  D R  were 
calcu la ted  per year and  per th o u san d  in h a b ita n ts . Table X IV  show s b ir th  ra te s  fro m  1973 
to 1977: th e y  are p rov ided  for 3 groups of cities differing by th e  a m o u n t of in h a b ita n ts  in 
po llu ted  a rea s, as p rev iously  show n. B R  are generally  decreasing  from  1973 to 1977.

In  F igure  3 such  a decrease is q u ite  ev id e n t un til 1976, m ain ly  in the  2 cities w ith  more 
th a n  50%  of in h a b ita n ts  in po llu ted  areas. A red u ctio n  of B R  occurs w ith  m ore evidence 
in  1977 in th e  4 m ost po llu ted  cities, p ro b ab ly  because of b ir th  con tro l w hich a u th o ritie s  
adv ised  for a b o u t one y ear since Ju ly  1976.

F igure  4 shows B R  by 4 cities, 7 c ities, L o m b ary  and  I ta ly . In  th e  po llu ted  a rea  B R  are 
generally  h igher th a n  in I ta ly  and  in  L o m b ard y . The m ost in te re s tin g  phenom enon  can be 
seen in 1977 when B R  for th e  m ore po llu ted  area  has a steep er decrease in  com parison  w ith  
p rev ious years.

A b o u t m o rta lity , we can  prov ide only crude D R . I t  h a s  been im possible so fa r to 
calcu la te  specific D R  per cause of d e a th , age and  sex because of th e  lack  of in fo rm a tio n  on
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Table XIV

B ir th  rates ( X 1000) fro m  1973 to 1977

Cities

Years
1973 1974 1975 1976 1977

C esano M. Seveso 18.78 17.51 14.86 13.62 10.94

D esio  M eda 17.44 16.63 16.54 15.77 13.20

T o ta l 4 cities 18.21 17.07 15.71 15.36 12.10

O th e r 7 cities 17.68 17.15 16.68 14.14 13.22

T o ta l 11 cities 17.93 17.11 16.22 14.72 12.66

th is  m a tte r . N evertheless, we a re  s tu d y in g  a specific re sea rch  p ro g ram  to  o b ta in  D R  per age 
a n d  sex , while ra tes pe r cause  o f  d e a th  will be possible on ly  from  now  onw ard .

Table XV shows c ru d e  D R  per y ear for th e  3 g ro u p s of cities. We can  observe  differ» 
en ces  in  th e  D R  tre n d  a t  C esano and  Seveso w hich hav e  m ore th a n  50%  of in h a b ita n ts  in 
th e  p o llu te d  area. R a tes  a re  in c reas in g  a t  Cesano u n til 1975, in  c o n tra s t  to  th is , th e y  are decreas­
in g  in  1976 — 77. A t Seveso M R  decreases u n til 1975 a n d  has a rise in  1976; th e n  i t  decreases 
a g a in  in  1977. In  th e  c ities  w ith  a b o u t 20%  of in h a b ita n ts  in  th e  p o llu ted  a rea  (Desio and 
M ed a) ra te s  are irreg u la r w ith  lit t le  v a ria tio n s . In  th e  o th e r  7 c ities crude D R  are stab le  
e x c e p t  a rise in 1976.

i o  ■

0 ___________I________________ ,________________ I________________ .________________ _

1973 1974 1975 1976 July 1977
10

F ig . 3. B irth  ra te s  ( x  1000) from  1973 to  1977
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Table XV

Crude mortality rates (  xlOOO) fro m  1973 to 1977

Years
Cities

1973 1974 1975 1976 1977

Cesano M. 6.28 6.65 7.13 7.07 6.51

Seveso 9.18 7.50 6.83 9.55 7.72

Dcsio 8.92 8.27 8.86 9.05 7.69

Meda 8.48 7.72 8.33 8.25 8.71

T o ta l 4 cities 8.00 7.51 7.86 8.33 7.51

O ther 7 cities 7.91 7.94 7.80 8.36 7.69

T o ta l 11 cities 7.95 7.73 7.83 8.35 7.61

F ig u re  5 show s th e  sam e d a ta  for th e  4 c ities an d  th e  7 cities: an  in creas in g  D R  is 
reg is te red  in 1976. B ecause of th is rise we su sp ec ted  a possible association w ith  th e  T C D D  
p o llu tion . N ev erthe less , a six -m on ths period  d isag g reg a tio n  of D R  in 1976 (T able  X V I) show s 
th a t  ra te s  are  generally  h igher in  th e  f irs t h a lf-y ear, before  th e  Ju ly  10 acciden t. T h is p h e n o m e ­
non occurs in  all th e  11 cities and  p a rticu la rly  in Seveso. T he sam e phenom enon a p p e a rs  also 
in 1977, ex cep t in Seveso w here th e  ra te  is h igher in th e  second half-year.

------- I ta ly
* Lombardy

0  _____________ I___________________ 1____________________ I_____________________ I__________________ i _

1973 1374 1975 197* 1!77

Fig. 4. B irth  ra tes  ( xlOOO) from  1973 to 1977
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Table XVI

Crude m ortality rates (  XlOOO) by six-m onths periods in  1976 and 1977

Y ears 1976 1977

Cities Jan . — Ju n . Ju l. — Dec. Jan . — Dec. Jan . - Jun. J u l.— Dec. Jan . — Dec

Cesano M. 3.64 3.43 7.07 3.57 2.94 6.51

Seveso 5.66 3.89 9.55 3.65 4.06 7.72

Desio 5.16 3.88 9.05 4.14 3.54 7.69

M eda 4.38 3.86 8.25 4.43 4.28 8.71

T o ta l 4 cities 4.60 3.73 8.33 3.93 3.58 7.51

O th e r 7 cities 4.45 3.91 8.36 3.88 3.81 7.69

T o ta l 11 cities 4.52 3.83 8.35 3.91 3.70 7.61

F ig u re  6 show s cru d e  D R  for th e  4 and  7 c ities v s  I ta ly  an d  L om bardy . D R  in  I ta ly  
a n d  L o m b ard y  are  h ig h er th a n  in  th e  po llu ted  area . M oreover, L om bardy  shows th e  sam e v e ry  
l it t le  rise  of crude M R  o b se rv ed  in th e  po llu ted  area .

In  su m m ary , b i r th  ra te s  in  th e  area  show  a  s te e p e r  decrease in 1977 p ro b a b ly  due  
to  b i r th  con tro l, a n d  cru d e  D R  do n o t seem to  h a v e  b een  a ffec ted  by th e  TC D D  p o llu tio n  
as y e t.

F ig . 5. C rude m o rta lity  ra tes  ( X  1000) f ro m  1973 to  1977
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-------  A C i t i e s
____  7 C i t i e s

I t a l y
—H—  Lombardy

L __ .__*__.___
1973 1974 1975 1976 1977

Fig. 6. C rude m o rta lity  ra te s  ( X 1000) from  1973 to 1977

VI. Specific research programs

Specific research p ro g ram s dealing w ith  im m uno logy , neuro logy  and  cy togenetics are 
being  developed by ad hoc te a m s , and only progress re p o rts  h av e  been released and  will be 
quo ted .

I m m u n о 1 о g y : 45 children  p rev iously  living in zo n e  A, 21 of th em  w ith chloracne, 
o f th e  “ e a rly ”  type, to g e th e r  w ith  as m any  ag e-m atch ed  u n ex p o sed  contro ls, were su b m itte d  
to  a b a tte ry  of tests to in v e s tig a te  their im m u n e  response. T h is w as s ta r te d  in S ep tem ber 1976, 
an d  te s ts  were repea ted  3 tim es  a t 4 m o n th s in te rv als . A cco rd in g  to  a s ta tis tica l ev a lu a tio n  
o f th e  resu lts , no sig n ifican t differences be tw een  exposed ch ild ren  and  contro ls could be 
d e m o n s tra ted  (Sirchia, 1978).

N e u r o l o g y :  in s tru m e n ta l e x am in a tio n  of g ro u p s o f persons have show n h igher
ra te s  o f subclinical neuro log ica l dam ages in  zone A th a n  in  В an d  R , i.e. reduced  nerve  con­
d u c tio n  velocity , w hich cou ld  n o t be re la te d  to  any know n cause; th is  was confirm ed  also 
d u rin g  a n o th e r screening in  1978. No asso c ia tion  ex ists b e tw een  th e  occurrence of th e  sk in  
lesions an d  th e  neurological findings. A carefu l ev a lu a tio n  o f these  find ings is in  progress 
(B oeri e t ah , 1978).

C y t o g é n i e  t e s t s :  they  were co n d u cted  on p e rip h e ra l blood ly m p h o cy tes s tim ­
u la ted  by P H A  and o b ta in e d  from  125 people of zone A, 59 IC M E SA  w orkers and 69 con tro ls. 
F req u en cy  of gaps, b re ak s  a n d  s tru c tu ra l re a rra n g em en ts  d id  no t d iffer g reatly  from  group  
to  g ro u p , n e ith e r was th e re  a sign ifican t d ifference  be tw een  people  w ith  and  w ith o u t ch loracne. 
N evertheless, a h igher d isp e rsio n  of to ta l cell a b e rra tio n  freq u en cy  was observed in th e  ICM ESA 
w orkers, zone A and ch lo racn e  people (M o rg an ti e t ah , 1978).

N eurological, im m u n o lo g ic  and cy to g en ic  stud ies a re  still in progress to check w he th er 
a n y  a lte ra tio n  will a p p e a r  in  th e  long ru n .
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C onclusions

T his paper rep re sen ts  th e  f irs t  re p o rt  on  se lected  top ics p rep ared  by  th e  w ork ing  team  
a p p o in te d  by  the  reg ional g o v e rn m e n t o f L o m b ard y . The jo in t  e ffo rts , s ta r te d  a t  th e  end 
o f  J u ly  1976, and  based  on a p lan  p re p are d  to  cope no t only w ith  th e  need  o f epidem iological 
k n o w ledge  b u t also w ith  th e  u rg e n t d em an d  for sa n ita ry  a ssistan ce , help  a n d  p reven tion  
e m erg in g  from  th e  p o p u la tio n  in v o lv ed , h av e  im m ed ia te ly  m et w ith  g re a t d ifficu lties .

O bstacles were m an y  a n d  g re a t, beg inn ing  w ith  th e  av a ilab ility  of poor q u a lity  dem o­
g ra p h ic  d a ta  and w ith  th e  la c k  of a local p ub lic  h e a lth  o rgan ization ; p ro g ressin g  w ith th e  
su d d e n  po litica l struggle  in  fa v o u r a n d  ag a in s t th e  ab o rtio n  policy to  be a p p lied  to  local 
w o m en , an d  w ith a lo t o f nonsense  so lu tions p roposed  by m an y  so i-d isan t sc ien tis ts , also 
fro m  a b ro ad , in o rder to  te rm in a te  th e  p o llu tio n ; and  end ing  up  w ith  th e  p ro g ressiv e ly  sp read ­
in g  re sis tan ce  of th e  p o p u la tio n  to  co opera te  in  th e  surveillance p lan .

T herefore no t all d a ta  a re  av ailab le  w hich  could  help  in p rep arin g  a f in a l p ic tu re  of all 
th e  h e a lth  even ts w hich follow ed th e  10 of J u ly  1976 acciden t. P a r t  o f th e m  are  m issing fo r­
e v e r , o th e rs  could be co llected  an d  acc u m u la te d , b u t  th e ir  e lab o ra tio n  was d e lay ed  because 
o f  la c k  of operato rs an d  call fo r m ore u rg e n t ac tiv ities .

S y stem atic  analysis a n d  e lab o ra tio n  of av a ilab le  d a ta  could only s ta r t  a t  th e  beginning 
o f  1978, when the  w ork ing  te a m  in Seveso was com pleted .

In te rp re ta tio n  o f d a ta  p re sen te d  here does n o t seem  to  in d ica te  t h a t  a n y  m ajo r ev en t 
h a s  h ap p en e d  in th e  field  o f b i r th  defects, a b o rtio n s , b ir th s  and d e a th s  (c ru d e  d a ta .)  I t  is d if­
f ic u lt  to  say  w hether th is  has been  a ttr ib u ta b le  to  o rig ina l l im ita tio n s  o f  T C D D  exposure 
o r  to  th e  efficacy of h e a lth  m easu res im m ed ia te ly  in clud ing  th e  e v acu a tio n  of zone A residents. 
A s fa r  as chloracne is con cern ed  m ost all serious cases (“ e a rly ”  cases) were d e te c te d  in people 
o f  zone  A (or living th e re  d u rin g  th e  acc id en t); in  sp ite  o f th e  general reco m m e n d a tio n  to call 
th e  p h y sic ian , no case w as re p o rte d  in  zone В an d  on ly  one in  zone R , w ho h a d  a h is to ry  
o f  c o n ta c t  w ith  zone A. “ L a te ”  cases (by  fa r  th e  le a s t serious) were m o stly  d e te c te d  th ro u g h  
sc ree n in g , b u t th e ir d is tr ib u tio n  is n o t confined  to  zones A or В : i t  covers also  zones R and 
n o n  (A , B , R ), w ith  h igher p rev alen ce  in  zones R  of Seveso and  M eda, c losest to  zone A, th a n  
in  zone  B. Such lack  of o v e rlap p in g  of th e  ch lo racne  m ap  w ith  th e  m ap  of T C D D  in soil is 
n o w  u n d e r  considera tion , em p lo y in g  th e  exp o su re  q u estio n n a ires  ad m in iste red  to  th e  chloracne 
p a tie n ts .  A p a rt from  th e  ev id en ce  th a t  th e  Seveso a n d  M eda resid en ts  o f zone R , during  
th e  d a y s  a fte r  the  acc id en t a n d  before its  ev ac u a tio n , h ad  easy access to  a n d  c o n ta c t w ith  
th e  a re a  classified la te r  as A, a  poss ib ility  ex is ts  t h a t  th e  10 of Ju ly  cloud h as  invo lved  th e  
a tm o sp h e re  of a larger a rea  a ro u n d  th e  fa c to ry  th a n  is now  suspec ted  acco rd ing  to  th e  detec­
tio n  o f  TC D D  deposited  on  th e  g round . T his will only be clarified  a fte r  th e  IC M E S A  reac to r, 
now  u n d e r  seq u estra tio n  by  th e  C ourt, will be s tu d ied  for its  co n ten ts .

A dd itiona l stud ies will be  needed to  c la rify  th e  significance of a tro p h o d e rm y  and  o th er 
le s io n s  resem bling  hea led  ch lo racne  w hich  were d iagnosed  an d  classified as d a tin g  b ack  earlier 
th a n  J u ly  10.

A d d itio n a l d a ta  will also be needed  to  in te rp re t  th e  fu n c tio n al in d ic a tio n s  o f neuro­
lo g ica l in v o lv em en t fo u n d  w ith  h igher p rev alen ce  in  zo n e  A resid en ts  th a n  in  o th e r  groups; 
a n d  to  ex p la in  th e ir  clinical sign ificance an d  th e  a p p a re n t lack  o f co rre la tio n  w ith  chloracne 
lesions.

F in a lly , a lthough  th e  im m uno log ica l an d  cy to g e n e tic  stud ies , carried  on  su b jec ts  bo th  
w ith  a n d  w ith o u t ch loracne, h a v e  n o t show n an y  sig n ifican t a lte ra tio n  so fa r, th e re  is a wide 
a g re e m e n t as to  th e  o p p o r tu n ity  o f th e ir  c o n tin u a tio n , because i t  c an n o t be ex clu d ed  th a t  
som e a b n o rm a lity  could a p p e a r  in th e  long ru n .
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Sum m ary

P rov isional d a ta  on  se lected  sa n ita ry  ev en ts  w hich took place a t  Seveso  a f te r  Ju ly  
10 1976 are  reported . 187 cases of chloracne, m o stly  in  children , were d e te c te d , 50 ju s t  after 
th e  acc id en t, the  o thers w ith in  a year. M ost p o llu ted  a rea  (zone A) prov ided  a lm o s t all “ early ” 
and  m ost severe cases, b u t  th e  te rrito ria l d is tr ib u tio n  of chloracne p rev alen ce  ra te s  showed 
som e inconsistencies w ith  th e  soil TCDD p o llu tio n  m ap ; in te rp re ta tio n s  for su ch  fin d in g s are 
d iscussed. T h irty -e ig h t b ir th  defec ts were d e te c te d  in 1977 (none in zones A a n d  B), more 
th a n  in  p rev ious years, b u t  still less th an  e x p e c te d  in a well con tro lled  “ n o rm a l”  p o p u la tio n : 
no c luste ring  around  a g iven  ty p e  was o b se rv ed . Spo n tan eo u s a b o rtio n s , e v a lu a te d  bo th  
as ab o rtio n  ra te s  and as p reg n an cy  loss r a te s ,  show ed  sca tte red  and  s ta tis t ic a lly  non-signif­
ica n t v a ria tio n s , in co n s is ten t w ith  the p o llu tio n  m ap . No differences in  b i r th  an d  d eath  
ra te s  com p ared  to su rro u n d in g  areas were o b se rv ed . D a ta  on ad hoc cy to g en etic , neurological 
an d  im m unolog ical surveys a re  com m ented . L im ita tio n s  of th e  p resen tly  a v a ilab le  d a ta  are 
d iscussed  an d  fu rth e r re sea rch  lines are a n tic ip a te d .
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S T U D IE S  ON T H E  T E R A T O G E N IC IT Y  O F  PVC 

G y ö r g y  U n g v á r y

STATE IN STITU TE OF OCCUPATIONAL HEALTH, BU D A PEST, HUNGARY

V inyl chloride (VC) is ra n k in g  23rd am ong th e  50 m ost w idely  used in d u s tr ia l chem i­
cals, an d  has an annual p ro d u c tio n  of ap p ro x im ate ly  8 b illion kgs in th e  w orld  (R eyno lds 
e t a l., 1975). To give an  id ea  of th e  considerable in d u str ia l, econom ic and  social im p o rtan ce  
of po ly v in y l chloride (PVC) m a n u fa c tu re d  from  VC I quo te  fro m  th e  Chem. Eng. News in  1975: 
“ I f  th e  po lyv iny l chloride p ro d u c ts  in d u s try  were to  be sh u t dow n before su b s titu te s  could 
be fo u n d  and  th e ir  m an u fa c tu re  begun , pe rh ap s 2 m illion jo b s  a n d  75 billion do llars w orth  
o f p ro d u c tio n  would be lo s t”  (B oden , 1976).

T he im p ortance  of th e  chem ical exp la ins th a t  once th e  susp ic ion  of th e  oncogenic effect 
o f VC — th o u g h t of as an  in e r t  gas sofar — was estab lish ed , a series of stud ies were s ta r te d  
on th e  carcinogenic, m u tag en ic  a n d  te ra to g en ic  effects o f VC. V iola e t  al. (1971), th en  M alton i 
(1973), M altoni and Lefem ine (1974, 1975) confirm ed th e  oncogenic  effects o f VC in m ice, 
r a ts  a n d  h am ste rs , by show ing th a t  VC exposure induced  m a lig n an t neoplasm s in  d iffe ren t 
tissues in a dose-dependent fash ion , m ore or less o ften , sooner or la te r  a f te r  exposure. M alignan t 
tu m o u rs  could be found  in an y  o f th e  o rgans b u t m ost o f th em  w ere seen in th e  liv e r, b ra in  
and  ly m p h a tic  nodes. I t  was recognized th a t  th e  V C -induced liv e r tu m o u rs  in e x p erim en ta l 
an im als have  th e  s tru c tu re  o f an  ang iosarcom a. The f irs t h u m a n  case of ang iosarcom a w ith  
a p ro b ab le  causal re la tio n sh ip  w ith  VC exposure  was found  in  1973 (C reech and Jo h n so n , 1974) 
suggesting  an  increased incidence in VC w orkers o f th e  an g iosarcom a o f th e  liver — an  o th e r­
wise ra re  tu m o u r in m en. The in te rn a l re p o rt of th e  W H O ’s In te rn a tio n a l  A gency for R esearch  
on C ancer gave accoun t o f 14 V C -induced liver angiosarcom a cases in  J u n e  1974, while 43 cases 
were rep o rted  on in th e  1975 J a n u a ry  issue. The increased  in cidence  of V C -induced an g io ­
sarcom a of th e  liver in m en has been  confirm ed by a n u m b er o f s tu d ie s  (T hom as an d  P o p p er, 
1975; M akk e t al., 1976; S m ith  e t  a l., 1976). A higher incidence  o f o th e r  tu m o u rs th a n  in 
con tro l po p u latio n s has also been re p o rte d  (T abershaw  and  G affey , 1974; Lange e t al., 1975; 
In fa n te  e t al., 1976c; W axw eiler e t  a l., 1976).

T he find ing  of th e  oncogenic effect o f VC was sh o rtly  fo llow ed b y  rep o rts  on  th e  m u ta ­
genic effects o f its  m etab o lites  ch loroe thy lene  oxide and  ch lo ro ace ta ld eh y d e  in  m icrob ial 
a ssay  system s (R an n u g  e t a l., 1974; B a rtsch  e t al., 1975; M alaveille  e t  al., 1975; L oprieno  
e t a l., 1976) and  on m am m alian  cells (H u b erm an  e t al., 1975). A t th e  sam e tim e an  increased  
incidence of chrom osom e a b e rra tio n s  in PVC w orkers w as described  sim u ltan eo u sly  in several 
co u n tries  (D u catm an  e t a l., 1975; P u rch ase  e t al., 1975; F u n es-C rav io to  e t  al., 1976; H au steen  
e t a l., 1976; Szentesi e t al., 1976).

These find ings led to  s tu d ies  on  th e  possible te ra to g en ic  a n d  e in b ry o to x ic  effects o f th e  
ag en t. S tud ies in  hu m an  ep idem io logy  were rep o rted  by  In fa n te  e t  al. in 1976 (a, b, c, d). 
T hey  follow ed th e  incidence of b ir th  defects from  1954 in  3 Ohio com m u n itie s , w ith  12 — 24 000 
in h a b ita n ts , w here PVC p o ly m eriza tio n  p lan ts  are located . In  one of th em  P ainesv ille  — 
th e re  a re  2 p lan ts ; the  second began  o p era tio n  in 1967. T he in cidence  o f m alig n an t tu m o u rs  
o f th e  CNS and  ly m p h a tic  system  in th e  3 com m unities be tw een  1958 and 1973 was sign if­
ica n tly  h igher th a n  th a t  in th e  e n tire  Ohio S ta te . S im ilarly  th e  incidence  of congenital defects 
and  m alfo rm atio n s in th e  3 co m m unities was sign ifican tly  above  th a t  in  Ohio. M alform ations 
o f th e  CNS, lip and  p a la te  clefts , ab n o rm a l gen ita l o rgans and  c lu b fo o t were leading b u t  th e  
n u m b er o f o th e r defects was in creased  too. W ith know ledge of th e  d a ta  rep o rted  by  In fa n te  
e t al. (1976a, b, c, d) E d m o n d s e t al. (1975) re in v estig ated  th e  q u estio n . T hey  com pared  th e  
in c id en ce  of conata l CNS m alfo rm atio n s in  two hosp itals lo ca ted  in cities w ith  PVC p o ly ­
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m e riz a tio n  p lan ts , one in P e n n sy lv a n ia , th e  o th e r in  Painesv ille , Ohio ( th e  one stu d ied  by 
I n f a n te  e t ah). No increase  in  CNS m alfo rm atio n s w as seen in th e  P e n n sy lv a n ia  hosp ital, 
b u t  a n  increase was n o te d  in  th e  Painesv ille  h o sp ita l. A d e ta iled  an a ly sis  o f th e  Painesville  
d a ta  revealed  th a t  th e re  was no co rre la tio n  be tw een  th e  increase in CNS m alfo rm atio n  ra te  
a n d  VC exposure. N one of th e  p a re n ts  o f th e  a ffec ted  in fan ts  h ad  ever w ork ed  a t  th e  VC poly­
m eriza tio n  p lan ts a t  P a in esv ille  an d  contro l m o th ers  w orked closer to  th e  p la n t  th a n  those 
o f  th e  affected in fan ts. In  H u n g a ry  Czeizel e t al. (1978) stu d ied  th e  in cidence  of congen ita l 
m a lfo rm atio n s  am ong th e  o ffsp rin g  o f 86 w orkers (62 m ales, 24 fem ales) em ployed  in VC 
p ro d u c tio n  and p o ly m eriza tio n  in  th e  Borsodi C hem ical W orks a t  K a z in c b arc ik a , H u n g ary , 
w i th  th e  in te rv iew -q u estio n n aire  m eth o d . T h ey  fo u n d  one case of sp in a  b ifid a  am ong  3 cases 
o f  m alfo rm ations.

R ecently  E d m o n d s e t  a l. (1978) published  th e  re su lts  o f a new  ep idem io log ical s tudy . 
F o r  th e  period betw een  1970 a n d  1974 th ey  found  an  increase  in CNS m alfo rm atio n s  in Charles­
to n ,  K anaw ha C ounty , W es t V irg in ia , where a PVC m an u fac tu rin g  p la n t  is w orking. T hey 
s tu d ie d  the  re la tio n sh ip  o f C N S defec ts an d  o ccu p a tio n a l o r re sid en tia l VC exposure  of the  
p a re n ts .  The incidence o f m a lfo rm a tio n s  and th e  o ccu p a tio n  of th e  p a re n ts  w ere n o t re la ted . 
T h e re  was an accu m u la tio n  o f cases a t  one lo ca tio n , b u t  th e  increased  VC co n tam in a tio n  
o f  th e  place could n o t be p ro v ed . (This o b se rv a tio n  did n o t en tire ly  c o rre la te  w ith  ex isting  
d a ta  on  local p a tte rn s  o f w ind  d irec tio n  an d  a ir po llu tio n .) No co rre la tio n  be tw een  th e  annual 
ch an g e  of incidence of CNS m a lfo rm a tio n s  and  th e  a m o u n t of a n n u a l VCM em issions was 
fo u n d .

A nother p o te n tia l  n o x io u s  effect o f VC exposure  on th e  o ffsp ring  is th e  increase in 
in tra u te r in e  m o rta lity  a n d  s t i llb ir th  ra tio . B ased on an  in te rv iew -q u estio n n aire  in v estiga tion  
in c lu d in g  all p o ly m eriza tio n  w o rk ers  In fan te  e t al. (1976c) calcu la ted  th e  fe ta l m o rta lity  ra tes  
in  th e  pregnancies o f th e  w ives. P rio r  to h u sb a n d s’ exposure, th e  le th a l m o rta lity  ra te s  for 
th e  con tro l and s tu d y  g ro u p  w ere 6.9 and 6.1 pe r cen t respectively , w hile su b seq u en t to  h us­
b a n d s ’ exposure th e  ra te s  w ere 8.8 an d  15.8, resp ec tiv e ly . The difference is s ig n ifican t. A sim i­
la r  ten d en cy  was seen ev en  w hen m o th ers  w ith  2, 3 or 4, sp o n tan eo u s ab o rtio n s  were no t

F ig . 1. D iagram  of th e  m a te rn a l  an d  fe ta l o rgan ism s exposed to VC (-*-). T h ro u g h  th e  lungs, 
g u t  a n d  skin of th e  m o th e r  th e  VC is abso rbed  in to  th e  m ate rn a l b lood  s tre a m ; th en  VC crosses 
th e  p lacen ta  and e n te rs  th e  fe tu s  as well as th e  am n io tic  flu id . In  th e  m a te rn a l liver th e  VC 
is m etabo lized  in to  m u ta g e n ic  an d  carcinogenic m etab o lites  (M-C,o->-) — ch lo roe thy lene  oxide 
a n d  ch loroace ta ldehyde  — w hich  reach  the  fe tu s  a n d  are ex cre ted  b y  th e  m a te rn a l organism  
v ia  th e  lungs, bile, k id n ey s . T h e  VC c o n cen tra tio n  in th e  m ate rn a l as well as fe ta l blood sam ples 
d e p en d s  on th e  a tm o sp h e ric  VC co n cen tra tio n  in h aled  b y  th e  p re g n an t m o th e r. In  sp ite  of the  

fa c t th a t  VC and  its  m e ta b o lite s  e n te r  th e  fe tu s , no te ra to g en ic  effec t can  be observed
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included. T he au th o rs  suggest th a t  the  dele terious effect o f VC exposition  on th e  g erm  cells 
o f th e  fa th e rs  is responsible for th e  increased  fe ta l m o rta lity .

A m ong wives o f w orkers em ployed  in VC p ro d u c tio n  Selikoff (1974) fo u n d  a fe ta l loss 
o f 7 —14 per 100 pregnancies, — a value h igher th a n  ex p ec ted .

Czeizel e t al. (1978) co n d u cted  a s tu d y  in th e  B orsodi Chem ical W orks a t  K azinc­
barc ik a , H u n g ary , where a VC as well as a PVC prod u c in g  p la n t are o p erated . F e ta l m o rta lity  
was h igher a fte r , th an  before th e  s ta r t  o f em ploym en t ( ta k e n  as th e  s ta r t  of e x p o sitio n ). T hey 
found  a tw ofold increase in sp o n tan eo u s  ab o rtio n s an d  s ti llb ir th  ra te  am ong th e  w ives of 
m ale w orkers and  a 15-fold increase  in th e  fem ale w orkers. T he increase in  age a lone does no t 
ex p la in  th e  differences. T h e  s ti llb ir th  ra te  and d u ra tio n  o f exposure  were c o rre la ted . In  an 
earlie r s tu d y  a t  the  sam e p lan t th e y  found  co rre la tion  b e tw een  th e  freq u en cy  o f  chrom osom e 
ab erra tio n s  and the  d u ra tio n  of VC exposition  (Szen tesi e t  a l., 1976).

P u rch ase  e t al. (1975) an d  A nderson  e t al. (1976) s tu d ied  th e  VC for d o m in a n t le th a l 
effects in m ale CD-I fertile  m ice. No m utagen ic  e ffects o f  VC exposure  on an y  m a tu ra t io n  
stages o f sperm atogenesis in th e  tre a te d  m ales were d e te c te d . No increase  was fo u n d  in  p o s t­
im p la n ta tio n  and  early  fe ta l d e a th s , in p re im p a n ta tio n  egg losses a n d  no re d u c tio n  was 
found  in fe rtility , i.e. VC d id  n o t p roduce do m in lan t le th a l effect in  mice. S h o rt e t  al. (1977) 
rep o rted  on a sim ilar find ing  w ith  CD m ale ra ts  — w here also no change in p o s tim p la n ta tio n  
fe ta l losses were noted.

The m utagenic  effect o f VC exposure  o f the  D rosophila  species w as stu d ied  b y  V e rb ü rg t 
and  Vogel (1977). The d o m in a n t le th a l  te s t gave n eg ativ e , while th e  recessive le th a l te s t  in 
sh o rt and  long te rm  ex p erim en ts  gav e  p o sitiv e  resu lts . T h ey  argued  th a t  the  p o in t m u ta tio n s  
are b ro u g h t a b o u t a t low er, w h ile  chrom osom e b reaks on ly  a t  h igher levels o f ex p o su re  to  
th e  m u tagen .

In an  ex p erim en t by  Jo h n  e t  al. (1977) p re g n an t CF-1 mice were exposed to  50 or 
500 ppm  of VC and  p reg n an t S D  ra ts  and  NZ w hite ra b b its  were exposed to 500 or 2500 ppm  
of VC for 7 hours a day  d u rin g  th e  en tire  period of organogenesis. O th e r groups ex p o sed  to  
the  above VC co n cen tra tio n s for th e  sam e period were given e th an o l in th e ir d rin k in g  w a ter. 
In  sp ite  o f th e  to x ic  effects on th e  m o th e rs  produced by  th e  exposure  to  h igher c o n ce n tra tio n s  
o f VC, no sign o f em bryonic  o r fe ta l tox ic  or te ra togen ic  e ffects were seen in any  of th e  th r e e  
species. A lcohol tre a tm e n t b ro u g h t a b o u t a su b s ta n tia l increase  in m ate rn a l and a s lig h t f e ta l  
to x ic ity , b u t  no te ra togen ic  effect w as o bserved  a f te r  com bined  VC and  alcohol t r e a tm e n t.

O ur re su lts  can be su m m arized  as follows. P re g n a n t C F L P  mice were exposed  to  VC 
a t 1000 ppm  co n cen tra tio n  for 2 h ours, four tim es a d ay , fo r th e  en tire  period o f o rg a n o ­
genesis. An increase in fe ta l losses was found , bu t no te ra to g e n ic  effect could be o b se rv ed .

W hen p re g n an t CFY ra ts  w ere inhaling  VC for 24 h o u rs  a daye during  th e  e n tire  perio  
o f organogenesis a t  1000 ppm  c o n cen tra tio n , an increase in  re la tiv  rew eigh t o f th e  m a te rn a l 
liver, in d ica tin g  m ate rn a l to x ic ity  was found , b u t no em b ry o to x ic  o ra te ra to g en ic  e ffec ts  were 
observed  (U n g v áry  e t al., 1977). A sim ilar VC exposure of p re g n an t ru  ts  during  th e  la s t  th ird  
o f p reg n an cy  had  no effect on th e  o ffspring ; when a sim ilar ex p o sa jn  was app lied  d u rin g  
th e  f irs t th ird  o f p reg n an cy  an  in c re a se  in fe ta l m o r ta lity  w a tu n o ted  as well as an  
e m b ry o to x ic  effect ind ica ted  by  th e  w e ig h t  r e ta r d a t io n  of th e  feses. W hen a g ro u p  of 
p re g n a n t ra ts  was exposed to  1000 p pm  of VC during  th e  1 —9 days of p regnancy , b u t  was 
given t ry p a n  blue in jec tions on th e  7 th  and  8 th  days o f g es ta tio n , th e  try p a n  blue in d u ced  
increase  in  fe ta l losses and  incidence of m alfo rm ations were n o t p o te n tia te d  by  VC ex p o su re  
(U n g v á ry  e t al., 1978). F o r 3 w eeks before m atin g  and d u rin g  th e  en tire  p regnancy  a g ro u p  
of ra ts  k e p t on DeCarli and  L ie b e r’s a lcoholic  liquid  d ie t w as exposed to  1000 p p m  o f VC 
co n tin u o u sly  for 24 hours a d a y , d u rin g  th e  neu ru la tio n . No co n gen ita l m alfo rm atio n  was 
seen in th e  o ffspring , hu t an  increase  in  th e  incidence of sk e le ta l re ta rd a tio n  cases was fo u n d  
a f te r  th e  com bined  VC e th an o l t re a tm e n t.
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O ne could say. th a t  ep idem io log ical studies in m en  h av e  caused considerab le  co n cern , 
b u t  t h a t  these  concerns in  som e w a y  are co u n te rb a lan ced  by  th e  negative  re su lts  o f e x p e ri­
m e n ta l  stud ies . One m ay well seek the difference between fe ta l  losses and congenital m alform ations. 
M ost o f  th e  epidem iological s tu d ies  in  m en including th o se  of E dm onds e t  al. (1978), in d ica te  
t h a t  VC does no t possess a te ra to g e n ic  effect. A nim al s tu d ie s  in  th ree  species argue also ag a in st 
th e  te ra to g e n ic  effect o f th e  a g e n t (Jo h n  et al., 1977; U n g v á ry  e t al., 1977, 1978). T hough  
th e  s tr a ig h t  e x trap o la tio n  of th e  re su lts  from  an im al s tu d ie s  in ex p erim en ta l te ra to lo g y  to 
th e  h u m a n  conditions ra ises co n sid erab le  d ifficulties, c a re fu l considera tion  of th e  e x p erim en ta l 
d e sig n  m ig h t su b s tan tia lly  red u ce  these  difficulties. O ne m ay  recall, th a t  th e  an im a l s tud ies 
o f  M a lto n i and Lefem ine (1974) rev ea led  not only th e  oncogenic effect o f VC e x p o su re , b u t  
in d ic a te d  th e  in d uction  of a p a r tic u la r  tum or, hem an g io sarco m a of th e  liver. In d e ed , th e  
ca rc in o g en ic  p ro p erty  o f VC in  m en  has ju s t  been id en tif ie d  b y  th e  find ing  of th e  hem an g io ­
sa rc o m a  of the  liver, a v e ry  ra re  tu m o u r in  the  h u m an .

M oreover, considerab le  a m o u n ts  of VC cross th e  p lacen ta . The VC c o n cen tra tio n s  
o f th e  m ate rn a l as well as em b ry o n ic  blood sam ples a re  co rre la ted  w ith  th e  a tm o sp h e ric  VC 
c o n c e n tra tio n  inhaled  b y  th e  p re g n a n t  m other. VC can  be found  also in  th e  am nio  tic  flu id  
(U n g v á ry  e t al., 1977, 1978). A lth o u g h  th u s fa r no c o rre la tio n  has been show n be tw een  the  
m u ta g e n ic  and oncogenic VC m e ta b o lite  co n cen tra tio n  o f m a te rn a l origin in th e  m a te rn a l and 
f e ta l  b lood  (Fig. 1), i t  is k n o w n  th a t  VC exposure o f  th e  m o th e r m ay  induce tran sp la ce n ta l 
tu m o u rs  though  these m e ta b o lite s  (M altoni, 1975). T ak in g  our find ing  in to  co n sid era tio n , 
t h a t  VC exposure of p re g n a n t r a ts  for 24 hours a d a y , d u rin g  th e  en tire  p eriod  of o rgano­
genesis did no t resu lt in  a n  in c re a sed  incidence of co n g en ita l m alfo rm ations, one m ay conclude, 
that the VC and its metabolites do not possess a teratogenic effect, or i f  they do, they do not reach 
the effective teratogenic concentration even in  the case o f  continuous exposure o f the mothers at high 
atm ospheric concentration.

I t  is d ifferen t, how ever, w ith  th e  fetal losses. T h e  d a ta  of Selikoff (1974), In fa n te  et 
a l. (1976a, b, c. d) an d  Czeizel e t  al. (1978) leave no d o u b t a b o u t th e  increase  in  fe ta l losses 
su b se q u e n t to  VC exposure . S till no positive response  w as seen in  d o m in a n t le th a l te s ts  in 
m ice , r a ts  and the  D rosophila  species. The find ing  of Czeizel e t al. (1978) of an  in creased  fe ta l 
m o r ta l i ty  in th e  p regnancies o f fem ale  VC p o ly m eriza tio n  w orkers is in  good ag reem en t w ith  
o u r  fin d in g  of increased  fe ta l losses seen afte r th e  co n tin u o u s  exposure of ra ts  to  VC during  
th e  f i r s t  3rd of p reg n an cy , o r a f te r  a freq u en t ex p o su re  o f p re g n an t m ice to  th e  a g en t during  
o rganogenesis (U ngváry  e t  a l., 1978).

In  sum m ary , one m ay  conclude, th a t  th e  su b s ta n c e  VC of h igh  in d u s tr ia l  an d  socio­
econom ic  im p ortance  is m o st p ro b a b ly  not a te ra to g e n ic  agen t. T ak ing , how ever, i ts  carc ino­
g en ic  and  m utagenic  effec ts in to  consideration  th e  la c k  of te ra to g en ic ity  does n o t reduce 
th e  concern  raised  by  VC fo r th e  in d u stria l hygiene. The increase in  embryonic and fe ta l mortal­
i ty  after exposure o f  the p a ren ts is a further hazard. S ince th e  ind u ctio n  of carc inogenic  as well 
as m u tag en ic  effects are  m o s t p ro b ab ly  h ighly d e p e n d e n t on th e  d u ra tio n  an d  th e  level of 
ex p o su re  (M altoni an d  L efem in e , 1974, 1975, S zen tesi e t  al. 1976, W axw eiler e t a l., 1976, 
P icc ian o  e t al., 1977), th e  re d u c tio n  of o ccu pational exposure  m ig h t con sid erab ly  co n trib u te  
to  re d u c tio n  of th e  h a za rd s  o f VC exposure. T he en o rm o u s increase in  fe ta l m o r ta l ity  in the  
h u m a n  and th e  find ing  of a  h ig h  incidence of fe ta l losses a fte r  VC exposure  o f ra ts  and  mice 
in d ic a te  th a t  w ith  w om en in  th e  fertile  age a fu r th e r  h a z a rd  of VC ex p osition  on  in tra u te rin e  
f e ta l  life m ust be ta k e n  in to  acco u n t.
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IN T R O D U C T IO N  TO  SY M POSIU M  ON E P ID E M IO L O G Y  IN  T E R A T O L O G Y  

J o s e p h i n e  A. C. W e a t i i e r a l l

OFFICE OF POPU LA TIO N  CENSUSES A N D  SURVEYS, 10 K ING SW A Y  LONDON WC2B 6.IP

Epidem iology is de fin ed  in the  sh o r te r  O xford E n g lish  D ic tionary  as “ th a t  b ran ch  
of m edicine  which t re a ts  ep idem ics”  and  a n  epidem ic is d e fin ed  as a disease “ p re v a len t am ong 
a people or a co m m u n ity  a t  a special tim e  a n d  p roduced  b y  som e special causes n o t generally  
p re sen t in the  affected  lo c a lity ” . I t  is u su a l to  consider “ ep id em ic”  disease as superim posed  
on “ endem ic  diseases”  w h ich  m ay  be defined  as “ due to  p e rm a n e n t local causes”  an d  “ pecu liar 
to  a people or to a d is tr ic t  . .

T he first step in ep idem iology m ig h t th ere fo re  be sa id  to  be th e  estab lish ing  of norm al 
levels o f th e  various co n g en ita l m alfo rm ations w hich occur. As system s for reco rd ing  m al­
fo rm ed  children  a t b ir th  h a v e  been set u p  in v arious p a r ts  o f th e  world i t  has becom e a p p a re n t 
th a t  m an y  m alfo rm atio n s occur more fre q u e n tly  th an  o th e rs  a n d  th ere  is su rp rising ly  l ittle  
f lu c tu a tio n  in num bers o f  m alfo rm ations re p o rte d  for large  g ro u p s of b irth s . T h is in d ica tes  
th a t  th e  m alform ations w h ich  are being co u n ted  are p ro b a b ly  occurring  a t  a fa irly  s te ad y  
ra te  in th e  observed p o p u la tio n  of b irth s .

T he second step  is th e  establish ing  o f an epidem ic. T h is  involves v a lid a tin g  th a t  any  
increase  in  reporting  is in fa c t  due to new cases and not m ere ly  due to  the  b e tte r  rep o rtin g  
of cases w hich have fo rm erly  no t been d iscovered  in th e  p o p u la tio n .

F u r th e r  stages in a n  ep idem iologist’s w ork consist o f obse rv in g  the  facto rs occurring  
in and  a ro u n d  the  a ffec ted  popu lation  to see if  any group  o f fac to rs  occur m ore com m only  
am ong persons affected w ith  th e  epidem ic disease  th a n  am o n g  un affec ted  persons.

F in a lly  when asso c ia ted  factors have been  d isp layed  it is desirab le  to  set up som e system  
or e x p erim en t to v a lid a te  th e  association a n d  to estab lish  a cau sa l connection . Such an  in ­
v e s tig a tio n  m ight invo lve a search  for o th e r  g roups of b ir th s  w hich m ay have h ad  sim ilar 
epidem ics o f the  same d isease. Or i t  m ay in v o lv e  se ttin g  u p  an  ex p erim en t where th e  fac to r 
or fac to rs , suspected to p red isp o se  to  the d isease, are excluded  from  one section of th e  p o p u la ­
tion . I f  th e  hypothesis is c o rre c t, th e  group excluded  from  th e  fa c to r will not get th e  disease.

V arious epidem iological techniques a re  used in s tu d y in g  tera to g en s in m an. W hen  
p lan n in g  to  m ake o b se rv a tio n s, s tan d ard  m e th o d s  should be u sed  w hich should  no t be affec ted  
by  th e  p a r ticu la r  outcom e w hich  is being obse rv ed . Suppose one p lan s to  m ake an in v es tig a tio n  
a b o u t ev en ts  during p reg n an cy  which m ight cause m alfo rm atio n s . If  th e  h isto ry  of ev en ts  is 
o b ta in e d  a f te r  the  outcom e o f th e  pregnancy is know n to th e  in fo rm a n t, one can n o t e lim inate  
th e  po ss ib ility  th a t  the  resp o n se  of the  in fo rm a n t is biassed by  th e  ou tcom e. I t  will be ev id en t 
th a t  since one doesn’t  k n o w  in  advance a b o u t  which m o th e rs  will give b ir th  to m alform ed 
in fan ts , re su lts  for all m o th e rs  m u st be reco rd ed  during  p reg n an cy  in o rder to tra p  th e  n ear 
5%  of s lig h tly  and seriously m alform ed ch ild ren . This m ay prove  an  expensive w ay o f reco rd ­
ing th e  d a ta  ab o u t the  5 % . T h e  m ethod is a p rospective  s tu d y , an d  the  whole o f th e  d a ta  is 
an alysed  to  s tu d y  the  d is tr ib u tio n  of all fa c to rs  in th e  p o p u la tio n  stud ied .

A v a ria tio n  of th is  m e th o d  is to reco rd  even ts for all p reg n an c ies and  th e ir  ou tcom e 
b u t  to  process and analyse  d a ta  a f te r  b irth  fo r on ly  th e  m alfo rm ed  children  and for m atch ed  
or ra n d o m ly  selected c o n tro l bab ies and th e ir  m others. T his is a m ore econom ic m eth o d , 
especially  w hen the d a ta  reco rd ed  is needed fo r good care o f th e  m other.

F u r th e r  m ethods m a y  involve m atched  p a ir  studies: in w h ich  children  w ith specified 
anom alies, a re  identified an d  a su itab le  con tro l child for each  m alfo rm ed  child is m atch ed . 
D ata  is b e s t collected re tro sp ec tiv e ly  from reco rd s m ade ro u tin e ly  du rin g  th e  p regnancy  for 
every  m o th e r. Such a m eth o d  h a s  been used in looking for effec ts o f d rugs prescribed in p reg ­
nan cy , and  is a v a rian t on th e  ro u tin e  record ing  of d a ta  m eth o d .
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As th e  outcom e of p re g n a n c y  is n o t u su a lly  know n u n til a f te r  d e livery  o r m iscarriage , 
o r  so m e tim es following am n io cen tes is , i t  is o f g re a t sav ing  if  p rospective  s tu d ies  can  be con­
d u c te d  o n  a group of w om en w ho are likely  to  p roduce m ore th a n  th e  no rm al 5 %  of m al­
fo rm e d  children. The id e n tif ic a tio n  of groups of such  w om en who are a t  h ig h er th a n  norm al 
r is k  a llow s the  group to  be u sed  for te s tin g  h y p o th eses  b y  in te rv en tio n  s tu d ie s : exposure  
to  a  su sp ec ted  tera togen ic  su b s ta n c e  is avo ided  in  one ran d o m ly  selected m o th e r  o f  each  pa ir 
o f  w o m en  during  p regnancy . T h is  m eth o d  of id en tify in g  h igh  risk  groups has b een  successfully 
e m p lo y e d  am ong w om en com ing  to  genetic  counselling  u n its  who id en tify  th em se lv es  by  so 
co m in g . T here is little  d ifference  in  th is  m eth o d  from  t h a t  used by  R eed in  id en tify in g  the 
v e c to r  o f  yellow fever w hen he sh u t  h im self up  w ith  su fferers of yellow  fe v er in  a  m osquito  
free  en v iro n m en t.

Som etim es an o u tb re a k  o f an  un u su a l m a lfo rm atio n  m ay  allow  a n  a n a ly s is  o f the  
c irc u m s tan c es  re la ting  to  th e  m o th e rs . T his was done ev en tu a lly  for th e  m o th e rs  o f in fan ts  
w i th  phocom elia and o th e r  m a jo r  red u ctio n  defo rm ities d u rin g  th e  th a lid o m id e  ep id em ic , and 
is  a  m e th o d  which has been u sed  in  classical epidem io logy  for m an y  years. F o r  e x am p le  Snow 
u se d  th is  m ethod when he recognised  w a te r  as th e  v e c to r for epidem ic ch o le ra  long before 
th e  ch o le ra  vibrio o rgan ism  w as d em o n s tra ted .

E pidem iologists co n ce rn ed  w ith  h u m an  te ra to lo g y  are from  tim e to  tim e  p rac tis in g  all 
th e s e  m ethods and I hope t h a t  th e  follow ing lec tu res will illu s tra te  some of th e se  a p p ro ac h es .
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P R O B L E M S IN  CO N D U C TIN G  P R O S P E C T IV E  SU R V E Y S

C. R u m e a u - R o u q u e t t e ,  J .  G o u j a r d , M. K a m i n s k i

G RO U PE DE RECH ERCH ES EPIDEM IOLOGIQUES SUR LA M È R E  ET  L ’ENFANT INSTITUT NATIONAL 
DE LA SANTÉ ET DE LA R EC H ER C H E MÉDICALE-U149 44, CH EM IN  DE RO ND E B P  34 

78110 LE VESINET FRANCE

T he search for an  assoc ia tion  betw een etiological fa c to rs  and  diseases is one of the  
m ajo r purposes of a n a ly tic  epidem iology. P rospective  su rv ey s  o r cohort surveys a re  especially 
designed to  test th e  hy p o th eses developed by clinical o b se rv a tio n s  o r d esc rip tive  surveys.

Prob lem s m et in co n d u ctin g  cohort surveys on co n g en ita l m alfo rm ations will he de­
scribed according to our personal experience in co n d u c tin g  2 F rench  p rospective  su rveys, 
th e  f irs t one from  1963 to  1969, th e  second one from  1975 to  1977.

I. Objectives of the survey

P rospective  su rveys on  congenital m alfo rm ations w ere in itia te d  in d iffe ren t coun tries 
in 1962, to  s tu d y  the  p revalence  of congenital m alfo rm atio n s in re la tion  w ith  e n v iro n m en ta l 
experience of p reg n an t w om en: in fectious diseases, d ru g s, physical haza rd s . . . Because of 
th e  tera to log ica l effect o f th a lid o m id e , th e  questions on d ru g  usage were very  d e ta iled .

T he firs t difficulties m e t in th e  f irs t F rench  survey  (1963 — 1969) were in th e  form ula tion  
o f  the hypothesis. A t th a t  t im e , every  drug  was su sp ec ted ; th e  clinical or epidem iological 
o b se rv a tio n s were lim ited  to  tha lid o m id e  and a n titu m o r d ru g s; th e  an im al e x p e rim en ta tio n s  
were re fu ted  by m an y  specia lis ts . So it  was decided by o u r  te a m  to  in v es tig a te  every  type  
o f drug. T he sam e decision was tak en  in o th er prospective  su rv ey s conducted  in E n g lan d  and  
Sco tland  by  the  R oyal College of G eneral P rac titio n e rs , U S C ollaborative  P e rin a ta l  S tu d y , 
G erm an prospective  su rv ey  an d  th e  Swedish p rospective  su rv ey .

T he same problem  w as m et for infectious diseases a n d  th e  wom en were in terv iew ed  
ab o u t every  disease, h u t serological ex am in atio n s were lim ited  to  rubella , m easles, in fluenza 
an d  to som e o thers specific v iruses.

In  th e  second F ren ch  p rospective  survey  (1975 — 1977) th e  in v estiga tions were lim ited  
to  a sm all num ber of d rugs, a f te r  tak in g  in to  considera tion  th e  resu lts  of our f irs t su rv ey  and 
those  of recen t lite ra tu re . W e now th in k  th a t  it is n ecessary  to  focus the  ob jec tiv es o f new 
p ro sp ectiv e  surveys on a precise hypo thesis .

II. Problems in conducting the survey

1. The choice o f  the popu la tion  and the sam pling methods

A cohort survey  begins w ith  th e  o bservation  of a sam p le  to  d e te rm in e  th e  d is tr ib u tio n  
of etiological factors (x l4 x 2, . . .) an d  th en  exposed and  non-exposed  people a re  follow ed up 
to  the  d iagnosis of th e  disease (m).

1st ex am in atio n  d iagnosis
(Xj, x 2, . . .) ( m )

Follow-up
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B u t th ere  is a b ig  d ifferen ce  be tw een  coh o rt su rv ey s  perfo rm ed  on a  re p re se n ta tiv e  
sa m p le  o f  th e  general p o p u la tio n  a n d  th o se  in  w hich  i t  is possible to  id en tify  a p r io r i exposed 
peo p le .

I f  th e  purpose o f th e  su rv e y  is well lim ited , i t  is possible to  use th e  seco n d  m eth o d : 
fo r  e x am p le  the  follow -up s tu d y  o f ep ilep tic  w om en d u rin g  p reg nancy , th e  fo llow -up  s tu d y  
o f  w o m en  receiving ab d o m in a l ir ra d ia t io n  . . .  In  these  cases th e  n u m b er o f  ex p o sed  people 
is  g e n era lly  small, b u t th e  m a jo r  p rob lem  is th e  id en tif ic a tio n  of a con tro l g ro u p  com parab le  
w ith  th e  exposed group.

In  th e  first F re n c h  su rv e y , as in  m an y  o th e r su rv ey s, i t  was possible to  id e n tify  exposed 
g ro u p s  before the  beg inn ing  o f  th e  su rv ey , th e  p u rpose  o f  th e  s tu d y  being n o t  lim ited . The 
o n ly  so lu tio n  was to  o bserve  th e  general p o p u la tio n  of p re g n a n t w om en or a m o re  accessible 
p a r t  o f  th e  general p o p u la tio n .

The fir s t  d ifficu lty  was the large number o f  persons who had to be follow ed to gather a su f­
f ic ie n t  number o f malformed babies.

O ur firs t su rvey  w as c a rr ied  o u t  in 12 U n iv e rs ity  hosp ita ls  in P a ris  a n d  involved  
12,724 p reg n an t w om en re g is te red  d u rin g  th e  1st tr im e s te r  o f th e  p reg n an cy . T h e  n u m b er 
o f  m alfo rm ed  in fan ts  a t  b i r th  on  a to ta l  of 12,895 in fa n ts  (includ ing  tw in s) is in d ic a te d  in  
T ab le  I. In  spite of th e  large  n u m b e r o f cases included  in  th e  su rvey , th e  n u m b e r  o f specific 
m a lfo rm atio n s  was v e ry  low . T h e  on ly  so lu tion  is to  include  a larg e r n u m b e r  o f  p re g n an t 
w o m en , b u t th is is v e ry  ex p en s iv e , or m u st be u n d e rta k e n  w ith  in te rn a tio n a l co llab o ra tio n . 
T h is  so lu tion  seems th e  b e s t o n e , b u t  i t  requ ires som e fu n d a m e n ta l co n d itio n s on  th e  hom o­
g e n e ity  o f the  in v estiga tions.

The second problem concerning the sam pling methods is the choice o f  the p o p u la tio n  w hen 
i t  is  n o t  possible to invo lve th e  w hole co m m u n ity . As exp la in ed , th e  F ren ch  su rv e y  was m ade 
in  U n iv e rs ity  H ospitals in  P a r is . T he choice was th e  sam e in  USA, Federal R ep u b lic  o f  G erm any

Table I

M alformed in fa n ts  registered at birth and type o f  malformations. 
F irst French Prospective Survey

T ype o f malformations No. o f cases Prevalence % 
in the survey

Single m alform ations 153 1.19

Central n e rvous system  defects 15 0.12

Congenital h e a r t  defects 30 0.23

P h ary n x  d e fec ts 1 0.01

Cleft lip  a n d /o r p a la te 13 0.10

Digestive sy s tem  defects 12 0.09

U rinary  system  defects 2 0.02

Genital system  defects 29 0.22

Skeletal defects 41 0.32

Skeletal m uscle defects 7 0.05

Sense organ defec ts 3 0.02

Chromosomal anom alies 23 0.17

M ultiple m alform ations 37 0.29

Hereditary m alform ations 4 0.03
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and Sweden. I n  E n g lan d  and  S co tlan d , i t  was possible to  o b ta in  th e  co llaboration  o f g en era l 
p rac titio n ers .

In  ou r su rv ey , th e  follow ing c riteria  were re q u ire d : th e  wom en lived in  P a r is  o r i ts  
su b urbs, w ere F ren ch  speak ing  and  w ished to  cooperate. W h en  i t  was no t possible to in te rv ie w  
all th e  w om en v is itin g  th e  clinic, th ey  were not ra n d o m ize d  and  we did no t give a n y  new  
criteria  of se lec tion , b u t  we in d ica ted  precisely th a t  th e  choice of wom en to in te rv iew  h a d  
to  be m ade before  th e  beg inn ing  of th e  ex am ination . T h e  sam ple  s tud ied  in our su rv e y  w as 
no t re p re se n ta tiv e  of p re g n an t w om en who consulted  in  U n iv e rs ity  H ospitals. In  th is  re sp e c t,

Adverse experience Consultations in a University
during -----------------------------> Hospital during the subsequent

previous pregnancy pregnancy.

1
Drug usage during the
subsequent pregnancy

\ '
Adverse experience Association between drugs

during the and malformations (indirect
subsequent pregnancy bias in sampling)

Fig. 1. In d irec t b ias in h o sp ita l selection

th e  prevalence  o f m alfo rm atio n s a n d  th e  ra te  of d rugs u se d  w ere no t rep re sen ta tiv e . B u t  i t  is 
well know n t h a t  in p ro sp ectiv e  su rv ey s these  biases a re  n o t  so im p o rta n t in th e  s tu d y  of 
association  b e tw een  etio logical fac to rs  and  disease, b ecause  th e  selection of th e  p o p u la tio n  is 
m ade before th e  diagnosis o f th e  disease. Only in d irec t sam p lin g  errors can be found  in  th is  
p rospective  su rv e y : w om en w ith  an  adverse experience in  p rev ious pregnancies m a y  m ore 
freq u en tly  a t te n d  U n iv ersity  H o sp ita ls  in a su b sequen t p reg n an cy . If  there  was a re la tio n sh ip  
betw een p rev io u s adverse  experience , d rug  usage an d  a su b seq u en t adverse ex perience , i t  
m igh t have  b een  possible to  fin d  an  association  betw een d ru g  usage  and  m alfo rm ation  re su ltin g  
of an in d irec t b ias in th e  selection  of cases (Fig. 1). In  s tu d y in g  th e  corre lation  b e tw een  
phen o th iazin e  a n d  m alfo rm atio n , we have  found  2 cases in  w hich such an e x p lan a tio n  cou ld  
be proposed (R u m e a u -R o u q u e tte  e t al., 1977):

Case 1 : d u rin g  prev ious p regnancies were reg is te red  2 p rem a tu re  children, 1 in d u ce d  
ab o rtio n , 1 sp o n tan eo u s  ab o rtio n  and  1 e x tra u te rin e  p re g n an c y ; during  th e  su b se q u e n t 
p regnancy  th e  m o th e r was v e ry  anx ious and received ch lo rp ro m az in e  and p ip am azin e ; she 
consulted  w ith  a U n iv ersity  H o sp ita l an d  was in cluded  in  th e  survey . She delivered  a m a l­
form ed b ab y  w ith  en d o card ia l fib roelastosis, b ra ch y m eso p h a lan g y  and c linodacty ly .

Case 2: in  p rev ious p regnancies were 2 m icrocephalies a n d  3 norm al ch ild ren ; d u rin g  
the  su b seq u en t p reg n an cy  th e  m o th e r had a depression sy n d ro m e  and  received ch lo rp ro m az in e  
and  p ro m eth az in e . The baby  h ad  m icrocephaly .

It is possib le  to  e lim inate  th is  cause of error by  ta k in g  in to  account th e  o u tco m e of 
p revious p reg nancies by  d iffe ren t m ethods of a d ju s tm e n t.

The th ird  problem has been that people dropped out during  the follow  up. In  o u r f ir s t  
survey (1963 — 1969) th e  in itia l sam ple  included 18,275 p re g n a n t wom en: 12,764 d e liv e red  
in  the  H o sp ita ls  of th e  su rv ey  an d  5511 wom en d ro p p ed  o u t  du ring  the  follow -up. In  th is  
la s t group , th e re  was a s ign ifican t nu m b er of wom en b o rn  in  a foreign co u n try , single w om en ,
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y o u n g e r  wom en, m an u a l w o rk ers  . . . This new  se lec tio n  was also m ade before  th e  diagnosis 
o f  m alfo rm atio n  and could  n o t  in tro d u ce  a d irec t b ias  in  the  s tu d y  of th e  c o rre la tio n  betw een 
e n v iro n m e n ta l experiences a n d  m alform ations.

To sum m arize: m a n y  p ro sp ectiv e  su rv ey s h a v e  been done on se lf-selected  groups; 
th e  self-selection is v e ry  d a n g e ro u s  in re tro sp ec tiv e  su rv ey , because it is m ade a f te r  th e  d iag­
n o sis  o f  th e  disease. I t  is less danegrous in p ro sp e c tiv e  surveys, when i t  is m ad e  before  the 
d iag n o s is  of the disease.

2 . The collecting of data on exposure to risk factors

a) First interview

T he recording of d a ta  w as very  d ifficu lt in  o u r s tu d y . E ach  w om an w as in te rv iew ed  
b y  a y oung  physician a p p o in te d  b y  th e  IN S E R M  u sin g  a stan d ard ized  q u estio n n a ire  (E tienne  
e t  a l., 1967). The in te rv iew  to o k  p lace during  th e  3 rd  m o n th  of the  p regnancy  a n d  b eg an  with 
q u e s tio n s  concerning th e  p re g n an c y . A d e ta iled  h is to ry  of illness and  d ru g  use d u rin g  the 
3 m o n th s  before and a fte r  th e  la s t  m en stru a l period  w as ob ta in ed : a fte r some g en era l questions 
a b o u t  th e  principal ev en ts , d e ta iled  questions w ere asked ab o u t m o rb id ity  (d a te  of first 
sy m p to m s , exam inations, t r e a tm e n ts ,  h o sp ita liza tio n  . . .). In fo rm atio n  ab o u t in ta k e  of drugs 
w a s  com plete ly  recorded w ith  a deta iled  d e sc rip tio n  o f th e  drug  (nam e, d e sc rip tio n  of the  
b o x  . . .), of the d u ra tio n  a n d  o f th e  dose of th e  t r e a tm e n t.  The descrip tion  of th e  d ru g s  was 
v e ry  useful to d e tec t e rro rs  a n d  to  com plete in fo rm a tio n . The g reat v a rie ty  o f  d ru g s  offered 
in  o u r  cou n try  helped us in  th is  research.

The second p a r t  o f th e  in te rv iew  was re la te d  to  previous p regnancies. No p a rticu la r  
d if f ic u lty  was enco u n tered  a n d  i t  was possible to  v e rify  m ost of the  in fo rm a tio n  w ith  official 
a n d  m edical records.

The th ird  p a r t o f th e  q u estionnaire  co v ered  social aspects, alcohol c o n su m p tio n  and 
sm o k in g  hab its. This in fo rm a tio n s  is o ften  d ifficu lt to  o b ta in , b u t a fte r th e  d e ta ile d  in te rv iew  
o n  th e  pregnancy , th e  w om en  accep ted  w illingly th e se  questions.

E ach  in terv iew  re q u ire d  ab o u t one h o u r, in c lu d ed  m ore th a n  200 item s a n d  involved 
a b o u t  30 punched cards.

The f ir s t  d ifficu lty  w as to f in d  good in terview ers , to  educate  th em  an d  to  f in d  m oney 
to  p a y  them .

The second one was the attitude o f  pregnant w om en. G enerally th ey  did n o t refuse to 
a n sw e r  and som etim es i t  w as d ifficu lt to lim it th e  tim e  of th e  in terv iew , b ecause  th e y  were 
h a p p y  to  speak of th e ir  p ro b lem s of hygiene a n d  ben ign  diseases w hich do n o t  generally  
in te r e s t  m edical doctors. B u t  th e y  had  g reat d iff ic u ltie s  to  rem em ber th e  nam e o f som e drugs 
a n d  to  give a good d esc rip tio n .

The third d ifficu lty  w as the detection and correction o f  errors. B ut it m u st be  m en tioned  
t h a t  in  prospective su rv ey s e rro rs  in  th e  d a ta  on  ex p o su re  can n o t be b iased b y  th e  diagnosis 
o f  th e  illness, th is is a g re a t a d v a n ta g e  in co m p ariso n  w ith  re trospec tive  su rveys.

b) Serological exa m in a tio n

Blood sam ples were co llected  a t 3, 6 a n d  8 m o n th s  o f p regnancy  an d  th e  serological 
a n a ly se s  were done a f te r  th e  b ir th  o f the m alfo rm ed  bab ies and a random ized  c o n tro l group.

I t  was very d ifficu lt to  o b ta in  the 3 b lood  sam ples for each w om an in v o lv e d  in the  
su rv e y . This was a n o th e r se lec tio n  of cases, b u t  a g a in  i t  was m ade before th e  d iag n o s is  o f m al­
fo rm a tio n s .

A c ta  M orphologica A cadem iae S c ie n tia ru m  Hungaricae 28 , 1980



PROSPECTIVE SURVEYS 171

c) Other investigations

In  th e  f irs t F re n c h  su rv ey , it was no t possib le to  verify  the  d rug  usage by  biological 
tests . N ow , we begin to  tak e  blood sam ples w hen th e  w om en describe usage of som e specific  
drugs such  as d iazepam  an d  a n tic o n v u lsan t drugs.

T he blood sam ples are analysed  by a la b o ra to ry  w hich perform s p h a rm a co k in e tic  
investig a tio n s. W ith  th is  p rocedure , it was possible to  v e rify  th e  answ ers of th e  w om en.

3 . The examination of the newborn infants
In  ou r su rv ey  p e d ia tric ian s  of the  IN S E R M  e x am in ed  th e  in fan ts du ring  th e  f i r s t  five 

days o f life, according to  a s tan d ard ized  procedure . I f  th e re  was a suspected  m alfo rm atio n , 
fu r th e r  ex am in a tio n s  were perform ed during  th e  h o sp ita liz a tio n . The p ed ia tric ian s d id  no t 
receive a n y  in fo rm atio n  concern ing  th e  d rug  h is to ry  o b ta in e d  during  the  in te rv iew s in  o rder 
to  have u nb iased  records. T his p o in t is very  im p o r ta n t,  because in prospective  su rv e y s  the 
diagnosis o f  the disease is made after the determ ination  o f  the exposure and can be in fluenced  
by it.

A nother d ifficu lty  teas the de fin ition  o f  m alform ations  and  the  choice of th e  b o rd e r line 
betw een m inor and  m ajo r m alform ations. F ina lly  we decided  to include in th e  a n a ly s is  all 
c lear-cu t m alfo rm ations defined as an  ab n o rm a lity  o f a p p ea ran c e  or function  ev id e n t a t  b ir th .

III. Problems in conducting statistical analysis

1 . Analysis of the association drugs/malformations
a) Strategy o f  the analysis

If  we consider th e  prob lem  of drugs, a s tra te g y  h a d  to  he defined regard ing  th e  s ta t i s ­
tica l analysis.

F irs t ,  we decided to com pare  the in fan ts  w ith  m alfo rm ations to the co n tro l g ro u p , 
includ ing  all live born  in fan ts  w ith o u t any a p p a re n t o r su spec ted  m alform ations.

Secondly , th e  analysis proceeded in several s tag es . D rugs were classified in large  g ro u p s 
such as p h eno th iazines, b a rb itu ra te s , an tib io tics . . . A n d  we com pared th e  p ro p o rtio n  o f  m al­
form ed in fan ts  in th e  2 g roups of users and non-users d u rin g  th e  1st trim ester of th e  p reg n an cy . 
T hen th ese  g roups of d rugs w here subdiv ided  in to  d iffe re n t chem ical subgroups such  as p h e n o ­
th iaz ines 3 -carbon side chain , 2 -carbon side chain  . . . W hen  th e  num ber of cases w as su ffi­
c ient i t  w as possible to  subd iv ide  these subgroups a n d  to  consider each drug  such  as c h lo r­
prom azine  or p ro m eth az in e.

The th ird  problem concerned significance tests ( R u m e a u -R o u q u e tte  e t al., 1978). G ener­
ally  one is in te res ted  in “ n u ll”  hypo thesis (H 0): if P j =  p ro b a b ility  to  have a m alfo rm ed  b ab y  
in  users an d  P 0 p ro b a b ility  to  have a m alform ed b a b y  in  non-users in the  to ta l p o p u la tio n .

1. H 0 : P , P 0

If  P , is e s tim a te d  by  p, d e te rm in ed  on iij users, 
if P 0 is e s tim a te d  by p 0 d e te rm in ed  on n 0 non-users, 
one can use th e  te s t o f significance calcula ting

2- Pi — P«*

I Р1Ч1 _|_ Po 4 .)
/ n, I10

* I f  th e  n u m b er o f cases is large enough.
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I f  (2 ) 1.96, th e  difference is s ig n ific a n t a t  a 5 pe r c e n t level. We can re jec t th e  “ n u ll”  h y p o ­
th e s is  w ith  a risk  a =  5 per c en t to  say  th a t  th ere  is a d ifference betw een P j and P 0 w h en  th ere  
is  no  d ifference .
I f  (2) <  1.96 th e  difference is n o n  s ig n ific a n t, we c a n n o t conclude th a t  the  d ru g  is n o t  te r a to ­
g en ic  a n d  we do no t know  th e  r isk  ß  to  say t h a t  a d ru g  is n o t tera togen ic  w hen  i t  is.

T h is  p o in t is very  im p o r ta n t  w hen  we s tu d y  th e  association  betw een d ru g s a n d  m al­
fo rm a t io n s ,  because we are  in te re s te d  in  2 conclusions:

1. T he d rug  had  a te ra to g e n ic  effect: P j >  P 0
2. T he d rug  had no te ra to g e n ic  effect: P j <  P 0.

So w e h a v e  tak e n  as “ nu ll”  h y p o th es is :
3. H 0 : P , ^  P 0

A n d  fo r  “ a lte rn a tiv e ”  h y p o th es is :
4. H , : P , >  P0
W e h av e  co nstructed  a one  sided significance te s t  w ith  a given risk  a  to  co n clu d e  th a t  

th e  d ru g  h as  a tera togen ic  e ffec t w h en  i t  has no t, b u t  w hen  th e  te s t is no t s ig n ifican t, i t  gives 
a n  e s t im a tio n  of the  risk  ß  c o n d itio n a lly  to P j /P 0 a n d  th e  num ber of cases. T ab le  I I  gives 
an  e x a m p le  o f th e  results .

b )  R esults: association drugs-m alform ations

In  th e  f irs t p rospective  su rv e y , w hen one co n sid ers  on ly  th e  firs t stage o f d ru g  c lassi­
f ic a tio n  ( la rg es t groups), th e re  w ere a lm ost 25 te s ts  o f com parison and a b o u t 10 re la tiv e  
to  th e  c e n tra l  nervous sys tem ; th e re  were 2 s ig n ifican t associations, one fo r p h en o th a z in e s  
(0 .001  <  a  <  0.01, R u m e a u -R o u q u e tte  e t al., 1977) th e  o th e r for ca rb am a tes  (C rom bie  e t 
a l., 1975). T able  I I I  in d ica tes th e  re su lts  for g ro u p s o f d ru g s tak e n  by  m ore th a n  30 w om en.

T he f i r s t  question is: are these results due to chance ?
A ccord ing  to th e  n u m b er o f com parisons (less th a n  25 for th is level) i t  is d iff ic u lt  to 

c o n s id e r  t h a t  th e  2 sign ifican t d ifferences (a =  0.01 e t  a  =  0.05) are due to chance. W e th in k  
t h a t  i t  is  v e ry  im p o rta n t in th e se  larg e  p rospective  su rv e y s  to  give th e  to ta l n u m b e r  o f  com ­
p a r is o n s  a t  each  stage of th e  an a ly sis .

A t  th e  second stage o f th e  ana ly sis , th e  g ro u p s o f d rugs were subdivided in  su b g ro u p s , 
th e  t e s t  significance were m ore n u m ero u s and th e  p o ss ib ility  of chance association  co u ld  no t 
be  re je c te d .

T he second question is: m a y  the association be exp la ined  by maternal factors ?
T h e  association  m ay  be re la te d  to  th e  reason  fo r w hich  phenoth iazines a n d  c a rb a m a te s  

w e re  ta k e n . An abnorm al o u tco m e  o f a p revious p re g n an c y  such as a m alform ed b a b y  m ay

Table II

Outcome o f  pregnancies according to consumption o f  phenothiazines during the f ir s t  trimester

M aternal history  of phenothiazine consum ption
Mothers w ith 

normal infants 
No.

M others w ith malformed 
infants

No. %

N o p h en o th iaz in e 10,921 178 1.6 a < 0 .0 5
C h lo rp rom azine 53 4 7.0

N o  p h en o th iaz in e 10,921 178 1.6 a > 0 .0 5
T rim e p ra z in e 48 1 2.0 ß  see th e  n o te

* T he risk  ß  <  10 per cen t if  P J P q >  8
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Table III

Results fo r  groups o f drugs taken by more than 30 pregnant women

Drug
M others w ith norm al 

infants
No.

Mothers with 
malformed 

infants a ß < 10%
if P ,/P 0 =

No. %

M others n o t exposed ab o u t 10,000 1.6

P hen o th iaz in es 304 и 3.5 0.01

B uty ro p h en o n es 40 2 4.7 12

C arbam ates 77 4 4.9 0.05

B enzodiazepines 132 2 1.5 7

A m phetam ines 42 1 2.2 8

P h é n o b a rb ita l 362 11 3.0 3

A ntiem etics: an tih istam in es 78 3 3.7 6

P ro g esta tiv es derived from  testosterone 31 2 6.1 12

O estrop rogesta tives (testoste rone  derivative) 330 5 1.5 3

Progesterone 162 5 3.0 4

Progesterone  deriva tive 237 6 2.5 4

O estrop rogesta tives (progesterone derivative) 815 15 1.8 2.5

O estrogens 78 3 3.7 6

S y n th e tic  oestrogens 223 5 2.2 6

C orticoids 139 3 2.1 5

Penicillin 170 3 1.7 4

T etracy c lin e 161 4 2.4 4

A ntibio-am inoglucosid ics 69 1 1.4 7

Sulfonam ides an tim icrob ial 182 3 1.6 4

A cetyl salicylic acid 2217 35 1.6 2

be a d e te rm in a n t o f d ru g  in ta k e  in a su b seq u en t p re g n an cy ; if  th is abnorm al issue  ten d s  
to  increase  th e  risk  o f a n o th e r one, an  assoc ia tion  be tw een  d ru g  usage and m alfo rm atio n s  
m ay  be found . A m ong th e  reasons to prescribe a p h en o th ia z in e  or a carb am ate  a re  a n x ie ty , 
in so m n ia , vom itin g . We considered  m ore specific cases w ith  vag ina l hem orrhage. T h is  la s t  
sy m p to m  is re la te d  to m alfo rm atio n  (C. R u m e a u -R o u q u e tte  e t  a l., 1971), and th e  a sso c ia tio n  
w ith  a d ru g  will a p p ea r m ore as a re su lt th an  as a cause  o f a m alform ation . I t  w ould be neces­
sa ry  to  ta k e  in to  acco u n t th e  facto rs re la ted  to  m alfo rm atio n  to  com pare th e  g roup  o f users 
and th e  g ro u p  of non-users. T h is ad ju s tm e n t was m ade  in  th e  am erican  co llabora tive  su rv ey , 
here th e  n u m b er o f cases was no t sufficient.

A  th ird  question relates to the association o f  drugs.
In  ou r su rv ey , wom en who received p h en o th iaz in e  an d  c a rb am a te  received o th e r  d rugs. 

For ex am ple  one w om an tre a te d  w ith  pheno th iazine  was also tre a te d  w ith oxom em azine  and  
h y d ro co rtiso n e  o in tm e n t and  delivered a baby  w ith  c le ft lip.

In  th is  su rv ey  it  was n o t possible to s tu d y  th e  asso c ia tio n  of drugs and  th e  possible 
te ra to g en ic  effec t of th e ir  in te rac tio n s .

A  last question relates to the specific teratogenic effect o f a given drug  increasing  th e  risk  
o f a specific m alfo rm atio n . T his has been proposed for th a lid o m id e  and an tico n v u lsan ts . In  o u r
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s ta tis t ic a l  analysis i t  w as n o t possible to  tak e  in to  a c c o u n t th e  ty p e  of m alfo rm atio n ; th e  
n u m b er o f significance te s ts  w ould  hav e  been too im p o r ta n t  fo r  th e  num ber of cases. W e hav e  
o n ly  m ad e  th e  com parisons fo r som e m alfo rm atio n s (c le ft lip , card iac m alfo rm atio n s), in  
re la tio n  to  som e drugs (an tico n v u lsan ts , corticoids, p rogestogen /oestrogen).

2. Other analysis

T he cost-efficacy an a ly sis  of prospective  su rv ey s m u s t be considered, since th e y  are  
v e ry  expensive . W e h av e  re fu sed  therefore  to  lim it ou r su rv e y  to th e  problem  of co n g en ita l 
m a lfo rm atio n s .

An im p o rta n t p a r t  o f th e  analysis was d ev o ted  to  th e  s tu d y  of p re m a tu rity , h y p o tro p h y , 
m o r ta l ity . W e estab lish ed  a lis t o f risk  facto rs an d  a c lass ifica tio n  by  d ifferent m e th o d s  such 
as d isc rim in an t analysis. A specia l s tu d y  was m ad e  fo r tw o  im p o rta n t risk  fa c to rs : to b acco  
a n d  alcohol. T here  was no re la tio n sh ip  w ith  cong en ita l m alfo rm ations, b u t th ey  in creased  
th e  m o r ta lity  ra te  (s ti llb ir th  a n d  n eo n ata l m o rta lity )  a n d  th e  p roportion  of sm all fo r d a te  
b ab ies .

W e can n o t e n te r  in to  th e  de ta ils  of these re su lts , b u t  we w an t to  m ention  th em , because  
th e y  a re  som etim es m ore im p o r ta n t  in th e ir p rac tica l a p p lic a tio n  th a n  results o f m a lfo rm atio n s .

ГУ, P e r s p e c t i v e s

I t  seems now  n ecessa ry  to  focus th e  re sea rc h  on  som e specific aetio log ical fac to rs . 
R e g a rd in g  drugs, th e  la s t  p ro sp ectiv e  and re tro sp ec tiv e  su rv ey s have rep o rte d  a n  increase  
in  cong en ita l m alfo rm atio n s  am ong  children exposed  in  u te ro  to  drugs used  fo r t r e a tm e n t  
o f c en tra l nervous sy s tem  diseases, nam ely  a n tic o n v u lsa n ts  (M eadow, 1970; S o u th , 1972; 
Speidel an d  M eadow, 1972; F ed rick , 1973; M illar a n d  N ev in , 1973; Monson e t a h , 1973; Nis- 
w a n d e r  an d  W erte leck i, 1973; G oujard  e t ah , 1974), c a rb a m a te s  (M ilkovich an d  v a n  den  B erg , 
1974; Crom bie e t ah , 1975), benzodiazepines (M ilkovich  a n d  v an  den Berg, 1974; S afra  and  
O ak ley , 1975; Saxen, 1975), tricyclic  a n tid e p re ssan ts  (Id än p ä ä n -H eik k ilä  an d  Sax n , 1973), 
am p h e tam in e s  (N ora  e t  ah , 1970; Levin, 1971; N elson  a n d  F o rfa r , 1971).

P ro g estag en /o es tro g en  drugs rep resen t also a good w ay  for focused re sea rch  (G al e t 
a h , 1967; A arskog, 1971; L ev y  e t  ah , 1973; N ora  e t  ah , 1973; R obertson , 1974; H a r la p  e t  ah , 
1975; Ja n e ric h  e t ah , 1974; H einonen  e t ah, 1977).

P ro sp ec tiv e  su rv ey s  lim ited  to  a sm all n u m b er o f d rugs are easier. In  ou r 2nd  su rv ey , 
i t  w as possible to  in te rv iew  4000 p reg n an t w om en in  2 h o sp ita ls  during  2 y ears. T h is n u m b er 
o f cases how ever w as n o t su ffic ien t to  give conclusions. O ur purpose was to  com ple te  th e  
re su lts  o b ta in ed  in  th e  f i r s t  p rospective  su rv ey ; th e y  confirm ed  them  for p h en o th iaz in es . 
T h ere  was also an  excess o f congen ita l m alfo rm atio n s w h en  th e  fe tus was exposed to  p ro g e s ta ­
g en /oestrogen  (te s to s te ro n e  d e riv a tiv e ) a t  th e  b e g in n in g  of th e  pregnancy.

E v en  if  th e  re sea rch  p ro jec t is well focused, i t  is so m etim es necessary to  consider a g re a t 
n u m b e r of p regnancies, if  th e  usage of the  d ru g  is v e ry  u n freq u e n t as for tricy c lic  d e riv a te ; 
in  th is  case an  in te rn a tio n a l  cooperative  su rv ey  is re q u ire d .

I t  seems also necessary to complete th e  in te rv iew s  w ith  pharm acological in v es tig a tio n s  
to  v e rify  th e  d a ta  a n d  to  u n d e rs tan d  possible ae tio lo g ica l m echanism s.

The last p o in t is about the choice between prospective and retrospective surveys. R e tro ­
sp ec tiv e  surveys are  o ften  less expensive b u t r isk s  o f e rro rs  in th e  sam pling an d  in  th e  collec­
tio n  of th e  d a ta  is la rg e r, w hile in  ad d itio n  p h a rm aco lo g ica l investiga tions a re  n o t  possible.
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In  spite  o f these  p rob lem s, i t  is som etim es b e tte r  to  p e rfo rm  a re trospec tive  su rv ey . In  tw o 
cases re tro sp ec tiv e  s tu d ies  a re  favored :

— th e  f irs t  is th e  use o f re tro sp ec tiv e  su rv ey s to  com ple te  th e  d a ta  collected in  m a l­
fo rm atio n  reg is te rs;

— th e  second concerns exposure to a ra re  fa c to r  fo r w hich one m ay have  o b jec tiv e  
proofs such as p re scrip tio n , m edical reco rds . . ., th is  is possible for m a n y  d ru g s  
(an tico n v u lsan ts , an tid iab e tic , neu ro lep tic  . . .) a n d  o th e r factors as ra d ia tio n s  . . .
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A R E  C O N T R A C E P T IV E  P IL L S  T E R A T O G E N IC ?

A .  C ZE IZEL

LA BORATORY OF HUMAN GENETICS, NATIONAL IN ST IT U T E  O F H Y G IEN E, BUDAPEST, H U N G A R Y

O ral co n tra ce p tio n  is one of th e  m ost co n tro v e rs ia l to p ics o f the  second p a r t  o f  th is 
c en tu ry . As ev idence i t  is enough  to cite tw o sen tences fro m  th e  E d ito ria ls o f th e  L a n c e t and  
the  New E n g lan d  Jo u rn a l o f M edicine: “ P o ste rity  m ay  decide th a t  th e  g rea tes t c o n tr ib u tio n  
of th e  tw e n tie th  c en tu ry  to th e  h ea lth  o f m ank ind  w as n o t a vaccine, an  an tib io tic  o r a  t r a n s ­
p lan t b u t  th e  c o n tracep tio n  p ill”  (L eader article , 1974) a n d  “ The pill is a double ed g ed  sw ord , 
i t  p re v en ts  o v u la tio n  b u t  produces diseases”  (Sm all, 1976).

A c tu a lly  a t  p re sen t th e  pill is th e  m ost e ffective  m eth o d  of con tracep tion  h a v in g  m an y  
ad v an tag e o u s  a n d  som e d isad v an tag eo u s effects (F ig . 1). L e t us consider the  benefits  f irs t:  
con tro l o f  th e  p o p u la tio n  explosion, reliable fam ily  p la n n in g  and  unalloyed sex u a l life , im ­
p ro v em en t o f  e.g. m en s tru a l d is tu rb an ces , and  red u ced  r isk  o f e.g. benign b reast tu m o r ;  th e  
risks  a re : ra re  m ajo r adverse  effects e.g. th ro m b o em b o lic  d iso rders, frequen t side e ffe c ts  e.g. 
increased  b lood  p ressu re , sub jec tiv e  sym ptôm e e.g. w e ig h t gain , and  finally  th e  p o te n tia l  
hazard , t h a t  is te ra to g en ic  an d  m utagen ic  effects.

T he conclusion  seem s to  be obvious: th e  b en efits  a re  fa r  exceeding the  risks a n d  th e  
problem  o f a possible te ra to g en ic  effect is re la tiv e ly  sm all an d  dubious.

R esults

In  m o n ito rin g  of congen ita l m alform ations in H u n g a ry  (T able  I), we becam e in te re s te d  
in th e  possible te ra to g en ic  effec t o f th e  pill.

Table I

The number and occurrence o f  congenital lim b reduction 
malformations (C L R M s) in H ungary , 1970— 1975

Years Number of to tal 
births

Number 
of CLRMs

Occurrence 
of CLRMs 

per 1000 to tal 
births

1970 153,339 34 0.22

1971 152.159 50 0.32

1972 154,652 48 0.31

1973 157,623 64 0.40

1974 187,957 79 0.42

1975 195,847 103 0.52

In  1973 a n d  1974 a so m ew hat h igher incidence of co n g en ita l lim b reduction  m a lfo rm a ­
tions (CLRM s) w as recorded  th a n  in  the  previous years. In  1975 a fu r th e r  increase was seen  
and  the level reach ed  the  so-called “ alarm -situation ' (Czeizel an d  Pazony i, 1976). T he p o in t 
prevalence a t  b i r th  o f CLRM s rem ained  a t th e  h igher levels in 1976 an d  1977. F irs t o f all 
th e  possible te c h n ica l biases had  to be excluded:
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Benefits
Control of the population exptoslon

Reliable family planning and ^a llo y ed  
sexual life

• Improvement of eg menstrual-disturbances, 
acne

Reduced risk of eg benign breast tumor, 
rheumatid arthritis

Risks
Potential hazards eg. teratogenic and 

mutagenic effects.
Subjective symtomps eg.weight gain 

breakthrough bleeding 
^-Frequent side effects eg genito-игь 

nary and biliary trac t infections 
Increased blood pressure.

Rare serious side effects eg 
thromboembolic disorders, 
cerebro-vascular accidents

100 million

Fig. 1

(i) The c lu s te r as a w hole canno t be e x p la in e d  b y  a better reporting system  (F ig . 2). 
I n  1975 as com pared  to  1971 — 1974 th e  re p o rtin g  o f  a ll congenital m a lfo rm a tio n s  in creased  
b y  n e a r ly  20 per cen t, b u t  th e  reco rded  CLRM s in c re a s e d  by  ab o u t 50 pe r cen t, t h a t  is m ore 
t h a n  tw ice  th a t  of all o th e r  congenital m a lfo rm a tio n s . A sim ilar increasing  t r e n d  w as no t 
fo u n d  fo r o th e r ty p es  o f cong en ita l m alfo rm atio n s .

THE ABSOLUTE NUMBER OF LIVE BIR i HS, INDUCED ABORTIONS CONTRACEPTIVE PILL 
USERS (PACKAGES IN MILLIONS) AND CLRMs I N  HUNGARY

Thousands Pill CLRMs

70
60
50
A0
30
20
10

F ig. 2
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(ii) T he c lu s te r can n o t be ascribed to im proved diagnoses. The per cen t o f m ild  cases 
was n o t h ig h er in 1975 th an  in previous years an d  a g re a t n u m b er of severe cases w as found
(Fig. 3).

(iii) T he c lu s te r can n o t be exp lained  by a change  in  th e  evalu a tio n  an d  re g is tra tio n  
of congen ita l m alfo rm ations.

C hecking personally  on th e  rep o rted  cases b o rn  in  1975. 95 ou t of 103 p a tie n ts  (92.2 per 
cent) had  CLRM  (Czeizel. 1978). Our purpose w as to  s tu d y  th e  etiology of th ese  95 cases

Figs 4— 7
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b y  s e p a ra t in g  all cases in  5 p ro b a b ly  d ifferent n o so lo g ica l ty p es  (Lenz, 1969; T e n ta m y  an d  
M c K u sick , 1969; W o rk in g  G ro u p , 1975; B ergsm a a n d  L enz , 1977): 1. te rm in a l tra n sv e rse  
(F ig . 4), 2. lo n g itu d in a l (F ig . 5), 3. sp lit hand  an d /o r fo o t  (F ig . 6), 4. ring  c o n stric tio n  (F ig . 7) 
g ro u p s  (T able  I I )  an d  th o se  cases where the  CLRM  a re  assoc ia ted  w ith  o th er n o n -lim b  m al­
fo rm a tio n s  (Table I I I ) .

Table II

The different nosological types o f  C L R M s

Type A bbreviation Number Per cent

T erm inal tran sv erse T 29 30.5

L o n g itud inal L 16 16.8

rad ia l- tib ia l

u ln a r-f ib u la r

Split h an d  a n d /o r foot S 7 7.4

R ing co n stric tio n s R 22 23.2

M ultiple m alfo rm atio n s M 21 2 2 .1

T o ta l C L R M 95 100.0

Table III

The distribution o f  m u ltip le  cases

Type Number of cases

H o lt-O ram  syndrom e 2

E EC  syndrom e 1

R o b erts  syndrom e 1

F F U  syndrom e 1

V A C TE R L  association 7

CLRM  +  n eu ra l tu b e  defect 5

CLRM  -f- exom phalos 1

CLRM +  exom phalos +  renal m alfo rm atio n s* 1

CLRM  +  po ly cy stic  kidney 1

CLRM  -f- m icrocephaly  +  cry p to rch ism 1

T ota l 21

* Cases w ith  sirenomelia were ex c lu d ed

Several noxae w ere susp ec ted  to p lay  a ro le  in  th e  etiology of C LR M , b u t  b a sed  on 
th e  d a ta  o f th e  new  H u n g a ria n  popu lation  po licy  in tro d u c e d  on Ja n u a ry  1, 1974, th e  fem ale 
sex  hormones go t p a r tic u la r  a tte n tio n  (Fig. 2). As a r e s u l t  o f th e  po p u latio n  po licy  th e  n u m b er
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of live b ir th s  increased  a n d  the  num ber o f in d u ced  ab o rtio n s decreased  s ig n ifican tly . P a ra lle l 
w ith  these  even ts th e  use o f th e  pill has  becom e w idespread  (22.5 pe r cen t o f re p ro d u c tiv e  
aged w om en used th em  in  1975). F u rth e rm o re  on acco u n t o f re stric tio n s in  th e  a b o rtio n  law  
a grow ing tren d  of th e  use  o f estrogens fo r  in ducing  a b o rtio n  was suspec ted . ( I t  is an  old 
“ c u sto m ”  in our co u n try .)

T he nu m b er of p rev ious p ill users (T ab le  IV) did no t show a re m a rk ab le  d ifference 
be tw een  th e  CLRM , and  m atch ed  (tim e a n d  p lace of b ir th s , sex) contro l g roups. T he n u m b er 
o f  w om en, how ever, using  th e  pill w ith in  th re e  m o n th s  p rio r to conception  w as n ea rly  tw ice 
as h igh  in  th e  CLRM group  as in th e  co n tro ls . T he n u m b er of wom en w ith  p ill use in  early  
p reg n an cy  was th e  sam e in b o th  groups.

T ab le  IV

The number o f  pill-users in C L R M  and in  matched control groups

Type N um ber Previous 
pill users

Pill use for 3 m onths prior 
to  conception

Pill use
during pregnancy

T 29 10 4 l

L 16 5 3 —

S 7 3 3 —

R 22 6 2 i

M 21 7 5 —

CLRM 95 31 32.6% 17 17.9% 2 2.1%

Control 95 27 28.4% 9 9.5% 2 2.1%

— 0 .1 0 > p > 0 .0 5 —

O nly one a tte m p t o f hormonal abortion induction  was m entioned  in  th e  C LR M  g roup  
an d  th is  case was in  th e  ring  co n stric tio n  group . I t  is possible, how ever, t h a t  such 
a tte m p ts  w ere concealed, an d  therefore th e  fe a tu re s  o f fam ily  p lann ing  w ere s tu d ied . In  th e  
CLR M  group  only 69.5 pe r cen t of the w om en h ad  p lan n ed  pregnancies, b u t  in th e  co n tro l 
g ro u p  87.4 pe r cent. T he d ifference is s ig n ifican t (p <  0.01). On the  o th e r h a n d  15 e x tr a ­
m a r i ta l  concep tions occurred  in  th e  CLRM g ro u p  w hereas only 3 am ong th e  con tro ls.

In  ou r opinion a possible correlation  b e tw e n  CLRM  and  th e  m ore fre q u e n t use  o f th e  
pill im m ed ia te ly  before conception  and th e  use  o f a b o rtiv e  estrogens can n o t be ex cluded . A 
fu r th e r  p o sitive  corre lation  w as th e  s ign ifican tly  h igher ra te  o f th rea te n e d  a b o rtio n s  w ith  
su p p o rtiv e  horm one (p ro g es ta tio n a l drugs) t r e a tm e n ts  in th e  wom en of CLRM  group . 
T hese th ree  etiological fac to rs  occurred m ain ly  in  th e  tran sv erse  and the  m u ltip le  ty p es  o f 
CLRM s.

D iscussion

T he direct te ra to g en ic  effect of the p ill m a y  be becom e m anifest w hen used d u rin g  
p reg n an cy . A t th e  f irs t m o m en t th is  seems to be u t te r  nonsense since the  pill is an  a n tife r t i l i ty  
d rug . ( I t  m ay  rem ind  one of th e  old joke: “ m y  fa th e r  was a fam ous eu n u ch .” ) T he p ill use 
fa ilu re , how ever, m ay  occur in  inadvertent p reg n an c ie s  w hen th e  pill use in s tru c tio n s  w ere
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n o t  follow ed, in th e  so-called breakthrough  p regnancies w hen  th e  effect of th e  pill is b locked 
o r  m odified  by  o th er d ru g s a n d  d iseases, and in  cases w hen  pregnancy already existed  a t  th e  
b e g in n in g  of pill use. T hese  cases are  re la tiv e ly  ra re , e.g. in  H u n g a ry  th e  e s tim a ted  y early  
o ccu rren ce  is a b o u t 0.3 pe r c e n t o f  all pregnancies. A d d itio n a lly  a ce rta in  percen tage  of these  
p reg n an c ie s  is te rm in a ted .

T he d irec t te ra to g en ic  e ffe c t of th e  pill, a p a r t  fro m  th e  m asculin iza tion  o f fem ale fe tuses 
(F ig . 8), has no t been p ro v ed . T h e  m ascu lin ization  w as cau sed  by  som e m etab o lites  of th e  
s y n th e tic  norstero id  p ro g e s ta tio n a l com ponent o f th e  p ill in  a w ell-defined critica l period  and

TERATOGENIC EFFECT

S p e c i f i c i t y :

D i r e c t

M a s c u l i n i s a t i o n  o f  
fe m a le  f e t u s e s

I n d i r e c t

VACTERL
/ t o o  w ide  s p e c t r u m /

T i m e - f a c t o r  
/ V u l n e r a b l e  p e r i o d /

6 -  12. week
15-6o .  day

b u t  b e f o r e  and  a f t e r  
t h i s  p e r i o d  to o

C a u s e - e f f e c t  
r e l a t i o n s h i p  :

c l e a r weak

Fig. 8. T he e v a lu a tio n  of tera to g en ic  effec t o f c o n tracep tiv e  pills

th e  cause—effect re la tio n sh ip  m an ifested  itself in  a  specific  m alfo rm atio n  p a tte rn , th a t  is in  
v a rio u s  degrees of c lito ra l h y p e r tro p h y  (in general i t  is s lig h t and tran s ie n t), m ore ra re ly  in th e  
lab io sc ro ta l fusion as well as in  an  ad v an cem en t o f bone m a tu ra tio n . H ere th e  use of th e  p a s t 
ten se  is ju stified  because  th e  re ce n t types and  sm alle r doses o f th e  pill have fo r tu n a te ly  lost 
th is  side effect.

According to  som e re c e n t  pub lications (T ab le  Y), how ever, the  pill an d  in genera l 
th e  fem ale sex h o rm ones m a y  increase th e  occurrence  o f cardiovascular, lim b reduction  a n d  
tracheo—oesophageal m a lfo rm a tio n s  or a m ore or less c h a ra c te ris tic  association  of these  an d  
o th e r  congenital m a lfo rm a tio n s  a t  a low- freq u en cy  ra te .  T he suggested  nam e for th is  assoc ia­
tio n  is the  V A C TE R L  sy n d ro m e .

These d a ta , h o w ev er, h av e  to  be h an d led  w ith  c au tio n . On th e  one h an d  in a n u m b er 
o f o th e r stud ies th ese  co rre la tio n s  were no t fo u n d . On th e  o th e r  h a n d  the  fem ale sex h o rm ones 
m a y  p ro b ab ly  o p e ra te  ind irec tly  (or secondarily) an d  on ly  in  p red isposed  p reg n an ts . T he m ain  
a rg u m e n t for th e  in d ire c t e ffe c t (Fig. 8) is t h a t  th e  te ra to g e n ic  effect was confirm ed no t o n ly  
fo r th e  sensitive or c ritica l p eriod  of the  em bryogenesis b u t  also before th is  period , e.g. d u rin g  
th e  p re im p lan ta tio n  s tag e  as well as after th is  p e rio d . F u rth e rm o re  th e  g rea t d iv ers ity  o f th e  
sy m p to m s of th e  V A C T E R L  syndrom e m akes a single e tio log ical ag en t un likely  and  th e  c a u s e -  
e ffec t re la tionsh ip  w eak  o r d u b ious. The pred isposition  m ay  be a  m ate rn a l endocrine d ysfunc-
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Table V

Some congenital m alformations seem to occur more frequently  
in  the pregnancies o f p ill users

Congenital mulformation Authors

V kerteb ra
A Лпа1 atresia fH einem en, 1977 2.3x
C Cardiovascular I ja n e r ic h ,  1977 8.5x
Т Е T  racheo-oesophageal 1 Nora, 1976 2 4x N ora. 1975
К Kenal
L Lim b Jan erich , 1974 4.7x

tio n  (prev ious m en stru a l and  o th e r ho rm o n al d is tu rb an ces), w hich m ay  need  su p p o rtiv e  
ho rm one th e ra p y  du rin g  p regnancy  because of th re a te n e d  ab o rtio n s or w hich m ay  ex h ib it 
a b re a k th ro u g h  pregnancy  owing to  a re d u c tio n  of the  a n tife r ti li ty  effect of th e  pill. As fa r as 
I hav e  realised  th is  p red isposition  m ay  be closely re la te d  to  th e  o versuppression  sy n d ro m e 
(H o ro w itz  e t  a l., 1968). The cause of th is  syndrom e is th e  effect o f sy n th e tic  sex  horm ones, 
p a r tic u la r ly  th e  estrogens, on th e  h y p o th a la m u s  (Fig. 9). The d irec t consequences o f th e  
oversu p p ressio n  syndrom e m ay be a tra n s ie n t  ho rm onal im b alance  causing p a r tia lly  a d e lay  in

C o n t r a c e p t i v e  p i l l

(s y n t h e t i c  +  s y n t h e t i c \  
p r o g e s t o g e n ^  o e s t r o g e n /

P r e d i s p o s i t i o n  
/ e n d o c r i n e  d y s f u n c t i o n /

H yp o th a lam u s

OVERSUPPRESSION SYNDROME

Hormonal i m b a la n c e

f i r s t  c y c l e  f e r t i l i t y  a m e n o r rh o e a  sornál a b e r r a t i o n s  t w i n s  p r e g n a n c i e s  n a l f o r m a t i o r a  
p a t t e r n  i n  s p o n t a n e o u s

a b o r t u s e s

Fig. 9. T he genesis and  possible consequences of oversuppression  syndrom e
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th e  p re o v u la to ry  phase  in d u c in g  an  overripeness ( th a t  is o v o p a th y )  an d  p a rtia lly  im p la n ta tio n  
d is tu rb a n c e s . The in d ire c t consequences of th is process m a y  be:

(i) The prolonged f i r s t  cycle after d iscontinuation o f  the p ill . T he cause of th is de lay  m ay  
b e  a p ro trac tio n  of th e  p re -o v u la to ry  phase in th e  f ir s t  m e n s tru a l cycle (L arsson-C ohn, 1969; 
H o m esley  and Goss, 1970). C o n seq u en tly  the  f irs t m enses occurs 6 —14 days la te r  th a n  a fte r 
th e  use  of o th er e.g. m ec h an ic a l co n tracep tiv e  m eth o d s.

(ii) The unusual f e r t i l i t y  pattern . In  ab o u t 20 p e r cen t o f p ill-users th ere  is delay  of 
e ith e r  tw o or th ree  m o n th s  b e fo re  th e ir  capacity  to  conceive is re sto red  [i.e. i t  occurs only 
in  th e  predisposed w om en (W o lfe rs , 1970; R C G P. 1974)], in  o th e rs  d isco n tin u a tio n  of th e  use 
o f  th e  pill causes an  o sc illa to ry  p a tte rn  of fe rtility  a p p ro x im a te ly  four m en s tru a l cycles in 
le n g h t  (R C G P, 1974; J a n e r ic h  e t  a h , 1976). Several m ech an ism s (e.g. in te rn a l seasonal bio­
lo g ica l rh y th m , early  in t r a u te r in e  m o rta lity ) w ere su g g ested  to  exp la in  th is phenom enon 
(Jo n g b lo e t and Zuets, 1976). C o n sidering  th a t  co ita l freq u e n c y  w as n early  40 pe r cen t h igher 
a m o n g  those who used  th e  p ill th a n  those using  o th e r  m eth o d s of co n tracep tio n  (W estoff 
e t  a h , 1969), a sligh tly  a n d  p ro b a b ly  tran s ien t red u ced  fe r t i l ity  could be ex pected  a f te r  w ith ­
d ra w a l of oral c o n tra ce p tiv e s . P in k e rto n  and C arey (1976) e s tim a te d  th e  reduced  fe rtility  
d isc o n tin u a tio n  of th e  p ill b y  9 w om en a t six m o n th s a n d  b y  6 a t  one y ea r a fter.

(iii) The low incidence (0 .8  —1.0 per cent) o f  secondary amenorrhea . A  n u m b er of au th o rs  
re p o rte d  secondary  a m e n o rrh e a  (w hich persist fo r a t  le a s t  6 m o n th s a fte r  sto p p in g  th e  pill) 
a n d  g a lacto rrhea  o c cu rrin g  se p a ra te ly  or to g e th e r (C h ia ry — From m el syndrom e) follow ing 
th e  use of oral c o n tra ce p tiv e s  (T ay lo r, 1964; W h ite law  e t a l., 1966; S hearm an , 1966; Gregg, 
1966; Schachner, 1966; D o d e k  an d  K otz , 1967). T he so-called  post-p ill am en o rrh ea  is due 
to  pro longed  h y p o th a la m ic —p itu i ta ry  suppression  of g o n ad o tro p in  secretion  th ro u g h  th e  
g o n ad o tro p in -re leas in g  fa c to rs  in d u ced  by  th e  v a rio u s  co m p o n en ts  of th e  pill. A t th e  beginning 
th e  incidence of p o st-p ill a m e n o rrh ea  was e x ag g e ra ted , because  th e  2 — 7 per cen t occurrence 
o f  sp o n taneous a m e n o rrh ea  in  w om en a t risk  (e.g. exp o sed  to  certa in  stressfu l s itu a tio n s) 
(D re w  an d  Stifel, 1968) w as n o t  ta k e n  in to  con sid era tio n . T h u s th e  excess of secondary  am en o r­
rh e a  induced  by  pill u sag e  m a y  be ab o u t 1 pe r cen t. A d d itio n a lly  these  am en o rrh eas occur 
m a in ly  in  wom en w ith  p re e x is t in g  m en stru a l ir reg u la ritie s  and  fe rti l ity  prob lem s (F ries, 1974). 
T h ere  is no specific re la tio n  b e tw een  th e  d u ra tio n  of p ill usage or ty p e  and  th e  occurrence 
o f  am enorrhea.

(iv) A  sm all increase in  the occurrence o f  lethal chromosomal aberrations in  spontaneous 
abortnses. Carr (1967, 1970) w as th e  f irs t to  re p o rt  an  in creased  frequency  of tr ip lo id y  in 
a  sm all num ber o f sp o n ta n e o u s  abortuses from  w om en  h a v in g  prev iously  used  th e  pill. O ther 
a u th o rs  (e.g. D had ial e t  a l., 1970; K ajii and O h am a, 1972; K lin g er e t al., 1973; L azar e t a l., 
1973; Boue, 1973a, 1973b; L a u ritsen , 1975) could  n o t  confirm  th is  corre la tion . A lberm an  
e t  al. (1976), how ever, fo u n d  a  10 pe r cen t increase  in  th e  p ro p o rtio n  of chrom osom e a b e rra ­
tio n s  in  a re la tive  big m a te r ia l  o f  sp on taneous ab o rtu se s  o f fo rm er pill users. (An accu m u la tio n  
o f  specific types o f ch ro m o so m e  ab erra tio n s w as n o t fo u n d .)  T his find ing  could be due to  an  
a b so lu te  increase in  ch ro m o so m e  ab erra tio n s  or to  a d ecrease  in  th e  to ta l  n u m b er o f recognized 
sp o n tan eo u s ab o rtio n s. [T he ra te s  of fe ta l d e a th  e.i. sp o n tan eo u s  ab o rtio n s an d  still b ir th s  
w ere observed to  be lo w er fo r  fo rm er p ill users th a n  fo r non-users (R obinson , 1971; Vessey 
e t  a l., 1976; R CG P, 1976; R o th m a n , 1977).]

(v) A  bit higher fre q u en c y  o f  dizygotic tw ins  (J a n e r ic h , 1974; R o th m a n , 1977). In  H u n g a ry  
th e  decreasing t re n d  o f  m u ltip le  b irth s  show ed a s ig n ifican t increase  (ab o u t 10 pe r cen t) 
in  1970 and  so fa r h a s  re m a in e d  on th is  h igher leve l (F ig . 10). T his change could  n o t be ex ­
p la in e d  by  th e  u su a l fa c to rs  su ch  as m ate rn a l age a n d  p a r ity . T he use of oral co n tracep tiv e s 
h a s  been  spread ing  in  H u n g a ry  since 1967 —1968. O u r f ir s t  s tu d y  of 292 tw ins b o rn  in B u d a ­
p e s t  in  1970 seem ed to  d e m o n s tra te  a positive  co rre la tio n  betw een  form er pill-usage and  tw in  
b ir th s  (V ajda e t a l., 1972). O u r second s tu d y  in v o lv in g  734 tw ins b o rn  in  B u d a p es t (1970 —
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1974) proved  on ly  such  an effect o f p ill u se  im m edia te ly  (w ith in  1 m o n th ) before co n cep tio n  
(S á rk án y  e t al., 1975). T he th ird  s tu d y  in c lu d in g  661 tw in s born  in  B u d ap es t (1975 — 1977) 
cou ld  no t confirm  th is  co rre lation  e ith e r. T h e  change in  th e  effect of the  pill on tw in n in g  m ay  
be exp la ined  by  th e  regrouping  of pill ty p e s . In  the  early  seven ties th e  n o re th y n o d re l ty p e  
w as th e  com m on pill b u t  la te r  the ly n es tren o l ty p e  has becam e m ore popu lar. A ccord ing  to  th is  
a rg u m e n t th e  ra te  o f tw in  b irth s  in  th e  th ird  s tu d y  was h igher a f te r  th e  use of th e  n o re th y n o d re l 
p ill ty p e  im m ed ia te ly  before conception. T h e  h igher occurrence of m ultip le  b ir th s  in  th e  p re ­
v io u s pill users, h o w ev er, was no t found  in  th e  m ajo rity  o f s tu d ies (R C G P , 1976; Y essey e t 
a h , 1976), R o th m an  (1977) also found a s im ila r positive corre la tion .

THE OCCURRENCE OF MULTIPLE 
1 9 2 0 - 1 9 7 7

2J3

BIRTHS IN HUNGARY,

1,5

L____ ___ ♦___ •__ .-------—
1920 1930 m o  1950 1960 1970

F ig . 10

Year

(vi) Somewhat higher occurrence o f  ectopic pregnancies (Sm ith  e t ah , 1974; W eiss e t 
ah , 1976; B onnar, 1974). T he exp lan atio n  fo r  th is  phenom enon m ay be p a rtia lly  a slower tu b a l 
t r a n s p o r t  of the  ovum  due to  the  tra n s ie n t  h o rm onal im balance, p a rtia lly  b y  th e  fa c t th a t  
th e  p ill being  m uch  m ore effective a t  p re v e n tin g  u terine  th a n  e x tra u te r in e  im p la n ta tio n . 
Som e o th e r  au th o rs  (e.g. B erger e t ah, 1976; R C G P , 1976) could  no t confirm  th is  o b se rv a tio n .

(v ii) The different congenital m alform ations at a low frequency rate. T he p ositive  fin d in g s 
w ere sum m arised  in T ab le  Y. Several p a p e rs , how ever, are know n in w hich th e  re la tio n sh ip  
b e tw een  th e  p rev ious p ill usage and th e  h ig h er occurrence of congen ita l m alfo rm atio n s in su b ­
se q u e n t p regnancies w as n o t found. H ere o n ly  five  published im p o r ta n t  follow -up s tu d ies  a re  
m en tio n ed . In  th e  U SA  (W ashing ton) P e te rso n  (1969) exam ined  th e  ou tcom e of p re g n an c y  
am o n g  442 p a tie n ts  w ho becam e p reg n an t a f te r  stopp ing  pill usage an d  the  ou tcom e o f p re g ­
n an cies  o f a sim ilar series o f 699 p a tien ts  w ho h a d  em ployed o th e r c o n tracep tiv e  m eth o d s . 
T he n u m b e r of m alfo rm ed  babies in p rev io u s pill users and non-users was 15 (3.7 pe r cen t) 
a n d  30 (4.8 per cen t), respec tive ly . Canada (N o v a  Scotia) R ob inson  (1971) co n d u cted  a well- 
c o n tro lled  s tu d y  of th e  ou tcom e of p regnancies am ong 1250 prev ious pill users an d  1250 n o n ­
p ill users. E ach  o ffspring  was ind iv idually  ex am in ed  by v e ry  careful clinical m eth o d s. T he 
u n u su a l h igh  occurrence of abnorm al b ir th s :  36.2 and 31.1 pe r cen t in p rev ious pill ta k e rs  
an d  non-p ill-tak e rs , resp ec tiv e ly , are a t t r ib u te d  to these p rocedures. T he d ifference w as n o t 
s ig n ific a n t. The n u m b er o f  m inor, m ajor a n d  life -th rea ten in g  congen ita l m alfo rm atio n s w as 
26 (2.08 pe r cent), 13 (1.04 per cent) and  12 (0.96 per cen t) in p rev ious pill tak e rs  a n d  16 
(1.28 p e r cen t), 8 (0.64 pe r cen t) and 5 (0.40 p e r  cen t) in non-p ill-takers. The d ifferences w ere 
n o t s ig n ifican t e ith e r b u t  a tren d  is obvious. A d d itio n a lly  7 versus 2 cases o f congen ita l h e a r t  
d iseases occurred  in s tu d y  an d  control g roups. In  E ngland  (O xford  area) Yessey e t al. (1976) 
e v a lu a te d  56,000 w om en-years of over 17,000 w h ite  B ritish  m arried  w om en aged  b e tw een
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25 — 39 who vo lu n ta rily  a g ree d  to  partic ip a te  b y  th e  he lp  o f 17 clinics. 56 pe r cen t were using 
th e  p ill while 25 and 19 p e r  c e n t  w ere using a d iap h ra g m  a n d  IU D , respec tive ly . 107 congenital 
m a lfo rm atio n s  were fo u n d  a lto g e th e r  and the  ra te s  w ere  1.62, 3.29 and 2.12 in  th e  pill, d ia ­
p h ra g m  and IU D  groups, re sp ec tiv e ly . The E n g lish  O ra l C on tracep tio n  S tu d y  of th e  R oyal 
College of General P ra c ti t io n e rs  (R C G P, 1976) re p o rte d  th e  o u tcom e of a b o u t 5500 pregnancies 
in  p ill users and 11,000 p re g n an c ie s  in controls. E ig h ty -s ix  b ab ies o f fo rm er pill users (1.90 per 
c e n t)  h a d  congenital m a lfo rm a tio n s  while 177 co n tro l bab ies (1.84 pe r cen t) were affected. 
I n  th e  USA (B oston) R o th m a n  a n d  Louik (1978) rev iew ed  th e  b ir th  certifica tes an d  hosp ital 
re co rd s  of 7723 in fan ts  w hose m o th ers  had been re p o rte d  using  th e  pill. T he overall frequency  
o f  co ngen ita l m alfo rm atio n s w as 4.3 per cen t for in fa n ts  w hose m o th ers  te rm in a te d  th e  use 
o f  th e  pill shortly  before  co n ce p tio n  while th e  occu rren ce  of congenital m alfo rm atio n s was 
3.3 p e r cent in the  in fa n ts  w h o se  m others did n o t ta k e  pills fo r th ree  y ears before conception.

The outcom e o f p re g n an c ie s  which occurred  acc id e n ta lly  w here th e  pill was used  during  
e a r ly  pregnancy  are in te re s t in g . R utensköld  (1971) re p o rte d  on 90 Sw edish pregnancies. 
45 ch ild ren  were bo rn  b e fo re  th e  investiga tion  w as en d ed . One b ab y  h a d  p o ly d ac ty ly , one 
h a d  congenital d islo ca tio n  o f  th e  hip and one h a d  P K U . A ny  a b n o rm a l dev elo p m en t of th e  
e x te rn a l  genitalia was n o t  seen . The Oral C o n trac ep tio n  S tu d y  of R C G P (1976) h a d  136 p reg ­
n an cies , of which 102 w e n t to  term . Only tw o  b a b ie s  h a d  congenital m alfo rm atio n s (one 
m u ltip le  m alfo rm ation  in v o lv in g  im perforated  a n u s , h y d ro -u re te r , ren al agenesis, ru d im e n ta ry  
b la d d e r  and one co n g en ita l d isloca tion  of th e  h ip ). N one o f these  congen ita l m alfo rm ations 
w ere obviously a tt r ib u ta b le  to  exogenous ho rm one in g es tio n  d u rin g  pregnancy .

Summary and recom m endations

I t  now seems v e ry  u n lik e ly  th a t  a p e rio d  o f p ill usage has an y  d irec t h a rm fu l effects 
o n  subsequen t desired  p re g n an c ie s . Hence p ill usage  im m e d ia te ly  before and  a f te r  conception  
is no ind ica tion  fo r in d u c e d  ab o rtio n . A sligh t in d ire c t te ra to g en ic  effec t o f th e  pill in  some 
p red isposed  fem ales c a n n o t be excluded for th e  tim e  being. T he risk  is obv iously  sm all, b u t  
th e re  is a p o ten tia l r isk  is  a n o th e r  im p o rta n t p o in t.  T he e s tim a te d  p e rcen tag e  of p reg n an t 
w om en tak ing  the  p ill a c c id e n ta lly  during p re g n an c y  is 0.3 pe r cen t in  H u n g ary . On accoun t 
o f  th e  so-called “ re s id u a l”  e ffe c t of the  pill, th e  use o f o ra l co n tracep tio n  im m ed ia te ly  before 
conception  should also b e  ta k e n  in to  co n sid era tio n . I n  H u n g a ry  20 per cen t o f babies are 
de liv e red  by p rev ious p ill users. In  nearly  h a lf  o f th e m  th e  in te rv a l be tw een  pill use and  
p reg n an cy  is sh o rte r t h a n  3 m onths. L et us e s tim a te  t h a t  th e  ra te  o f p red isposed  w om en 
fo r th e  oversuppression  sy n d ro m e is per 3 c en t, th a n  th e  in d ire c t te ra to g en ic  effect of 
th e  pill m ay o p era te  in  0 .3  per cent of p reg n an c ies. T h u s b o th  th e  p o ten tia l (suggestive b u t  
n o t  conclusive) risk  a n d  th e  n u m b er of p ro b ab ly  a ffec ted  new borns will be sm all. T hree in te r im  

ecom m endations, h o w e v e r , seem  to be reaso n ab le :
1. A m eticulous c o n firm a tio n  of th e  absence  o f p reg n an cy  before  th e  use o f oral c o n tra ­

cep tio n  is im p o rta n t. [A ccord ing  to the F D A  (1978): “ I t  is recom m ended  th a t  fo r any  p a tie n t  
w ho has missed tw o  co n secu tiv e  periods, p re g n a n c y  should  be ru led  o u t before  con tinu ing  
th e  con tracep tive  re g im en . I f  th e  p a tie n t has n o t  ad h ered  to th e  p rescribed  schedule, th e  
possib ility  of p re g n an c y  sh o u ld  be considered a t  th e  tim e  of th e  f irs t m issed period  (or a f te r  
45 days from  th e  la s t  m e n s tru a l  period if  th e  p ro g esto g en  on ly  oral co n tracep tiv e s are used), 
a n d  fu rth e r use o f o ra l co n tracep tiv es sh o u ld  be  w ith h e ld  u n til p reg n an cy  has been ru led  
o u t .” ]

2. I t  is w o rth w h ile  suggesting a 3 -m o n th  in te rv a l  betw een  th e  d isco n tin u a tio n  of th e  
p ill and  the  p lan n ed  c o n ce p tio n . (An a lte rn a tiv e  fo rm  e.g. condom , d iap h rag m  w ith  sperm icidal 
p ro d u c ts  of c o n tra c e p tio n  should  be adv ised  fo r a period  of tim e before a tte m p tin g  to  co n ­
ceive.)
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3. I t  is necessary  to s tu d y  th e  m eth o d  of d iag n o s in g  th e  predisposed w om en a n d  th e  
process o f a possible in d irec t re sidual effec t o f th e  pill on  th e  subsequen t p reg n an cy .

A fte r e stab lish ing  the  best m eth o d  o f p ill use i t  is h o p ed  th a t  th e  suggested  sm all risk  
for su b seq u en t p regnancies will be reduced  to p ra c tic a lly  zero in the fu ture.
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E pidem iology: te ra to lo g y : sex h o rm o n es; food  a n d  d rug  a d m in is tra tio n : d ie th y l-  
s tilb e stro l: estrogens; p rogestin s: oral c o n tra c e p tiv e s ;  post-m ark e tin g  d ru g  su rv e illan ce ; 
p a tie n t  d ru g  labeling.

Before a new d ru g  can  en ter the m a rk e t  in th e  U n ited  S ta tes, evidence o f  i ts  sa fe ty  
and  effec tiveness for its  p ro p o sed  use or uses m u s t be p re sen te d  to and  approved  by  th e  F ood  
and  D rug  A d m in is tra tio n . Before in itia tin g  te s ts  in  h u m an s , th e  m an u fac tu re r m u s t p re sen t 
sa fe ty  d a ta ,  including chem ica l control in fo rm a tio n , re su lts  o f  an im al to x ic ity  s tu d ie s , an d  
an y  clinical experience w ith  th e  drug ou tside  o f  th e  U SA , to g e th e r w ith the  p roposed  p ro to ­
co ls^ ) for th e  in itial tria ls . T h is  inform ation  is rev iew ed  p ro m p tly  by  pharm acolog ists, ch em ists , 
and  m edical officers in th e  Food and Drug A d m in is tra tio n  an d  if  w ith in  30 days, th e  A gency 
has n o t n o tified  the  m a n u fa c tu re r  of deficiencies, c lin ica l tr ia ls  m ay  begin. The A gency  m u st 
he n o tified  w henever in v es tig a to rs  are ad d ed  to  th e  c lin ical tr ia ls  or when o th e r  p ro to co ls  
are to  be followed. In m o st cases add itional a n im a l sa fe ty  d a ta  are required  as c lin ica l tr ia ls  
progress.

One req u irem en t is th a t ,  w ith few e x cep tio n s , an im a l rep roduction  s tu d ies in a t  least 
one species and  te ra to lo g y  s tu d ies  in a t least tw o  species m u st he carried ou t before  a  d ru g  
m ay  be given to wom en o f  childhearing p o te n tia l .  P h a rm aco k in e tic  stud ies in  p re g n a n t 
an im als m ay  also be re q u es te d  especially if th e  d ru g  is to  be  used  during  the  period o f o rg a n o ­
genesis. T he shortcom ings o f  cu rren tly  recom m ended  p ro ced u re s for tox ic ity  tes ts  in an im als  
are read ily  ap p a re n t. Species an d  strain  d ifferences in  d ru g  m etabolism  are well e s tab lish ed . 
A d d itio n a lly , th e  anim al d o sag e  is considerably  h ig h er th a n  those  expected  to be used  c lin ic ­
ally  to com pensa te  for th e  lim ite d  num ber o f  an im a ls  used .

A dverse  effects in a n im a l reproduction  s tu d ie s  do n o t  necessarily  preclude th e  in it ia tio n  
of clinical tr ia ls  in wom en o f ch ildbearing  age if  w a rra n te d  by  th e  early  safety  an d  e ffe c tiv e ­
ness d a ta  in  m ales. N ev erth e less , even co m p a ra tiv e ly  m in o r adverse  effects in  an im a l re p ro ­
du c tio n  s tu d ies  are usu a lly  su ffic ien t to d iscourage  c o n tin u e d  in v estiga tion  of a d ru g  th a t  
does n o t o ffer ad v an tag es o v e r currently  m a rk e te d  p ro d u c ts  w ith  reg ard  e ith e r to  sa fe ty  
or effectiveness.

I f  an im al rep ro d u c tio n  s tu d ies  show no a d v e rse  e ffec ts  on  rep ro d u c tio n , em b ryogenesis , 
p a r tu r it io n  or early  d ev e lo p m en t, women of ch ild b e a rin g  p o te n tia l  m ay  be included in c lin ical 
tria ls  o f d ru g s o f p o ten tia l th e ra p e u tic  benefit. I t  is recognized  th a t  absence of adverse  e ffec ts  
in  an im al s tu d ies does no t e s tab lish  safety in h u m a n  beings. T herefore, inform ed co n se n t, 
a req u ire m e n t o f all in v es tig a tio n a l drug s tu d ies , shou ld  include  in fo rm ation  gained  from  
an im al rep ro d u c tio n  stud ies a n d  m ust make i t  c lear t h a t  th e  sa fe ty  to the  hu m an  fe tu s  has 
n o t been d e te rm ined . F e ta l w ell-being should be assessed  th ro u g h o u t p regnancy. T he in fa n t  
should  be carefu lly  exam ined  a t  b ir th  for an a to m ica l m a lfo rm a tio n s  an d  follow-up e v a lu a tio n s  
o f physio logical and psycholog ical developm ent sh o u ld  be m ade  to d e tec t la te  a p p e a r in g  
effects.
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I f  th e  d ru g  is p ro p o sed  for use du ring  p reg n an cy , co n tro lled  clinical tr ia ls  a re  re q u ire d  
to  d e te rm in e  sa fe ty  to  th e  m o th e r and  her u n b o rn  child  as w ell as to establish  efficacy. R e q u ir ­
ing  such  tr ia ls  in  a d ru g  not specificially in d ica ted  fo r u se  d u rin g  pregnancy  or n o t  o ffering  
u n iq u e  th e ra p e u tic  p o te n tia l  to  th e  p re g n an t w om an  of th e  fe tu s , raises e th ical q u estio n s y e t 
u n re so lv ed , since once th e  d rug  h as been ap p ro v ed  fo r m ark e tin g  i t  m ay well be p rescrib ed  
in an  in d isc rim in a te  fash io n  to  w om en of ch ild b earin g  c ap a c ity .

T he in v es tig a tio n a l phases o f a new  d ru g  m ay  in v o lv e  some 2000 to  3000 p a tie n ts . 
T h u s, even  in  th e  u n lik e ly  e v en t th a t  th e  tria ls  in v o lv e  p re g n a n t wom en only , th e  n u m b er 
of su b je c ts  w ould be  in su ffic ien t to  d e tec t in  a s ta tis t ic a lly  s ig n ifican t fashion a w eak  te ra to g e n , 
a ffec tin g  on ly  a v e ry  sm all p ro p o rtio n  of th e  exp o sed  fe tu ses , particu la rly  i f  th e  sen sitiv e  
p eriod  shou ld  be o f sh o r t  d u ra tio n  and  th e  d e fo rm ity  n o t  p a rticu la rly  u n u su a l. I t  shou ld  
be em p h asized  th a t  th is  app lies to  a te ra to g en  w ith  a low  degree of a c tiv ity . A clin ical tr ia l  
in v o lv in g  on ly  40 p a tie n ts  suffering  from  n ausea  an d  v o m itin g  of early  p reg n an cy  en ab led  
M cB ride (1963) to  d e te c t th e  te ra to g en ic ity  of th a lid o m id e  w hen some 35%  o f th e  m o th e rs  
gave  b ir th  to  deform ed in fan ts . A sim ilar s tu d y  m ig h t h a v e  de tected  the  m ascu lin iz ing  effects 
o f c e r ta in  sy n th e tic  p ro g estin s  since such  defects h av e  b een  estim a ted  to occur in  fro m  2%  
to  18%  o f fem ale in fa n ts  o f m o th ers  receiv ing  th ese  d ru g s  in  early  p regnancy  for th re a te n e d  
a b o rtio n . T his effec t w as n o t rep o rted  how ever u n til  1958, some 15 years a f te r  th ese  ag en ts  
h a d  been  in tro d u c ed  fo r th is  in d ica tio n  (W ilk ins e t  a l., 1958).

Once a d ru g  is ap p ro v ed  for m ark e tin g  th e  m a n u fa c tu re r  m ust m ake re p o rts  a t  p re ­
sc rib ed  in te rv a ls  o f tim e  of all adverse reac tio n s re p o rte d  to  him . A dditionally , F D A  solicits 
d ru g  experience  re p o rts  from  physic ians and  o th e r  h e a lth  p ractitioners . M iller (1974) has 
p o in te d  o u t  th e  role o f th e  a le r t p ra c titio n e r in  in it ia lly  calling a tte n tio n  to  an  u n e x p e c te d  
assoc ia tion  be tw een  a d ru g  or o th er en v iro n m en ta l fa c to rs  and m an ifesta tions o f  to x ic ity , 
in c lu d in g  te ra to g e n ic ity . H ow ever, while sp o n tan eo u s  re p o rts  m ay  alert, a lb e it o ften  b e la ted ly , 
to  a p re su m p tiv e  h a rm , epidem iologic stud ies m u s t fo llow  n o t only to  s tre n g th e n  th e  cause 
a n d  effec t re la tio n sh ip  of th e  association  b u t  also to  g ive  an  idea of th e  m ag n itu d e  o f risk .

To get th e  n ecessary  epidem iologic in fo rm a tio n , in  ad d itio n  to th e  open l i te ra tu re ,  th e  
Fo o d  an d  D ru g  A d m in is tra tio n  m ay  co n tra c t to  h a v e  a p p ro p ria te  studies p e rfo rm ed  or m ay  
re a p  th e  b en efit o f  s tu d ies  execu ted  or funded  b y  o th e r  agencies such as th e  N a tio n a l In s t i tu te s  
of H e a lth . E pidem io log ic  and  s ta tis tica l c o n su lta n ts  a re  availab le  in-house a n d  as m em b ers 
o f F D A  A dv iso ry  C om m ittees to  assist th e  agency  in  ev a luation  of epidem iologic  d a ta  o r 
in  th e  design  of a p p ro p ria te  studies.

An a lm o st e ssen tia l req u irem en t for larg e  scale d ru g  epidem iology s tu d ies  is a reco rd  
lin k ag e  system  th a t  p e rm its  surveillance of a p o p u la tio n  receiving the  drug. W hile th e  U n ited  
S ta te s  does n o t hav e  a n a tio n a l h e a lth  in su rance  schem e, a nu m b er of p riv a te ly  fu n d e d  sy s tem s 
h av e  p ro v id ed  epidem iologic  d a ta  w ith  reg ard  to  d ru g s  and  b ir th  defects such  as th e  K a ise r 
F o u n d a tio n  H e a lth  P lan  System , an d  th e  M ayo C linic R egistry  which co n ta in s  d a ta  based  
on th e  m edical reco rd s for v ir tu a lly  th e  en tire  90,000 p o p u la tio n  of O lm sted C ou n ty , M inneso ta . 
O th e r sources for ep idem iology stud ies include  b ir th  defects m onitoring  p ro g ram s su ch  as 
th o se  m a in ta in ed  b y  th e  C enter for Disease C ontro l o f th e  U n ited  S ta tes P u b lic  H e a lth  Service 
in  A tla n ta ,  G eorgia an d  by  th e  New Y ork  S ta te  D e p a r tm e n t of H ealth  in u p s ta te  N ew  Y o rk . 
In fo rm a tio n  w ith  reg ard  to  th e  m o th e r’s ex p o su re  to  d ru g s during  pregnancy  m ay  be o b ta in e d  
re tro sp ec tiv e ly  th ro u g h  th e  a tte n d in g  physic ian .

T he im p o rta n ce  of epidem iologic in v e s tig a tio n s  in p roviding in fo rm a tio n  on w hich  
re g u la to ry  decisions w ith  reg ard  to  th e  sa fe ty  o f d ru g s  in  p regnancy  can be b ased , is i llu s tra te d  
b y  re ce n t ac tio n s w ith  reg ard  to p ro d u c ts  c o n ta in in g  estrogens or p ro g e sta tio n a l a g en ts  or 
m ix tu re s  of th e  tw o.

M any  such  p re p a ra tio n s  were in tro d u c ed  in  th e  U SA  prior to 1962, w hen  th e  re q u ire ­
m en t fo r efficacy  w as f irs t in tro d u ced , and  w ere th e re fo re  approved  for m a rk e tin g  on  th e  b asis
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of safety  on ly . U nder the  1962 New Drug A m e n d m e n ts , th e  Food and D rug A d m in is tra tio n  
was c o m m itted  to  review  th ese  drugs to  d e te rm in e  w h e th e r ad eq u a te  evidence o f e fficacy  
ex isted  to  su p p o rt labeling  claim s. In  reassessing  these  d ru g s, to  reach a decision  w h e th e r 
th e  e x p ec ted  b enefits  o u tw eighed  the possible r isk s , sa fe ty  d a ta , including in fo rm a tio n  of 
possible te ra to g e n ic ity , were also reviewed.

In  d e te rm in in g  w h a t s tep s to take a f te r  an  u n e x p ec ted  adverse effect o f a d ru g  is 
re p o rte d , th e  F ood  and D ru g  A d m in is tra tio n  m u s t  reasses th e  benefit to risk  ra tio  o f  th a t  
d ru g  fo r a p a r tic u la r  use in th e  light of the new  in fo rm a tio n . I f  the  risk clearly o u tw e ig h s  a n y  
b e n e fit, th e  d ru g  m ay be rem o v ed  from th e  m a rk e t. M ore u su a l is to  require ch an g es in  th e  
labe ling  o f  th e  d ru g  to  p o in t ou t th e  new ev idence  of to x ic ity  often  w ith  le tte rs  to  a ll p h y s i­
cians a c q u a in tin g  them  w ith  th is  in fo rm ation . A d d itio n a lly , con tra ind ications to  th e  use  of 
th e  d rug  m ay  be in tro d u ced  depending  on th e  n a tu re  o f th e  effect.

P re g n a n t w om en m ay  be exposed to  d ru g s  c o n ta in in g  sex horm ones in  a n u m b er 
o f w ays. C u rre n tly , th e  g re a te s t  exposure com es fro m  th e  use of oral c o n tracep tiv e  ag en ts . 
M ost such ag en ts  con tain  b o th  an  estrogen a n d  a p ro g estin  b u t some consist o f r - io g e s t in  
on ly . E stro g en  - p rogestin  com b in a tio n s or p ro g e stin s  alone hav e  been used in  i) » v! cn'^osis 
o f  p reg n an cy  an d  b o th  p ro g estin s  and sy n th e tic  estro g en s h av e  been used in th e  ... ■*< ’ in i r. 
of th re a te n e d  or h ab itu a l a b o rtio n , dosages fo r th ese  in d ic a tio n s  being usually  coi s id e rab iy  
h ig h er th a n  those  used for co n tracep tio n . R e ce n tly , d ie th y ls tilb e s tro l in  high doses h . 's  been  
ad v o ca ted  as a “ m orning a f te r”  pill. Because of th e  w ide v a r ie ty  of estrogenic a n d  p ro  gesta­
tio n a l ag en ts  m ark e ted  and th e  range  of dosages u sed , an d  because estrogens an d  prog^p tm s 
are o ften  p rescrib ed  sim u ltan eo u sly , m ost ep idem io logy  s tu d ies  do no t provide su ff ic n . 'y  
specific d a ta  w ith  regard  to th e  safety  of a n y  g iven  co m pound .

Two p ro sp ectiv e  s tud ies , th e  U niversity  o f  Chicago d ie th y lstilb estro l s tu d y  c o n d u c ted  
betw een  1951 an d  1952 an d  th e  C ollaborative P e r in a ta l  S tu d y  of the  N ational In s t i tu te s  
o f N eurological an d  C om m unicative  D isorders a n d  S tro k e  con d u cted  betw een 1959 a n d  1965 
have  recen tly  p rov ided  im p o rta n t da ta  w ith re g a rd  to  th e  tera to g en ic ity  of sex  h o rm o n e  
p rep ara tio n s . T he form er was a random ized  tr ia l  u n d e r ta k e n  by  D ieckm ann and his co w orkers 
(1953) a t  th e  Chicago L y in g -In  H ospital. I t  in v o lv ed  840 p reg n an t women w ho rece iv ed  
g rad u a ted  a m o u n ts  of d ie th y lstilb e stro l during  p re g n an c y , s ta r tin g  betw een th e  s ix th  to  th e  
tw e n tie th  w eek an d  820 who received  placebo ta b le s t .

D ie th y ls tilb e s tro l, a n o n -ste ro id a l com pound  w ith  estrogen ic  a c tiv ity  was w id e ly  used  
du rin g  th e  1940’s an d  early  1950’s for th rea te n e d  a n d  h a b itu a l abortion  and for o th e r  co m ­
plications o f  p reg n an cy  follow ing favorable re p o rts  by  th e  S m ith s (Sm ith . 1948; S m ith  and  
Sm ith . 1948). T he D ieckm ann s tu d y  failed to  show an y  a d v a n ta g e s  of d ie th y ls tilb e s tro l o v er 
th e  p lacebo w ith  regard  to th e  ou tcom e of p reg n an cy  an d  th u s  m ay  have p rom pted  th e  re d u c ­
tio n , th o u g h  n o t to ta l  e lim in a tio n , of the use o f th is  and  o th e r  sy n th e tic  estrogenic p re p a ra ­
tions for co m p lica tio n s of p regnancy .

The fin d in g , f irs t rep o rted  in a case-control s tu d y  by  H erb st e t al. (1971) t h a t  fem ale  
offspring  of m o th e rs  receiv ing  d ie thy lstilb estro l d u rin g  p reg n an cy  m ay develop an  u n u su a l 
ty p e  of cancer o f th e  genital t r a c t  (clear-cell ad en o carc in o m a) as well as benign vag ina l ad en o sis  
a f te r  th e  age of p u b e rty  p ro m p te d  a review o f th e  D ieck m an n  stu d y  and a tra c in g  o f th e  
v arious m o th e r-ch ild  sub jects. No cases of cerv ica l o r v ag in a l cancers have been fo u n d  in  
th e  346 live b o rn  fem ale offspring exposed in u tero  to  d ie th y ls tilb e s tro l th a t  have been e x am in ed  
to da te . The rev iew  has how ever p rov ided  im p o r ta n t  ep idem io log ical in form ation  w ith  re g a rd  
to te ra to lo g ica l e ffects of d ie th y lstilb estro l in b o th  fem ale  a n d  male offspring of m o th e rs  
receiving th e  d ru g  in  early p reg n an cy . F indings in  m ale  o ffsp rin g  include ep id id y m al c y s ts , 
hy p o p las tic  te s te s  an d  reduced sperm  counts (B ib b o  e t a l., 1977).

The re p o rt  o f  vaginal can cer in offspring o f m o th e rs  receiv ing  d ie th y lstilb estro l also 
p rom pted  a fo llow -up of 1719 persons born in h o sp ita ls  a ffilia ted  w ith the Mayo Clinic fro m
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1943 th ro u g h  1959 who w ere exposed  to estrogens (p re d o m in a n tly  d ie th y lstilb e stro l) in  utero . 
T h e re  w as no evidence of v a g in a l or cervical a d en o carc in o m as in  the  803 live b o rn  fem ales.

Follow ing th e  1971 re p o r t  b y  H erbst an d  his a sso c ia tes  and  in th e  absence o f ev idence  
o f  effec tiveness for sp o n ta n eo u s  and  h a b itu a l a b o r tio n , F D A  concluded th a t  D E S  sh o u ld  
be  co n tra in d ic a te d  d u rin g  p reg n an cy .

F ro m  the  U n iv e rs ity  o f  Chicago and M ayo C linic s tu d ies  and some a d d itio n a l s tu d ie s  
o f  a  s im ilar n a tu re , a ta s k  fo rce  appoin ted  by  th e  S e c re ta ry  of the  D e p a rtm en t o f  H e a lth , 
E d u c a tio n  and W elfare to  re v ie w  all aspects o f d ie th y ls tilb e s tro l use du ring  p re g n an c y  h as  
te n ta t iv e ly  concluded t h a t  th e  r isk  o f cancer to  fem ales exp o sed  to the  d rug  in utero  is a t  le a s t 
less th a n  1 in 1000. T he inc id en ce  of vaginal adenosis re p o rte d  varied from  3 0 %  to  80%  or 
m o re  depending  on th e  p o p u la tio n  exam ined. D e ta iled  b re ak d o w n  of th e  Chicago series w ith  
re g a rd  to  th e  m on ths in  w h ich  th e  d ie th y ls tilb e s tro l w as s ta rte d  suggests t h a t  th e  ea rlie r 
th e  d ru g  is given d u rin g  p re g n an c y , the  h igher th e  lik e lih o o d  of th e  d au g h te r  dev elo p in g  th is  
c o n d itio n  a t  or ab o u t th e  t im e  o f p u b erty .

T he second p ro sp ec tiv e  s tu d y , th e  C ollabora tive  P e r in a ta l  P ro ject was d esigned  to  s tu d y  
fa c to rs  in  p regnancy  re la te d  to  cerebral palsy a n d  o th e r  fo rm s of CNS dam age. I t  in v o lv ed  
50,282 m other-ch ild  p a irs  re c ru ite d  in 12 cen ters . O n  e n try ,  the  m others w ere q u estio n ed  
o n  p re se n t drug  use as well as d ru g  use ex ten d in g  b a c k  beyond  th e  las t m issed  m e n s tru a l 
p e r io d . A t subsequen t v is its , d ru g  in take  in fo rm a tio n  w as also ob tained . A co m p le te  an a ly sis  
o f  d ru g  in tak e  du ring  th e  f ir s t  fo u r m onths o f p re g n a n c y  a n d  p regnancy  ou tcom e has re c e n tly  
b een  published  (H einonen  e t  a l., 1977a) th o u g h  p re lim in a ry  rep o rts on certa in  classes o f  d ru g s  
h a v e  app eared  from  tim e  to  t im e . M any drugs w ere  n o t  prescribed  often  en o u g h  to  p e rm it 
s ta tis t ic a l ly  sign ifican t conclusions to be d raw n  w ith  re g a rd  to  th e ir  sa fety  or h a za rd . A d d i­
tio n a lly , th e  s tu d y  is n ecessa rily  confined to  d ru g s in tro d u c e d  prior to  1965.

T he P e rin a ta l S tu d y  in c lu d ed  1042 ch ild ren  ex p o sed  to  sex horm ones d u rin g  th e  f ir s t  
fo u r  m o n th s  o f p reg n an cy . T h e  d is trib u tio n  a m o n g s t th e  1042 m other-ch ild  p a irs  w ere as 
fo llow s: 438 m others rece iv ed  exclusively p ro g e s ta tio n a l agents, 176 received exclu siv e ly  
e s tro g en s  while 438 rece iv ed  b o th  p ro g esta tio n a l a n d  estrogenic  agents. O f th ese  438, 278 
rece iv ed  oral co n tracep tiv e s.

Am ong th e  1042 c h ild ren , th e re  were 19 (18.2 p e r  th o u sa n d )  w ith ca rd io v ascu la r d e fec ts . 
T h is  ra te  com pares to  one o f o n ly  7.8 per th o u sa n d  a m o n g s t the  rest of th e  m o th e rs  w hose 
e x p o su re  to  sex h o rm ones w as e ith e r n o n-ex isten t o r u n k n o w n . E strogens an d  p ro g estin s  w hen  
u se d  in  com bination  h a d  a s ta tis tica lly  s ig n ifican t assoc ia tion  w ith c a rd io v ascu la r  b ir th  
d e fec ts . Such an a sso c ia tio n  w as no t sign ifican t w hen  each  of these agen ts w as co n sid ered  
s t r ic t ly  b y  itself p ro b a b ly  b ecau se  of an insu ffic ien t n u m b e r  of sub jects in  each  class. H o w ev er, 
i f  th e  analysis is m ade fo r each  agen t (alone or in  c o m b in a tio n  w ith th e  o th e r)  th e  re su lts  fo r 
e ac h  o f th e  two ag en ts  is s ta tis t ic a lly  sign ifican t (H e in o n en  e t al., 1977b).

The above f in d in g s  a re  su p p o rted  by  o th e r  epidem iological stud ies. T h u s  N o ra  a n d  
N o ra  (1973) in a re tro sp e c tiv e  s tu d y  found 20 o f 224 p a tie n ts  w ith congen ita l h e a r t  disease  
co m p ared  w ith 4 o f 262 c o n tro ls  had  been exp o sed  in  utero to  estrogens a n d /o r p ro g estin s . 
L ev y  e t al. (1973) re p o rte d  t h a t  7 of 76 m o th e rs  g iv in g  b ir th  to babies w ith  tra n s p o s itio n  
o f  th e  g rea t vessels, h a d  rece iv ed  sex stero ids d u rin g  p reg n an cy : 6 m others h a d  rece iv ed  th e  
h o rm o n es for th re a te n e d  a b o rtio n  and one as a p re g n a n c y  te s t. None of th e  76 m o th e rs  o f 
n o rm a l babies had  rece iv ed  sex  horm ones d u rin g  e a r ly  p regnancy. Ja n e ric h  e t  al. (1973) 
in  a case control s tu d y  in v o lv in g  104 in fan ts w ith  co n g en ita l h eart disease id en tif ie d  b y  b i r th  
c e rtif ic a te , found th a t  18 o f  th e  in fan ts  had  been  ex p o se d  to  sex steroids. T en  o f th e  m o th e rs  
h a d  horm one p reg n an cy  te s ts ;  six  had su p p o rtiv e  h o rm o n e  tre a tm e n t and  tw o h a d  in a d v e r te n t  
o ra l con tracep tiv e  use a f te r  p regnancy  h ad  co m m en ced . T here were 3 ex p o su res a m o n g s t 
th e  104 in fan ts  free o f an o m alies , two of th e  m o th e rs  h av in g  had p reg n an cy  te s ts  a n d  one 
su p p o rtiv e  tre a tm e n t. J a n e r ic h  (1974) in a s im ila rly  designed  stu d y  rep o rted  an  a sso c ia tio n
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betw een  lim b defects and  exposure  to exogenous sex  h o rm o n es . Gal e t al. (1967) re p o rte d  
th a t  19 of 100 m others g iv ing  b ir th  to in fan ts w ith  m eningom yelocele  or h y d ro cep h a lu s  had  
a h is to ry  of receiv ing  horm ones fo r the  diagnosis o f p re g n an c y  while only 4 o f 100 m a tc h e d  
co n tro l m o thers o f n o rm al b ab ie s  had  a sim ilar h is to ry . H ow ever, th is  rep o rt cou ld  n o t he 
su b s ta n tia te d  by e ith e r L au ren ce  e t al. (1971) or O ak ley  a n d  F ly n t (1973).

In  a d d itio n  to  s tu d ies  in v o lv in g  exposure o f th e  fe tu s  th ro u g h  th e  m other in a d v e r te n tly  
co n tin u in g  oral co n tra ce p tiv e  use  in early  p reg nancy , th e  q u estio n  as to  w hether such  ag en ts , 
even if  d iscon tinued  p rio r to  p reg n an cy  m ay n ev erth e le ss  a ffec t th e  offspring has also been 
addressed . C arr (1970) has re p o rte d  evidence th a t  t r ip lo id y  a n d  possibly o th er ty p es  o f p o ly ­
p lo id y  are  increased  in w om en w ho becom e p re g n an t sh o r tly  a f te r  d iscontinu ing  o ra l c o n tra ­
cep tives. Such chrom osom al defec ts , how ever, a p p ea r to  be  in com patib le  w ith life.

On th e  basis o f such  epidem iological stud ies, th e  F ood  and  D rug A d m in is tra tio n  has 
concluded  th e  risk  o f te ra to g e n ic ity  following in a d v e r te n t  use o f oral con tracep tiv es in  e a rly  
p reg n an cy  is negligible in com parison  w ith th e  large  scale b en efits  o f effective co n tra ce p tio n . 
T he ph y sic ian  labeling  p rov ided  w ith  these p ro d u c ts  m u s t l is t  know n or suspected  p re g n an c y  
as a co n tra in d ica tio n . T here  m u st be a w arning of an  in c reased  risk  of h e a rt defects a n d  lim b  
d efec ts if  sex horm ones a re  ta k e n  during  early  p re g n an c y , an d  th e  possibility  o f in creased  
chrom osom al defects, u su a lly  end in g  in spon taneous a b o r tio n , if  conception occurs soon a f te r  
ceasing  th e  use o f oral co n tracep tiv e s. Also, to be em p h asized  is th e  need to rule o u t p re g n a n c y  
if  a period  has been m issed an d  the p a tie n t has n o t  been  adhering  to th e  p re sc rib ed  
schedule .

On th e  o th e r  h a n d , i t  was concluded th a t  sex h o rm o n e  p regnancy  tes ts  re p re se n ted  
needless exposure  to  risk  since m ore effective  chem ical m e th o d s  are now available. P ro d u c ts  
in tro d u c e d  specifically  for th is  purpose  are no longer a llow ed  on th e  m arket an d  p h y sic ian  
lab e lin g  for progestins m u st include as a c o n tra in d ic a tio n  th e ir  use as a d iagnostic  te s t  fo r 
p reg n an cy .

A d d itio n a lly , p ro g esta tio n a l agen ts m ay no longer be recom m ended for th re a te n e d  
or h a b itu a l a b o rtio n  d u rin g  th e  f irs t  four m on ths o f p re g n a n c y . T his too, is based  n o t on ly  
on te ra to g e n ic ity  rep o rts  inc lu d in g  th e  earlier re p o rts  o f  m ascu lin iza tio n , b u t also b ecause  
th e re  is no a d eq u a te  ev idence th a t  such use is e ffective . E a r ly  ab o rtio n  is usually  considered  
to  be due to a defective  ov u m  and  progestins would on ly  serve  to  delay  the  expul syon o f th e  
p ro d u c ts  o f conception .

T he Food and  D rug A d m in is tra tio n  also re q u ire s  t h a t  all oral co n tracep tiv e  d ru g  
p ro d u c ts  an d  all estrogenic  an d  p ro g esta tio n al d ru g  p ro d u c ts  have  p a tie n t labe ling  to  be 
d is tr ib u te d  to th e  p a tie n t a t  th e  tim e  her p rescrip tio n  is filled . T he labeling for e stro g en s a n d  
oral co n tracep tiv e s m u st b ear a w arn ing  th a t  these d ru g s  a re  co n tra in d ica ted  in p re g n an c y  
an d  m ust in d ica te  th e  need for th e  p a tie n t to inform  h e r p h y sic ia n  should  she becom e p re g n a n t  
while ta k in g  th e  d rug . T he in creased  risk o f b ir th  de fec ts , in c lu d in g  h e art defects a n d  lim b  
defec ts th a t  have been assoc ia ted  w ith  the  use of sex h o rm o n es in  p regnancy  m ust be d escribed . 
Also to  be included  are th e  h aza rd s  associated  w ith th e  use  o f d ie thy lstilb estro l d u rin g  p re g ­
nan cy  w ith  the  ack n o w led g em en t th a t  while there  is p re se n tly  no d a ta  w ith reg ard  to  o th e r  
e stro g en s in  th is re spec t, it c an n o t be presum ed th a t  th e y  w ould  no t induce sim ilar changes. 
O ral c o n tracep tiv e  labe ling  m u st also m ake reference to  an  a p p a re n t  increased risk  of “ m is­
ca rriag es1’ in w om en who becom e p re g n an t soon a fte r  s to p p in g  oral co n tracep tives.

P a tie n t labeling  for p ro g esta tio n a l d rug  p ro d u c ts  m u s t w arn  of an increased  r isk  o f 
b ir th  defec ts in  ch ild ren  whose m o th e r have tak en  th e  d ru g  d u rin g  the  first four m o n th s  o f 
p reg n an cy ; m u st describe th e  n a tu re  of th e  risks; an d  m u s t  s ta te  th a t  th e  p a tie n t  sh o u ld  
in form  her ph y sic ian  as soon as possible if she discovers t h a t  she was p reg n an t w hen she to o k  
th e  d rug . T he labeling  m ust also s ta te  the  drugs are no lo n g er considered safe as a te s t  fo r 
p reg n an cy .
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T h e  need for effective  p o s t-m ark e tin g  su rv e illan ce  of drugs has been long  recognized  
b y  th e  F o o d  and  D rug  A d m in is tra tio n . A s tep  in  th is  d irec tio n  is p rov ided  b y  th e  so-called 
P h a se  IV  stu d ies , w hen th e  m a n u fa c tu re r  agrees to  c o n d u c t an agreed upon  n u m b e r  o f  well- 
c o n tro lle d  s tu d ies a fte r  th e  d ru g  h as been re leased  fo r m ark e tin g . H ow ever, to  d a te  P h a se  IV 
s tu d ie s  h a v e  been used to  a lim ite d  e x te n t, u su a lly  fo r seem ingly  unique d rugs t h a t  th e  agency  
feels sh o u ld  be availab le  to  th e  p u b lic  as ra p id ly  as possib le . A pproval there fo re , m a y  be based  
on  few er s tu d ies w ith  th e  p rov iso  th a t  ad d itio n a l s tu d ie s  will be supplied  d u rin g  th e  early  
p o s t-m a rk e tin g  period.

R eco g n itio n  of th e  u n sa tis fa c to ry  c u rre n t s ta tu s  o f d ru g  m onito ring  p ro m p te d  th e  FD A  
to  sign  an  in te rag en cy  ag reem en t w ith  th e  N a tio n a l B u re a u  of S tan d ard s in 1976. U n d e r  th is 
a g re e m e n t a to ta l  o f $ 1.1 m illion  can  be re im b u rsed  to  F D A  for the  co nduct o f  a n  e x p e rim e n t 
in  p o s t-m a rk e tin g  surveillance. P h ase  I o f th e  e x p e rim e n t is being conducted  u n d e r  a c o n tra c t 
w i th  IM S A m erica, a firm  in  A m b ler, P e n n sy lv a n ia , w h ich  will resu lt in th e  desig n  of several 
m e th o d s  o f collection and  processing  of severe a n d  low  incidence adverse e ffects a n d  u n a n ti­
c ip a te d  beneficia l effects. In  P h a se  I I  o f th e  e x p e rim e n t one or m ore of th ese  m e th o d s  will 
be  p i lo t- te s te d  and ev a lu a te d  fo r fu tu re  use. R e p re se n ta tiv e s  from  th e  Jo in t  C om m ission  for 
P re sc r ip tio n  D rug  Use, a p r iv a te , n o n -p ro fit g ro u p  fu n d e d  prim arily  by  th e  P h a rm a c e u tic a l 
M a n u fa c tu re r ’s A ssociation  fo r th e  purpose  of s tu d y in g  various drug  u til iz a tio n  prob lem s 
h a v e  jo in e d  th e  FD A  an d  th e  N B S in  develop ing  a n d  d irec tin g  th is co n trac t.

In  conclusion, d esp ite  occasional g en etica lly  d e te rm in e d  differences in  d ru g  m etab o lism  
a n d  o ccasional n a tio n a l d ifferences in  p a tte rn s  o f  d ru g  usage, drug  to x ic ity  is a u n iv ersa l 
p ro b le m  th a t  m erits  th e  h ig h est degree of in te rn a tio n a l  cooperation . E xchange  o f in fo rm a tio n  
b e tw e e n  th e  various d ru g  re g u la to ry  agencies h a s  e x p an d e d  g reatly  since d ru g  re g u la tio n  
in  m a n y  coun tries was s tre n g th e n e d  a fte r  th e  th a lid o m id e  episode. The In te rn a tio n a l  C learing­
h o u se  fo r B ir th  D efects M onito ring  c u rre n tly  m a in ta in e d  b y  the  N a tional F o u n d a t io n  collates 
in fo rm a tio n  from  b ir th  d efec t m o n ito rin g  system s in  som e tw elve d ifferen t c o u n trie s  p e rm ittin g  
th e  ra p id  d issem ination  o f epidem io log ical in fo rm a tio n  th a t  m ay well lead  to  e a r ly  id e n tif ic a ­
t io n  o f  u n su sp ec ted  te ra to g e n s . F in a lly , th e  th re e  te ra to lo g y  societies, th e  E u ro p ea n  T era to lo g y  
S o c ie ty , th e  T era to logy  S o c ie ty , a n d  th e  C ongenita l A nom alies R esearch A sso c ia tio n  o f J a p a n  
e n co u ra g e  th ro u g h  m ee tin g s  a n d  pub lica tio n s th e  ex ch an g e  of in fo rm ation  b e tw ee n  sc ien tists  
b o th  re g ard in g  suspec ted  or p ro v e n  te ra to g e n s  a n d  re g ard in g  th e  possible m ode(s) o f action  
o f  su ch  agen ts.
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A N  E PIZ O O T IC  O F  A K A B A N E  D IS E A S E  IN  B O V IN E S , O V IN E S A N D  C A P R IN E S  
IN  IS R A E L , 1969 70: E P ID E M IO L O G IC A L  A SSESSM EN T

S. S h i m s i i o n y  D. V. M.

V ET E R IN A R Y  SERV ICES, BEIT-DAGAN

In tro d u c tio n

“ A kabane disease”  (In ab a  e t al., 1975) is an ep izootic  v irus disease causing  ab o rtio n , 
p re m a tu re  b ir th , s tillb ir th  and  congenital a rtb ro g ry p o s is -h y d ra n e n ce p h a ly  (A .H .) in c a ttle , 
sh eep  a n d  goats. R ecen t ep izootics have  been  described  in Israel, Ja p a n  and  A u s tra lia , an d  
th e  aetio lo g y  was estab lish ed  by serological su rv ey s (M iura a t  al., 1974; H a rtley  a n d  W an n e r, 
1975; K a lm ar e t al., 1975), by  v iru s iso la tions from  bovine  (K urogi e t al., 1976) a n d  ovine 
(D ella  P o r ta  e t al., 1977) fe tuses, and  by  e x p erim en ta lly  ind u cin g  AH in a calf, a k id  ( In a b a , 
1975) a n d  a lam b (P arso n so n  e t a l., 1975).

R etrospec tive  s im ilar epizootics occurred  period ica lly  in Ja p a n  since 1949 (In a b a  
e t a l., 1975) and in New S o u th  W ales, A u stra lia  a t  least since 1940 (H u n g erfo rd , 1970). In  
Is rae l on ly  one epizootic h a s  been experienced  so far.

Epidemiological investigation

A t th e  end of 1969 an d  th e  beg inn ing  of 1970 a m ass o u tb rea k  of A .H . o ccu rred  in  th e  
n o rth e rn  p a r ts  of Israel in v o lv in g  som e 3000 d a iry  calves, 677 lam bs and 563 kids. T he p a th o l­
ogy o f th e  syndrom e was described (N obel e t al., 1971) an d  d a ta  on th e  epidem io logy  a n d  
possib le aetio logy  were p u b lish ed  in th e  case o f sheep a n d  goats (Sh im shony , 1970) a n d  
c a tt le  (M arkusfeld  and M ayer, 1971).

T h e  m ain  conclusions of th e  epidem iological in v es tig a tio n s  in sheep a n d  g o a ts  w ere:
a )  T he epizootic w as caused by  an  in fec tive  a g en t, possibly insect-born , w hich  w as 

ac tiv e  in th e  no rthern  p a r t  o f  Israel, m ain ly  in  low er a lt i tu d e s , du ring  the m o n th s O c to b er — 
D ecem b er 1969.

b) T he agent caused ab o rtio n s in sheep and  goats.
c)  T he agent caused m alfo rm ations , m ain ly  h y d ran en cep h a ly , in fe tuses b e tw een  

30 — 50 d ay s  of gestation . No m alfo rm atio n s were caused  in fe tuses during  th e  la s t  100 d a y s  
o f p re g n an c y .

d )  P eak  m onths o f th e  syndrom e were F e b ru a ry , M arch. In bad ly  a ffec ted  flocks 
50%  o f all lam bs and kids w ere ab norm al d u rin g  these  m o n th s .

e)  No clinical sy m p to m s were seen in  p re g n an t an im als .
f )  M ales, tw ins and g o a ts  were m ore affec ted  th a n  fem ales, singles and  sheep.
g )  T he vector could be sim ilar to  the  one tra n s m ittin g  b luetongue.
T he m ain  conclusions concerning c a ttle  were:
a )  T he epizootic w as caused  by  an  in fec tive  a g en t, a n d  m igh t have been tr a n s m it te d  

by a v e c to r  w hich was a c tiv e  for a peak  period  of 2 — 3 m o n th s .
b)  T he agen t was new  in th is p a r t  o f th e  world.
c)  D am age to  the sp in a l cord (a rth ro g ry p o sis) o ccu rred  du ring  4 th  —6th  m o n th s , o f 

p reg n an cy , an d  to the  b ra in  (h y d ran e n c ep h a ly ) d u rin g  th e  th ird  m o n th  of p reg nancy .
d )  T he vector was n o t  sim ilar to th e  one t ra n s m ittin g  b luetongue.
e) No clinical sy m p to m s were seen in p re g n an t cows.

f )  A m ong abnorm al calves m ales o u tn u m b e red  fem ales to  a sign ifican t degree.
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T he assum ption  t h a t  th e  patho log ical changes w ere due to  an  infective a g en t, ac tive  
d u r in g  th e  a u tu m n  m o n th s , rece ived  su p p o rt from  th e  fin d in g  of h igh levels of im m u n o g lo b u ­
lin s  in  th e  p re-co lostral se ra  o f affected  calves (T ra in in  a n d  M eirom, 1973). A re tro sp ec tiv e  
e x a m in a tio n  of p re -co lo stra l se ra  o f affected fe tusis fro m  th e  described epizootic w as p e rfo rm ed  
4 y e a rs  la te r , revealing  a n tib o d ie s  to  A kabane v irus. Sera w ere collected in  1975 fro m  239 cows 
on  8 fa rm s w hich h ad  b een  a ffec ted  in 1969 — 70, a n d  fro m  119 cows on 4 fa rm s w hich  had  
n o t  b een  affected (K a lm a r e t  a l., 1975). All th e  y o u n g e r an im als , born a fte r th e  ep izootic , 
w ere n eg ative  to A k ab an e  v iru s , in  c o n tra s t to th e  h igh  p ercen tage  of positive  sera  am ong 
th e  o ld er cows. The p e rce n ta g e  was sign ifican tly  h ig h er am ong  cows from  a ffec ted  fa rm s 
th a n  cows from  n o n -a ffec ted  fa rp is  (60 .7%  v. 2 3 .3% ). S im ilar resu lts  were o b ta in e d  w ith  
sh eep  a n d  goats.

F ig . 1. L am b : a rth ro g ry p o sis , p e ro m e lia , to rtico llis , kyphosis

F ig . 2. Sam e lam b  as F ig. 1: h y d ra n en c ep h a ly . N ote a sy m m etry  
of sk e la to n , in c lud ing  c ran iu m
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F ig . 3. K id : m ic rencephaly , h y d ro cep h a lu s

F ig. 4. K id : am elia , righ t h ind  lim b

These resu lts  su p p o rted  earlier f in d in g s  o f Jap an ese  and  A u s tra lian  w orkers an d  s tro n g ly  
ind ica ted  th a t  the  ep izootic  of A .H. in bo v in es , ovines and  cap rines in Israel in 1969—70 had 
been caused by A k ab an e  virus.

Discussion

A k ab an e  v irus is a virus o f th e  S im b u  group th a t  was f irs t  iso la ted  in Ja p a n  from  
Aedes vexans and  la te r  from  Culex tritaen iorhynchus  m osquitos (O ya e t a l., 1961: O ya, 1975). 
The v irus was iso la ted  in Q ueensland in  A ustra lia  from  Culicoides brevitarsis (D o h e rty  
e t a l., 1972) and  in K en y a  from a pool o f Anopheles fu n es tu s  m osq u ito es (M etselaar and
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R o b in , 1976). A ntibodies a g a in s t th e  v iru s have  been  fo u n d  in pigs, horses a n d  a few  m onkeys 
(O y a , 1971, 1972), in  c a tt le , ho rses  a n d  sheep (D o h e rty  e t al., 1972, 1973) and  in goats 
( K a lm a r  and  Peleg, 1975). V e ry  few  h u m an  sera were positive  w hen te s te d  for an tibodies 
(O y a , c ited  by  M etselaer, 1976; D o h e rty  e t  a l., 1972). T he aetio log ical ro le o f A kabane 
v iru s  in  o u tb reaks of A .H . h a s  b een  estab lish ed  in  th ree  cou n tries  concern ing  bovines, ovines 
a n d  cap rin es , and i t  seem s n ecessa ry  to  in v es tig a te  th e  s itu a tio n  in  o th e r  species.

T he geographical d is tr ib u tio n  of th e  b itin g  m idge Culicoides brevitarsis, w hich  is regarded  
as a  m a jo r  vector of A k ab an e  in  A u s tra lia , has been  c o rre la te d  w ith  th e  a rea  o f endem icity  
o f  th e  v iru s as e stab lished  b y  serological survey  (D e lla -P o rta  e t  a h , 1976). T hey  suggest 
t h a t  A k ab an e  disease occurs as an  ep izootic  disease a long  th e  m arg in  o f th e  d is trib u tio n  
o f  th e  v ec to r, and is caused  b y  m o v em en t o f th e  v iru s fro m  an endem ic s itu a tio n  in to  p o pu la­
tio n s  o f  susceptible an im als , d u e  to  u n u su a l en v iro n m en ta l conditions. P o ssib ly  m ost dom estic  
ru m in a n ts  in endem ic a rea s becom e in fec ted  early  in  life, an d  th ere fo re  no clinical ou tb reak s 
o c cu r in  these areas.

In  th is c o n tex t i t  is in te re s tin g  to  observe th a t  all th ree  a reas o f th e  re ce n t epizootics 
a re  s i tu a te d  on la ti tu d e  32°, a n d  t h a t  A k ab an e  v iru s presence or a c t iv ity  h av e  been dem on­
s t r a te d  in  areas closer to  th e  e q u a to r ia l ,  nam ely  N o rth  A u s tra lia  an d  R h o d esia , w hich therefore 
c o u ld  be considered as e n d em ic  areas. D a ta  concern ing  p revalence  of th e  v iru s in various 
sp ec ies , possible vec to rs  an d  th e ir  geographica l d is tr ib u tio n , p revalence  of po sitiv e  reactors 
a n d  th e  su scep tib ility  o f a d d itio n a l species should  be collected to  enab le  b e tte r  assessm ent 
o f  th is  syndrom e.
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E M B R Y O T O X IC  E F F E C T  O F C IT R A L  IN  C H IC K  AND RAT E M B R Y O S 
AS R E L A T E D  TO T H E IR  D E T O X IF IC A T IV E  CAPACITY

A .  A b r a m o v i c i  a n d  J .  F e d e r

L A B O R A T O R Y  O F  D E V E L O P M E N T A L  P A T H O L O G Y ,  T E L - A V I V  U N I V E R S I T Y ,
S A C K L E R  S C H O O L  O F  M E D I C I N E ,  I S R A E L

C itral (3 ,7 -d iinethy l-2 ,6 -octod ienal) ad m in is te red  in traam n io tica lly  (150 ^ g /e m b ry o ) 
to  ch ick  em bryos on  th e  3rd day  of in cu b a tio n  in d u ced  m alfo rm ations a t a ra te  o f 5 5 .8 %  an d  
h a d  a  le th a l effect u p o n  24.6%  of the  em b ry o s . T h is com pound  when in jec ted  in tra p e r i to n e -  
a lly  to  p reg n an t ra ts  (360 m g/kg b. w) on 10 th  — 12 th  d ay s was devoid of an y  e m b ry o to x ic  
e ffect.

In  a previous s tu d y  we found  th a t  a lcohol dehy d ro g en ase  (A D H ), know n to  be in v o lv ed  
in th e  m etabolism  of v a rio u s alcohols and a ld eh y d es such  as stero ids, re tino l an d  o th e r  a ro m a t­

ic co m pounds, could also reduce c itral in v itro . D u rin g  th e  early  stages of o rganogenesis th e re  
w as no A D H  a c tiv ity  found . T his appeared  in  th e  livers o f chick  and ra t  em bryos a t  th e  12th 
a n d  16 th  days of dev elo p m en t respec tive ly  a n d  increased  progressively, a t  te rm  re ac h in g  
20 — 2 5 %  of the  enzym e a c tiv ity  in the a d u lt  liver. In tersp ec ies enzym e a ffin ity  to  c itra l  was 
also n o ted .

I t  seems th a t th e  resistance of the  r a t  em b ry o s to c itra l is dependen t on th e  m a te rn a l 
c a p a c ity  to reduce c itra l to a harm less co m pound . T he end p ro d u c t o f AD H  a c tiv ity , g e ran io l, 
w as dev o id  of any em b ry o to x ic  effect in the  s tu d ie d  species. R a t em bryos (10 —12 d a y s)  could 
also be rendered  suscep tib le  even a t low doses o f c itra l (15 /^g/em hryo) w hen th e  m a te rn a l 
p ro te c tiv e  de toxify ing  system  was bypassed  by  an  in tra a m n io tic  in jection . L e th a l i ty  was 
78 .8 %  in  the trea te d  em bryos as opposed to 5 .8 %  in th o se  sham  injected.

T H E  R E G E N E R A T IN G  LIM B O F T H E  C R E S T E D  N E W T  AS AN E X P E R IM E N T A L  
M O D E L  F O R  A S SE SS IN G  T H E  T E R A T O G E N IC  E F F E C T S  O F T H E  F U N G IC ID E  

M A N G A N E SE  E T H Y L E N E B IS D IT H IO C A R B A M A T E

E . A r i a s ,  V. G. L e o n e  a n d  T . Z a v a n e l l a  

I S T I T U T O  D I  Z O O L O G I A ,  U N I V E R S I T A  D I  M I L A N O ,  I T A L Y

E ffec ts of m anganese  d ith io carh am ate  (m an eb ) on th e  regenerating  l im b  of th e  a d u lt 
new t, T rilu ru s  cristatus, hav e  been stud ied . A to ta l  o f 72 an im als  were used. T hey  w ere d iv id e d  
in  tw o groups (a con tro l an d  an  experim en ta l g ro u p ) o f 36 new ts, 18 m ales an d  18 fem ales 
each. E x p erim en ta l an im als were exposed p e rcu tan e o u sly  to  m an eb  80 (8 0 %  active  c o m p o n e n t)  
a t a co n cen tra tio n  level o f  5 ppm .

Ma neb tre a tm e n t resu lted  in delayed g ro w th , reduced  m elanogenesis a n d  m a lfo rm a ­
tio n s o f reg en eratin g  lim bs. M ost o ften  m alfo rm atio n s  in vo lved  d ista l phalanges, w h ich  w ere 
lio o k -sh ap ed  and  k inky . Incidence of skeletal ab n o rm a litie s  w as 100% . In  th e  fem ales th is  
incidence was s ta tis tica lly  sign ifican t (at 0 .1%  level) w hen c o m p a red  w ith the co n tro l new ts. 
C onversely , resu lts o b ta in e d  in th e  m ales w ere m ore d ifficu lt to in te rp rè te  due to  th e  h igh  
freq u en cy  o f m alfo rm ations in the controls. H o w ev e r, these  m alfo rm ations were q u ite  d iffe re n t 
from  th o se  of th e  trea te d  new ts.
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E F F E C T  O F C A R B O N  D IS U L P H ID E  ON O X Y G E N  C O N SU M PT IO N  O F M A T E R N A L  
AND F O E T A L  T IS S U E S  A F T E R  E X P O S U R E  D U R IN G  G E STA TIO N

L. B a l a b a e v a  an d  S. T a b a c o v a

I N S T I T U T E  O F  H Y G I E N E  A N D  O C C U P A T I O N A L  H E A L T H ,  S O F I A ,  B U L G A R I A

O xygen co n su m p tio n  o f tissue  hom ogenates is one  o f th e  m a in  indices of energy  m e ta b o ­
lism , com m only used as a  screen ing  te s t for e v a lu a tio n  o f th e  effect of chronic e x p e rim e n ta l 
ex p o su re  to  low CS2 levels. In  th is  in v estiga tion  W a rb u rg ’s m anom etric  m ethod  h as been  used  
fo r d e te rm in a tio n  o f o x y g e n  consum ption  of m a te rn a l a n d  fo e ta l tissues a fte r  ex p o su re  o f 
p re g n a n t albino ra ts  to  50 — 200 m g/m 3 CS2, 8 h o u rs  p e r d a y  th ro u g h o u t g e s ta tio n . O xygen  
con su m p tio n  has been  s tu d ie d  in  m others (liver, k id n ey , p lac en ta )  and progeny a t  b ir th  (liver) 
a n d  a f te r  reaching sex u a l m a tu r i ty , sep ara te ly  in  m ales  a n d  fem ales (liver, k id n ey , b ra in , 
p lacen ta ). Oxygen c o n su m p tio n  proved to be s ig n ific a n tly  in h ib ited  in m ate rn a l liv e r, k id n ey  
a n d  p lacen ta , th e  deg ree  o f in h ib itio n  rang ing  b e tw een  56 an d  63% . No in h ib itio n  has been  
n o ted  in foeta l liver. A t th e  age of 3 m onths h o w ev er, p re g n a n t  F x fem ales e x h ib ited  37%  in ­
h ib itio n  of oxygen co n su m p tio n  of p lacen ta , a lth o u g h  no fu r th e r  CS2 tre a tm e n t h as been  
app lied . A t th e  sam e age F j m ales did no t d iffer f ro m  co n tro l values. The d a ta  p o in t o u t 
th e  las tin g  effect o f c a rb o n  d isu lph ide on oxygen  c o n su m p tio n  of p rogeny an d  th e  h ig h er 
se n sitiv ity  of p re g n a n t F x fem ales in com parison to  F j  m ales.

D IA P L A C E N T A L  T R A N S F E R  A N D  E M B R Y O T O X IC  E F F E C T S  
O F  T H IA M P H E N IC O L  IN  R A T A N D  H U M A N  PR E G N A N C Y

R . B a s s ,  H. N a u ,  B .  U l b r i c h  a n d  I. S c h ü t t e

I N S T I T U T  F Ü R  T O X I K O L O G I E  U N D  E M B R Y O N A L - P H A R M A K O L O G I E  F R E I E  U N I V E R S I T Ä T  B E R L I N ,
W E S T - B E R L I N

The purpose  o f th e  in v estig a tio n s p resen ted  is to  s tu d y  th e  possible in te rferen ce  of th e  
ch em o th erap eu tic  a g e n t  th iam p h en ico l (T A P) w ith  n o rm a l early  hu m an  p reg nancy . In  o rd er 
to  ex ten d  conclusions d ra w n  from  em b ry o to x ic  e ffec ts  induced  in ex p erim en ta l an im als 
to  h u m an s th e  fo llow ing p a ram e te rs  were te s te d : 1. S u scep tib ility  of in  vitro p ro te in  sy n th esis  
o f m itochondria l f ra c t io n s  o b ta in ed  from  r a t  a n d  h u m a n  em bryos and p lacen ta s  to  T A P , 
2. dose-response re la tio n s h ip  betw een th e  e ffects o f  in h ib itio n  of m itochondria l p ro te in  sy n ­
th es is  a t  the  m ito c h o n d ria l level (energy g e n e ra tio n ) a n d  th e  effects on o verall em b ry o n ic  
developm en t (e m b ry o le th a lity )  a fte r ap p lica tio n  o f T A P  in  vivo to p reg n an t ra ts , 3. d iap la ce n ta l 
tra n s fe r  of T A P in  r a t  a n d  h u m an  p regnancy .

T A P  in  vitro  in h ib i ts  m itochondria l p ro te in  sy n th es is  (inhib ition  of 55S rib o so m al 
p e p tid y l tran sfera se  a c t iv ity )  a t  th e  sam e c o n c e n tra tio n s  th a t  are necessary  to  su p press 
m itochondria l p ro te in  sy n th e s is  in  vivo. This is fo llow ed  b y  im paired  m ito ch o n d ria l re sp ira tio n  
a n d  decreased A T P sy n th e s is  and  results in e m b ry o le th a lity  (ra ts). The c o n cen tra tio n s  o f T A P  
m easured  un d er th ese  con d itio n s in r a t  em bryos a re  e q u iv a len t to those o b ta in e d  in  h u m a n  
em bryos a fte r  a p p lic a tio n  o f th erap eu tic  a m o u n ts  o f th e  d rug  (4 — 6 y g/g em bryo  4 h  a f te r  
d ru g  app lication). A p ro lo n g ed  exposure to T A P  is, th e re fo re , expected  to  be h a rm fu l to  th e  
h u m an  em bryo.

Supported  b y  D F G  g ran ts  aw arded  to  Sfb 29.
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T H E  A N A L Y SIS  O F T H E  IN C R E A S E  O F  C O N G E N IT A L  LIM B  R E D U C T IO N  
M A LFO R M A TIO N S IN  H U N G A R Y , 1975— 1977

M .  B o d  a n d  A. C z e i z e l

L A B O R A T O R Y  O F  H U M A N  G E N E T I C S ,  N A T I O N A L  I N S T I T U T E  O F  H Y G I E N E ,  B U D A P E S T ,  H U N G A R Y

T he H u n g a rian  Congenital M a lfo rm a tio n  M onitor ind ica ted  a sig n ifican t, 4 8 .5 % , in ­
crease in  the cong en ita l lim b reduction  m a lfo rm atio n s  in 1975. The com ple teness o f th e  n o ti­
fica tio n  of all con g en ita l m alform ations in creased  only by  18.4% . T he no tified  cases were 
checked  by personal m edical ex am in atio n s: 92 .2 %  proved  to be lim b red u ctio n  m alfo rm atio n . 
F ive  ty p es  were se p a ra ted . The use o f o ra l c o n tracep tiv e s  im m edia te ly  before th e  con cep tio n s, 
u n w a n ted  p regnancies, th rea tened  a b o r tio n s , to x ic  effect o f chem icals, sa licy la te  t r e a tm e n t  
an d  fam ilial c lu s te r w ere significantly  m o re  freq u en t in th e  p regnancy  of w om en de livered  
b ab ies  w ith  lim b re d u c tio n  m alfo rm ations th a n  in m atch ed  contro ls. In  1976 a n d  1977 th e  
occurrence  of co n g en ita l lim b reduction  m alfo rm atio n s  rem ained  on th is  h igh level. T h e  aetio - 
logical s tu d y  is in progress.

H O R M O N A L  R E G U L A T IO N  O F  M O R PH O L O G IC A L  AND F U N C T IO N A L  
D IF F E R E N T IA T IO N  O F T H E  A D R E N A L  C O R T E X  IN  T H E  R A T

B .  B U K U L Y A ,  Zs. Á C S

I N S T I T U T E  O F  E X P E R I M E N T A L  M E D I C I N E ,  H U N G A R I A N  A C A D E M Y '  O F  S C I E N C E S ,  H U N G A R Y

H y p o p h y sec to m y  o f m others on th e  e ig h th  day  of p regnancy  prom otes a n d  tr e a tm e n t  
o f  th em  w ith  co rtico s tero n e  daily from  te n th  d ay  of p regnancy  re ta rd s  th e  d iffe re n tia tio n  
o f fine  s tru c tu re  o f th e  adrenocortical cells o f r a t  em bryos from  th e  f if te en th  d a y  o f fo e ta l 
life on . T he a d ren a lec to m y  of ra ts  on th e  s ix th  d ay  of p regnancy  had  in fluence on  th e  fine 
s tru c tu re  o f cortical cells in the adrenal a n d  A C T H -producing  cells in th e  p i tu i ta ry ,  a n d  th e  
p lasm a  corticosterone  level of their em b ry o s . I t  has been show n th a t  th e  fine s tru c tu re  o f 
en d o p lasm ic  re ticu lu m  w ere more d iffe re n tia te d  as soon as on th e  fif te en th  d ay  o f p reg n an cy  
th a n  in  th e  correspond ing  controls. T he lev e l o f p lasm a corticosterone  of a d ren a lec to m ized  
m o th e r on  e ig h teen th  d a y  of pregnancy w as low er th a n  th a t  o f th e ir  em bryos.

T he fine s tru c tu re  o f A C T H -producing cells in th e  p itu ita ry  appeared  to  be m ore d iffe r­
e n tia te d  in general a n d  th e y  occured m ore fre q u e n tly  and th e ir  im m unoh istochem ical s ta in -  
a b ility  seem ed to be m ore intensive.

I t  could be sup p o sed  the  h y p o p h y seo ad ren o co rtica l ax is o f ra t  em bryos has c a p a b ili ty  
for fu n c tio n in g  on th e  f if te en th  day of p re g n an c y .

T H E  E F F E C T  O F  P R E N A T A L L Y  A P P L IE D  S T E R O ID  H O R M O N E S 
ON T H E  PO STNATAL D F :V E L O P M E N T  O F  T H E  M O USE

I b r a h i m  C h a h o u d  a n d  W o l f g a n g  S t e i n s t r o e m

I N S T I T U T  F Ü R  T O X I K O L O G I E  U N D  E M B R Y O N A L - P H A R M A K O L O G I E  F R E I E  U N I V E R S I T Ä T  B E R L I N ,
W E S T - B E R L I N

On d ay s 14—18 o f gestation  the an im a ls  received a sub cu tan eo u s in jec tion  of 10 m g/kg  
cy p ro te ro n e  ace ta te . T h is ste ro id  horm one p re v e n ts  spon tan eo u s delivery , th erefo re , th e  fe tu ses 
have  to be o b ta ined  by C aesarean section a n d  a re  bred  by foste r m others. P o s tn a ta l  d e v e lo p ­
m en t is con tro lled  by th e  following c riteria :
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a)  num ber of fe tu se s  p e r  l it te r ,  b ir th  w eight a n d  w e ig h t developm en t of th e  new born  
a n im a ls ;

b)  general d ev e lo p m en t, i.e. opening of eyes a n d  ears;
c)  m orta lity  ra te ;
d )  m otility  m easu red  u s in g  an  A N IM E X  a p p a ra tu s ;
e) fe rtility  and  s te r il i ty  o f th e  offspring.
The num ber o f fe tu se s  p e r  l it te r  as well as th e  b ir th  w eigh t of th e  fe tuses tre a te d  in  

u te ro  were reduced as c o m p a re d  w ith  controls. T he w e ig h t re ta rd a tio n  co rrected  its e lf  du rin g  
p o s tn a ta l  developm ent. T h e  m o r ta l i ty  ra te  of th e  an im a ls  t r e a te d  in u tero  was a lm o st tw ice 
as h ig h  as th a t  of co n tro ls. M o tility  of the  tre a te d  a n im a ls  w as reduced  w hereas general d e ­
v e lo p m e n t was “ n o rm a l” .

Supported  by g ra n ts  o f  th e  D eutsche F o rsch u n g sg em ein sch aft aw ard ed  to  Sonder- 
fo rschungsbereich  29.

D O U B LE S T A IN IN G  T E C H N IQ U E  F O R  R A B B IT  F O E T U S  SK E L E T O N S

K. M. D ix

S H E L L  R E S E A R C H  L T D . ,  S H E L L  T O X I C O L O G Y  L A B O R A T O R Y  ( T U N S T A L L ) ,  
S I T T I N G B O U R N E  R E S E A R C H  C E N T R E ,  S I T T I N G B O U R N E ,  K E N T ,  M E 9  8 A G

The stain ing  of r a b b i t  foe tuses for tera to lo g ica l e x a m in a tio n  of th e  ske le ton  is described 
in  w hich  bo th  cartilag e  a n d  bone  are d iffe ren tia ted . T h is m eth o d  is a m o d ificatio n  of th e  
m e th o d  described b y  In o u y e  for the  m ouse fo e tu s  sk e le to n  (In o u y e , M.: Cong. A nom . 16: 
171 — 173; 1976). R a b b it  fo e tu ses , afte r ev isceration , re m o v a l o f eyes, adipose tissue an d  skin, 
a re  fix ed  in e th y l alcohol. T h e y  are th en  s ta ined  in  so lu tio n s o f alc ian  blue an d  a lizarin  red  S, 
in  e th y l alcohol an d  a c e tic  ac id  a t  37 °C for 24 h o u rs . T h is is  follow ed by w ash ing  w ith  w a ter 
a n d  m aceration  of th e  so f t  tissu es in  po tassium  h y d ro x id e . A fter fu r th e r  w ashing in  w a ter 
th e y  are cleared in  g ly ce rin e  a n d  alcohol an d  th e n  are  s to re d  in  glycerine. C artilage is s ta in ed  
b lue  and  bone is s ta in e d  re d , and  therefore an o m alies  o f b o th  th e  cartilag inous an d  bony  
sk e le to n  can be e x am in ed  in  these  specim ens.

STAGE E F F E C T  IN  C Y C L O P H O S P H A M ID E -IN D U C E D  C L E F T  PA L A T E  

M. D o s t á l  and  S. B l á h o v á

I N S T I T U T E  O F  E X P E R I M E N T A L  M E D I C I N E ,  C Z E C H O S L O V A K  A C A D E M Y  O F  S C I E N C E S ,  P R A G U E

I t  is generally  a g ree d  t h a t  secondary  p a la te  closure  is th e  re su lt of coord in a ted  g row th  
o f th e  pa la ta l shelves, m a x illa , p rem axilla, g lo sso m an d ib u la r com plex and  skull base. The aim  
o f  ou r study  was to  f in d  o u t  if  any changes in  g ro w th  ra te s  o f these  com ponents were p re sen t 
in  fetuses w ith c left p a la te .  T he length  of th e  seco n d ary  p a la te  an d  th e  size o f the  cleft were 
m easu red  on d ay  18 o f p re n a ta l  developm ent in  fe tu ses  w ith  cleft p a la te  induced  b y  ad m in is te r­
in g  single doses o f cy c lo p h o sp h am id e  to  p re g n an t IC R  m ice on days 11, 12 or 13 of p regnancy . 
Sgnificantly  sh o rte r  se c o n d a ry  p a la te  of fe tuses w ith  c lefts in duced  on day  11, and  d ifferen t 

size and shape of c le fts  in d u ced  on day 13 w ere o b served .
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S T R U C T U R E  R E L A T E D  T E R A T O G E N IC IT Y  IN  RATS

A. D r u g a ,  M. N y i t r a y  a n d  E . S z a s z o v s z k y  

I N S T I T U T E  F O R  D R U G  R E S E A R C H ,  B U D A P E S T ,  H U N G A R Y

P h en o th iaz in e  d e riv a tio n s con ta in ing  p ip eraz in e  side-chain  induce g en era lly  cleft 
p a la te  and  m icrom elia in ra ts . Sim ilar effect o f b en zh y d rilp ip e raz in es was pu b lish ed  by  K ing 
et al. an d  by  o th e r a u th o rs . T he effect of eq u im o lar doses o f six  p iperazine-ring  c o n ta in in g  
co m pounds were stu d ied  on th e  14th and  15th g e s ta tio n a l days in W istar/R iop  ra ts .  F o u r 
co m pounds (p e rphenazine, fluphenazine , chlorcyclizine a n d  x an th en -9 -ca rb o n y ld ip ip eraz in e  
d e riv a tiv e ) con ta ined  one p iperazine-alky l, while th e  o th e rs  (haloanisone and o x y p e rtin e )  one 
p ip erazin ep h en y l or -m eth o x y p h en y l side chain , re sp ec tiv e ly . T he resu lts suggest t h a t  p ip e r­
azine-alky l com pounds ind u ce  on ly  cleft p a la te  an d  m icrom elia  w ith  a very good d o se -d ep e n d ­
ency. T he o th e r  su b s ti tu e n ts  (-C1, CF3) m odify these  e ffects. The o th er two c o m p o u n d s did 
no t induce  c left p a la te  and  th e  nu m b er o f m icrom elia  w as m o d era te , too w ith  a s lig h t dose- 
re la ted  occurrence. T he a lte red  response to  th e  tw o d iffe re n t ty p es of com pounds m ay  be 
a ttr ib u ta b le  to  m etabolic  differences in th e  m others.

T E R A T O G E N IC  E F F E C T S  O F G E ST A G E N E  T R E A T M E N T  D U R IN G  E A R L Y
PR E G N A N C Y  IN  M IC E

H .-G . E i b s ,  H. S p i e l m a n n  a n d  M. H a e g e l e

I N S T I T U T  F Ü R  T O X I K O L O G I E  U N D  E M B R Y O N A L - P H A R M A K O L O G I E  F R E I E ,  U N I V E R S I T Ä T  \ I E S T - B E R L I N

T he in te n tio n  of o u r s tud ies is to  in v es tig a te  th e  te ra to g en ic  potency of sex  s te ro id  
horm one tre a tm e n t du rin g  early  p regnancy  especially  a f te r  m a te rn a l trea tm e n t d u rin g  th e  p re ­
im p la n ta tio n  period . P re g n a n t N M R I mice were t r e a te d  on  d ay  1 or 2 of p reg n an cy  w ith  
gestagens especially  C ypro terone ace ta te  5 —900 m g/kg.

T erato log ical in v estig a tio n s were perform ed (1) b y  in  v itro  cu ltu re  of m ouse b la s to c y s ts  
a fte r m a te rn a l t re a tm e n t (2) by  tera to log ical in v es tig a tio n s  a t  th e  end of p regnancy  (W ilso n ’s 
techn ique). 24 hours a f te r  CA tre a tm e n t of th e  m o th e r on  d a y  2 th e  num ber of e m b ry o s /m o th er 
and th e  cell n u m ber/em bryo  were n o t affected as co m p ared  w ith  contro l em bryos. H ow ev er, 
a t  th e  end  of th e  b las to cy st cu ltu re  period d iffe ren tia tio n  o f th e  in n er cell m ass in to  tw o  germ  
layers w as in h ib ited  irresp ec tiv e  of the  dose. The a d d itio n a l in vivo and in v itro  a p p lic a tio n  
of e stro g en  could n o t com pensa te  for th e  in h ib ito ry  e ffec t. A t th e  end of p regnancy  n e ith e r 
an increase  in th e  reso rp tio n  ra te  nor a reduced av erage  fe ta l w eigh t was observed. H o w ev er, 
tera to lo g ica l in v estig a tio n s o f th e  fetuses revealed  a s ig n ific a n t increase in various m a lfo rm a ­
tions: exen cep h a ly  (irrespec tive  o f the  dose), cleft p a la te  (dose dep en d en t), k idney  an d  b lad d e r  
m alfo rm atio n s (dose d ep en d en t), h e a r t m alfo rm ations (d o u b tfu l dose response).

B ecause of th e  lack  of clear dose response th e  p o ss ib ility  o f co-te ratogenic ity  w as te s te d .
S u p p o rted  by  D FG  g ra n ts  (Sfb 29).

H O W  DO H O R M O N A L  PR E G N A N C Y  TESTS C A U SE  F E T A L  M A L FO R M A T IO N S?

S. G a r d ó  and Z. P a p p

D E P A R T M E N T  O F  O B S T E T R I C S  A N D  G Y N E C O L O G Y ,  U N I V E R S I T Y  M E D I C A L  S C H O O L ,  D E B R E C E N ,
H U N G A R Y

O ur earlie r o b se rv atio n s (L an cet i, 753, 1971) suggest th a t  th e  use of horm onal p reg n an cy  
tests m ay  have  undesirab le  consequences including fe ta l m alfo rm atio n s , b u t th e  a ssu m p tio n  
of a causal re la tio n sh ip  requ ires som e ex p lanation . We b ase  o u r conclusion p rim arily  on  th e
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o b se rv a tio n , w ell-know n to  m o st o b ste tric ian s, th a t  h aem o rrh ag es  are com m on in  th e  chorio- 
d e c id u a  follow ing in jec tio n s o f  o estrogen-p rogesterone  p re p a ra tio n s  in  th e  e a rly  s tag es  of 
p re g n a n c y . T his can be ex p la in ed  b y  supposing  th a t  th e  ra is in g  and  rap id  low ering  o f h o rm o n e  
le v e ls  “ m im ics”  th e  n o n -p reg n a n t s ta te  and  th e re fo re  re su lts  in  increased in te r s t i t ia l  h y p e r-  
a em ia  fo llow ed by  w ith d raw al b leed ing . I f  th ere  is no a b o r tio n  and  th e  ovum  develops fu r th e r , 
th e  h a em o rrh ag e s  in  th e  ch oriodecidua  m ay lead  to  a h y p o x ic  d istu rb an ce  th a t  in te rfe re s  w ith  
th e  c u r re n t  phase  o f em bryogenesis . In  our op in ion  th e  m ain  te ra togen ic  fa c to r  is h y p o x ia  
r a th e r  th a n  th e  ab n o rm a l ho rm o n e  levels per se. In  o u r  d e p a rtm e n t be tw een  1965 a n d  1970 
fo u r  in fa n ts  w ith  co n gen ita l u p p e r  lim b  red u ctio n  d e fec ts  (dysm elia , phocom elia) w ere b o rn . 
In  th r e e  o f  th e  cases we know  t h a t  in jec tio n s o f L im o v an  (an  oestrogen-progesterone p re p a ra ­
t io n )  w ere  given to  th e  m o th e r  in  th e  f irs t  weeks o f p re g n a n c y  and  in each case th is  w as follow ed 
b y  b lee d in g  (J . P e d ia t. 88 , 524, 1976). A fter we h a d  w arn ed  doctors in  ou r lo ca lity  o f th e  
d a n g e rs  o f th is  p re p a ra tio n  (w hich  has been used  in  la rg e  doses to  te rm in a te  u n w a n te d  p re g ­
n a n c ie s )  no cases of u p p e r lim b  re d u c tio n  defects h av e  b een  fo und  here du ring  th e  la s t  8 y ears, 
w h ile  th e se  cases increased  in  o th e r  p a r ts  of H u n g a ry .

C A R D IO V A SC U L A R  M A L F O R M A T IO N S IN D U C E D  IN  T H E  R A T

E . G i a v i n i  an d  M. P r a t i

I N S T I T U T E  O F  Z O O L O G Y ,  U N I V E R S I T Y  O F  M I L A N ,  I T A L Y

G lycerol fo rm al, a d ru g s  so lv en t, used in  tox ico lo g ica l studies, was a d m in is te re d  to  
p r e g n a n t  Sprague D aw ley a n d  W is ta r  ra ts  d u rin g  th e  o rganogenetic  period  a t  0 .25 , 0.5 and  
1.0 m l/k g  dose level (i. m ., s. c. an d  per os).

T h is  t r e a tm e n t p ro d u ced  a dose-rela ted  e m b ry o to x ic  and  te ra to g en ic  e ffec t. In te r ­
v e n tr ic u la r  sep ta l defec ts (IV S D ) an d  anom alies o f th e  g re a t vessels (righ t a n d  d o u b le  ao rtic  
a rc , v a sc u la r  ring) w ere th e  m o st ch arac te ris tic  m a lfo rm atio n s  observed in  th e  o ffsp ring . T he 
h ig h e s t  te ra to g en ic  effect w as o b ta in e d  in S prague  D aw ley  ra ts  w ith  0.5 m l/kg  (IV S D  were 
fo u n d  in  a b o u t 50 p e r c en t o f fe tuses). T he specific  card io v ascu la r m a lfo rm atio n s  in d u ced  
b y  th e  so lv en t a re  in te rp re te d  as due to  an  a lte ra t io n  o f th e  hem odynam ic in  th e  em bryos.

SO M E  A SPE C TS O F  T E R A T O G E N E S IS  P R O D U C E D  BY SO DIUM  S A L IC Y L A T E
IN  F E R R E T  A N D  R A T

A. P. G u l a m h u s e i n  a n d  F . B e c k

D E P A R T M E N T  O F  A N A T O M Y ,  S C H O O L  O F  M E D I C I N E ,  U N I V E R S I T Y  O F  L E I C E S T E R ,  L E I C E S T E R ,  U . K .

A single in jec tio n  o f 400 m g/kg  sodium  sa lic y la te  on  day  13 and 18 of g e s ta tio n  in  the  
f e r r e t  p ro d u ced  a h igh  re so rp tio n  ra te ;  91%  on d a y  13 a n d  66%  on day  18. T h e  m a jo r ity  of 
th e  su rv iv in g  fe tuses of an im als  in jec ted  on d ay  18 h a d  lim b and  ta il defects. R a ts  in jec ted  
a t  co rresp o n d in g  stages (8 1/2 an d  11 1/2 d a y ) o f g e s ta tio n  produced a re la tiv e ly  low er ra te  
o f  re so rp tio n ; 23%  on d a y  8 1/2 an d  9%  on d a y  11 as w ell as ex te rn a l and  in te rn a l  m a lfo rm a­
tio n s .

In  o rder to  d e te rm in e  w h e th e r sodium  sa lic y la te  has a direct ac tion  on  th e  develop ing  
e m b ry o  or w h e th er m a te rn a lly  m ed ia ted  m e ta b o lic  fac to rs  are im p o r ta n t, e x p la n te d  ra t  
e m b ry o s  a t  day  9 1/2 o f g e s ta tio n  were grow n fo r 48 h o u rs  in  vitro using  th e  N ew  tech n iq u e . 
E x p la n te d  em bryos were g row n in  hom ologous se ru m  from  anim als t re a te d  w ith  a single 
450 m g/kg  dose of sa licy la te  o r serum  to  w hich sa lic y la te  was added. The presence  of v ite lline
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c ircu la tion , y o lk  sac d iam eter, so m ite  num ber, n o rm al fo ld ing  and  neural tu b e  c lo su re  were 
am ong th e  p a ram ete rs  used to  exam ine  the  e m b ry o s . In  all cases, trea te d  e m b ry o s  were 
affected m ore  th a n  th e  controls, a n d  the  anom alies in  em b ry o s grown in  serum  fro m  a  tre a te d  
anim al w ere com parab le  to those  p roduced  in  e m b ry o s  grow n in  serum  to w h ich  sa licy la te  
had been a d d ed .

G E N IT A L  TU M O U RS IN  T H E  FE M A L E  P R O G E N Y  O F MICE R E C E IV IN G  
O E S T R O G E N  D U R IN G  PR E G N A N C Y

J .  G ü t t n e r ,  S. K l a u s  a n d  H .  H e i n e c k e

A C A D E M Y  O F  S C I E N C E S  O F  T H E  G . D . R .  C E N T R A L  I N S T I T U T E  O F  M I C R O B I O L O G Y  A N D  E X P E R I M E N T A L
T H E R A P Y ,  J E N A

P re g n a n t  A B (Jen a  X D B A )2 Jen a  hyb rid  m ice w ere g iven  orally  the  p o ten t a n tife r ti liz e r  
1 7 ß -p h en y lam in o carb o n y lo x y o estra -l,3 ,5 (1 0 )-trien e-3 -m eth y l e th e r (1, 10 or 20 m g /k g /d ) on 
days 12 to 16. In  a d u lt female o ffsp ring  hypoplasia  o f o v a rie s  an d  u terus horns, h y p e rp la s ia  
of the cerv ix  u te r i ,  u te rin e  squam ous ep ith e l m etap lasia , a n d  v ag in a l acanthosis w ere o b se rv ed . 
A d m in is tra tio n  o f h igh  doses re su lted  in th e  in d u c tio n  o f som e tum ours (cervical sa rco m as, 
vaginal carc in o m as) w hich are n o t to  be found  in u n tr e a te d  con tro ls. In  co n tra st to  d ie th y l-  
stilbestro l (N o m u ra , T . and  T. K a n za k i, C ancer R es. 37  (1977), 1099) the oestro g en  te s te d  
seems to have  carcinogenic  action  on  ta rg e t organs.

R E F E R E N C E S

1. Heinecke, H ., K lau s , S., G ü ttn er, J . ,  O ette l, M. (1977): R eferences to  the o b se rv a tio n  of
the p o s tn a ta l  developm ent o f th e  F j-offspring  fro m  m ice tre a te d  w ith oestrogen  d u rin g  
p reg n an cy . V erb . A nat. Gesellsch. 71, 655—658.

2. H einecke, H ., G ü ttn e r ,  J . ,  K laus, S. (1978): P o s tn a ta l  o b se rv a tio n s  of the F L-offspring  fro m
mice t r e a te d  w ith  oestrogens d u rin g  several pe rio d s o f th e  pregnancy. In : Ju ls in g h a , 
E . B. v a n , T esh , J .  M., F a ra , G. M. (E ds.): A d v an ces in  the  D etection  of C o n g en ita l 
M alfo rm ations. Proc. 5th C onference of the  E u ro p e a n  T era to lo g y  Society.

FU N C T IO N A L  ACTIVITY O F  C R F-A C TH  A X IS  IN  FE T A L  L IFE

A. G y e v a i ,  B .  B u k u l y a ,  M. K a r t e s z i  an d  E . S t a r k  

I N S T I T U T E  O F  E X P E R I M E N T A L  M E D I C I N E  H U N G A R I A N  A C A D E M Y  O F  S C I E N C E S  B U D A P E S T ,  H U N G A R Y

ACTH sec re tio n  in cu ltu red  h y p o p h y ses  tak en  from  d iffe re n t periods of g esta tio n  a n d  
th e ir  responsiveness to  hypo thalam ic  e x tra c ts  p repared  fro m  a d u lt  anim als were m easu red  
by  rad io im m unoassay . It was estab lished  th a t  1. the  a m o u n t o f th e  ACTH secreted by  th e  
cu ltu res were ag e-d e p en d e n t, the y o u n g er th e  em bryos w ere th e  less ACTH was d e te c te d  
in  th e  media; 2. if  we com pared  the a m o u n t o f ACTII re leased  b y  th e  cu ltu res w ith th e  to ta l  
ACTH conten t m easu red  in the  in ta c t g lan d  we found  th e  o ld er th e  em bryos were th e  less 
ACTH was released  sp o n tan eo u sly : 3. h y p o p h y sea l cells o r ig in a tin g  from  different periods o f 
g esta tio n  d isp lay  d iffe re n t sensitiv ity  to  a d u lt  h y p o th a la m ic  e x tra c t  (H E ): hyp o p h y sea l 
cu ltu res  p repared  fro m  15 and/or 18 days old r a t  em bryos w ere un resp o n siv e  to IIE . In a cc o rd ­
ance with th is h y p o th a la m ic  ex trac ts  p re p are d  e ither from  15 or 18 days old em bryos d id  n o t 
increase  th e  ACTH sec re tio n  in the hy p o p h y sea l cu ltu res p re p a re d  from  adu lt rats.
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N E U R O B E H A V IO U R A L  E F F E C T S  O F  P R E N A T A L  E X P O S U R E  
TO P A R A T H IO N -M E T H Y L  O N  R A T S

E . H a n s e n  a n d  O .  M e y e r

I N S T I T U T E  O F  T O X I C O L O G Y ,  N A T I O N A L  F O O D  I N S T I T U T E ,  D K  2 8 6 0  S 0 B O R G ,  D E N M A R K

P re g n a n t  ra ts  were g iven  a d a ily  dose of 2 m g p a ra th io n -m e th y l per kg  b .w . th ro u g h  
th e  e n ti re  g e sta tio n  period . T he in fluence  of th is  t r e a tm e n t  on  th e  R eg en e ra tio n  u p  to  five  
w eeks o f  age was in v es tig a te d  a p p ly in g  crossfostering . M o rta lity , littersize, w e ig h tg a in  an d  
d e v e lo p m e n ta l m ilestones w ere reco rd ed . T est’s for a u d ito ry  a n d  visual fu n c tio n  a n d  lo co m o to r 
c o -o rd in a tio n  were perform ed.

A  sign ifican t decreased  w e ig h t gain was o b se rv ed  in  th e  dosed fem ales. A low er b ir th  
w e ig h t w as recorded  in  p u p s  fro m  dosed m others. N o  difference  in  d u ra tio n  o f p re g n an c y  
b e tw e e n  th e  tw o groups w as o b se rv ed . A lower w eigh t g a in  w as seen in th e  g roup  dosed  m o th e r/ 
do sed  y o u n g  in  th e  en tire  p e rio d , in  th e  group dosed m o th e r/co n tro l young in  th e  f i r s t  14 days 
a n d  in  th e  group  contro l m o th e r/d o sed  young in th e  la s t  7 days. Significant e ffec t o n  s ta tic  
r ig h tin g  re flex , eye opening  a n d  au d ito ry  fu n c tio n  w as reco rd ed  in  the  dosed y o u n g s  n u rse d  
b y  th e  dosed  m others. O th e r d ev elopm en tal p a ra m e te rs  in d ic a te d  a sligh tly  slow er d ev elo p ­
m e n t  in  th e  sam e group  on ly . R e la tiv e  b rain  w eigh t w as s ign ifican tly  increased  in  do sed  y oung  
n u rse d  b y  b o th  con tro l a n d  dosed  m others.

T h e  decrease in  w eigh t g a in  in  the  dosed m o th e rs  is  in  agreem ent w ith  p re v io u s  re p o rts  
o f  th e  e ffec ts  o f exposure  to  o rg an o p h o sp h ate  c o m p o u n d s . The lower b ir th  w e ig h t o f  pups 
fro m  d o sed  anim als m ig h t be a consequence of th e  to x ic  effec t on the  m o th e r, a d ire c t effect 
o n  th e  fe tu s  or b o th . T he re d u c tio n  in  w eight gain  is fo u n d  n o t only to be o f p re n a ta l  o rig in , 
as c o n tro l young nursed  b y  dosed  m other show ed a  s im ila r effect in th e  f ir s t  14 d ay s . H ow ­
e v e r ,  th e  dosed youngs crossfostered  to con tro l m o th e rs  show  a lasting  effec t o f p re n a ta l  
e x p o su re .

R O L E  O F CONUS R ID G E S  IN  NO RM A L A N D  A B N O R M A L M O R P H O G E N E S IS
OF T H E  R A T  H E A R T

N . H i d a k a ,  N . А к ш о то , N . O k a m o t o  and Y. S a t o w

D E P A R T M E N T  O F  G E N E T I C O P A T H O L O G Y ,  R E S E A R C H  I N S T I T U T E  F O R  N U C L E A R  M E D C I N E  A N D  B I O L O G Y  
H I R O S H I M A  U N I V E R S I T Y ,  H I R O S H I M A ,  J A P A N

I t  has been re p o rte d  prev iously  th a t  t r a n s p o s itio n  complexes a re  f re q u e n tly  induced  
in  th e  r a t  by  fa s t n e u tro n  irrad ia tio n  on th e  8 th  d a y  o f conception.

O kam oto  fo u n d  t h a t  th e  inversion of tru n c u s  sw ellings on a n te rio r-p o s te rio r re la tio n sh ip  
r e su lte d  in  com plete tran sp o s itio n  of g rea t vessels.

F o r the  purpose  of c larify ing  m orphogenesis o f  th e  double o u tle t r ig h t v e n tr ic le  (D O R V ), 
e m b ry o n ic  r a t  h e a r ts  w ere exam ined  by  serial sec tio n in g  and reco n stru c tio n  on  1 4 th  day  of 
co n cep tio n  when conus ridges appeared  m o st c h arac te ris tica lly . In  co n tro ls , conus ridges 
co n sis ted  of a s in is tro v e n tra l ridge a tta c h e d  to  th e  inferior an te rio r m arg in  o f th e  bulbo- 
v e n tr ic u la r  fo ram en  or r ig h t a n te rio r edge of m u sc u la r  p o rtio n  of in tra v e n tr ic u la r  sep tu m , and 
a  d ex tro d o rsa l ridge c o n n ec tin g  w ith th e  r ig h t  side  o f th e  superior e n d o ca rd ia l cush ion  and 
b u lb o v en tricu la r  flange .

In  exp erim en ted  h e a r ts , besides th e  in v e r te d  position  of th e  tru n co c o n a l ridges, conus 
r id g es  were an  increase  o r a decrease in  vo lu m e a n d  len g th , and th e  ao rtic  in te rc a la te d  valve 
sw elling h ad  e lo n g a ted  to  th e  position  of th e  d e x tro d o rsa l conus ridge.

Such m orpholog ic  changes and p o sitio n a l ab n o rm alitie s  of ao rtic  in te rc a la te d  swelling 
a n d  conus ridges d u rin g  early  developm ent a p p e a r  to  produce DORY.
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E M B R Y O T O X IC  E F F E C T S  O F  O-, M-, P -X Y L E N E S

Л. H u d a k ,  E. T á t r a i ,  M .  L ő r i n c z  a n d  G y .  U n g v á r y  

S T A T E  I N S T I T U T E  O F  O C C U P A T I O N A L  H E A L T H ,  B U D A P E S T ,  H U N G A R Y

X ylenes are on  th e  lis t of chem icals suspec ted  to h av e  te ra to g en ic  effect. K now n to 
have d ifferen t toxicologic p ro p erties  th e  em hryo tox ic  e ffec ts o f in h a la tio n  of th e  th ree  d iffer­
en t ty p es  of xylenes w ere s tu d ied  sep ara te ly  in  doses o f 150, 1500 and  3000 m g /m 3, in ra ts , 
on d ay s o f 9 — 14 o f p reg n an cy , fo r 24 h /day.

O -xylene caused  w e igh t re ta rd a tio n  of th e  fe tuses in  doses o f 1500 an d  3000 m g /m 3; 
and a dose d ep en d en t increase  of ske le ta l re ta rd a tio n  signs.

M -xylene caused  w eigh t an d  skeletal re ta rd a tio n  on ly  in  th e  dosis o f 3000 ing /m 3, b u t 
also caused an increase in  th e  incidence of ex tra  ribs.

P -xy lene increased  fe ta l loss and  w eight re ta rd a tio n  in  th e  dosis o f 3000 m g/m 3 and  
caused a dose d ep en d en t increase o f e x tra  ribs and  sk e le ta l re ta rd a tio n  signs.

O N E  H U N D R E D  SU B STA N C ES T E S T E D  W IT H  CH EST 

R. J e l í n e k  and M. P e t e r k a

I N S T I T U T E  O F  E X P E R I M E N T A L  M E D I C I N E ,  C Z E C H O S L O V A K  A C A D E M Y  O F  S C I E N C E S ,
P R A H A ,  C Z E C H O S L O V A K I A

O ver 100 su b stan ces com prising  drugs from  d iffe ren t pharm acolog ical g roups, p e s ti­
cides, in d u stria l poisons, food ad d itiv es , cosm etics, e tc . w ere su b jec ted  to  th e  Chick E m bryo- 
to x ic ity  Screening T est (C H E ST ). C H E ST  is a rap id  an d  inexpensive  screening procedure  
w hich allows to d e te c t q u a n ti ta t iv e ly  adverse  effects o f  a su b s ta n c e  (an d , if  needed , also o f its 
specific m etabo lites) b o th  on  th e  basic m orphogenetic  processes an d  on em bryophysio log ical 
sphere. T he procedure is cap ab le  of d em o n s tra tin g  of n o t on ly  a n  e m b ry o to x ic ity  effect level, 
b u t also o f positive dose-response re la tionsh ips as well as o f dependence  of th e  effec t upon 
stage of a d m in is tra tio n . A ccording to  the  la tte r , th e  su b s ta n c es  can  be asso rted  in to  two 
p rincip ia l groups. T he f irs t  g roup , com prising  classical cy to to x ic  agen ts, ex h ib its  th e  decreas­
ing dele terious effect along th e  tim e axis. The second g ro u p  is ch arac te rized  by  th e  reversed  
re la tions, a t  least w ith in  som e lim ited  period of developm en t. Significance of such a ty p e  of an  
effect is discussed w ith  reg ard  to  em b ry o to x ic ity  tes tin g .

IN T E R S P E C IE S  D IF F E R E N C E S  IN  E M B R Y O L E T H A L  A C TIV ITY  O F S T E R O ID S

H .  F. P . J o o s t e n ,  A. H o e k s t r a ,  I). H .  W a a l k e n s  a n d  T. D .  Y ih

D E P A R T M E N T  O F  R E P R O D U C T I V E  T O X I C O L O G Y ,  D R U G  S A F E T Y  R  & D  L A B S ,  O R G A N O N  I N T .  В .  V . ,
O S S ,  T H E  N E T H E R L A N D S

I t  is generally  recognized th a t  sex stero ids can in te rfe re  w ith  p regnancy  perform ance 
in  various w ays. P a r tia l  o r to ta l  l i t te r  loss can  resu lt if  su ffic ien tly  large doses a re  given to  
la b o ra to ry  anim als.

T he p resen t s tu d y  was u n d e rta k e n  to in v estig a te  th e  re la tio n sh ip  betw een th e  p h a r­
m acological p roperties an d  th e  em h ry o le th a l p o ten tia l o f s te ro id s . For th a t  p u rpose  rep re ­
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s e n ta t iv e  ste ro ids were selected fro m  fo u r classes: h igh ly  a n d  m o d era te ly  ac tiv e  oestrogens, 
a n d  p rogesto g en s w ith  an d  w ith o u t oestrogenic  ac tiv ity . A ll com pounds were a d m in is te re d  
o ra lly  to  Sprague D aw ley CD r a ts  fro m  d a y  6 to d ay  15, to  G olden h am ste rs  fro m  d a y  5 to 
12 a n d  to  D u tc h  rab b its  from  d ay  6 to  18 o f p regnancy . In  each  species a wide ran g e  of E L D 50 
v a lu e s  w as estab lished , e.g. in  th e  r a t  fro m  0.015 to  m ore th a n  128 m g /kg /day . T he resu lts  
d e m o n s tra te  th a t  th e  r a t  tak es a n  in te rm e d ia te  p osition  b e tw een  th e  h igh ly  sen sitiv e  ra b b it  
a n d  th e  re la tiv e ly  in sensitive  h a m s te r . A po sitiv e  co rre la tio n  be tw een  oestrogenic  a n d  em bryo- 
e th a l  a c t iv ity  was fou n d . T he p o ss ib le  re la tio n sh ip  w ith  o th e r  p h arm aco log ica l p ro p e rtie s  
Is c u r re n t ly  investiga ted .

T E R A T O E P ID E M IO L O G IC A L  STUD Y ON P E S T IC ID E  W O R K E R S

J . K i r á l y , *  I. S z e n t e s i * *  an d  A. C z e i z e l **

♦ B U D A P E S T  C H E M I C A L  W O R K S ,  * *  L A B O R A T O R Y  O F  H U M A N  G E N E T I C S ,  N A T I O N A L  I N S T I T U T E  
O F  H Y G I E N E ,  B U D A P E S T ,  H U N G A R Y

T h e  frequency  of chrom osom e a b e rra tio n s  is h igher in  th e  w orker p ro d u c in g  organo- 
p h o sp h a te  insecticides an d  h e rb ic id es. T h is p o ste r d em o n s tra tes  th e  re p ro d u c tiv e  d a ta  of 
1377 w orkers in th e  B u d ap es t C hem ical W orks w here th e  above m en tioned  pestic id es are 
p ro d u c e d . On one h an d  th e  d a ta  o f w orkers (d irec t ex p osition ) and  in d u s tr ia l co n tro ls  (only 
in d ire c t  exposition) on th e  o th e r  h a n d  th e  d a ta  before an d  a f te r  s ta r tin g  w ork  w ere com pared . 
A  sig n ific a n t increase in  th e  fe ta l  d e a th  w as found  in  m ad e  w orkers a fte r  ex p o sitio n . The 
o ccu rre n ce  of congenital m a lfo rm atio n s  w as s ign ifican tly  h ig h er in th e  fem ale w ork ers  th e  la tte r  
f in d in g  m ay  raise th e  possible te ra to g e n ic  effect o f th e  w ork ing  site in  p estic ides p roducing  
w o rk s .

T H E  A CTION O F R E T IN O IC  A C ID  ON F E T A L  R A T B O N E  C U L T U R E S

A. K i s t l e r

B I O L O G I C A L  P H A R M A C E U T I C A L  R E S E A R C H  D E P A R T M E N T ,  F .  H O F F M A N N - L A  R O C H E  &  C O .  L T D . ,
4 0 0 2  B A S E L ,  S W I T Z E R L A N D

T he te ra togen ic  effect o f excessive  doses o f re tino ic  acid  on lim b d ev e lo p m en t has been 
w ell docu m en ted  (cf. D. M. K o c h h a r , T era to lo g y  7, 289 — 298, 1973).

In  order to  in v es tig a te  th e  m echan ism  of ac tio n  of re tin o ic  acid on bone  cartilage, 
h u m e r i  o f la te  fe ta l r a ts  w ere c u ltu re d  in  v itro . A tim e- an d  dose-dependen t re so rp tio n  of epi- 
p h y sa l  cartilage  was in duced  b y  a ll- tran s-^ -re tin o ic  acid  an d  was co rre la ted  w ith  th e  loss 
o f  D N A , R N A  and p ro te in . R elease  o f p ro teo g ly can  in to  th e  m edium  was co in c id en t an d  qu an ­
t i t a t iv e ly  corre lated  w ith  th e  loss o f m e ta ch ro m atic  s ta in in g  w ith  to lu id in  b lue.

U sing in h ib ito rs of R N A  a n d  p ro te in  syn thesis i t  h as been show n t h a t  th e  re tin o ic  acid- 
in d u c e d  release of p ro teo g ly can  is d ep en d e n t upon  co n tinous R N A  an d  p ro te in  synthesis. 
I n  a d d itio n , i t  was found  t h a t  th e  in d u c in g  effect o f re tin o ic  acid persists  even  a f te r  its  w ith ­
d ra w a l. These resu lts  suggest t h a t  en h an ced  sy n th esis o f h y d ro ly tic  enzym es is re q u ire d  for 
c a r tila g e  deg rad a tio n  and  a rg u e  ag a in s t a d irec t ac tion  of re tin o ic  acid in v o lv in g  lab ilization  
o f ly sosom al m em branes.

A c ta  M orphologica Academ iae S c ie n tia ru m  H ungaricae 28 , 1980
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P O P U L A T IO N  T E R A T O L O G Y  T H R O W S  SO M E L IG H T  ON ISC H E M IC  H E A R T
D IS E A S E

J .  K U Ê E R A

I N S T I T U T E  F O R  C A R E  O F  M O T H E R  A N D  C H I L D ,  P R A H A ,  C Z E C H O S L O V A K I A

P o p u la tio n  tera to logy , a n a ly s in g  large and  fo r a long period  collected  series o f con­
gen ita l anom alies, con tribu tes to  b e tte r  u n d e rs tan d in g  of re la tio n s be tw een  m u tag en esis  and 
te ra togenesis.

R e ce n tly  unexpected  f in d in g s  m ade in  a series o f 99 cases o f co n g en ita l coronary  
anom alies led us to  the  ischem ic h e a r t  disease. The p h en o ty p e  o f 81 m en h av in g  m yocard ia l 
in farc tion  (M I) w as in v estig a ted  inc lu d in g  fingerprints. Two d is tin c t d e rm a to g ly p h ic  p a tte rn s  
were fou n d :

1. A high proportion  of arches (18 .6% ) in  m en betw een  40 and  44 y ea rs  o f  age a t  the  
tim e of M I, and

2. A high num ber of true whorls an d  a drop of ulnar loops in  persons w hose a c tu a l age 
a t th e  tim e of M I was over 55 y e a rs .

The above  findings — s ta tis t ic a l ly  sign ifican tly  d iffe ren t from  th e  Czech s ta n d a rd  of 
148,000 h e a lth y  m en — seem to  in d ic a te  two types of M I , a t least th e  “Arch type o f MI” is 
assum ed to  be o f prenatal origin, b a se d  on congenital coronaropathy, w hereas th e  type -f- Wl-Lu 
rep resen ts p ro b a b ly  M I  of advanced age only.

The s tu d y  continues for o b ta in in g  fu r th e r  d a ta  re p rev en tio n  of M i-type A.

D E G E N E R A T IO N  AND R E P A IR  O F T H E  B R A IN  A F T E R  P R E N A T A L  IN S U L T

J .  L a n g m a n

D E P A R T M E N T  O F  A N A T O M Y ,  U N I V E R S I T Y  O F  V I R G I N I A ,  C H A R L O T T E S V I L L E ,  V I R G I N I A

W hen 5 -F U d R  (a DNA sy n th e s is  in h ib ito r) was in jec ted  in 12 d a y  p re g n an t m ice and  
th e  fe ta l b ra in s exam ined  a t h o u rly  in te rv a ls , m ito tic  a c tiv ity  was fo u n d  to  cease a f te r  tw o 
hours. In  ad d itio n , som e cells w ith  a n o rm al in te rp h ase  nucleus lo st th e ir  no rm al po lysom al 
configuration  p ro b a b ly  reflecting  a d is tu rb e d  m essenger R N A  system . W ith  tim e , 5 0 %  of th e  
m a trix  cells d eg en era ted  according to  th e  co n d en sa tio n -frag m en ta tio n  p a tte rn .

The d eg en era tin g  cell debris w as p a r tia lly  p h ag o cy tosed  by  h e a lth y  n eu ro ep ith e lia l 
cells and p a rtia lly  by  m acrophages. M ost o f th e  degenerated  frag m en ts  rem ain ed  free. T hese  
u n p h agocy tosed  frag m en ts  lysed a n d  becam e ghosts, th e re b y  g iving th e  tissue a v a cu o la te d  
appearance.

W hen th e  re p a ir  of the  m a tr ix  p o p u la tio n  was ex am ined , i t  was no ticed  th a t  tw elve 
hours a fte r  t r e a tm e n t  m ito tic  a c tiv ity  s ta r te d  again  and th a t  th is  a c tiv ity  was a lm o st tw ice 
th a t  of con tro ls be tw een  24 — 48 h, in d ic a tin g  h igh cell p ro life ra tio n  to  co m p en sa te  fo r cell 
losses suffered. W hen  th e  neu ro ep ith e lia l cells were co un ted  du rin g  th e  rep a ir  phase , th e  in ­
creased m ito tic  a c t iv ity  was found to be used m ain ly  to increase  th e  d ep le ted  n eu ro ep ith e lia l 
p o p u latio n  and on ly  little  to produce n eurons. As evidence of th e  in su ffic ien t p ro d u c tio n  
o f neurons, b eh av io ra l tes ts  showed t h a t  th e  p o stn a ta l an im als had  serious b eh av io ra l a b ­
norm alities.

S u p ported  by  G ran t No. N B -06188.

A cta  M orphologica Academ iae Sc ien tia ru m  H ungaricae 28 , 1980
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T E S T IN G  O F  SIT E S  F O R  E X P E R IM E N T A L  P R O D U C T IO N  O F  SIT U S IN V E R S U S  
V ISC ER U M  C E R V IC A L IS  IN  4-DA Y-OLD C H IC K  E M B R Y O  S

L .  L e m e z

D E P A R T M E N T  O F  A N A T O M Y ,  F A C U L T Y  O F  G E N E R A L  M E D I C I N E ,  P R A G U E ,  C Z E C H O S L O V A K I A

I n  th e  2nd h a lf of in c u b a tio n  p a ire d  cervical o rg an s show  a m ark ed  to p o g rap h ic  a sy m ­
m e try ,  th e  r ig h t ones being s i tu a te d  m o re  caudally  and  la te ra lly . T h is is caused  by  th e  p osition  
o f c a u d a l  oesophagus and of crop o n  th e  r ig h t side o f neck , as a lread y  e x p erim en ta lly  p roved .

T h e  b ran ch ia l and  h y p o b ra n c h ia l region was te s te d  b y  a m echan ical no x a , viz. b y  tin y  
s ilv e r b a n d s  in troduced  in to  th e  2 n d , 3 rd  or 4 th  b ran ch ia l c lefts on  th e  r ig h t an d /o r le ft side 
s ing le  o r  in  com binations; a b a n d  .was a ls o . applied c au d a l to  th e  f)t h ao rtic  a rch  or caudal 
to  th e  d u c tu s  Cuvieri on each  side (a lto g e th e r  10 sites, 21 co m b in a tio n s o f sites te s ted ; 11 em ­
b ry o s  d issec ted  per com b in a tio n  o n  d a y  14 of in cubation ).

B an d s in tro d u ced  in to  th e  r ig h t  3rd  or 4 th  b ra n ch ia l clefts p ro d u ced  in  20%  o r 4 0 %  of 
cas.es oesophageal and crop in v ers io n s .w h en  applied single a n d  00%  w hen ap p lied  s im u ltan eo u s­
ly  (c u m u la tiv e  effect). B o th  c le fts  rep resen t an o p tim u m  fo r ex p erim en ta l p ro d u c tio n  of 
s i tu s  i.v . cervicalis.

B an d s in troduced  in to  b o th  an d  c le fts  or in to  th e  le f t 4 th  c left o r caudal to  th e  left 
6 th  a o r tic  a rch  cause m erely  a n  in v ers io n  of crop to w ard s th e  le f t  side o f neck in 10%  of cases.;

T E R A T O G E N IC  A C TIV ITY  O F  T H E  G LY C ER O L F O R M A L  ON T H E  C H IC K  E M B R Y O

V . G. L e o n e  a n d  R . M a c i

I N S T I T U T E  O F  Z O O L O G Y ,  U N I V E R S I T Y  O F  M I L A N ,  I T A L Y

T h e  glycerol fo rm al, a  f lu id  c u rren tly  used  as a d ru g  so lven t in  to x ic ity  te s tin g  has 
p ro v e d  to  be tera to g en ic  w hen  in je c te d  in to  p re g n an t ra ts .

On chick em bryos, em p lo y e d  in  ovo a t  a f in a l c o n ce n tra tio n  o f 0 .001% , if  in d u ces m ore 
sev e re  an d  generalized m a lfo rm a tio n s ; exencephaly , a n o p h th a lm ia  or m ic ro p h th a lm ia , coelo- 
so m ia , ec top ia  v iscero rum ; b e a k  a n d  lim bs are also f re q u e n tly  m alfo rm ed  an d  th e  h e a r t  is 
e n la rg e d . Chick b las to d erm s, d ev elo p ed  in vitro (N ew ’s tec h n iq u e) a n d  tre a te d  w ith  th e  sam e 
su b s ta n c e  show open n e rv e  tu b e ,  ir reg u la r  som ites, h y p e rem ic  blood is le ts and  a g re a tly  enlarged 
h e a r t  tu b e .

M orphological ex p ress io n s  o f defects in d u ced  b y  th e  g lycerol fo rm al t re a tm e n t in ovo 
c lo sely  resem ble m ost o f th o se  fo u n d  by  us in  th e  ch ick  em bryos tre a te d  w ith  thalidom ide .

IN T E R A C T IO N  O F  G LY C O SA M IN O G LY C A N S (GA G) A N D  C O LLA G EN  
T Y P E  I AND T Y P E  I I  I N  V IT R O

S u s a n n e  L i l j a

I N S T I T U T  F Ü R  T O X I K O L O G I E  U N D  E M B R Y O N A L - P H A R M A K O L O G I E ,  F R E I E  U N I V E R S I T Ä T  W E S T - B E R L I N

P ro teoglycans (P G ) a n d  g lycosam inoglycans (GA G) a lte r  cell p ro life ra tio n , d iffe ren tia ­
t io n  and  m ig ra tion  d u rin g  m orphogenesis. In  a d d itio n , GAG in fluence  th e  agg reg a tio n  of 
collagen and  th u s  th e  fo rm a tio n  o f all connective  tissu es. F o r th e  u n d e rs tan d in g  of th e  devel­
o p m en t o f connective  tis su e  m alfo rm atio n s (e.g. lim b  defects) th e  GAG — collagen in te rac tio n  
is essen tia ’.

A cta  M orphologica A cadem iae  S c iê n t iù tu m  Hungaritü}?28, 1980
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Collagen ty p e  I and type II  w ere agg reg a ted  in  vitro in  th e  presence o f v a rio u s  GAG 
and  observed  e lec tro n  m icroscopically. A d d ition  of sy n th e tic  GAG, e.g. th e  h ig h ly  su lfa te d  
pen to san  p o lysu lfoester SP54, the m u co p o ly sacch arid e  po lysu lfoester A rtep aro n  a n d  th e  m uco­
polysaccharide  po lysu lfoester SMC, b o th  ty p es o f collagen resu lted  in seg m en t-long  spacing  
(SLS)-collagen, fib ril-long  spacing (F L S ) collagen an d  th in  filam en ts a fte r  3 h  in cu b a tio n  
a t 4 °C. H ow ever, if  th e  n a tu ra l GA G, ch o n d ro itin -4 -su lfa te  (C-4-S), c h o n d ro itin -6 -su lfa te  
(C-6-S), ch ondro itin -4 -6 -su lfa te  (C-4-6-S) o r h y a lu ro n ic  acid  (H A ) were used , o n ly  th in  f ila ­
m en ts  were fo rm ed . A fter dialysis a g a in s t p h o sp h a te  b u ffer high doses o f S P 54 , A rte p a ro n , 
C-4-S, C-6-S, an d  C-4-6-S showed (SL S)-, (FL S)-co llagen  an d  a few  n a tiv e  collageil fib rils , 
while low doses fo rm ed  tick  fibrils w ith  a n a tiv e  c ro ss-s tria tio n  p a tte rn . H igh doses o f SMC 
an d  H A  re su lted  in  na tive-like  collagen fib rils . These re su lts  show  th a t  un d er specia l co n d itio n s 
in  vitro th e  h igh ly  su lfa ted  GAG can  in d u ce  th e  fo rm a tio n  of collagen s tru c tu re s  t h a t  in  vivo 
a re  seen only u n d e r pathological cond itions.

S u p p o rted  by  g ra n ts  from th e  D F G  aw ard ed  to  Sfb 29.

P R O P O S A L  O F  AN  E X P E R IM E N T A L  D E S IG N  TO ASSESS T H E  PO ST N A T A L  
F U N C T IO N A L , PH Y SIC A L A N D  B E H A V IO U R A L  M A TU R A TIO N  IN  M IC E  

E X P O S E D  TO  CH EM ICA LS A N D  D R U G S  D U R IN G  T H E  PR E N A T A L  P E R IO D

L. Ma r i a n i , Ca d e l  and  V. A l i v e r t l

D E P A R T M E N T  O F  P H A R M A C O L O G Y  A N D  T H E R A P E U T I C S ,  U N I V E R S I T Y  O F  M I L A N O ,  I T A L Y

E x p o sitio n  d u rin g  pregnancy of th e  p ro d u c ts  o f concep tion  to  drugs or o th e r  e n v iro n ­
m en ta l to x ic  ag en ts  m ay  induce a n a to m ic a l or fu n c tio n a l lesions no t d iscernible a t  b ir th .

R ecen t re searches have evidenced th a t  th e  cen tra l n ervous system  du rin g  th e  p re n a ta l  
life is sensitive  to  som e tox ic  agents a n d  th a t  th e  ad v erse  effect m ay  m anifest its e lf  as re ta rd a ­
tio n  in th e  physical developm ent and in  fu n c tio n a l m a tu ra t io n  or as behav ioural d istu rbances*

To m ake  possib le an  ev aluation  o f these  a lte ra tio n s , w hich m ay m an ifes t them se lv es 
du rin g  d ifferen t periods o f the  p o s tn a ta l  life, a long itu d in a l-lo n g  term  ex p erim en ta l design 
in th e  m ouse is p roposed . The tim e schedu le  of th e  p o s tn a ta l  m a tu ra tio n  of non t r e a te d  Swiss 
mice has been d e te rm in ed  in s tan d ard  co n d itio n s for som e specific physical and  b e h av io u ra l 
p a ram ete rs.

Signs of de fic ien t physical d ev elo p m en t, m o d ifications to  the  chronology of th e  fu n c ­
tio n a l m a tu ra tio n  or abnorm al beh av io u rs w ould in d ica te  a possible u n tow ard  e ffec t o f th e  
chem ical te s te d  on  th e  CNS developm ent.

T H E  IM P O R T A N C E  O F “ G U ID IN G  S T R U C T U R E S ”  IN  T H E  S T R A T IG E N E S IS  
O F T H E  C E N T R A L  N E R V O U S  SYSTEM

B. M e n k e s ,  C. A l e x a n d r u  a n d  I. C h e c i u

L A B O R A T O R Y  O F  E M B R Y O L O G Y ,  C E N T E R  O F  H Y G I E N E  A N D  P U B L I C  H E A L T H ,  T I M I S O A R A ,  R U M A N I A

S tra tig en esis a n d  d ifferen tia tion  of th e  cortical p la te  are de term ined  by severa l g en etic  
and ep igenetic , p a r tia lly  unknow n facto rs. F ro m  these  fac to rs , th e  appearance o f a “ g u id in g  
s tru c tu re ”  in vo lv ing  u ltra s tru c tu ra l e lem en ts , th e  v a scu la r p a tte rn  and th e  d iffe re n tia te d  
ep en d y m al cells h av e  been identified. In  th e  op in ion  of th e  a u th o rs , to g e th e r w ith  th e  “ e m ig ra ­
tion  co rrido rs”  o f th e  a v ian  optic  tec tu m  th e  v ascu la r connectives and  the  peripheric  processes 
o f th e  ependym al cells m ay  be considered as a m orpholog ical su p p o rt hav ing  a g u id in g  role. 
I ts  fu n c tio n  is  m an ifes t du rin g  the second period  o f d iffe re n tia tio n  — the em bry o -fe ta l t r a n s i ­
tion  period  p re p a rin g  th e  nex t stages o f  d iffe ren tia tio n  in  th e  in teg ra tio n  cen ters ,

A c ta  M orphologica A cadem iae  S c ien tiarum  H ungariçae 2 8 , 1980
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D E T E C T IO N  O F  N E C R O T IC  A R E A S W IT H IN  T H E  E M B R Y O N IC  O R G A N ISM
B Y  FL U O R O C H R O M E S

В. M e n k e s ,  О. P r e l i p c e a n u  a n d  I .  C ä p ä l n ä s a n  

L A B O R A T O R Y  O F  E M B R Y O L O G Y ,  C E N T E R  O F  H Y G I E N E  A N D  P U B L I C  H E A L T H ,  T I M I Ç O A R A ,  R U M A N I A

F luorochrom es (ac rid in  o range, qu in ak rin , k o rip h o sin , au ram in ) in tro d u ced  in to  th e  
e m b ry o n ic  or foe ta l blood s tre a m  induce in  th e  no rm al a rea s  o f  cell d ea th  an  e lective  f lu o res­
cence, as a tte s te d  by  e x p e rim e n ts  carried  ou t on chick  a n d  r a t  em bryos and foetuses. T h is v ita l  
m e th o d  m ay  serve as a n  ex p erim en ta l m odel for in v e s tig a tio n s  concerning th e  tra n s fe r  from  
th e  m o th e r  to th e  em b ry o  o f fo e tu s  o f te ra togen ic  su b s ta n c es  as well as of th e ir  p e rsis tan ce  and 
d is tr ib u tio n  — u n d e r c e r ta in  ex p erim en ta l cond itions — w ith in  th e  organism  of th e  em b ry o  
or fo e tu s .

D IS T U R B A N C E S  O F  C O L L A G E N - AN D  P R O T E O G L Y C A N  S Y N T H E S IS  A N D  
T H E  M O R PH O LO G Y  O F C A R T IL A G E

H .-J .  M e r k e r ,  T h .  G ü n t h e r  a n d  S. L i l j a

I N S T I T U T E  F Ü R  T O X I K O L O G I E  U N D  E M B R Y O N A L - P H A R M A K O L O G I E  U N D  M O L E K U L A R B I O L O G I E  U N D  
B I O C H E M I E ,  F R E I E  U N I V E R S I T Ä T  B E R L I N ,  W E S T - B E R L I N

Collagen and  p ro teo g ly can s  (PG ) as well as g lycosam inoglycans (GAG) are o f g re a t 
m o rp h o g en e tic  sign ificance. T h is  is above all tru e  o f th e  d iffe ren tia tio n  processes a n d  th e  
fu n c tio n a l m a tu ra tio n  o f  cartilag e . L athy rogen ic  su b s ta n c es  (D -penicillam ine and  /L am in o - 
p ro p io n itrile ) are e.g. ab le  to  in h ib it  th e  aggregation  o f co llagen , ^-xy loside , how ever, im p ed es 
th e  ex tension  of th e  d isacch arid e  chains w hich re s t  on  th e  p ro te in  core or a c ts  as a p rim er 
fo r th e  a tta c h m e n t o f such  chains.

As observed in  th e  e lec tro n  m icroscopical p ic tu re , in  lim b  bud  cu ltu res th e  la th y ro g en ic  
su b s tan ces in h ib it th e  occu rren ce  of collagen s tru c tu re s  w ith o u t d istu rb in g  th e  h is tio ty p ica l 
s tru c tu re  and p a tte rn  fo rm a tio n  of th e  cartilage sk e le to n . ^3-xyloside, how ever, lead s to  a 
decrease  in  th e  n u m b er an d  a n  a lte ra tio n  of th e  ru th en iu m -re d -p o sitiv e  P G -g ran u la . H ereb y  
th e  h is tio ty p ica l p ic tu re  o f th e  cartilage  d isap p ears  d u e  to  a red u ctio n  of th e  in te rce llu la r  
spaces.

In  ad d itio n , P G /G A G  influence th e  a g g reg a tio n  o f collagen. A fter ap p lic a tio n  of 
xy loside  or h ighly  su lfa te d  GAG u n ty p ica l collagen s tru c tu re s  (fibril-long-spacing collagen 
as well as g ian t fib rils  w ith  so-called con tinuous c ro ss-s tr ia tio n ) occur in th e  cartilag e  cu ltu re . 
M oreover, th e  h ig h ly  su lfa te d  GAG d istu rb  cartilag e  a n d  p a tte rn  fo rm ation .

S up p o rted  b y  g ra n ts  o f  th e  D F G  aw arded  to  Sfb 29.

T H E  T W IN  O C C U R R E N C E  A F T E R  T H E  U S E  O F  C O N T R A C E P T IV E  P IL L S  

J .  M É T N E K I  a n d  A. C z e i z e l

L A B O R A T O R Y  O F  H U M A N  G E N E T I C S  O F  N A T I O N A L  I N S T I T U T E  O F  P U B L I C  H E A L T H ,  B U D A P E S T ,
H U N G A R Y

T here is a n  a ssu m p tio n  concerning th e  co n n ec tio n  betw een th e  use o f co n tra ce p tiv e  
p ills  before concep tion  an d  th e  m ore freq u en t o ccu rren ce  o f m ultip le  b irth s . In  H u n g a ry  a fte r  
th e  w idespread use o f  pills th e  occurrence of tw ins in c re a sed  (in 1970) and has rem a in ed  on  th is 
h ig h  level. B y th e  he lp  o f th e  B u d ap est Tw in R e g is te r  th e  above-m entioned  co rre la tio n  was
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stud ied  on th ree  d iffe ren t tim e  periods. In th e  m a te r ia l  o f 1970 (292 ev aluated  cases) a po sitiv e  
co rre la tion  was found. In  734 tw ins born 1970— 1974 th e  corre lations was co n firm ed  in  the  
p regnancies w hich occurred  im m ediately  a f te r  th e  use  o f pills. The ev a luation  o f th e  m a te ria l 
of 1975 — 1977 is in  progress. I t  is w orthw hile m en tio n in g  th a t  the  occurrence o f con jo in ed  
tw ins was m ore th a n  tw ice as h igh as the ex p ec te d  v a lu e  in 1977.

T E R A T O G E N IC  E F F E C T S  C A U SE D  BY A S IN G L E  IN JE C T IO N  
O F T R IT IA T E D  W A T E R

I n g e  M e y e r 1, P. T ö r ö k2, W . S c h m a h l 2 a n d  G. K i s t n e r 1
1 I N S T I T U T  F Ü R  S T R A H L E N H Y G I E N E  D E S  B U N D E S G E S U N D H E I T S A M T E S  B E R L I N  

* N U K L E A R B I O L O G I S C H E  A B T E I L U N G  D E R  G E S E L L S C H A F T  F Ü R  S T R A H L E N -  U N D  U M W E L T F O R S C H U N G
N E U H E R B E R G

A single iin jection  of tr it ia te d  w ater (i.p .)  in  m a te d  N M R I mice rev ea led  d iffe re n t 
dam age p a tte rn  in re la tio n  to  dose and tim e o f a p p lic a tio n . In jec tion  of 1.35 mCi t r i t iu m  per 
g body w e ig h t, w hich co rresponds to a dose r a te  o f 429 R ad  on the  first day  of ap p lic a tio n  
leads to  a to ta l  rrso rp tio n  of th e  germs. D oses, te n  tim e s  sm aller did no t a ffec t th e  b ir th  
o f th e  lit te rs . Grcss m alfo rm atio n s cculd not be d e te c te d  in th is  group. Doses in  b e tw een  show  
n o n -ch arac te ris tic  m alfo rm atio n s like s tu n tin g , ske le to n -d efo rm atio n s. — M ating  o f  F j- 
g en era tion  ir ra d ia te d  by th e  sm aller doses in u te r i  e x h ib ite d  a reduced p ro d u c tiv ity  am o n g  
th e  litte rs . H isto logical ex am in a tio n s  show re ta rd a tio n  o f th e  gonads and changes a t  th e  o v a ry . 
The p ro d u c tio n  of sp e rm ato g o n ia  and oogonia is re d u ce d . T he “ dosis m in im ális”  seem s to  
be <  0.067 m Ci/g body w eigh t.

C O N G E N IT A L  M A LFO R M A TIO N S A N D  P E R IN A T A L  M O RTA LITY  

R . M i k é n i e n é  a n d  S. P a v i l o n i s

D E P A R T M E N T  O F  A N A T O M Y ,  H I S T O L O G Y ,  E M B R Y O L O G Y ,  V I L N I U S  U N I V E R S I T Y ,  L I T H U A N I A N  S S R

T he p e r in a ta l m o rta lity  ra te  (stillb irths a n d  n e o n a ta l  d ea th s) was in v es tig a ted  on  th e  
g round of ana ly sis  o f b ir th  re p o rts  and au to p sy  d o c u m e n ta tio n s  in Vilnius for th e  p e rio d  
1961 — 75. T he au to p sies were carried  out in all th e  cases. C ongenita l anom alies were re g is te red  
in  21.25%  of p e rin a ta lly  dead  n eo n ates  (342 cases: 162 s ti llb ir th s  and 180 n eo n ata l d e a th s) . 
A nom alies w ere observed  in 17 .9%  of stillb irth s a n d  25.56% , o f th e  deads. Sex ra tio  o f m a l­
form ations w as co rresponding ly  1.22 and 1.07. T he m a jo r i ty  o f m alform ations w as se rious. 
T hey were th e  cause of d e a th  o f 82%  cases in th is  g ro u p . M ultip le m alform ations a n d  th e  
anom alies of th e  cen tra l n e rv o u s system  p red o m inated . T h e ir  dependence on the  age o f m o th e rs  
and  the  seasonal v a ria tio n s  o f b ir th  ra te  was d e te rm in e d .

T E R A T O G E N IC  E F F E C T  O F  D IT H IO C  AR В A M AT E  F U N G IC ID E  B A S F U N G IN

E .  M lR K O V A

S E C T I O N  ’’ I N D U S T R I A L  T O X I C O L O G Y ” , I N S T I T U T E  O F  H Y G I E N E  A N D  O C C U P A T I O N A L  H E A L T H
S O F I A ,  B U L G A R I A

P ro p y len e-b is-d ith io ca rb am ate  fungicide b a sfu n g in  m an ifes ts  a clearly expressed  em - 
b ryo tox ic  and  te ra to g en ic  effect in experim en t w ith  ra ts . In  u n re p ea te d  in tro d u c tio n  o f th e  
fo rm u la tio n  d u rin g  sep ara te  phases o f  em hryogenesis in  doses 1/2 — 1/25 L D 50 a d ep en d en ce
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o f  th e  e m b ry o n a l reac tion  sp ec ific ity  to th e  q u a n ti ty  o f th e  app lied  dose and  th e  p e rio d  of 
e ffe c t is  estab lish ed . The s tro n g e s t te ra to g en ic  effec t is reg is te red  when the  fo rm u la tio n  is 
u p ta k e n  d u rin g  th e  period of la te  organogenesis (11 — 16 d ay ), when s tru c tu re  a n o m a lie s  o f 
th e  C N S , jaw -fac ia l a p p a ra tu s , e x trem itie s , in n er o rg a n s  an d  bones are in duced . D u rin g  
th e  c r it ic a l  period  of em b ryogenesis un d er th e  effec t o f  basfu n g in  ap p ear in co m p a tib le  w ith  
th e  fo e tu s  v iab ility  m alfo rm atio n s o f all organs a n d  sy s tem s. T hreshold  te ra to g en is  dose  in  
u n r e p e a te d  in tro d u c tio n  of b a sfu n g in  (1/13 L D 5i) is d e te rm in e d .

D IF F E R E N T IA T IO N  O F  T H E  O R D E R E D  M A T R IX  ST R U C T U R E  
IN  T H E  D E V E L O P IN G  H U M A N  C O R N E A

L. MÓDis, E r i k a  B i h a r i  a n d  I. K ovács  

I N S T I T U T E  O F  A N A T O M Y ,  U N I V E R S I T Y  O F  M E D I C I N E ,  D E B R E C E N ,  H U N G A R Y

T h e  sp a tia l o rien ta tio n  o f collagen and  g ly cosam inog lycans was stud ied  w ith  p o la r iza ­
t io n  m icroscop ica l s ta in ings d u rin g  th e  d evelopm en t o f  th e  corneal strom a. A t a b o u t  th e  7 th  
w e ek , b u n d le s  o f collagen fib rils  beg in  to  tak e  on a re g u la r  a r ra y  in  th e  ju x ta e n d o th e lia l  reg ion . 
I n  t h e  sam e places su lfa ted  a n d  n on-su lfa ted  c h o n d ro itin  m olecules are a rran g ed  p a ra lle l to  
th e  f ib r ils .  S u bsequen tly , re g u la r  collagen lam ellae dev elo p  and g radually  fill th e  p o ste rio r  
tw o - th ir d s  o f th e  stro m a  by  th e  7 th  m on th . K e ra ta n  su lfa te  molecules are s im u lta n eo u s ly  
b u i l t  in to  th e  lam ellae in  in creas in g  am o u n t, a n d  th e y  are  arranged  w ith th e ir  lo n g  axes 
p a ra l le l  to  th e  fibrils. I t  is su g g ested  th a t  th e  h igh ly  o rg an ized  lam ellar s tru c tu re  o f  th e  se c o n d ­
a r y  c o rn ea l s trom a is a p re re q u is ite  of the  tra n sp a re n c y .

C L O F IB R A T E  AN D  T H E  D E V E L O P M E N T  O F RATS

M. N y i t r a y , E . Sz a s z o v s z k y  a n d  A. D ru g a

I N S T I T U T E  F O R  D R U G  R E S E A R C H ,  B U D A P E S T ,  H U N G A R Y

C lofibrate (C P IB ) g iv en  con tin u o u sly  to  W is ta r /R io p  ra ts  from  the  16 th  g e s ta tio n a l 
d a y  to  th e  end of la c ta tio n  p ro d u c ed  a decrease in  b ir th -w e ig h t and  an  increase  in  th e  p e r i­
n a ta l  m o rta lity  as well as in  th e  liver weight o f 2 2 -d ay -o ld  ra ts . In  fu rth e r s tu d ies  we in te n d e d  
to  a n a ly se  th is  p h en om enon . M others received d a ily  o ra l doses o f 150 m g/kg in  th e  fo llow ing 
sc h e d u le s : 1. from  16th  d a y  to  delivery ; 2. fro m  d e liv e ry  to  8 th  p o stn a ta l d a y ; 3. fro m  8 th  
to  1 5 th  p o s tn a ta l  day ; 4. fro m  15th  to  22nd p o s tn a ta l  d ay .

Y oungs were d issec ted  on  th e  22nd d ay  a n d  th e  livers were weighed. N o ch an g es w ere 
fo u n d  in  th e  re la tiv e  liv e r w e ig h t in  the  1st a n d  4 th  g roups, while a m o d era te  in crease  w as 
o b se rv e d  in  th e  o th er tw o g ro u p s. In  fu rth e r in v e s tig a tio n s  m others were t r e a te d  in  th e  la s t  
w e e k  o f p regnancy  an d  2 — 3 youngs from  each  l i t t e r  w ere d issected on 1st, 8 th , 1 5 th  and  
2 2 n d  p o s tn a ta l  days. In c re a se d  liver w eight w as fo u n d  in  new borns b u t i t  d isa p p e a re d  la te r . 
T h e  ab ove  tran s ito rily  in c reased  liver w eight in  n ew b o rn  and  young ra ts  m ig h t be  re la te d  
to  en zy m e in duction  a n d  n o t  to  h e p a to to x ic ity .
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T E R A T O G E N IC  E F F E C T S  O F  D IA B E T E S  IN  G E N E T IC A L L Y  SE L E C T E D  S U C R O S E
F E D  D IA B E T IC  R A T S

A. O r n o y  a n d  A. M. C o h e n

D E P A R T M E N T  O F  A N A T O M Y  A N D  E M B R Y O L O G Y  A N D  T H E  D I A B E T I C  U N I T ,  H E B R E W  U N I V E R S I T Y  
H A D A S S A H  M E D I C A L  S C H O O L  A N D  H A D A S S A H  U N I V E R S I T Y  H O S P I T A L ,  J E R U S A L E M ,  I S R A E L

In  o rder to  s tu d y  th e  tera to g en ic  e ffects o f  d iab e te s  a n d  of h igh sucrose d ie t  in  ra ts ,  
p re g n a n t ra ts  of th e  reg u la r S ab ra  stra in  and  d iab e tic  r a ts  developed  by genetic  se lec tio n  a n d  
sucrose feeding (by  A. M. Cohen) were s tu d ied . Six p re g n a n t  ra ts  of th e  d iabe tic  s t r a in  an d  
13 con tro l r a ts  were fed a h igh  sucrose (72% ) d ie t d u rin g  g esta tio n  and four p re g n a n t  r a ts  
o f the  d iab e tic  s tra in  to g e th e r w ith  o th er 13 co n tro l r a ts  w ere fed a norm al d iet. On d a y  16 of 
g e sta tio n  u te r i  were opened , re so rp tions co u n ted  a n d  fe tu se s  s tu d ied  for m alfo rm ation . I t  w as 
found  th a t  in  th e  d iab e tic  r a ts  fed a high sucrose d ie t, th e  incidence of congenital an o m a lie s  
was 11%  and  th e  re so rp tio n  ra te  was 52% . In  th e  sucrose fed  con tro ls the  m alfo rm atio n  r a te  
was 6 %  an d  reso rp tio n  ra te  w as 15% . The ab n o rm a litie s  fo u n d  were exencephaly  a n d  c au d a l 
regression  defects. In  th e  ra ts  from  the  d iab e tic  s tra in  fed  a re g u la r  d ie t, m alfo rm atio n s w ere 
found  in  12%  and th e  re so rp tio n  ra te  was 17% . In  th e  co n tro ls , no anom alies w ere fo u n d , 
an d  th e  reso rp tio n  ra te  was 6 % . In  th e  ra ts  w ith  th e  d ia b e tic  genetic  background , th e  m e ta ­
bolic d e ran g em en t in c a rb o h y d ra te  m etabolism  caused  b y  th e  high sucrose d ie t in c reased  
th e  te ra to g e n ic ity  of d iab e tes  b y  in reasing  th e  re so rp tio n  r a te ,  th u s  th e  contro l of th e  m e ta b o lic  
d e ran g em en t in d iab e tes  m ay  reduce s ign ifican tly  th e  r a te  o f fe ta l d ea th , resem bling  th e  
s itu a tio n  in  h u m an  d iabe tes. H igh  sucrose d ie t seem s to  be te ra to g e n ic  even in n o rm al a n im a ls , 
suggesting  a possible te ra to g e n ic  effect of h y p e rg ly caem ia  or o th e r carb o h y d ra te  m e ta b o lic  
d e ran g em en t caused  b y  th is  d ie t.

E F F E C T  O F  A L C O H O L  A N D  A C E T A L D E H Y D E  O N  M AM M ALIAN C E L L S

M a g d a  O s z t o v i c s ,  P. V é g h e l y i  a n d  K .  B a r t h a  

L A B O R A T O R Y  O F  H U M A N  G E N E T I C S ,  N I H ,  B U D A P E S T ,  H U N G A R Y

A ceta ldehyde  a t  40 — 400 /*M co n cen tra tio n s e le v a te d  s is te r  ch ro m atid  exchange (SC E ) 
va lues in  h u m an  ly m p h o cy tes  an d  inh ib ited  D N S sy n th esis  in  Chinese h am ste r  o v a ria n  cells, 
while alcohol w as ineffective. A lcohol add icts u n d e r a cu te  in flu en ce  o f alcohol w ith  0.1 —0.36 p .c . 
blood level did no t show a n y  change in SCE in ly m p h o c y tes . C o n trarily , SCE values e le v a te d  
w hen blood level o f a ce ta ld eh y d e  was high, 117 — 340 oM. On th e  basis of our d a ta  we sup p o se  
th a t  alcohol can cause a d am age a t  th e  cellu lar level due  to  th e  action  of a ce ta ld eh y d e  a t  
increased  co n cen tra tio n . An au g m en ted  blood ace ta ld eh y d e  co n cen tra tio n  due to a d e fec t 
o f ace ta ld eh y d e  dehydrogenase  in  d rink ing  p re g n a n t w om en can  lead  to m alform ed fe tu s . 
In  th is  w ay, alcohol develops in to  a tera togen ic  agen t.

M IC R O A N G IO G R A P H Y  IN  T H E  E X P L A N T E D  C H IC K  EM BRY O  
F O R  T E R A T O L O G Y  S T U D IE S

N .  Ö h r e  N i l s e n

D E P A R T M E N T  O F  E X P E R I M E N T A L  M E D I C I N E ,  P H A R M A C I A  A B ,  U P P S A L A ,  S W E D E N

A fa c to r n o t com m only  considered in te ra to lo g y  is th e  early  appearance  of b lood  
c ircu la tion  in  em bryon ic  develo p m en t. A t stages w hen th e  la te r  m alform ed regions a re  still 
u n d iffe ren tia ted  s tru c tu re s  th e  em bryon ic  c ircu la tio n  is a n  in te g ra te d  physiological sy s tem .
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T h is  c a n  be d e m o n s tra ted  in th e  em b ry o  of th e  chick. A  m e th o d  to  ex p lan t 2 and 3 d a y  em b ry o s 
h a s  b e en  developed w hich a llow s th e  s tu d y  of th e  e a r ly  c ircu la to ry  develo p m en t b y  tra n s -  
lu m in e n t  m icroscopy. A fter in tra v a sc u la r  in jec tio n  of fluorescein-labelled  d e x tra n  th e  early  
e m b ry o n ic  vascu la r bed can  be  c learly  d e m o n s tra ted  a n d  th e  cen tra l as well as th e  p e r ip h e ra l 
c irc u la t io n  stu d ied  in  d e ta il.

T h is m ethod  has been  u sed  to  s tu d y  c irc u la to ry  d is tu rb an ces follow ing te ra to g e n ic  
c o n d itio n s  such as h y p e rth e rm ia  and  salicy late  a d m in is tra tio n . The find ings su p p o r t  th e  
c o n c e p t th a t  vascu lar in su ffic ien cy  m ay p lay  an  e sse n tia l role in te ra to g en ic  m ech an ism s.

V A SC U L A R  C H A N G E S IN  T H E  V IT E L L IN E  M E M B R A N E  O F T H E  C H IC K  
F O L L O W IN G  IN C R E A S E D  IN C U B A T IO N  T E M P E R A T U R E S

N .  Ö h r e  N i l s e n

D E P A R T M E N T  O F  E X P E R I M E N T A L  M E D I C I N E ,  P H A R M A C I A  A B ,  U P P S A L A ,  S W E D E N

In c reasing  th e  in c u b a tio n  tem p e ra tu res  is a  u se fu l m ethod  of s tu d y in g  th e  effec ts of 
a te ra to g e n  in  th e  chick em b ry o  in d irec t re la tio n  to  th e  exposure.

T he m icrocircu la tion  in  th e  pellucid a rea  w as s tu d ied  a fte r e x p la n ta tio n  a n d  in jec tio n  
o f  fluo resce in -labelled  d e x tra n  in  em bryos exposed  to  41 °C (norm al 38 °C) d u rin g  th e  f irs t 
th r e e  d ay s  o f in cu b a tio n . A v a r ie ty  of vascu la r ch an g es were observed w hich in c lu d e d  th ro m ­
b o sis  a n d  haem orrhage . T he genera l find ing  o f a n  ir reg u la r  vascu lar p a tte rn  is show n  to  be 
d u e  to  p e riv ascu la r oedem a w hich  m ay in d ica te  v a sc u la r  insufficiency. T his p a th o lo g ic  p e r­
m e a b ili ty  has been d e m o n s tra te d  physio logically  b y  d e x tra n  leakage and  m o rp h o lo g ica lly  
b y  e le c tro n  m icroscopy. F u r th e r  stud ies to  link  th e se  v ascu la r changes to te ra to g e n ic  m ech a­
n ism s  are  in  progress.

T H E  O C C U R R E N C E S O F  D IF F E R E N T  C O M B IN A T IO N S O F S U B G R O U P S  
O F  V A C TE R L  A SSO C IA T IO N

I. P a z o n y i

L A B O R A T O R Y  O F  H U M A N  G E N E T I C S  O F  N A T I O N A L  I N S T I T U T E  H Y G I E N E ,  B U D A P E S T ,  H U N G A R Y

T he co m b in a tio n s o f  each  com ponent o f V A C T E R L  association were s tu d ie d  on  th e  
m a te r ia l  o f th e  H u n g a rian  C ongenital M alfo rm atio n  R egister, 1970 —1975. T h e  p re lim in a ry  
a n a ly s is  show ed a spositive  co rre la tio n  betw een  th e  com ponents of V A C T E R L  a n d  th e  m al­
fo rm a tio n s  of th e  g en ita l o rg a n  therefore  as a se v e n th  com ponen t the  la t te r  was b e in g  in cluded  
in  th is  association . The c r ite r ia  o f th is asso c ia tio n  w as th a t  four or m ore c o m p o n en ts  o f 
“ V A C T E R L -G ” occurred  in  th e  sam e baby . T h u s  th e  num ber of “ V A C T E R L -G ”  was 25, 
th re e  o f th e  com ponents o ccu rred  in  24 bab ies a n d  tw o  of th em  in 180 b ab ies. T h e  obse rv ed  
o ccu rren ces o f tw o and  th re e  com binations w ere s ig n ifican tly  h igher th a n  th e  e x p e c te d  va lues. 
T h e  d e ta iled  figures w ill be show n in tab les.

E M B R Y O T O X IC  E F F E C T S  O F  B E N Z E N E  IN H A L A T IO N

K . R o d i c s ,  A. H u d á k ,  E . T á t r a i ,  M. L ő r i n c z ,  G y . B a r c z a  and  G y . U n g v á r y  

S T A T E  I N S T I T U T E  O F  O C C U P A T I O N A L  H E A L T H ,  B U D A P E S T ,  H U N G A R Y

Benzene is know n  to  hav e  m u tagen ic  a n d  carcinogenic  effects and  is su sp ec ted  to  h av e  
te ra to g e n ic  effect, too .
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C FY  ra ts  were exposed to  in h ala tio n  of 150, 450, 1500 or 3000 m g/m 3 benzene on d ay s  
9 — 14 o f p regnancy , for 24 h /d ay . High m ate rn a l a n d  fe ta l  m o rta lity , m arked  fe ta l w eigh t 
re ta rd a tio n  and  increased  incidence of skeletal r e ta rd a t io n  signs were observed in  all doses 
app lied , w ith  th e  excep tion  o f th e  lowest dose. The in c id en ce  of e x tra  ribs increased  a t  1500 and  
3000 m g/m 3 doses. None of th ese  p a ram ete rs show ed d o se-response  relationship . T h e  in cidence  
of m alfo rm atio n s did no t increase  a t  any of th e  doses.

I t  w as concluded, t h a t  a lthough  benzene cau sed  severe m aterna l and fe ta l to x ic ity  
above a c e rta in  co n cen tra tio n , i t  did no t prove to  be te ra to g e n ic .

THE JAPANESE QUAIL AS A MODEL FOR MUTAGENICITY STUDIES 

E. W. Ross a n d  J. M. T e s h

D E P A R T M E N T  O F  R E P R O D U C T I V E  S T U D I E S ,  L I F E  S C I E N C E  R E S E A R C H ,  S T O C K ,  E S S E X ,  U . K .

Few  m u tag en ic ity  s tu d ie s  are carried  ou t in a v ia n  species which is som ew hat su rp ris in g  
considering  th e  e x te n t o f th e  exposure  of p o u ltry  an d  w ild b ird s to  large num bers o f  d iffe ren t 
chem ical ag en ts  e.g., food ad d itiv es , agrochem icals e tc . T h is  d em o n stra tio n  o u tlines a m eth o d  
for s tu d y in g  m u tagen ic  p o te n tia l  o f com pounds in  th e  m ale  Jap an ese  quail. T he a d v a n ta g e s  
to  the  resea rch  la b o ra to ry  of th is  species include:

1. In ex pensive , low  feed ing  costs, sm all size, r a p id  o n se t o f sexual m a tu r ity , h ig h  egg 
p ro d u c tio n  and  ex ten d ed  lay in g  period.

2. N orm al d ev elo p m en t well docum ented .
M ethod: G roups of m ale quail of proven  fe r t i l ity  w ere  dosed by oral gavage w ith  T M P 

a t 500 or 1000 m g/kg /day  fo r five  days. Following t r e a tm e n t  each  male was penned  w ith  th ree  
v irg in  fem ales each week fo r nine consecutive weeks. E ggs p roduced  during  th e  f i r s t  th ree  
d ay s w ere d iscard ed , and on ly  those produced d u rin g  th e  follow ing seven days w ere co llected  
a n d  in cu b a ted . H a lf of each  b a tc h  of eggs was ex am in ed  a f te r  five days of in cu b a tio n , w h ilst 
th e  re m a in d e r were ex am in ed  a t  tw elve days. The f e r t i l i ty  and  norm ality  of d e v e lo p m en t 
o f  each egg was recorded.

R esu lts:  The resu lts  o b ta in e d  ind icated  an in itia l d ecrease  in fe rtility  and an  a sso c ia ted  
increase  in  m o rta lity  of develop ing  chicks. S u b seq u e n tly  fe rti l ity  and d ev elopm en t re tu rn e d  
to  norm al.

S T U D IE S  ON T H E  G E N E S IS  OF LIM B  D E F E C T S  (A M EL IA , H E M IM E L IA ) 
IN D U C E D  BY N IT R O G E N  M U ST A R D

B. S a l z g e b e r

I N S T I T U T  D ’ E M B R Y O L O G I E ,  N O G E N T - S U R - M A R N E ,  F R A N C E

T he tre a tm e n t w ith  n itro g en  m ustard  of 2- to  2 .5 -d ay -o ld  em bryos (stages 10 to  14 H .H .)  
induced  2 ty p es o f lim b defec ts , e ith e r am elia or hem im elia .

In o rd er to d e te rm in e  th e  firs t effect o f th e  te ra to g e n ic  substance, reciprocal c o m b in a ­
tions were carried  o u t, using  th e  m ethod  of K ieny (1960). T h e  m esoderm al co m p o n en t o f  th e  
p rospective  lim b a rea  o f a n itro g en  m ustard  tre a te d  e m b ry o  was grafted  u n d e r th e  flan k  
of a n o rm al em bryo  and  in v erse ly  the p rospective  leg  m eso d erm  of a h ea lth y  em b ry o  was 
im p la n te d  u n d e r th e  f lan k  o f a trea te d  em bryo. R esu lts : no recom bination  p roduced  a n o rm al 
lim b. B u t th e  ty p e  of m alfo rm atio n  ob tained  in th ese  e x p e rim e n ts  was d ep en d en t o n  th e  
tre a te d  co m p onen t. The lack  o f d ista l p a rts  in th e  case o f  h em im elia  m ay  be due to  a d e fic iency  
o f the  ap ica l crest.
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C O N T R IB U T IO N S  TO T H E  ST U D Y  O F  E Y E  AN OM A LIES

S .  S á n d o r ,  M. C h e c i u  a n d  I .  F a z a k a s - T o d e a  

L A B O R A T O R Y  O F  E M B R Y O L O G Y ,  C E N T E R  O F  H Y G I E N E  A N D  P U B L I C  H E A L T H  T I M I S O A R A ,  R U M A N I A

M orphological p ic tu res  o b ta in e d  by th e  d y n a m ic a l pursue  of ocular ch an g es in d u ced  
b y  b isazo  dyes and 6-AN in  a lb in o  ra ts  are p re sen ted . (T ry p an -b lu e  and N iag ara -S k y -b lu e  6B 
w ere  a d m in is te red  on d ay  9 i.p ., 6-A N  was a d m in is te re d  on  days 9 — 17 i.p. an d  on d a y  15 i.a .) 
O u r  o b se rv a tio n s  allow ed th e  follow ing m ain  s ta te m e n ts :

O cu lar anom alies m ay  develop  by  two p a th o g e n e tic  p a thw ays: early  d is tu rb a n c e s  of 
so m e  m o rphogenetic  ev en ts; la te  cy to to x ic  effect (6 -A N  rev ea ls  to be able to  in d u ce  anom alies 
b y  b o th  p a th w ay s m en tioned).

In  th e  case of 6 -A N -induced  ocular anom alies d ire c t and  ind irect la te  e ffec t does no t 
d iffe r  essen tia lly .

Som e m arked  lesions in d u ce d  by  6-AN show  a s tr ik in g  reversib ility .
T he la te ra lity  o f an o m alies  induced  d u rin g  v a rio u s  stages of d ev elo p m en t suggests 

a w o rk in g  hypo thesis con cern in g  th e  la te ra lity  of a n o m a lie s  induced  by ex p e rim e n ta l en v iro n ­
m e n ta l  facto rs.

A new ex p erim en tal m odel, g rafting  of r a t  o c u la r  p rim ord ia  into th e  d e v e lo p in g  chick 
e m b ry o  is sh o rtly  p resen ted .

S E X  D E P E N D E N T  M O R T A L IT Y  R A T E  O F  N E O N A T A L  M ICE A F T E R  
F R A C T IO N A T E D  X -IR R A D IA T IO N  P R IO R  TO  S E X  D IF F E R E N T IA T IO N

W . S c h m a h l 1 ,  L. W e b e r 2 a n d  H . K r i e g e l 1

1 A B T E I L U N G  N U K L E A R B I O L O G I E  U N D  » A B T E I L U N G  F Ü R  Z E L L C H E M I E  D E R  G E S E L L S C H A F T  
F Ü R  S T R A H L E N -  U N D  U M W E L T F O R S C H U N G ,  M Ü N C H E N

F ra c tio n a te d  X - ir ra d ia tio n  a t  gesta tio n a l d a y s  11 — 13 induced dose in d e p e n d e n tly  
m o re  severe  te lencephalic  lesions in fem ale fe tu ses th a n  in  m ale ones. A t 3 x 1 1 0  ra d  only , 
c o n c o m ita n t  a lte ra tio n s  o f th e  sh ap e  of th e  fem ale  th a la m i were observed. F em ale  n e o n a ta l 
m o r ta l i ty  was consequen tly  e le v a te d , th u s  u n til w ean in g  th ree  tim es m ore m ales su rv iv ed  
th a n  fem ales. In  c o n tra s t to  th e  con tro ls, th e  b o d y  w e ig h ts  o f the  surviving i r ra d ia te d  m ales 
f ro m  p o s tn a ta l  day  16 on d id  n o t  su rpass those  of th e  fem ales. There were also no sex  d iffe r­
en ces  n e ith e r  in  th e  b ra in  w e ig h ts , nor in th e  a c tiv it ie s  o f tw o b ra in  enzym es, a c e ty lc h o lin ­
e s te ra se  an d  N a, К -A T Pase. A s X -irrad ia tio n  o c cu rre d  p rio r to  sexual d iffe re n tia tio n  these 
r e s u l ts  m ay  be exp la ined  on ly  b y  a dose d ep en d en t p re fe re n tia l rad ia tion  in ju ry  to  X -lin k ed  
fu n c tio n s .

A  R A R E  C O N G E N IT A L  C A R D IA C  M A L F O R M A T IO N  IN  A D IC E P H A L U S  F E T U S  
W IT H  M U L T IP L E  M A L F O R M A T IO N S

L. S c h u l l e r ,  M i r e l a  B e c u s  L a u t e n t i u ,  H . S a l c a ,  L. L a z a r ,  S. P. O l a r i u ,
M a r i a  S c h u l l e r ,  Y. M o l n á r ,  L. S c h u l l e r  J r . a n d  G a b r i e l l a  В е к е

L A B O R A T O R Y  O F  P A T H O L O G I C A L  A N A T O M Y ,  C L I N I C  O F  G Y N E C O L O G Y  A N D  O B S T E T R I C S ,  
T I R G U - M U R E S ,  R O M A N I A

A ra re  case of cong en ita l card iac  m alfo rm atio n  in  a d icephalus fe tus is d e sc rib ed . The 
m o th e r  w as a 26-year-old p lu r ip a ra  who in  th e  n in th  m o n th  of g esta tion , in 1976, g av e  b ir th  
v ia  C esarean  section to  a fem ale , in tra u te r in  dead  fe tu s . T he fe tus weighed 3300 g ra m s , w ith
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a crow n to heal length  of 46 cm a n d  w ith  a single um bilical cord  an d  a single p lacen ta . M or­
phologic ex am inations rev ea led : tw o heads (dicephalus), left occ ip ita l m eningoencephalocele, 
tw o superio r lim bs (d ih rach iu s), a n d  tw o inferior lim bs. T he v e r te b ra l colum n was doubled  
u n til th e  sacrum . The spinal cord show ed an  asym m etric  a rc h ite c tu ra , w ith cornual hypop lasia  
o f th e  grey substance  on th e  side o f th e  m issing lim bs. The single chest had  two m ed iastin u m s, 
tw o  h y p o p las tic  (anectasic) lu ngs, an d  m edian d iap h rag m a tic  h e rn ia  w ith  “ Spiegel*’ lobes. 
Im p erfe c t ro ta tio n  of th e  v iscera  w ith  subhepatic  m edian  p o sitio n  of the  cecum , v erm ifo rm  
ap p en d ix , and  M eckel’s d iv e rticu lu m  w as presen t. The en larged  h e a r t  was in m edian  position  
(m esocard ia). I t  was u n ia tr ia l  an d  tr iv e n tric u la r  w ith o u t se p ta l defects or tran sp o sitio n  of 
vessels, an d  was shared  by  th e  tw o fetuses. The com m on a tr iu m  w as d ila ted  w ith  a tta c h e d  
au ric les, one auricles on each  side. On th e  posterior-inferior w all o f th e  com m on a tr iu m  th e  two 
ven ae  cavae en tered  th ro u g h  a single orifice, while th e  p u lm o n a ry  veins o f each lung  en tered  
th ro u g h  th e  p o sterio -la te ra l walls. T he com m on a triu m  h ad  th ree  a trio -v en tricu la r  openings, 
one for each of the  tw o a n te r io r  v en tric les  and one for th e  single posterio r v en tric le . F rom  
th e  an te rio r  ven tricles o r ig in a ted  th e  pu lm o n ary  a rte ria l tru n k s , th e  r ig h t one from  th e  rig h t 
a n te r io r  v en tric le  and  th e  left from  th e  left an te rio r v en tric le . T he tw o ao rtas , left and  rig h t, 
o r ig in a ted  from  the single p o ste rio r  ven tricle .

The d e rm atog lyphog ica l a sp ec t is m ore com plex, w ith  num ero u s b ideltic  p a tte rn s  of 
ra d ia l o r ien ta tio n  the  tr ira d iu s  o f th e  left palm  in the  position .

C O N SID E R A T IO N S R E G A R D IN G  A R A R E  C O N G E N IT A L  M A LFO R M A TIO N
(CYCLOPIA)

L. S c h u l l e r  J r ., M i r e l a  B e c u s  L a u r e n t i u , L. S c h u l l e r , L .  L a z a r , M a r g a r é t a  K i s s , 
A. I o n e s c u , M a r ia  S. S c h u l l e r , V. M o l n á r  a n d  B. B e r g e r

l a b o r a t o r y  o f  p a t h o l o g i c a l  a n a t o m y ,  c l i n i c a l  o f  g y n e c o l o g y c a l  a n d  o b s t e t r i c s ,
T I R G U - M U R E S ,  R O M A N I A

A ra re  case of congen ita l m alfo rm ation  is described (cyclopia). The cause was p ro b ab ly  
a m edicam en tos te ra to g en ic  fac to r. T he m other, 23 y ears old . to o k  Codenal from  th e  f irs t 
tw o  weeks of pregnancy  (197 d ays). She gave b ir th  sp o n tan eo u sly  a t  7 m o n th s to a still-bo rn  
fo e tu s  w ith  m ultip le m alfo rm atio n s (cyclopia a s to m a ta  o tocephalica).

E F F E C T S  O F C H O L IN E R G IC  A G EN TS ON T H E  D E V E L O P M E N T  O F T H E  AV IA N
A X IA L  S K E L E T O N

G. S t r u d e l *, M. R e c a s e n s  a n d  P .  M a n d e l **

• L A B .  E M B R Y O L O G I E  E X P É R I M E N T A L E  Е Р Н Е ,  N O G E N T / M A R N E ,  " C E N T R E  D E  N E U R O C H I M I E ,
S T R A S B O U R G ,  F R A N C E

A fter having d e m o n s tra ted  the  contro l m echanism  e x e rte d  by the  p e riax ia l e x tra ­
cellu lar m a te ria l on th e  d iffe re n tia tio n  processes of the  som itic  m esenchym e, we show ed th e  
ex istence  of biogenic am ines in th e  chick notochord . W ith  th e  fluorescence m ethod  of F a lck  
an d  O w m an and  by q u a lita tiv e  an d  q u a n tita tiv e  analysis w ith  labelled dansy l d é riv â tes  
we show ed th e  tran s ito ry  secre tion  an d  storage of E , N E , DA an d  5-H T  in 2 to  5 d ay  old 
chick  no tochords. The in jec tio n  of a cholinergic agonist m odifies th e  biogenic am ine c o n ten t 
o f  th e  no tochord  and causes m orp h o g en e tic  defects and  ab n o rm a l b iosynthesis. T he cervical 
n o to ch o rd  and  neural tu b e  a re  tw is ted , the  cervical som ites are  telescoped. In o lder em bryos 
th e  sp inal colum n is d is to rte d . T he chem ical com position of th e  pe riax ia l e x trace llu la r  m ate ria l
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is a lte re d  and  th e  v e r te b ra l c a rtilag e  is abn o rm al. T he effects o f th e  cho linerg ic  agen ts are 
in h ib i te d  by  cholinergic a n ta g o n is ts , cholinergic re ce p to r ligands and  b y  /^-adrenerg ic  a n ta g ­
o n is ts . N e u ro tran sm itte rs  seem  to  be  in v o lv ed  in  th e  ax ia l skeleton  em bryogenesis .

M E T H O D  F O R  D E T E C T IO N  O F M IC R O M E L IA  IN  R A T S

E . S z a s z o v s z k y , A. D r u g a  a n d  M. N y i t r a y  

I N S T I T U T E  F O R  D R U G  R E S E A R C H ,  B U D A P E S T ,  H U N G A R Y

T he de tection  of m icrom elia  in  fe tuses is freq u e n tly  v e ry  d ifficu lt.
T he lim b develo p m en t can  be well ch arac te rized  b y  th e  len g th  a n d  th ic k n e ss  o f long 

b o n e s  an d  the  ra tio  o f th ese  p a ra m e te rs  (fem ur in d ex ) is in good c o rre la tio n  w ith  th e  body- 
w e ig h t o f th e  fetuses. 20 to  21.5 d ay s  old W ista r/R io p  fe tuses w ere w eighed a n d  a f te r  K O H  
a liz a r in  red  S s ta in ing  th e  le n g th  an d  th ick n ess (a t  th e  d is ta l  ep iphysis) o f fem u rs w ere m easu r­
ed . F e tu ses were d iv ided  in  g ro u p s w ith  h a lf  g r d ifference in  bo d y  w e igh t a n d  th e  norm al 
fe m u r  indexes of each  w e ig h t-g ro u p  w ere estab lished  b y  com puter.

T his m ethod  was te s te d  on  th e  fe tuses o f p e rp h en a z in e -tre a ted  m o th ers . T h is  com pound 
in d u ce s  m icrom elia o f d iffe re n t degree w hen given on 13th , 14th or 15th d a y s  o f p regnancy .

A ccording to  th e  re su lts  th is  m e th o d  is v e ry  usefu l for d e tec tin g  ev en  m o d e ra te  m icro­
m elia .

T E R A T O E P ID E M IO L O G IC A L  STU D Y  ON  PVC W O R K E R S

I. S z e n t e s i *, Z. B o g n á r ** an d  A. Cz e i z e l *

• L A B O R A T O R Y  O F  H U M A N  G E N E T I C S ,  N A T I O N A L  I N S T I T U T E  O F  H Y G I E N E ,
• • M A T E R N A L  H E A L T H  I N S T I T U T E ,  B U D A P E S T ,  H U N G A R Y

T he higher occurrence  o f ch rom osom e a b e rra tio n s  in  PVC w orkers w as p roved . A fter 
th is  a n  epidem iological s tu d y  w as e stab lish ed  in  231 PVC w orkers for th e  a n a ly s is  o f rep ro ­
d u c tio n . The so-called in d u s tr ia l  co n tro l (w ith o u t d irec t exposition) PVC (p o ly m er) and VC 
(m o n o m er) groups were co m p arin g  a n d  th e  re p ro d u c tio n  d a ta  before a n d  a f te r  th e  w ork 
in  th is  chem ical fa c to ry  w ith in  each  g ro u p  were stu d ied . A sign ifican t in crease  o f  fe ta l d ea th  
a n d  congen ita l m alfo rm atio n s as well as th e  in d u s tr ia l diseases were fo u n d  in  th e  VC g ro u p .

A G G R A V A TIO N  O F  CS3 T E R A T O G E N IC IT Y  A F T E R  E X P O S U R E  O F  P R O G E N Y  
O F  CS2 T R E A T E D  M O T H E R S

S. T a b a c o v a  an d  L. B a l a b a e v a

I N S T I T U T E  O F  H Y G I E N E  A N D  O C C U P A T I O N A L  H E A L T H ,  S O F I A ,  B U L G A R I A

O ur previous o b se rv a tio n s  on  CS2 effect on r a t  em bryo  d ev e lo p m en t, em ploying  ex ­
p o su re  levels of 50, 100 and  200 m g /m 3 th ro u g h o u t g e s ta tio n , revealed  m a rk e d  dose-rela ted  
e ffe c t on  pre- and p o s tn a ta l d ev e lo p m en t o f th e  g en era tio n , th e  th resh o ld  lev e l be ing  50 m g/m 3. 
F u r th e r ,  a second gen era tio n  s tu d y  h as  been perfo rm ed , w hich  is th e  su b jec t o f  th is  in v estig a ­
t io n . A fte r  reaching sexual m a tu r i ty  F t , p rogeny  has b een  m a te d  w ith in  e x p e rim e n ta l groups.
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P reg n an t F j fem ales from  each group h a v e  been d iv ided  in to  tw o subgroups: the  f irs t rece iv ed  
no fu r th e r  CS2 t r e a tm e n t  and the second was tre a te d  w ith  th e  sam e dose levels. E m b ry o n a l 
le th a lity , w eight, g ross ex te rn a l m alfo rm atio n s and c e r ta in  indices o f lipid and energy  m e ta b ­
olism , DN A  an d  R N A  liver levels w ere s tud ied . C om parisons betw een  subgroups a n d  w ith  
orig inally  trea te d  F , genera tion  te s tify  th e  fa c t th a t  re p e a te d  CS2 exposure  resu lts in  m ark e d  
agg rav a tio n  of CS2 te ra to g e n ic ity  in F 2, d e m o n s tra ted  by  a tw o  fold increase of th e  freq u en cy  
of m alform ations, d e te c ta b le  even a t  th e  low est dose level a n d  a m ore pronounced im p a irm e n t 
o f  lipid and  energy  m etabolism . I t  is w o rth  m en tion ing  t h a t  such  an  approach  is a p p ro p ria te  
fo r tera to g en ic ity  te s tin g  of en v iro n m en ta l p o llu ta n ts  as th e  rep ea ted  exposure o f sev era l 
su b sequen t g en era tio n s is a comm on fa c t  in  th e  case o f e n v iro n m en ta l p o llu tan ts .

T E R A T O G E N IC  A N D  E M B R Y O T O X IC  E F F E C T S  O F  SA L IC Y L IC  ACID IN  R A T S
E X P O S E D  TO T O L U E N E

E. T á t r a i , A. H u d á k  and Gy . U n g v á r y  

S T A T E  I N S T I T U T E  O F  O C C U P A T I O N A L  H E A L T H ,  H U D A P E S T ,  H U N G A R Y

The know n te ra to g e n ic  effect of sa licy lic  acid can be in creased  by enhancing  th e  g lycine  
u tiliza tio n . M etabo liza tion  of salicylic acid  requ ires g lycine. T o luene de to x ica tio n  also u tilize s  
g lycine, b u t to luene is n o t tera togenic. T he com bined te ra to g e n ic  an d  em b ryo tox ic  e ffec ts  
o f  these  two chem icals w ere investiga ted . C FY  ra ts  were exp o sed  to  to luene or air in h a la tio n  
on d ay s 10 12, an d  a single dosis of 50 m g/100 g b.w. sa licylic  acid  was given p.o. on d a y  12 o f
p reg nancy . Toluene in h a la tio n  caused h igh m ate rn a l m o rta lity  an d  increased  fetal m o r ta lity , 
re ta rd a tio n  as well, a n d  also the  incidence o f anom alies a n d  m alfo rm atio n s in the  sa licy lic  
acid  trea te d  ra ts  as co m p ared  w ith the  a ir in h alin g  an im als . I t  m eans th a t  to luene p o te n tia te s  
th e  em bryotox ic  and  te ra to g en ic  effects o f salicylic acid.

E X P E R IE N C E S  W IT H  M ETH O D S T E S T IN G  T H E  T E R A T O G E N IC  E F F E C T S
O F O E S T R A T R 1E N S

G. T e n n e r , H. L e m k e  and K. H . C h e m n i t i u s

V E R  J E N A P H A R M - R A N G E  R E S E A R C H  A N D  D E V E L O P M E N T ,  D E P A R T M E N T  O F  P H A R M A C O L O G Y ,
J E N A ,  G . D . R .

I t  has been w orked  o u t a specifical te s tin g  p ro g ram m e  fo r tera to log ica l effects o f 
oestrogènes. E x p erim en ts  bave  been m ade on lab o ra to ry  an im a ls  W IS T A R -rats (s to ck  
Je n a p h a rm ).

Drugs have been  ap p lica ted  during  em bryogenesis (6 th  10th day  p.c.; 10th 14 th  
d ay  p .c.) and during  fe togenesis (1 5 th —19th d ay  p.c.) in a dosage of 0.01; 0.1 and  1.0 m g/kg
i.p .

T esting  p a ram e te rs  hav e  been:
rep ro d u c tio n a l p o ten tia l (i.e. q u o ta  o f concep tion , im p la n ta tio n  and  resorp tion); 
weight of th e  l i t te r ;

— re ta rd a tio n  of w eigh t and squelett 
type  and q u o ta  o f  m alform ations.
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T E R A T O L O G IC A L  S T U D IE S  O F A L B E N D A Z O L E  IN  S H E E P  

J .  M. T e s h  a n d  G. A. V i r g o

D E P A R T M E N T  O F  R E P R O D U C T I V E  S T U D I E S ,  L I F E  S C I E N C E  R E S E A R C H ,  S T O C K ,  E S S E X ,  U . K .

O nly occasionally  does th e  o p p o rtu n ity  arise in  tera to lo g ica l stud ies o f a new  th e ra p eu tic  
a g e n t  to  be able to use th e  species for w hich th e  a g e n t is designed. Such an  o p p o r tu n ity  p re ­
s e n te d  i ts e lf  in  th e  in v es tig a tio n  of a new  w id e -sp ec tru m  an tih e lm in tic . A lbendazo le  (SK  & 
F 6 2 9 7 9 ) developed for use in  sheep  a n d  o th er d o m es tic a ted  anim als.

A flock  of ap p ro x im ate ly  360 ewes, D orset H o rn  Cross and Clun b reeds w ere u se d , th ey  
w a re  m a te d  n a tu ra lly  w ith  ra m s  of p roven  fe rti l ity . A lbendazole was a d m in is te re d  o ra lly  as 
a  s in g le  dose on day  17 of g e s ta tio n  a t  levels o f 7 .5, 10, 15 or 20 m g/kg. E w es w ere allowed 
to  la m b  n a tu ra lly  and  to re a r  th e ir  young . L am bs fo u n d  dead , killed in  ex trem is  o r considered  
to  b e  n o t  com m ercially  v iab le , w ere su b jected  to  d e ta ile d  m acroscopic ex am in a tio n  includ ing , 
w h e re  in d ica ted , rad io g rap h ic  e x am in a tio n  of th e  ske le ton .

T here  were no adverse  effects upon  m a te rn a l condition , b o d yw eigh t o r p a r tu r it io n . 
T h e  to ta l  nu m b er o f lam bs b o rn  was sim ilar in  a ll g roups, b u t th e  v iab ility  a t  20 m g/kg was 
s ig n if ic a n tly  reduced. E x a m in a tio n  of lam bs in d ic a te d  th a t  a t  20 m g/kg re n a l, c ran ia l and 
sp in a l  defec ts were p ro d u ced , w h ilst a t  15 m g/kg , d e fec ts  were lim ited  to th e  k id n ey s . A level 
o f  7.5 m g/kg had no te ra to g e n ic  o r em b ry o p a th ie  e ffects.

SOM E E F F E C T S  O F  T H IO T E P A  ON  R A B B IT  SPE R M  M O R PH O L O G Y  

J .  M. T e s h  a n d  F . W . R o ss

D E P A R T M E N T  O F  R E P R O D U C T I V E  S T U D I E S ,  L I F E  S C I E N C E  R E S E A R C H ,  S T O C K ,  E S S E X ,  U . K .

In  th e  con tinu ing  sea rch  for new  m ethods to  screen  com pounds for m u ta g e n ic  a c tiv ity , 
a  sp e rm  ab n o rm ality  assay  h as  been proposed u sin g  m ice (W yrobek  an d  B ru ce, 1977). In  th e  
p re s e n t  d em o n stra tio n  an  a lte rn a tiv e  species is suggested , viz. th e  ra b b it ,  th e  a d v a n ta g e s  for 
i t s  use  are as follows:

1. R epeated  collections o f  sem en can be o b ta in e d  using an  a rtif ic ia l v a g in a , th u s  facil­
i ta t in g  th e  s tu d y  of sem en q u a lity  before an d  a f te r  tre a tm e n t w ith  a te s t  co m p o u n d .

2. Sem en ch ara c te ris tic s  can  be assessed u sin g  a num ber o f c rite ria  e .g ., sam p le  volum e, 
co lo u r and  m obility , sperm  co n ce n tra tio n , liv e /d ead  ra tio  and m orpholog ical c h a rac te ris tic s .

3. I f  requ ired , th e  fu n c tio n a l cap ac ity  o f  sem en sam ples o f know n q u a li ty  can  be tes ted .
M ethod: Follow ing a n  in itia l tra in in g  p e rio d  to  an  artific ia l v a g in a , m ale  ra b b its  were

se lec ted  on the  basis o f th e ir  p ro d u c tio n  of h ig h  q u a lity  sem en. T est m ales rece iv ed  a single 
in tra p e r ito n e a l in jec tion  of 10 m g/kg T h io tep a , a n d  following th is tw ice w eekly  sem en sam ples 
w ere  o b ta in ed  for a period  o f te n  consecu tive  w eeks. Sem en q u a lity  was assessed  as in d ica ted  
a b o v e .

R esults: An in creased  incidence of sp e rm  ab n o rm alitie s were reco rd ed  fro m  W eek 2 
p o s t- tre a tm e n t, w hilst a decrease  in  to ta l sp e rm  n u m bers was o bserved  fro m  W eek 7. The 
sign ificance of these  re su lts  will be discussed in  re la tio n  to  the  use of th e  m e th o d  in  screening 
fo r  m u tag en ic ity .
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L E A D  A B E H A V IO U R A L  T E R A T O G E N ?

J . M. T e s h  a n d  A. L. P r i t c h a r d

D E P A R T M E N T  O F  R E P R O D U C T I V E  S T U D I E S ,  L I F E  S C I E N C E  R E S E A R C H ,  S T O C K ,  E S S E X ,  U . K .

The increasing  aw areness am o n g st te ra to lo g ists  t h a t  p re -n a ta l exposure to chem ica ls 
m ay  affec t p o st-n a ta l developm en t, an d  th e  en dorsem en t o f  th is  view  by  m any G ov ern m en ta l 
sa fe ty  com m ittees, has necessitated  th e  developm en t o f su ita b le  screening procedures. H o w ­
ever, th e  choice o f m e th o d s  has been le ft to  in d iv idual lab o ra to r ie s  and little  in fo rm a tio n  is 
y e t availab le  on th e  v a lu e  of the  va rio u s te s t  system s. W e th ere fo re  decided to in v es tig a te , 
in th e  d ev elopm en tal screen ing  profile used in our la b o ra to r ie s  (Tesh ’77), an  ag en t kno w n  
to cause dam age to  th e  c en tra l nervous system  when a d m in is te re d  p o stn a ta lly , in an  a t te m p t  
to o b ta in  positive co n tro l d a ta  on th e  e ffects of p re -n a ta l  tr e a tm e n t.

Lead n itra te  w as ad m in istered  in trav en o u s ly  to  fem ale  Sprague Dawley ra ts  on  d a y  
17 of gestation  a t  dose levels betw een 15 to 50 m g/kg. A p ro p o rtio n  of the fem ales were k illed  
on day  21 of g es ta tio n  to  assess the  e ffects in u tero . T he re m a in d e r  were allowed to  give b ir th  
and to rear th e ir y o u n g  n a tu ra lly . O ffspring  were m o n ito re d  fo r b o th  physical and b eh av io u ra l 
developm ent. A t th e  h igher levels, o ffspring  su rv iva l w as red u ced , b u t grow th and  p h y sica l 
developm ent were u n a ffec ted . L earn ing  ab ility  and lo co m o to r coord ination  of offspring  fro m  
tre a te d  females w ere in ferio r to th e  con tro ls.

I t  is suggested  th a t  lead m igh t p rove to be a u se fu l p ositive  control in fu tu re  s tu d ies  
of p o st-n a ta l d ev elo p m en t.

IN H IB IT IO N  O F T O O T H  D IF F E R E N T IA T IO N  I N  V IT R O  
BY D IA Z O -O X O -N O R L E U C IN E  (D O N )

I. T l I E S L E F F ,  K . H U R M E R I N T A  a i l d  L. S a X E N  

I I I .  D E P A R T M E N T  O F  P A T H O L O G Y ,  U N I V E R S I T Y  O F  H E L S I N K I ,  S F - 0 0 2 9 0  H E L S I N K I  2 9 ,  F I N L A N D

Molar to o th  germ s from  m ouse em bryos were c u lt iv a te d  in a Trowell type organ  c u ltu re  
in B G Jb  m edium  su p p lem en ted  w ith 20%  horse serum  a n d  10%  chick em bryo e x tra c t.  A fte r 
5 days of c u ltiv a tio n  th e  od o n to b lasts  had  secreted  p re d e n tin  and  the  am eloblasts h a d  d iffe r­
en tia te d . W hen c u ltiv a te d  in the  p resence of 10 — 50 fiin diazo-oxo-L-norleucine (D O N ), 
a g lu tam ine  an a lo g u e , th e  d iffe ren tia tio n  of o d o n to b la s ts  w as in h ib ited , b u t the  te e th  looked  
o therw ise  h ea lth y . W hen  DON was ad d ed  a fte r  two d a y s  o f  cu ltu re  in control m edium  (a t  th is  
tim e  the o d o n to b la s ts  a t  th e  cuspal tip s  were a lread y  d iffe re n tia te d ), it did no t in h ib it  p re ­
d e n tin  secretion, a m e lo b la s t d iffe ren tia tio n , nor en am el secre tion . How ever, th e  b o u n d a ry  
betw een  the  d iffe re n tia te d  cuspal a rea  and  the  u n d iffe re n tia te d , more cervical cells was 
d is tin c t.

The resu lts  su p p o rt the co ncep t th a t  the  m ech an ism  of th e  d ifferen tia tion  of o d o n to ­
b lasts is d ifferen t from  th a t  of the  am elob lasts. C oncern ing  th e  m echanism  of o d o n to b la s t  
d ifferen tia tion  we hav e  show n earlier th a t  a close a sso c ia tio n  be tw een  the basem en t m em b ran e  
and  th e  d iffe re n tia tin g  m esenchym al cells is recpiired (T h esle ff e t al., D ifferen tia tion  10: 71, 
1978). Because D O N  in terferes w ith  g lycosam inoglycan  a n d  g lycoprotein  syn thesis (G reene 
and  P ra t t ,  E x p . Cell Res. 105:71, 1977), we suggest t h a t  D O N  inh ib ited  o d o n to b la s t d iffe r­
e n tia tio n  by a ffec tin g  th e  m esenchym al cell surface a n d /o r  th e  basem ent m em brane.
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R E L A T IO N S H IP  B E T W E E N  T E R A T O G E N IC  P O T E N T IA L  A N D  
PH A R M A C O L O G IC A L  A C TIV ITY  O F  G L U C O C O R T IC O ID S IN  T H E  R A T

B . V a n n i e r , J .  B e n z o n i  a n d  R . D e r a e d t  

C E N T R E  D E  R E C H E R C H E S  R O U S S E L - U C L A F ,  9 3 2 3 0  R O M A I N V I L L E ,  F R A N C E

T h e  te ra togen ic  e ffec ts  o f corticoids a re  w ell k n o w n  in  rodents . T he p re se n t s tu d y  in  th e  
r a t  t r e a te d  orally  w as u n d e r ta k e n  to  d e te rm in e  w h e th e r  these  effects a re  re la te d  to  th e ir 
g lu co co rtico id  ac tiv ity . O n th e  basis o f th e ir  te ra to g e n ic ity , e stim ated  b y  c le f t-p a la te  in d u c ­
t io n  a f te r  tre a tm e n t fro m  d a y s  13 to  16 of g e s ta tio n , th e  te s ted  drugs w ere c lass ified  in  th e  
fo llo w in g  decreasing o rd e r: triam cino lone  a ce to n id e , dexam ethasone , tr ia m c in o lo n e , 16 ac- 
m e th y l  prednisolone, h y d ro co rtiso n e . F o r th ese  co m p o u n d s th e  th resh o ld  dose le a d in g  to 
a te ra to g e n ic  effect ra n g ed  fro m  0.5 m g/kg to  2 g /k g . C orticosterone an d  co rtiso n e  w ere no t 
te ra to g e n ic  a t  th e  dose of 2 g/kg. A sim ilar c la ss ifica tio n  of th e  tes ted  d ru g s w as o b ta in ed  
o n  th e  basis  of a n tiin f la m m a to ry  a c tiv ity  e v a lu a te d  on  th e  co tto n  g ran u lo m a  te s t  (range:
0.05 to  100 m g/kg), th y m o ly tic  a c tiv ity  (ran g e : 0 .03 to  50 m g/kg) and neoglycogenic  a c tiv ity  
( ra n g e : 0.01 to  5 m g/kg) su g g estin g  th a t  th e  te ra to g e n ic  p o ten tia l of g lucocortico ids is h igh ly  
c o rre la te d  w ith  th e ir  p h a rm aco lo g ica l a c tiv ity , b u t  t h a t  i t  occurs a t  m uch  h ig h e r  doses. P re ­
v io u s  ex p erim en ts  on  th e  e ffec ts  o f non s te ro id a l a n ti- in fla m m a to ry  drugs such  as asp irin , 
in d o m e th a c in  and  p h e n y lb u ta zo n e  hav e  n o t b een  ab le  to  estab lish  such a c o rre la tio n  since 
th e i r  te ra to lo g ica l s tu d y  is lim ited  b y  th e ir  g a s tro in te s tin a l tox ic ity .

S E N S IT IV E  P E R IO D S  A F T E R  A P P L IC A T IO N  O F L A T H Y R O G E N S 
D U R IN G  T H E  D E V E L O P M E N T

D. W e n d l e r

D E P A R T M E N T  O F  A N A T O M Y ,  K A R L - M A R X - U N I V E R S I T Y ,  L E I P Z I G ,  D D R

W e inv estig a ted  th e  ac tio n  of th e  la th y ro g e n s  am inoaceton itrile  (A A N ), /J-am ino- 
p ro p io n itr i le  (B A PN ), a n d  D -penicillam ine (P E N ) u p o n  th e  blastogenesis, em b ry o g en es is , and 
fe to g en es is  o f th e  ra t. In  th e  ch ick en  th e  su b s tan ces w ere p ro v ed  only on day  7. 300 m g A A N /kg 
p ro d u c e d  in  th e  r a t  2 p e ak s  o f le th a lity :  on d ay s 11 a n d  17. The m alfo rm atio n  ra te s  w ere  low 
in  b las to g en esis  and em b ryogenesis b u t rose in  fe to g en esis  to 100%  (ecto ca rd ia , w ris td ro p , 
h u m p b a c k , hydronephrosis). 1 g P E N /k g  daily  g iv en  fro m  d ay  15 u n til te rm  d id  n o t  p ro d u ce  
a n y  m alfo rm atio n s in th e  r a t .  T h is substance  h a s  also no effect on th e  d ev elop ing  ch ick en  
e m b ry o s , b u t  AAN an d  B A P N  caused  m ald e v e lo p m e n t o f th e  lower p eak  a n d  b e n d in g  of 
th e  tib ia .
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Prof. D r. В. G e r h a r d t : Cell Biology M onographs. Vol. 5: M icrobodies/Peroxisom en p fla n z ­
licher Zellen. M orphologie F u n k tio n  und  E n tw ic k lu n g  eines Z ellorganells. W ith  an  E nglish  

assessm ent. 223 pages, 59 figu res . Springer V erlag , N ew  Y ork 1978.

Price: DM  139.20

As a resu lt of m u ltid isc ip lin a ry  in v es tig a tio n s  carried  o u t on p la n t cell m icrobodies, 
m ore  lig h t has been th ro w n  on th e  fu n c tio n  of th is  organelle.

T his new  m o n o g rap h  gives a com prehensive  acco u n t o f a lm o st all fields of p la n t  m icro- 
b o d y  research . A special v a lu e  of the book is th a t  i t  aim s a t  gu id ing  w orkers in th e  field 
p a r tic u la r ly  in pend ing  q u estio n s such as th e  orig in  and  b io ch em is try  o f peroxisom es.

T he book consists o f 12 chap ters a n d  concludes w ith  a su m m ary . A d e ta iled  list of 
references is added.

T he f irs t c h ap te r  deals w ith  the  d e fin itio n  and  fu n c tio n al significance of th e  peroxisom e, 
th e  second w ith  its  m orpholog ical featu res a n d  w ith  c rite ria  he lp ing  c lassification . A deta iled  
acco u n t is given of th e  fo rm atio n  of m ic ro b o d y  inclusions an d  th e ir  possible fu n c tio n s. The 
th ir d  an d  fo u rth  c h ap te rs  consider connections betw een perox isom es an d  o th e r  o rganelles and 
th e ir  occurrence in v a r io u s  p lan ts . The f i f th  c h ap te r  covers th e  enzym e c y to ch em istry  of 
m icrobod ies w ith  c ritica l com m ents on th e  re su lts . A conclusion em erg ing  from  these  chap ters  
is t h a t  cy to ch em istry  is su itab le  to  localize perox isom al enzym es o f th e  u l tra s tru c tu ra l  level. 
T he s ix th  c h ap te r  describes m eans of iso la tion  of peroxisom es from  th e  p la n t cell, th e  sev en th  
en larges on th e  perox isom e m em brane a n d  i ts  p ro te in  an d  lip id  com position , enzym e bio­
ch em istry  and  fu n c tio n . C h ap te r eight d eals w ith  peroxisom e fu n c tio n  in h igher p la n ts , th e  
role o f  glycosom es in lip id  a n d  ca rb o h y d ra te  m etab o lism  an d  in  th e  g lycocycla tc  cycle. C hap­
te rs  nine and  ten  cont a in  d a ta  on the  role o f perox isom es in algae an d  fungi. T he e lv e n th  ch ap te r  
is deco ted  to  th e  b iogenesis and  dev elo p m en t o f peroxisom es. In  c h ap te r  tw elve a  su m m ary  
is g iven  of th e  effects o f lig h t, p h y to h o rm o n es an d  m etab o lites  on  th e  reg u la tio n  o f pero x i­
som al fu n c tio n .

T his very  read ab le  book is richly  illu s tra te d . I t  m ay  be usefu l n o t on ly  fo r w orkers 
in basic  resea rch  b u t fo r all who would like  to  read  a com prehensive  su m m ary  o f cu rren t 
know ledge abou t th is  o rganelle .

P . S Ó T O N Y I

H . M. D u v e r n o y : H u m a n  B ra in  Stem Vessels. 188 pages, 108 figures,  a n d  2 folding plates.
S p rin g e r V erlag B erlin , H eidelberg , New Y o rk , 1978.

P rice: DM  200.—

T his book gives a d e ta iled  d escrip tion  of th e  vessels an d  an g io -a rch itec to n ic s  of th e  
h u m an  b ra in  stem . In d ia - in k  filling was u se d  to  d em o n s tra te  th e  cereb ral vessels. F u r th e r  
te c h n iq u es  em ployed w ere th e  p rep ara tio n  o f  vessels u n d e r th e  stereom icroscope , e x am in a tio n  
of su p p ly  te rrito rie s  in c leared  (Spalteholz te c h n iq u e ) serial sec tions, d e sc rip tio n  of th e  vascu la r 
s tru c tu re  o f th e  nuclei an d  tra c ts  in im p reg n a ted  (B o d ian ’s silver im p reg n atio n ) serial sections
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The first p a r t  deals w ith  th e  a rte rie s  and  veins o f th e  m edu lla , pons an d  m esencephalon. 
T h e  supp ly  te rrito rie s  o f in d iv id u a l a rte ries are defined  an d  th e  su p p ly  p a tte rn  o f nuclei is 
desc rib ed .

The second p a r t  is co n cern ed  w ith  th e  ang io -a rch itec to n ics  o f b ra in  stem  nuclei and
t r a c ts .

T he descrip tions a re  concise , clear and  d id ac tic , th e  lis t of references is com prehensive 
a n d  goes back to th e  la s t  c e n tu ry . I llu s tra tio n s  are p h o to g rap h s  of exce llen t q u a lity  c o n s titu t­
in g  a m ost useful a tla s . F ig u re s  1 — 3 d ep ic t b ra in  stem  surfaces. T h ey  are follow ed by  13 large 
d iag ra m m a tic  colour p ic tu re s  on  2 fo ld ing  p lates show ing th e  surface  a n d  in n er vessels of the  
b ra in  stem . Figures show  also th e  nuclei and tra c ts  fo u n d  in th e  co rresp o n d in g  fro n ta l section. 
S e p a ra te  b lack -and-w hite  schem es illu s tra te  th e  su p p ly  te rr ito rie s  of vessels. Surface vessels 
a re  also shown in o rig ina l p re p a ra tio n s , and 76 ink-filled  and  c leared  sec tions docu m en t the  
v a sc u la riza tio n  of all b ra in  s te m  areas.

The book concludes w ith  a carefu lly  com posed su b je c t index .
T he work is e q u a lly  v a lu ab le  for th e  h u m an  a n a to m is t, n eu ro p h y sio lo g ist, neu ro ­

su rg e o n  and n euro rad io log ist.
G .  A m b a c h

G enetic Mosaics and Cell D iffe ren tia tio n . E d. by  W .  J .  G e h r i n g .  R esu lts  an d  P ro b lem s in Cell 
D ifferen tia tion . V olum e 9. p p . 315. Springer V erlag , B erlin , H eidelberg , N ew  Y ork . 1978.

Price: DM 98.—

The volume deals w ith  th e  m ethodological an d  th eo re tica l asp ec ts , re su lts  and  pe r­
sp e c tiv e s  of the w orks m ad e  on  genetic  m osaics p ro d u ced  by d iffe ren t te c h n iq u es  (e.g. X -ray  
in d u c a tio n , reco m b in a tio n , e tc .)  p rov ide  a good o p p o r tu n ity  fo r th e  s tu d y  o f cellu lar in te r­
a c t io n  and cell lineage d u rin g  d ev elopm en t. T heir ex am in a tio n  allows th e  in v es tig a to r to 
d e te rm in e  the n u m b er a n d  lo ca tio n  of p ro g en ito r cells in  th e  em b ry o  an d  to  co n stru c t fa te  
m a p s  on  th is basis, since th e  fa te  o f a cell is decided large ly  b y  its  loca tio n  in a developing 
sy s te m .

T he volume consists o f  th e  pap ers  w ritte n  by  lead ing  e x p e rts  in th e  field , review ing 
th e  re su lts  and prob lem s of e x p e rim e n ta l works on genetic  m osaics o f D o rsoph ila  and  m ouse. 
T h e  ch ap te rs  are well i l lu s tra te d  an d  supplied  w ith  lis ts  o f references covering  p rac tica lly  all 
th e  p ap ers  published on th e  su b je c t du ring  the  las t years.

T he volum e is well w o r th  read in g  for biologist of b ro ad  sp ec tru m , a n d  especially  for 
th o se  engaged in genetics, c y to lo g y  and  developm en tal biology.

J .  K ovács

J ü r g e n  R o t h : E xperim entelle Pathologie. Spl. 3. The Lectins. 186 pages, 3 tab le s , 26 figures.
V E B  G ustav  F ischer 1978.

Price: M 59,—

R ecent studies hav e  c le a rly  show n th e  im p o rtan ce  of cell surface  su b s tan ces in re g u la t­
in g  cellu la r functions in  v a r io u s  s tages o f th e  cell cycle. I t  has been e s tab lish e d  th a t  th e  g lyco­
p ro te in s  of the  cell su rface  p la y  a c en tra l role in these  processes. T h is ex ce llen t m onograph  
d ea ls  w ith  the  significance o f le c tin . I t  con ta ins 11 ch ap te rs  concluded by a 12 th  sum m ariz ing  
o n e . R eferences are lis ted  com p reh en siv e ly , e lectron  m ic ro g rap h s , tab le s  an d  schem atic  
d ra w in g s  serve p ro p erly  th e ir  p u rpose .

T he first c h ap te r  is a h isto iog ical review , th e  second tells ab o u t fu n c tio n . T he th ird  
c h a p te r  is concerned w ith  th e  physico -ch em istry  of lec tin , the  fo u rth  an d  f if th  ch ap te rs  w ith  
th e  p u rific a tio n  of lec tin s  a n d  w ith  th e  s tru c tu re  of so-called  lec tin -b in d in g  sites. T he six th  
c h a p te r  deals w ith th e  m e th o d s  of d e m o n s tra tio n  of lec tin  used in cell b io logy  and  m em brane  
re sea rc h . A detailed  acco u n t o f  cell ag g lu tin a tio n  iso tope an d  m icroscopic te c h n iq u es  is given. 
C h a p te r  seven com pares th e  le c tin  co m ponen t of no rm al and  m alig n a t cell-surfaces. C hap ter 
e ig h t  considérés the  e ffects o f le c tin  on cell m etabo lism  an d  fu n c tio n  includ ing  th a t  of ly m p h o ­
c y te s , m acrophages and  blood p la te le ts . C hapters nine an d  ten  discuss th e  significance of lectin  
re se a rc h  and p rep ara tiv e  a n d  a n a ly tic a l b iochem istry .

T he book is reco m m en d ed  p rim arily  for b iochem ists b u t m orpho log ist m ay  also benefit 
f ro m  it.

P . S Ó T O N Y I
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D . S t a r c k :  Vergleichende A natom ie der Wirbeltiere a u f  evo lu tionsb io log ischer G rundlage. 
B and  I. T heoretische G rundlagen . S tam m esgesch ich te  u n d  S y s tem atik  u n te r  B erü ck sich tig u n g  
de r n iederen  C hordata . 274 pages w ith  100 figures. Springer V erlag, H eidelberg , B erlin , New

Y o rk  1978.

P rice : DM 88.—

C om para tive  a n a to m y  has m ade a grow ing progress to w ard  the  sy n th es is  o f classical 
d a ta  w ith  the  m odern fu n c tio n al resu lts  g iven  by genetics, em bryology , phy sio lo g y , e tho logy , 
e tc . Professor S ta rck ’s th ree  volum e w ork  is a successful exam ple  of th is ten d e n cy .

The f irs t volum e of the  w ork is d iv id ed  in to  th ree  p a rts . T he f irs t p a r t  sum m arizes 
th e  h is to ry  o f co m parative  a n a to m y , th e  re la tio n  of on to - an d  phylogenetics, th e  b asic  laws 
of evo lu tion  an d  D arw in’s theo ry .

In  th e  second p a r t  there  is an  in tro d u c to ry  c h ap te r  ab o u t lower v e r te b ra te s  which 
is followed by  a sy s tem atic  descrip tion  of A cran ia , T u n ic a ta , H a em ich o rd a ta , T e n ta c u la ta  
and  th e ir  phylogenetic  connections.

T he th ird  p a rt is a com prehensive  c lassification  of recen t and  fossie v e r te b ra te s  on the 
basis of ev o lu tio n ary  re la tions includ ing  m an y  a n a to m ica l, em bryological a n d  pa leon to log ical 
conclusions.

The trad itio n a l ch ap te rs  o f co m p ara tiv e  a n a to m y  such  as th e  d e sc rip tio n  of organ 
system s will ap p ear in the  fu tu re  vo lum es viz. in th e  second volum e th e  sk e le ta l sy s tem  and 
the  types of locom otion; and in th e  th ird  volum e th e  sk in  an d  its d e riv a tiv e s , th e  m uscular 
system , th e  coelom a, th e  im m une sy s te m , and the  o rgans of m etabolism  a n d  rep ro d u c tio n .

T he book is well illu s tra ted , a n d  co n ta in s a d e ta iled  sub jec t index , a re g is te r  o f the 
anim als and  a list of th e  m ost im p o r ta n t p e rtin en t references.

All th is  m akes th e  volum e a v e ry  useful aid  in u n d e rs tan d in g  c o m p a ra tiv e  an a to m y  
for all those in te res ted  in research  of teach in g  of th e  su b jec t.

J .  K o v á c s
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T h e  A cta M orpholog ien  publish  p a p e rs  on ex p erim en ta l m ed ical su b jec ts  in E ng lish . 
T he A cta M orphologien  ap p ear in  p a r ts  o f  v a ry in g  size, m ak in g  u p  volum es. 
M anuscrip ts sh o u ld  be addressed  to :

Acta Morphologica, II-1091 Budapest, Üllői út 93.

C orrespondence w ith  th e  e d ito rs  a n d  pu b lish ers sh o u ld  be s e n t  to  th e  sam e address . 
O rders m ay be  p lac ed  w ith K u l tu r a  Fore ign  T rad in g  C om pany  (H-1389 B u d a p es t 62, 

P .O .B . 149. A ccount N o . 218-10990) o r  i t s  re p re se n ta tiv e s  a b ro ad .

L es A cta M orpholog ica  p a ra is s e n t e n  ang lais e t  p u b lie n t des t r a v a u x  d u  d o m aine  des 
sciences m édicales ex p érim en ta les .

L es A cta M orpho log ica  so n t p u b lié s  sous form e de fascicu les qu i se ro n t ré u n is  en  
v o lu m es.

O n est prié d ’e n v o y e r  les m a n u s c r i ts  d estinés à la ré d a c tio n  à  l ’adresse  su iv an te :

Acta Morphologica, H -1091 Budapest, Üllői út 93.

T o u te  co rresp o n d an ce  doit ê tre  e n v o y é e  à  c e tte  m êm e ad resse .
O n peu t s’a b o n n e r  à  l’E n tre p r is e  d u  Com m erce E x té r ie u r  K u l tu ra  (H -1389 B u d a p es t 

62, P .O .B . 149. C o m p te -co u ran t N o . 218-10990) ou  chez re p ré se n ta n ts  à  l’é tra n g e r .

«Acta Morphologica» публикуют трактаты из области экспериментальных медицин­
ских наук на английском языке.

«Acta Morphologica» выходят отдельными выпусками разного объема. Несколько 
выпусков составляют один том.

Предназначенные для публикации авторские рукописи следует направлять по 
адресу:

Acta Morphologica, Н-1091 Budapest, Üllői út 93.

По этому же адресу направлять всякую корреспонденцию для редакции и адми­
нистрации.

Заказы принимает предприятие по внешней торговле K u ltu ra  (H -1389 B u d a p es t 
62, P.O.B. 149. Текущий счет № 218-10990) или его заграничные представительства и 
уполномоченные.
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ACTA MORPHOLOGICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  

O R V O S T U D O M Á N Y I  K Ö Z L E M É N Y E I

SZERKESZTŐSÉG ÉS KIADÓHIVATAL: 1054 BUDAPEST, ALKOTMÁNY U. 21.

A z A cta M orphologica an g o l n y e lv en  közöl é rtek ezések e t a  k ísé rle tes  o rv o stu d o m án y  
tá rg y k ö ré b ő l.

A z A cta  M orpholog ica  v á lto z ó  te rjed e lm ű  fü z e tek b e n  je len ik  m eg . T ö b b  fü zet a lk o t 
e g y  k ö te te t .

A  közlésre szán t k é z ir a to k  a  köve tk ező  c ím re  k ü ld en d ő k :

Acta Morphologica, 1091 Budapest, Üllői út 93.

U gyanerre  a  c ím re  k ü ld e n d ő  m in d en  szerkesztőség i és k ia d ó h iv a ta li  levelezés. 
M egrendelhető a  b e lfö ld  sz á m á ra  az  A k ad ém ia i K iad ó n ál (1368 B u d a p es t Pf. 24. 

B a n k sz á m la  215-11488), a  k ü lfö ld  szám ára  ped ig  a  K u ltú ra  K ü lk e resk ed e lm i V á lla la tn ál 
(1 3 8 9  B u d ap est 62, P .O .B . 149. B a n k sz ám la : 218-10990) v agy  an n ak  k ü lfö ld i képviselete inél.

D ie A cta M orpholog ica  v e rö ffen tlich en  A b h an d lu n g en  aus d em  B ereich  der ex p eri­
m en ta l-m ed iz in isch en  W isse n sc h a fte n  in  englischer Sprache.

D ie  A cta  M orpho log ica  e rsch e in en  in  H e ften  w echselnden  U m fan g es. M ehrere H efte  
b i ld e n  e inen  B and.

D ie zur V erö ffen tlich u n g  b e s tim m te n  M an u sk rip te  sind  a n  fo lgende A dresse  zu senden: 

Acta Morphologica, H-1091 Budapest, Üllői út 93.

A n die gleiche A n s c h r if t  i s t  jed e  fü r  die S c h riftle itu n g  u n d  d e n  V erlag  b estim m te  
K o rre sp o n d e n z  zu  r ic h te n .

B estellbar bei K u l tu r a  A u ß e n h an d e lsu n te rn e h m en  (H -1389 B u d a p e s t  62, P .O .B . 149. 
B a n k k o n to  Nr. 218-10990) o d e r  se in en  A u s la n d sv e rtre tu n g en .
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Chiiioin P h a rm a c 2 u tica l an d  Chem ical W orks L td . a n d  In s t i tu te  of Biology, 
Sem m elw eis U n iv e rs ity  Medical School, B u d ap est

EFFECT OF GLUTAUEINE ON THE PINEAL GLAND
OF THE RAT

L. F e u e r , В. Madarász , F. S udár  and G. Csaba 

(R eceived  F eb ru a ry  8, 1979)

G lu tau rin e  (g a m m a-L -g lu tam y l-tau rin e ), the  re ce n tly  discovered horm one of th e  
p a ra th y ro id  enhances the  ag g reg a tio n  and su b seq u e n t degen era tio n  of m ito ch o n d ria  
in the  p inea locy te  processes of th e  r a t  p ineal g lan d . It also stim u la te s  a u to p h a g y , 
p ro b ab ly  th ro u g h  its  general lysosom e ac tiv a tin g  effect.

In troduction

G lu tau rin e  (g am m a-L -g lu tam y l-tau rin e ), th e  new ly  discovered ho rm one  
o f th e  p a ra th y ro id  [3] possesses v ita m in  A like effec ts [4, 5, 7] an d  ac ts on  
th e  fu n c tio n  of d iffe ren t endocrine organs; it lias been  show n to an tag o n ize  
th e  effects of co rtisone  and  th y ro x in e  in severa l sy stem s [6, 11]. S ince the  
p u ta t iv e  p recu rso r o f g lu ta u rin e , th e  am ino acid  ta u r in e , is know n to  affect 
the  sy n th esis  an d /o r release of m ela ton in  by  th e  p in ea l g land  | 1], it seem ed 
w o rthw hile  to  in v es tig a te  the  m orphological a lte ra tio n s  caused in th e  g land  
by  g lu tau rin e .

M aterial and m ethod

Sexually  m atu re  W is ta r  CB ra ts  of our own breed, w eighing 150 — 200 g, were used  
in th e  ex p erim en ts  in g roups of five.

R a ts  of th e  f irs t g roup  were tre a te d  in trap erito n ea lly  w ith  10 gg  g lu tau rin e  in 1 m l 
saline on  a single occasion.

In tlie second g ro u p , 1 gg  g lu tau rin e  in  1 ml saline w as ad m in iste red  in tra p e rito n ea lly  
to each  r a t  on 7 consecu tive  days.

R a ts  of th e  th ird  g roup  w ere tre a te d  in tra p e rito n ea lly  w ith  1 ml saline, to serve as 
con tro ls.

T rea tm e n t was a lw ays perform ed a t 9 a .in ., and th e  p in ea l g land  was rem oved one h o u r 
a f te r  th e  la s t in jection .

T he pineal g land  was rem oved  surg ically  un d er e th e r a n aesth es ia . T he ab d o m in a l a o r ta  
was lig a ted , and K arn o w sk y ’s so lu tion  was in jected  th ro u g h  th e  a o rta  for perfusion  fix a tio n . 
T he ra ts  th en  were d eca p ita te d , th e  p ineal g land  was rem o v ed , d iv ided  in to  tw o  p a r ts , an d  
fix ed  in  K a rn o w sk y ’s so lu tio n  for fu rth e r 24 hr. The specim ens w ere th en  post-fixed  in  osm ium  
te tro x id e  for tw o hour, em bed d ed  in  A ra ld ite  (D urcu p an , F lu k a  AG., B uchs, Sw itzerland), 
sections were cu t w ith  an  u ltra -m ic ro to m e (Tesla, B rno, N a t. Corp. CSSR), an d  ex am in ed  
w ith  th e  e lectron  m icroscope (Jeo l 100 B , Ja p a n ).

1 A d o  M orphologica A c a d e m ia e  S c ien tia ru m  H ungaricae 28, 1980
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Results and discussion

T he pineal g lan d  is com posed  o f tw o  cell ty p es , p in ea lo cy tes  an d  a s tro ­
c y te s  (in te rs titia l cells) [2 ,9 ,1 0 ,1 2 ] . T he a s tro c y te s  ex ten d  p rocesses a n d  con ta in  
few  organelles. As th e ir  m orpho log ical ap p ea ran ce  w as sim ilar in  th e  experi­
m e n ta l  and  con tro l g ro u p s , fu r th e r  descrip tio n s are  cen tred  on th e  p inealocy tes.

F ig . 1. P ineal gland of co n tro l r a t .  E u ch ro m atic  nucleus, p ro m in en t nucleolus, w ell-developed 
G olgi com plex, cen trio le , d iffusely  localized  m ito ch o n d ria  and  few  en d o p la sm atic  re ticu la

of p in ea locy tes . X 17 000

A c ta  M orphologica A cadem iae  S c ien tia ru m  H ungaricae 28 , 1980
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T he p ineal gland of th e  co n tro l ra ts  show ed a v igorous ce llu la r a c tiv ity  
co rrespond ing  to  th e  h o u r o f  rem o v a l. T he p in ea lo cy tes  d isp layed  eu ch ro m atic  
nuclei, p ro m in en t nucleoli, a w ell-developed  Golgi a p p a ra tu s  (F igs 1 an d  2), 
and  enclosed m any  lip id  d ro p le ts  of v a rious d en sity  and  size. Som e m ito ­
ch ondria  clung to  th e  lip id  d ro p le ts  and  ex h ib ited  signs o f tra n s fo rm a tio n .

Fig. 2. W ell-developed Golgi com plex  in  a no rm al (co n tro l) p inea locy te , a sso c ia ted  w ith  th e
en d o p lasm ic  re ticu lum . X 7 1 3 0 0

1* A d a  M orphologien A cadem iae Sc ien tia ru m  H u n g a rica e  28 , 1980
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Close connections b e tw een  th e  Golgi a p p a ra tu s  an d  th e  rough-su rface  endo­
p la sm ic  reticu lum  w ere v is ib le  in  some places. T h e  endop lasm ic re tic u lu m  w as 
u su a lly  fragm en ted , less o f te n  aggregated . T h e  m ito ch o n d ria  co m m u n ica ted  
w ith  th e  Golgi a p p a ra tu s . I n  m a n y  cells, sy n a p tic  tra b e c u la e  ca rry in g  sy n ap tic  
v esic les  were seen.

F ig . 3. P inealocy te  of r a t  t r e a te d  w ith  a single 10 (tg dose o f g lu ta u rin e . E u ch ro m atic  nucleus, 
c y to p la sm ic  lipid d rop le ts , a n d  a g g reg a tio n  of m ito c h o n d ria  in  th e  cell process. X 14 000

A c ta  M orphologica Academ iae S c ien tia ru m  H ungaricae  28, 1980
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One h o u r a fte r a single la rg e  dose of g lu ta u rin e  th e  nucleus w as still d i ­
ch ro m atic  an d  th e  nucleolus p ro m in e n t, and  n e ith e r  th e  endop lasm ic  re ticu lu m  
nor th e  Golgi com plex was d iffe re n t from  th e  con tro l. L ip id  w as a b u n d a n tly  
p re se n t in  som e cells. A ggregation  o f  m ito ch o n d ria  in  th e  processes o f  p ineal- 
ocy tes w as a ch arac teris tic  c h an g e  (Figs 3 an d  4); th e  o rgane lles form ed

jFig. 4. P inealocy te  of ra t  trea te d  w ith  a single dose of g lu tau rin e . Large g ro u p s o f agg reg a ted  
m itochondria  in th e  p in ea locy tic  process. X 22 500

Irta M orphologien A cadem iae Sc ien linrum  H u ngaricae  28 , 1980
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d e n se ly  arranged  la rg e  g ro u p s . The a u to p h a g o u s  vacuoles u su a lly  enclosed 
m ito c h o n d ria .

T h e  p inealocytes f ro m  r a ts  trea ted  w ith  sev en  doses o f g lu tau rin e  show ed 
a s lig h t nuclear h e te ro c h ro m as ia , b u t did n o t n o ta b ly  d iffer from  th e  con tro ls . 
T h e  nucleoli were p ro m in e n t, m itochondria  w ere a b u n d a n tly  p resen t and

F ig . 5. P inealocy te  of r a t  t r e a te d  in trap erito n ea lly  w ith  1 jxg g lu tau rin e  daily  for 7 days. 
Close assoc ia tion  o f  la rg e  lipid droplets w ith  m ito c h o n d ria . X  24 200

A c ta  M orphologica Academ iae S c ie n tia ru m  H ungaricae 28, 1980



EFFECT OF GLUTAURINE 2 3 9

show ed th e  sam e ch arac te ris tic  ag g reg a tio n  p a t te rn  as a fte r a la rg e  dose. 
M itochondrium -lip id  association  o r tra n s fo rm a tio n  was frequen t (F ig . 5), w ith  
signs of d e lim ita tio n  or ex tru sio n  o f th e  d eg en e ra tin g  m itoch o n d ria  (F ig . 6). 
A u tophagous vacuo les were n u m ero u s in  th is  g roup , and  th ey  c o n ta in e d  b o th  
m ito ch o n d ria  an d  endoplasm ic re ticu lu m . T h e  vacuoles varied  in  size , b u t

Fig. 6. P ineal g land  of r a t  trea te d  w ith  1 [jtg g lu ta u rin e  d a ily  for 7 days. M any a u to p h a g o u s  
vacuoles enclose in ta c t  or d eg enerated  m ito c h o n d ria . S ep a ra tio n  of laden  v a cu o les  fro m

th e  cell. X 37 800

A cta  M orphologica Academ iae Scienliarum  H angaricac 28 , 1980
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m a n y  of them  w ere la rg e . T he m itoch o n d ria  f re q u e n tly  showed b iza rre , ra m i­
fie d  or rec tan g u la r sh a p e s , w ith  tra n sv e rsa l o r long itud inal, or even  m ixed  
p a t te rn s  of cristae  (F ig . 7). Synaptic  tra h e c u le s  w ere found also in  th is  g roup , 
in  p rac tica lly  th e  sam e  n u m b e r as in th e  c o n tro l specim ens.

A cta  M orphologica A cadem iae S c ie n tia ru m  Hungaricae 28, 1980

F ig . 7. P ineal gland of r a t  t r e a te d  w ith 1 p.g g lu ta u r in e  daily  for 7 days. B izarre  sh ap e  of 
m ito c h o n d ria  and their asso c ia tio n  w ith  lip id  droplets
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T he u ltra s tru c tu ra l  details o f th e  p ineal g land  of contro l r a ts  w ere  in 
ev e ry  resp ec t sim ilar as those describ ed  by  o th e r  au th o rs  [2, 9, 10, 12]. T he 
o rig in  o f th e  granules hav in g  th e  a p p e a ra n c e  of a “ secretion”  w as n o t n e a re r  
p u rsu e d , as o th e r au th o rs , too, h av e  fa iled  to  c la rify  th e ir  precise n a tu re  [12]. 
E x c lu s iv e ly  those  s tru c tu re s  were s tu d ie d  in  d e ta il w hich p e rm itte d  in d ire c t 
h u t  re liab le  conclusions as to  a fu n c tio n a l s tim u la tio n  or in h ib itio n  b y  g lu ta -  
u rine .

T he nuclei of th e  contro l p in ea lo cy te s  w ere euch rom atic , and  th e  nucleo li 
w ere p ro m in en t, ex ac tly  as in  th e  e x p e rim e n ta l g roups, in d ica ting  t h a t  g lu ta -  
u r in e  tre a tm e n t d id  n o t in terfere  w ith  th e  m e la to n in  sy n thesiz ing  fu n c tio n  
o f th e  r a t  pineal. T he b ehav iou r of m ito c h o n d ria  d id , how ever, d iffe r b e tw een  
th e  exp erim en ta l a n d  contro l g ro u p s. T h e  p inealocy tes of th e  g lu ta u r in e  
t r e a te d  ra ts  show ed a num erical in crease  an d  agg regation  of th e  m ito c h o n d ria  
iu  th e  cell processes, and  th e ir  d e g en e ra tio n , on prolonged tr e a tm e n t.  A t th e  
sam e tim e , m any  m itochondria  w ere seen inside  au top h ag o u s v acu o les . I t  
rem a in s  to  he c larified  w hether th e  m a rk e d  increase of m ito ch o n d ria l au to -  
p h a g y  was due to  a degenera tion  o f  th e  m ito ch o n d ria  or to  a d ire c t e ffect 
o f g lu ta u rin e , as th e  la t te r  is k n o w n  to  s tim u la te  lysosom al a c t iv i ty  [4, 8]. 
I f  i t  is p o s tu la ted  th a t  g lu tau rin e , like its  p re c u rso r ta u rin e  [1], ac ts  b y  in h ib i t ­
ing  release of m e la to n in  th e  conclusion  lies close a t h and  th a t  th is  e ffec t is 
e x e r te d  by th e  s tim u la tio n  of a u to p h a g y .
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D IE  W IR K U N G  D E S  L IT O R A L O N S A U F  D I E  Z IR B E L D R Ü S E  D E R  R A T T E

L . F E U E R , B. MADARÁSZ, F . SU D Á R  und  G. CSABA

D as vor k u rz em  e n td e c k te  H orm on der N eb en sch ild d rü se , das L ito ra lon , b e w irk t im 
C orpus pineale der R a t te  d ie  A ggregation  u n d  D e g e n e ra tio n  der M itochondrien  in  d en  P ine- 
a lo zy ten fo rtsä tzen . U n te r  se in e r W irkung t r i t t  s ta rk e  A u to p h ag ie  ein, was a ller W ah rsc h e in ­
lic h k e it  nach  der a llg em e in en  L yso so m en -ak tiv ie ren d en  W irk u n g  des L ito ra lons z u g esch rieb en  
w erd en  kan n .

ДЕЙСТВИЕ ЛИТОРАЛОНА НА ШИШКОВИДНОЕ ТЕЛО КРЫСЫ

Л . Ф Е Й Е Р , Б. М А Д А РА С , Ф . Ш У Д А Р  и Г . ЧА Б А

Литоралон, недавно открытый гормон щитовидной железы, повышает в шишковид­
ном теле крысы аггрегацию и вырождение митохондрий в отростках пинеалоцитов. Под его 
влиянием появляется автофагия значительного размера, что по свей вероятности можно 
приписать общему активирующему лизосомы действию Литоралона.

D r. László F e u e r : C H IN O IN  G yógyszer és V egyészeti T erm ékek  G y á ra , 
Pf. 110, H-1325 B u d a p e s t,  H u n g ary

D r. B á lin t Madarász  
D r. F erenc  Sudár  
D r. G yörgy  Csaba

Sem m elweis O rv o s tu d o m á n y i E gyetem , B iológiai 
In té z e t, N a g y v á ra d  t é r  4 . H -1445 B u d ap est, 
H u n g a ry
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DIURNAL RHYTHM OF HYPOPHYSEAL CELLS IN MICE. 
PART III. PARS NERVOSA*

H. Lach, S. K rawczyk, K. D ziu b e k  and W. Szaroma

(R eceived  A pril 21, 1979)

K a ry o m etric  analysis rev ea led  a d is tin c t d iu rn a l rh y th m ic ity  o f th e  n u c le a r 
vo lum e of pars nervosa  p itu ic y te s  in  m ice m a in ta in e d  on  a 12 h  ligh t : d a rk  sch edu le .

M ax im um  nuclear vo lum es of p itu ic y te s  in  b o th  m ales and fem ales w ere o b se rv ed  
a t  1800 o’clock while th e  m in im u m  ones a t  1200 o’clock. In  add ition , a d is t in c t  rh y th m  
w as o bserved  in  th e  a m o u n t o f lip id  v acuo les in  th e  p itu icy tes of b o th  sexes; th e y  
show ed tw o peaks, a larg e r one a t  1800 and  a sm a lle r  one a t  600 o’clock, as w ell as tw o  
m in im a a t  1200 and  2400 o’clock.

Introduction

T h e ro le of p itu icy tes  in  th e  a c tiv ity  o f h y p o p h y sea l pars n e rv o sa  is n o t 
c lear (H olmes and  B all [5]). T h e  su ggestion  o f  Ranson e t al. [20] t h a t  
p itu ic y te s  could  be th e  site  o f n eu ro h o rm o n e  sy n th esis  was c o n tra d ic te d  b y  
m an y  a u th o rs , a lth o u g h  th e y  co n tin u e  to  a sso c ia te  th e  function  o f  th e se  cells 
w ith  th e  a c tiv ity  o f th e  n eu ro sec re to ry  sy s te m . R omeis and Stahl  [23], 
K ratzsch [6], Ortman [16], H ild [4], B rettschneider  [1] and  Legait  [11] 
claim  th a t  p itu icy te s  p lay  an  im p o r ta n t ro le in  releasing  th e  n e u ro sec re tio n  
from  th e  p o ste rio r p i tu i ta ry  lobe. O n th e  o th e r  h a n d , R ennels a n d  D rager  
[21] suggest th a t  th e  p itu ic y te s  ta k e  p a r t  in  sp littin g  biologically  ac tiv e  
ho rm ones from  th e ir  p ro te in  ca rrie rs , an d  in  re leasing  these  h o rm o n es in to  
th e  b lood.

A n increase in  n eu ro sec re to ry  a c tiv ity  is connected  w ith  th e  in c rea se  
o f th e  a m o u n t of lip id  vacuoles w ith in  th e  p itu ic y te s  re la tionsh ip  o b se rv ed  
b y  K urosumi e t al. [9]. S im ilar reac tio n s w ere seen  as a resu lt o f d e h y d ra tio n  
(K rsulovic  e t al. [8]) an d  of c a s tra tio n  [25]. D eis [2] rep o rted  t h a t  th e  
increase  of neu ro secre tio n  in  th e  p o ste rio r p i tu i ta r y  a fte r c a s tra tio n  co in c id ed  
w ith  th e  increase in  n u m b er o f lip id  vacuoles w ith in  the  p itu icy te s ; th is  w as 
th e n  co n firm ed  electron-m icroscop ica lly  by  Zambrano [25]. O th e r a u th o rs  
[21, 13, 14, 15] rep o rted  th a t  th e  a c tiv ity  o f th e  neu ro secre to ry  sy stem  e x h ib its

* S u p p o rted  by  scientific  p ro g ram  R -II I -1 4  co o rd in a te d  by Jag ie llon ian  U n iv e rs ity , 
K rak o w , Po land .
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a d iu rn a l rh y th m ic ity  in  th e  n eu ro sec re to ry  n eu rocy tes as well as in  th e  
a m o u n t of n e u ro se c re to ry  m ateria l in  th e  p a rs  n e rv o sa  of the  h y p o p h y sis .

Since p itu ic y te s  a re  th o u g h  to  p a r t ic ip a te  in  horm one release a n d  since 
f lu c tu a tio n s  of th e  a c t iv i ty  of th e  n eu ro se c re to ry  system  seem to  be co n n ec ted  
w ith  th e  p itu icy te s , a d iu rn a l v a ria tio n  of p i tu ic y te  a c tiv ity  could he ex p ec ted .

T he p resen t s tu d y  w as u n d e rtak en  to  d e te rm in e  th e  d iu rnal rh y th m ic ity  
o f  p itu ic y te  a c tiv ity  a n d  of th e  am o u n t o f  lip id  vacuoles th e  p a rs  n e rv o sa  
p itu ic y te s  in  m ale a n d  fem ale mice.

M a t e r i a l  a n d  m e t h o d

F o u r m o n th s o ld  w h ite  m ice were used 25 fem ales a n d  25 m ales, of 25 g m ea n  w eight. 
T h ey  w ere k e p t on a 12 h  lig h t-d a rk  schedule. T h e  a n im a ls  were d ivided in to  5 g ro u p s  5 of 
5 m ale s  an d  5 fem ales e ac h , a n d  killed by  d e c a p ita tio n  a t  1200, 1800, 2400, 600 an d  1200 o’clock. 
T h e  p itu ita r ie s  were excised  a n d  fixed  in  B o u in -H o llan d  f ix a tiv e  and th en  ro u tin e ly  p rocessed  
fo r h isto log ical e x am in a tio n . 5 p m  th ick  sections w ere  s ta in e d  according to  H e e l a n t  [3], 
u s in g  lead  h a em ato x y lin  (P b H ), periodic acid  a n d  S ch iff reag en t (PA S); an d  acco rd in g  to 
B a b g m a n n  [19] using  G o m o ri chrom e h a em a to x y lin  a n d  ph loxin .

T he m easure o f p i tu ic y te  a c tiv ity  was th e  v o lu m e  o f cell nuclei. A ccording to  P a lkovits  
a n d  F i s h e r  [18] th e  n u c le a r  volum e is th e  m o rp h o m e tric  in d ex  of functional changes o f cell 
a c t iv ity . K a ry o m etric  m ea su re m e n ts  were m ade  u s in g  a m icrom eter and a 40 X ob jec tiv e . 
T w o p erp end icu lar n u c lea r d iam e te rs  (longer L a n d  sh o r te r  B) were m easured. T h e  n u c lear 
v o lu m e  was calcu la ted  b y  m ea n s  of P a lk o v its’s fo rm u la  [17]: V =  jt/ 6 x L x B 2. A lto g eth e r 
10 000 m easu rem en ts w ere  m ad e . Besides, lip id  v a cu o les  in  th e  m easured p itu ic y te s  w ere 
c o u n te d . N uclear v o lu m es a n d  th e  average a m o u n t o f lip id  vacuoles in th e  p itu ic y te s  were 
th e n  ev a lu a te d  s ta tis t ic a lly  u s in g  the  S tu d en t-G o sse t te s t.

R e s u l t s

D a ta  concern ing  d iu rn a l changes o f th e  m ean  nuclear vo lu m e o f pars 
n e rv o sa  p itu icy tes  a re  show n in Tables I ,  I I  a n d  F ig . 1, while d a ta  concern ing  
th e  a m o u n t of lip id  v acu o les  are seen in  T ab le s  I I I ,  IV  and in  Fig. 2. T h e  la rg es t 
m e a n  volum e of p i tu ic y te  nuclei was 135.178 ,u.m3 in  males and  144.382 ftm 3 
in  fem ales; it  w as o b se rv e d  a t 1800 o’clock. A f te r  th a t  tim e the  n u c le a r  vo lum e 
d ecreased  to  th e  m in im u m  of 109.513 [im1 in  m a le s , and  91.210 |im s in  fem ales, 
b y  1200 o’clock. T h e  re su lts  ob ta ined  a t  th e  investig a tiv e  p o in ts  o f tim e  
show ed  in  fem ales s ta t is t ic a l ly  s ign ifican t d ifferences betw een all th e  in te rv a ls  
w h ile  in  males th e  d ifferences were s ta t is t ic a l ly  s ign ifican t only b e tw een  1200 
a n d  1800, and 1200 and  2 4 00 o’clock.

As to  th e  a m o u n t o f  lipid vacuoles in  th e  investig a ted  p itu ic y te s , tw o 
p eak s  were o b served : th e  f irs t  a t 18°° o’clock  a t  o f  37.2 in  fem ales a n d  27.6 in  
m a les , and  th e  second  a t  600 o’clock, o f 16.0 vacuo les in  fem ales a n d  15.2 in 
m ales. Also tw o m in im u m s of th e  m ean  a m o u n t o f lipid vacuoles, one a t  12°° 
a n d  th e  o ther a t  2 4 00 o ’clock, were o b se rv ed  in  b o th  m ales and fem ales. T he 
d ifferences b e tw een  th e  tim e  in te rv a ls  w ere  sig n ifican t s ta tis tic a lly  in  b o th  
sexes.
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Table I

D iurnal flu c tu a tio n  o f  mean nuclear volume o f  p itu icy  tes in  p ars nervosa in male and fem a le  m ice

Hour Sex No. of animals
1

Mean nuclear 
volume ( f j .n i3)

S tandard
deviation Mean error

t
(S tuden t’s test)

\ 2  oo 5 91.210 10.607 4.744 7.386*

? 5 109.513 6.401 2.863

18 CO (? 5 141.382 8.487 3.796 4.265

? 5 135.178 6.658 2.978

2400 •tv
О 5 142.156 16.554 7.403 4.212

9 5 126.447 8.589 3.841

6°° ■f.
Q 5 103.115 9.096 4.068 6.004*

9 5 124.885 15.681 7.013

1 200 0 5 91.210 10.607 4.744 7.386*

9 5 109.513 6.401 2.863

* sta tis tica lly significant a t  P  < 0.01

Table II

Statistical comparison o f  mean nuclear volumes 

o f  p itu icytes in  pars nervosa o f  male and  

fem ale mice

Hours
t (S tuden t’s test)

females males

1200 1800 19.570* 13.896*
12°o 2400 12.957* 7.902*
12°o 600 4.259 4.539

1800 2400 0.598 4.016

18°" 600 16.586* 3.021
2400 600 10.334* 0.437

* s ta tis tica lly  sign ifican t a t  P <  0.01
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Table III

D iurna l rhythm  o f  the amount o f  lip id  vacuoles in p itu icytes o f  p a rs nervosa in fem ale and male mice

Hour Sex No. of animals
Mean number 

of lipid vacuoles
S tandard
deviation Mean error

t
(S tuden t’s test)

l 2o° <J 5 11.6 2.074 0.928 0.000

Î 5 11.6 2.408 1.077

18°» c? 5 37.2 3.701 1.655 10.235*

? 5 27.6 2.881 1.288

2400 <? 5 11.6 1.949 0.872 1.370

$ 5 11.0 1.000 0.447

6<>o
<* 5 16.0 3.536 1.581 0.925

? 5 15.2 2.490 1.114

1200 s 5 11.6 2.074 0.928 0.000

$ 5 11.6 2.408 1.077

* s ta tis tica lly  sign ifican t a t  P  <  0.01

Table IV

Statistica l comparison o f  m ean am ount 

o f  l ip id  vacuoles in p ituicytes o f  the p a rs  nervosa 

o f  male and fem ale  mice

females males

12°°— 18°° 30.153* 21.305*
12°°_24°° 0.000 1.149
1200_ ^oo 5.366* 5.195*

C 11о©со 30.585* 27.213*

18°0— 6°° 20.703* 16.273*
24°°— 6°° 5.446* 7.821*

* s ta tis tica lly  significant a t  P  <  0.01
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D iscussion

F ro m  th e  resu lts  i t  is seen th a t  th e  n u c lea r volum e o f p a rs  nervosa  
p i tu ic y te s  of m ale an d  fem ale  m ice e x h ib its  a d istin c t d iu rn a l rh y th m  w ith  
th e  m a x im u m  a t 1800 an d  m in im um  a t 1200 o ’clock.

T h e  resu lts  p re se n te d  agree w ith  th o se  of N i e b r o j  [ 1 5 ] ,  w ho form ed 
th e  m a x im u m  n uc lear v o lu m e  of n e u ro c y te s  in  th e  su p rao p tico  a n d  p a ra ­
v e n tr ic u la r  nuclei in  m ice a t  1800 an d  th e  m in im um  a t 300 o ’c lock . A t the  
sa m e  tim e  an  increased  d iu resis  w as o b se rv ed  while a t n ig h t i t  w as m ark ed ly  
d e c re a sed . S im ilar re su lts  w ere re p o rte d  b y  M ö d l i n g e r - O d o r f e r  [14] 
a c c o rd in g  to  w hom  a large  a m o u n t of n e u ro se c re to ry  m ateria l in  th e  n eu ro cy tes  
o f  h y p o th a la m ic  nucle i w as observed  a t  1 8 00, and  a m in im um  a t  6 00 and 
2 4 00 o ’clock. R i n n e  an d  S o n n i n e n  [ 2 2 ]  to o  show ed th e  h ig h est a m o u n t of 
n e u ro se c re to ry  m a te ria l d u rin g  th e  d ay  w h ile  th e  least am o u n t b e tw e e n  2 4 00 

a n d  4 00 o ’clock. W hen  co m p arin g  th e  d iu rn a l rh y th m  of th e  n e u ro se c re to ry  
s y s te m  w ith  th a t  of th e  n u c lea r  vo lum e o f p itu icy te s , th e  co incidence  in  the  
r e a c t iv i ty  of th e  n eu ro sec re to ry  system  a n d  th e  p itu icy tes a t  v a r io u s  tim e  
in te rv a ls  is c learly  seen. T h e  resu lts  su g g est t h a t  the  p itu icy tes  a re  fu n c tio n ­
a lly  c o n n e c te d  w ith  h o rm o n e  release in to  b lood .

I n  ad d itio n , th e  a m o u n t of lip id  v acu o les  in  th e  p itu icy tes  o f  m ale  and  
fe m a le  m ice exh ib its  a d is tin c t d iu rn a l r h y th m  sim ultaneously  w ith  th e  d iu rn a l 
r h y th m  o f th e  nuclear v o lu m e , in  ag reem en t w ith  th e  results b y  S u r o w i a k  [ 2 4 ]  

w h o  show ed  th a t  acid p h o sp h a ta se  a c t iv i ty  in  th e  h y p o th a lam u s ex h ib ited  
a d iu rn a l  rh y th m  w ith  th e  m ax im u m  a t 1800 an d  a m inim um  a t  2 4 00 o ’clock. 
A t th e  sam e  tim e  is has been  show n th a t  an  in crease  in n eu ro sec re to ry  a c tiv ity  
is c o n n e c te d  w ith  an  in c rease  in  th e  a m o u n t of lip id  vacuoles a n d  th a t  th e  
c h a n g e s  follow  th e  d iu rn a l rh y th m  of th e  w hole  neu rosecre to ry  sy s te m . In  th e  
l ig h t  o f  th e  find ing  [7, 8, 9] th a t  th e  a m o u n t o f  lip id  vacuoles in  th e  p itu ic y te s  
is a n  a d d itio n a l in d ex  o f th e  release o f n eu ro sec re to ry  su b stan ces  from  the  
p o s te r io r  p i tu i ta ry  lobe, i t  is easy  to  u n d e rs ta n d  th e  d iu rn a l r h y th m  o f th e  
v a c u o le s .
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D E R  C IR C A D IA N E  R H Y T H M U S  D E R  H Y P O P H Y S E N Z E L L E N  D E R  MAUS I I I .
PA R S N ER V O SA

H . LA CH , S. KRAW CZYK, K. D ZIU BEK  u nd  W . SZAROMA

A n M äusen, die bei je  1 2 stü n d ig en  dunklen u n d  h e llen  Z y k len  gehalten  w u rd en , lassen  
s ich  d u rc h  karyom etrische  A n a ly se  die im  circadianen R h y th m u s  erfolgenden K ern v o lu m en ­
v e rä n d e ru n g e n  in  P a rs  n e rv o sa  nachw eisen . Die g rö ß ten  K e rn v o lu m in a  w urden  sow ohl bei 
m ä n n lic h e n  als auch bei w e ib lic h en  M äusen um  18 U h r  e rm it te lt ,  en tgegen dem  M inim um  
u m  12 U h r. D arüber h in au s  l ie ß  s ich  bei beiden G esch lech te rn  eine ausgepräg te  R h y tlim iz itä t  
in  d e r  G röße der L ip id v a k u o le n  b eo b ach ten . Zwei M ax im a , eine g rößere  um  18 U h r u n d  eine 
k le in e re  um  6 U hr, fe rn e r zw ei M in im a  um  12 u n d  u m  24 U h r  w u rd en  festgestellt.

СУТОЧНЫЙ РИТМ ГИПОФИЗАРНЫХ КЛЕТОК У МЫШИ I I I .  PARS NERVOSA 

X . Л А Х , Ш . К Р А В Ч И К , К . Д З И У Б Е К  и В . Ш А Р О М А

У мышей, содержанных в двенадцатичасовых циклах на свете и в темноте, при по 
мощи кариометрического анализа можно выявить в суточном ритме изменения ядерного 
объема P a rs  nervosa. Как у мужских, так и у женских мышей наибольший ядерный объем 
был выявлен в 18 часов, а наименьший в 12 часов. Наряду с этим у обоих полов наблю­
далась выраженная ритмичность в изменениях размера липоидных пузырьков. Авторы 
определяли два максимума, более высокий в 18 часов и меньший в 6 часов, а также два 
минимума в 12 и 24 часов.

D r. H e n ry k  Lach 
D r . S. K rawczyk 
D r .  K. D ziubek 
D r .  W . Szaroma

T e a c h e r  T rain ing College, D e p a rtm e n t o f A nim al 
P h y s io lo g y , In s ti tu te  o f B io logy ,
31 -054  K rakow , ul. P o d b rzez ie  3., Po land
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DISTRIBUTION AND FINE STRUCTURE 
OF THE INTERSTITIAL CELLS OF CAJAL

J. Va jd a  and E rzséb e t F ehér

(R eceived  Ju ly  10, 1979)

D is tr ib u tio n  an d  fine s tru c tu re  of the  in te rs ti tia l  cells of Cajal w ere s tu d ied  in 
th e  c a t’s sm all in te stin e . T hey w ere  on ly  found  in  th e  c ircu la r m uscle layer. T h ey  h ad  
a  slender s tru c tu re  w ith  num ero u s m ito ch o n d ria , ro u g h  endoplasm ic re ticu lu m  and 
g ran u la r or se c re to ry  vesicles 100 to  300 nm  in d iam e te r. T he closest d istance  betw een  
th e  m em brane o f sm o o th  m uscle cells and  in te rs ti tia l  cells w as 40 to 60 nm . Som e nerve 
bundles were fo u n d  in  close re la tio n  to  th e ir  processes, b u t  n e ith e r pre- nor p o s tsy n a p tic  
d iffe ren tia tio n  cou ld  be observed. A fte r  n ialam ide  t r e a tm e n t  th e  q u a n ti ty  o f secre to ry  
vesicles increased  a n d  therefore  i t  is suggested  th a t  these  cells have a sec re to ry  fu n c tio n  
producing som e k in d  of peptide a n d  so th ey  m ay  a c t d irec tly  on  the  sm oo th  m uscle  cells.

In tro d u c tio n

T he s tu d y  o f  th e  in te rs titia l cells in  th e  severa l o rgans has been confined  
for m an y  years to  l ig h t m icroscopy using  d iffe ren t k in d s  o f im p reg n a tio n  and  
m eth y len e  blue s ta in in g  [1—5, 10, 11, 14, 15, 20, 21]. Som e of these au th o rs  
considered  the in te rs ti t ia l  cells to  be sm all n e rv e  cells; accord ing  to  o th e rs , 
th e se  cells were co nnec tive  tissu e  cells; and a th ird  group of in v estig a to rs  
th o u g h t these cells to  be special S chw ann  cells.

T a x i  [22, 23] an d  R i c h a r d s o n  [ 1 8 ,  19] using e lec tro n  m icroscopy, could 
d iffe ren tia te  the  in te rs t i t ia l  cells from  Schw ann  cells. C o u p l a n d  an d  H o l m e s  

[ 7 ]  an d  L e a m i n g  an d  C a u n a  [ 1 6 ]  found  th a t  th e y  gave  a neg a tiv e  ch o lin este ­
rase reac tion , w h ile , according to  G u n n  |9 ] , th is  re a c tio n  was non-specific .

W e have s tu d ie d  th e  d is tr ib u tio n  and  th e  s tru c tu re  o f the  in te rs ti t ia l  
cells of Cajal a t  th e  e lectron  m icroscopic level, to  d e te rm in e  th e ir  possible 
ta rg e t of action.

M ateria ls and m ethods

A dult cats o f b o th  sexes were u sed . T he m ate ria ls  w ere s ta in ed  b y  the  zinc-iodine- 
osm ium  technique fo r l ig h t m icroscopy a n d  for e lec tro n  m icroscopy  th e  an im als w ere perfused 
w ith  K arn o v sk y ’s f ix a tiv e  (13]. Some o f th e  an im als w ere tre a te d  w ith  200 m g/kg n ialam ide 
for 2 h before the perfusion . Sm all p ieces o f ileum  w ere excised  and  p o stfix ed  in 1%  osinic 
acid  for 2 h and em b e d d ed  in to  E pon . U ltra th in  sections w ere s ta in ed  w ith  u ra n y l ace ta te  
an d  lead  c itrate . E lec tro n m icro g rap h s w ere tak e n  w ith  a  T esla B S 500 e lectron  m icroscope.

2* ■irt.I M urjilwlugica A cadem iae S c ien tia ru m  H ungaricae 28, 198(1
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F ig . 1. P a r t  of th e  c ircu la r m uscle  layer. Arrow s p o in t a t  s ta r-sh ap ed  in te r s t i t ia l  cell

A d a  M orphologica A cadem iae Scientit Im  H u n g a rica e  28, 1980

F ig . 2. In te rs ti t ia l  cell of C aja l w ith  i ts  processes. A rrow  p o in ts to  a close nerve  bundle
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F ig. 3. E lec tro n m icro g rap h  of an in te rs t i tia l  cell o f Cajal. A rrow  p o in ts  to  sec re to ry
vesicles in  th e  cy to p lasm

yield  M orphologica Acaderniae Scien tiarum  l lu n g a r ic a v  2 8 , 1980
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Fig. 4. P rocess o f  a n  in te rs ti tia l  cell of C aja l. A rrow  in d ica tes rough  
su rfa c e  endoplasm ic re tic u lu m

Fig. 5. Process o f a n  in te r s t i t ia l  cell in close re la tio n  to  sm ooth  m uscle 
cells. A rrow  points to Golgi a rea

У
Л
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F ig. 6. Nerve bundle  (N ) close to  a process o f an  in te rs ti tia l  cell (a rrow )

Fig. 7. A fter n ia lam ide  tre a tm e n t the  q u a n ti ty  o f  secretory  vesicles 
(a rrow s) increased  in th e  in te rs ti tia l  cell
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Results

The in terstitia l cells are sta r shaped cells w ith  anastom osing cytoplasm ic 
processes. They lie in  th e  connective tissue am ong the  sm ooth muscle cells of 
th e  circular muscle lay er (F ig . 1). Their processes are coarse a t their origin, bu t, 
d u e  to  repeated ram ifications, they gradually become finer. Some small nerve 
b u n d les  could also be observed  in close re la tion  to  the  in te rstitia l cells (Fig. 2).

U nder the electron m icroscope the nuclei of these cells were found to  be 
ro u n d  or oval. The cy to p lasm  was slender and  extended into a tten u a ted  p ro ­
cesses (Fig. 3). The in te rs ti tia l  cells are covered by am orphous in tercellu lar 
substance . Numerous large  elongated m itochondria, rough endoplasm ic re ti­
cu lum , individual ribosom es and medium developed Golgi areas were observed. 
T h ey  contain a large n u m b er of granular or secretory  vesicles 100 to  300 nm 
in  d iam eter, having a dense finely granulated  m aterial in the  cen tral zone 
(F igs 3, 4). There is no basem en t membrane bordering the  cells; th e ir irregular 
cytoplasm ic processes p e n e tra te  into the circu lar sm ooth muscle cells. The 
d is tan ce  between the opposing  plasma m em branes of the two cells a t the  region 
o f close contacts is 40 to  60 nm. Sometimes a slightly  dense m ateria l could 
be observed on the m em b ran e  of the sm ooth m uscle cells (Fig. 5).

A t certain points th e  processes of the in te rs titia l cells m ay be in im m edi­
a te  contacts w ith the  n erv e  bundles (Fig. 6), b u t even in these cases the  nerve 
f ib re s  are embedded in to  Schwann cell cy toplasm . Sometimes the  closest gap 
b e tw een  the nerve fib re  an d  the membrane of in te rs titia l cells is 30 to  40 nm 
w ide. N either pre- nor post-synap tic  d ifferen tiation  could be observed.

A fter nialam ide tre a tm e n t the q u an tity  of g ranular vesicles (secretory 
vesicles) increased in  th e  processes of in te rs titia l ce Ils (Fig. 7).

Discussion

Electron m icroscopy revealed th a t th e  in te rs titia l cells of Cajal are 
specialized ones [6] and  th a t  th ey  are in close co n tac t w ith the  sm ooth muscle 
cells [12, 24]. The u ltra s tru c tu re  and the large num ber of dense core secretory 
vesicles suggests a sec re to ry  function. A fter m onoam ino oxidase inh ib itor 
(nialam ide) trea tm en t th e  q u an tity  of the  vesicles increased, therefore they  
m a y  belong to the A P U D  series [17] and th e ir  p rim ary  function w ould be 
th e  synthesis and secretion  of some kind of po lypeptide which acts on the 
neighbouring sm ooth m uscle cells. L a w r e n t j e w  [15] and van  E s v e l d  [ 8 ]  

supposed  th a t the au tonom ic in terstitia l cells were in tercalary  cells function­
a lly  and m orphologically interposed betw een th e  postganglionic axons and 
th e  effector cells. A ccording to  G u n n  [9] th e  in te rs titia l cell is an inbu ilt end- 
ap p a ra tu s  com m unicating w ith  the true nerve fibres. In  view of th e  close

y icta  M orphologica Academ iae S c ie n tia r u m  H ungaricae 28, 1980



INTERSTITIAL CELLS OF CAJAL 257

asso c ia tio n  of several nerve  fib res w ith  th e  in te rs t i t ia l  cells, it is rea so n ab le  
to  suppose  th a t  th e  diffuse release o f  n e u ro tra n s m itte r  su b stan ce  a long  th e  
len g th  o f th e  nerve processes would a c tiv a te  th e  in te rs titia l cells. T h is  m o rp h o ­
logical fea tu re  m ay m ean  th a t  th ese  cells a re , in fa c t, estab lish ing  fu n c tio n a l 
c o n ta c ts  betw een th e  nerve fib re  an d  th e  sm o o th  m uscle cell.
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23. T a x i ,  J .  (1960): P ro c . F o u r th  in t. Conf. E le c tro n  M icroscopy, Berlin, pp. 440— 443.
24. Y a m a m o t o ,  M. (1977): E lec tro n  m icroscopic s tu d ie s  o n  th e  in n erv a tio n  of th e  sm o o th

m uscle  and  th e  in te r s t i t ia l  cell o f Cajal in  th e  sm all in testine  of th e  m ouse a n d  cat. 
A rch , h isto l. ja p . 40, 171 — 201.

U N T E R S U C H U N G  D E R  V E R T E IL U N G  U N D  D E R  F E IN S T R U K T U R  
D E R  C A JA L S C H E N  Z E L L E N

J .  VAJDA und E. F E H É R

Im  D ü n n d a rm  v o n  K a tz e n  w urde die V e rte ilu n g  u n d  die F e in s tru k tu r  de r C a ja lsch en  
in te r s t i t ia le n  Zellen u n te rs u c h t . D iese Zellen f in d en  sich  n u r  in  der inneren  z irk u lä re n  M uskel­
sc h ich t, h a b e n  ein helles P la sm a  u n d  e n th a lte n  zah lre ich e  M itochondrien , ein  e n d o p la sm a ti­
sches R e tik u lu m  m it g ro b er O berfläche sowie k ö rn ig e  o d e r sekreterische B läschen  m it 100 — 
300 nm . D urchm esser. D ie k le in s te  S palte  zw ischen de r M em b ran e  der g la tten  M uskelzelle  u n d  
de r M em b ran e  der in te rs t i tia le n  Zellen b e trä g t 40 — 60 nm . N eben den A u släu fern  de r in te r ­
s t i tia le n  Z ellen fin d en  sich  h ä u fig  auch  N erv en fa se rn b ü n d e l. N ach  N ia lam id -B eh an d lu n g  h a tte  
sich  d ie A n zah l der kö rn ig en  V esikel e rh ö h t; so m it is t  an zu n eh m en , daß  die Z ellen irg en d e in  
P e p tid  p ro d u z ie ren , das a u f  d ie  g la tten  M uskelzellen e ine  d irek te  W irkung  a u sü b t.

РАСПРЕДЕЛЕНИЕ И ТОНКАЯ СТРУКТУРА ИНТЕРСТИЦИАЛЬНЫХ КЛЕТОК
К А Х А Л Я

Й . В А Й Д А  и Э р ж е б е т  Ф Е Х Е Р

Авторы изучали распределение и тонкую структуру интерстициальных клеток 
Кахаля в тонкой кишке кошки. Эти клетки наблюдаются только во внутреннем циркуляр­
ном мышечном слое, они имеют светлую плазму, содержат много митохондрий, эндо­
плазматическую сетчатку с грубой поверхностью и зернистые или секреторные пузырьки 
с диаметром в 100 — 300 nm. Наименьшая щель между мембранами гладкомышечных и 
интерстициональных клеток составляет 40— 60 nm. Возле отростков интерстициональных 
клеток часто наблюдаются и пучки нервных волокон. После применения ниаламида коли­
чество зернистых пузырьков повышается, следовательно можно полагать, что клетки вы­
рабатывают какой-то пептид, непосредственно действующий на клетки гладких мышц.

Dr. Ján o s  V a j d a  

D r. E rzsébet F e h é r

Semmelweis O rvostudom ányi Egyetem,
I. sz. Anatóm iai In téze t, H-1450 Budapest, 
Tűzoltó u. 58., H ungary
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In s t i tu te  o f A n a to m y  and In s ti tu te  o f P u b lic  H e a lth  and  Epidem iology, 
U n iv e rs ity  M edical School, D ebrecen , H u n g a ry

TERATOGENIC EFFECT OF 2’-THIOUREA IN THE RAT

M aria K e r n , Zsuzsa T a t á r - K i s s , P . K e r t a i  and  I. F ö l d e s  

(R eceived S ep tem ber 28, 1979)

T he co m pound  2’-th io u rea  was s tu d ied  fo r tera to g en ic  effect in  fe ta l  r a ts .  
A 0 .2 %  aqueous so lu tion  of 2’-th io u rea  (M erck) w as adm in iste red  ad lib itu m  to  p re g n a n t  
r a ts  fro m  th e  f irs t to  th e  14th d ay  of p reg n an cy . T he p regnancy  was co u n ted  fro m  th e  
d a y  w hen sperm  was found  in th e  vag ina l sm ear. In  th e  trea te d  ra t  fe tuses h y p o p la s ia  
o f th e  b ra in  an d  sp inal cord , in te rn a l h y d ro cep h a lu s , hypoplasia  of th e  sp in a l g an g lia , 
k y p h o lo rd o sis, m icrom elia , m ic ro g n ath ia , c left p a la te , re ta rd ed  to o th  d e v e lo p m e n t, 
e x o p h th a lm u s , colobom a, and  c a ta ra c t were o b se rv ed . In  add ition , generalized  h a e m o r­
rh ag es w ere fo u n d  all over the  body . T he ch an g es w ere sim ilar to  those p ro d u c e d  b y  
e th y len e  th io u rea  tre a tm e n t in r a t  fetuses.

In tro d u c tio n

T h e  2’-th io u rea  and  its d e riv a tiv es  a re  n a tu ra l  com ponents o f  p la n ts .  
L a te ly , th e ir  q u a n ti ty  has increased  in  th e  e n v iro n m e n t as th e y  a re  w id e ly  
ap p lied  as a fung icide in  ag ricu ltu re  an d  in  th e  dye, paper, p h o to g ra p h ic , 
p la s tic , p h a rm a c e u tic  an d  ru b b e r in d u strie s . T h is  is especially th e  case w ith  
e th y len e  th io u re a  w hich , as a m e tab o lite  o f  th e  fungicide e th y le n e -h is th io -  
c a rb o n a te , is f re q u e n tly  found  in ag ricu ltu re  [1, 8].

T h e  effect o f th io u re a  d e riv a tiv es  on th e  th y ro id  is well know n  [3, 12], 
an d  th e ir  tu m o u rig en ic  effect has been d e m o n s tra te d  in  anim als [2, 5, 9, 10, 
e tc .] . In  ad d itio n , e th y len e  th io u re a  has been  show  to  exert a te ra to g e n ic  e ffec t 
on sev era l o rgan  system s [7].

T h ere  are  no d a ta  on th e  te ra to g en ic  e ffec t o f 2 ’-th iourea, th o u g h  i t  is 
know n  to  pass th ro u g h  th e  p lacen ta  and  to  a ffec t th e  iodine m etab o lism  o f  th e  
o ffsp ring  [6, 11]. W e h av e  therefo re  s tu d ied  th e  te ra to g e n ic ity  of th e  c o m p o u n d  
an d  th e  n a tu re  o f th ese  changes, and  is co m p ared  th em  to  those  p ro d u c e d  
by  e th y le n e  th io u rea .

Material and m ethod

L A T I: CFY ra ts  w ere used in th e  ex p erim en ts . T he anim als were d iv ided  in  g ro u p s , 
each  co n sistin g  of a m ale a n d  tw o fem ales p laced in a  p o ly e th y len e  cage. V aginal sm e a rs  w ere 
tak e n  ev ery  m orn ing  u n til th e  appearance  of th e  sp e rm  plug. F rom  th is day  on , w h ich  w as 
considered  th e  f ir s t  d ay  o f p regnancy , th e  p re g n an t r a ts  w'ere isolated and  d iv id ed  in to  tw o  
groups. R a ts  in  th e  e x p erim en ta l group  were given ta p  w a te r  con tain ing  0 .2%  o f  2’- th io u re a  
(M erck) from  th e  f irs t to th e  14th day  of p reg nancy . R a ts  in  th e  control group rece iv ed  com -
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m o n  ta p  w a te r. A n im als  in  b o th  groups w ere fed  L A T I r a t  food. The fe tuses w ere rem oved  
tra n sa b d o m in a lly  on  th e  2 0 th  day of p regnancy .

P a r t  of th e  fe tu se s  o f each  group w as p ro cessed  acco rd ing  to  H ood — N e il l  [4] to  m ake 
t r a n s p a re n t  p re p a ra tio n s  s ta in e d  w ith  a lizarin  re d , fo r  th e  d em onstra tion  o f th e  degree of 
bo n e  calcification . T h e  re s t  o f the  fe tuses w as u se d  fo r histological studies. Spec im ens were 
f ix e d  in  a m ix tu re  o f a lcohol and  form ol (4 : 1) fo r 24 h o u rs , em bedded in  p a ra ff in  a n d  sec­
tio n e d  serially  a t  7 [im . H isto log ical ex am in a tio n s  w ere  carried  ou t on sections s ta in e d  w ith  
h a em a to x y lin -c h ro m o tro p e . F o r the  d e m o n s tra tio n  o f m in eraliza tio n  th e  K ossá  re a c tio n  was 
u sed . T he h ead , sp ine  a n d  h in d  lim b buds of th e  fe tu se s  were exam ined.

R esults

In  2’-th io u re a  tre a te d  ra t  fetuses r e ta rd e d  g row th , m a lfo rm ations (F ig . 1) 
an d  ab n o rm alitie s  w ere n o ted  in nervous a n d  ske le ta l developm ent, in  th e  eye 
a n d  vessels. Som e m alfo rm ations a p p e a re d  as m orphological ch an g es, such  
as m icrom elia , h y d ro cep h a lu s , e x o p h th a lm u s , m icrognath ia , g n a to sch isis , 
k y p ho lo rdosis  an d  sh o rten in g  of th e  ta il .  I n  th e  tra n sp a re n t p re p a ra tio n s , 
h y p o p las ia  of th e  sk e le ta l system  was a p p a re n t  (F ig . 1). The o ssifica tion  cen tres 
w ere sm aller in  th e  t r e a te d  anim als th a n  in  th e  contro ls. Besides, o ssifica tio n  
cen tres  were a b se n t in th e  v e rteb rae , in  th e  e x tre m ita l  hones and  in  th e  occip ­
i ta l  sq u am a. In  th e  c ran ium , re ta rd a tio n  o f ossification  was lim ite d  to  th e  
sq u a m a  of th e  p a r ie ta l  an d  tem poral hones. T h e  p a la te  was cleft, th e  m an d ib le  
sm alle r th a n  n o rm a l an d  cleft.

H istology

Nervous system . In  th e  tre a te d  r a ts  th e  sp in a l m edulla is th in  a n d  h y p o ­
p la s tic  (F ig. 2) a n d  th e  cen tra l canal n a rro w  an d  displaced v e n tra l ly . T he 
ep en d y m al cells fro m  th e  cen tra l can a l p ro life ra te  in to  the  a n te r io r  m ed ian

F ig. 1. T ran sp a re n t p re p a ra tio n s  sta ined  w ith  a liz a r in  re d  showing the o ss ificatio n  cen tres 
in co n tro l (C) and  in  2’-th io u re a  trea te d  (T) r a t  fe tu ses . N ote  sm aller body  size a n d  h y p o ­

p la s tic  skeletal system  o f th e  t r e a te d  fetus
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F ig . 2. ('.ross section of th e  sp inal cord of a r a t  t r e a te d  w ith  2’-th iou rea  show ing th e  h y p o ­
p las tic  sp ina l m edulla  and  und ifferen tia ted  cells in  th e  dorsal horn region. H a em a to x y lin -

chrom otrope. 1 0 x 6 .3 x 0 .5
Fig. 3. Spinal ganglia from  20-day old ra t  fe tu ses , a:  V ery sm all spinal ganglion  fro m  a fe tu s  
tre a te d  w ith  2’-th iou rea . b: A  spinal ganglion fro m  a con tro l fetus. H aem a to x y lin -ch ro m o tro p e .

10 X 6.3 X 0.5
F ig. 4 a. T elencephalon  of a ra t  fetus tre a te d  w ith  2’-th io u rea ; u n d ifferen tia ted  ro se tte -lik e  
cell-g roups and  m eta p la s tic  nodes (arrow s). 4 X 6.3 X  0.5. b :  M etaplastic  node, c o n ta in in g  

p ro life ra tin g  cells. H a em a to x y lin -ch ro m o tro p e . 1 0 x 6 .3 x 0 .5  
F ig. 5. Choroid p lexus in  th e  widened c a v ity  o f th e  fo reb ra in  vesicle in  a t r e a te d  r a t  fe tu s . 

H aem a to x y lin -ch ro m o tro p e . 4 x  6.3 X 0.5

fissu re . T he m e ta p la s tic  node is well c ircu m scrib ed . The dorsal p a r ts ,  w hich  
develop  from  the  a la r  p la te s , show re ta rd e d  d iffe ren tia tio n . In  th e  do rsa l [»art 
o f th e  g rey  m a tte r  k a ry o rrh ex is  and  cell d ecay  are  observed. T he sp in a l gang lia  
(F ig . 3a, b) are sm all, consisting of few  cells. T his m ay acco u n t fo r  th e  lack  
o f d iffe ren tia tio n  an d  cell death  in tin» d o rsa l horn .

Tin» five b ra in  vesicles are d isce rn ib le , b u t th e ir  w ide v en tric le s  are  
su rro u n d e d  by th in  u n d iffe ren tia ted  n e rv o u s  tissu e  (Fig. 4a). In th e  red u ced  
b ra in  su b stan ce  o f th e  te lencephalon , u n d iffe re n tia te d  ro se tte -like  cell g roups
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a re  seen. In  th e  c e n tre  o f  these cell g roups lu m in e  lined w ith  ep en d y m a l cells 
a re  v isib le. T he h y p o p la s tic  co rtica l su b s ta n c e  co n ta in  a n u m b er o f  m e ta ­
p la s tic  nodes. T h e y  are  p roduced  b y  p ro life ra tin g  u n d iffe ren tia ted  cells an d  
covered  b y  f la t te n e d  e p en d y m a  (F ig. 4b). T h e  nodes p ro tru d e  in to  th e  w id en ed  
cav itie s  of th e  b ra in  vesicles w here th e  cho ro id  p lexus can  be recogn ized  
(F ig . 5). C ircu la tion  o f  th e  cerebrosp inal flu id  is p resu m ab ly  in h ib ited  b y  th e  
h y p o p la s tic  sp in a l m ed u lla  and th is  m ay  a c c o u n t fo r th e  h y d ro cep h a lu s .

Skeleta l system  and  arteries

In  co n fo rm ity  w ith  th e  h y p o p lasia  o f th e  sp inal cord, th e  v e r te b ra l 
fo ram in a  are  also n a rro w ed . V ascu la r in g ro w th  c a n n o t be o bserved  in  th e  
seco n d ary  v e r te b ra e  (F ig . 6a). T he ch o rd a  do rsa lis  is fu lly  developed an d  s u r ­
ro u n d e d  by  th e  c a rtilag in eo u s  p rim o rd ia  o f seco n d ary  v e rteb rae . T he nucleus 
p u lp o su s is n o t d iscern ib le , th e  in te rv e r te b ra l fissu res are a lread y  p re se n t. 
O ssifica tion  has n o t  b eg u n . V erteb ra l h y p o p la s ia  causes kypho lo rdosis w h ich , 
in  som e cases, lead s to  th e  fo rm atio n  of h u m p s . I n  con tro l anim als of th e  sam e 
age (Fig. 6b) e n c h o n d ra l ossification  can  be seen in  th e  v e r te b ra l bod ies. 
A m ong  swollen ch o n d ro cy te s , rem n an ts  o f th e  g ro u n d  substance  c o n ta in  c a l­
cium  deposits. T h e  nucleus pu lposus is fu lly  developed , and  th e re  are  no 
ch o rd a l rem n an ts  in  th e  v e rte b ra l bodies.

T here is a r e ta rd a t io n  of g row th  in  le n g th  an d  th ickness of long bones. 
T h e  cartilage  is le ts  a re  su rro u n d ed  b y  p e rio s ta l b one  rings in  som e long bones. 
I n  th e  cen tre  o f th e  ca rtilag e  p rim o rd iu m  o f lim b s, h y p ertro p h ic  ch o n d ro cy tes  
a n d  calcium  d ep o sits  a re  observable in d ic a tin g  th e  beginning  of en ch o n d ra l 
o ssifica tion  (F ig. 7a). I n  th e  long bones of th e  co n tro l anim als (F ig. 7b) th e  
m e tap h y sis  is se p a ra te d  from  th e  ep iphysis. T h e  m etap h y sis  consists of co m ­
p a c t  an d  spongious b o n e  substance  su rro u n d in g  th e  m edu llar c a v ity  w h ich  
is filled  w ith  h aem o p o ie tic  elem ents. E n c h o n d ra l ossification  occurs s till a t  
th e  ep iphyseal— m e ta p h y se a l bo rder; an  o ssifica tio n  cen tre , how ever, c a n n o t 
he seen in th e  ep ip h y sis .

In  th e  c ran ia l b o nes, changes are  seen in  th e  facial bones an d  th e  sku ll 
w h ich  ossify in tra m e m b ra n o u s ly . T he m an d ib le  is hy p o p lastic  (F ig. 8a). T he 
m a n d ib u la r  p rocess o f  M eckel’s ca rtilag e  su rro u n d e d  b y  desm ogenous b o n e , 
is sm aller th a n  in  th e  con tro ls (Fig. 8b). N u m ero u s  ty p ic a l m esenchym al cells 
an d  in ten se  o steo b la s tic  a c tiv ity  can be o b se rv ed . In  th e  tre a te d  an im als no 
to o th  deve lopm en t is seen  while to o th  p rim o rd ia  are  wrell visible in  th e  co n tro ls . 
D esm ogenous bone p rim o rd ia  in  th e  m ax illa r  p rocess are wrell d iscern ib le , b u t  
th e y  are  sm aller th a n  in  th e  con tro l ra ts . T h e  m o st s trik in g  changes occur in  
th e  p a la tin e  p rocess (F ig . 9); i t  is sm aller, its  b o n y  axis is th in n e r  an d  sm alle r 
th a n  in  th e  co n tro l an im als. T he r ig h t an d  le ft processes are fa r  a p a r t ,  th e  
n a sa l an d  oral cav itie s  com m unicate  w ith  one a n o th e r. T oo th  p rim o rd ia  can-
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F ig . 6. T h o rac ic  v e rteb rae  o f 20-day old r a t  fe tu ses , a : Fo llow ing  2’-th iou rea  t r e a tm e n t ,  well 
d iffe re n tia te d  cartilage is seen w ith o u t ossification , b : C ontro l cartilage c h o n d ro cy te s  w ith  

beg inn ing  ossification. K ossá  re ac tio n . 4 0 x 6 .3 x 0 .5  
F ig . 7. T ib iae  of 20-day old r a t  fetuses, a: A fte r 2’-th io u re a  tre a tm e n t m atu re , h y p e rtro p h iz e d  
cells an d  calcified  g round  su b stan ce  are seen, b :  In  th e  co n tro l intensive o ss ifica tio n  o f the  

cartilag e  is p ro m inen t. K ossá  re a c tio n . 1 0 x 6 .3 x 0 .5  
F ig . 8. M andib les of 20-day  old r a t  fe tuses, a: 2’-th io u re a  tre a tm e n t causes h y p o p la s tic  
m an d ib le  an d  a sm all M eckel cartilage, b: I n  th e  co n tro l, in tram em b ran o u s o ss if ic a tio n  and  

a large Meckel ca rtila g e  are seen. H aem a to x y lin -ch ro m o tro p e . 4 X 6.3 X  0.5
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F ig. 9. M axillar p rim o rd iu m  of a  r a t  fc tus tre a te d  w ith  2’-th io u rea . The process (P ) is sm alle r 
th a n  in  th e  con tro l, re su ltin g  in  a wide p a la ta l fissu re  (a rro w ). H aem a to x y lin -ch ro m o tro p e .

4 X  6.3 X 0.5
F ig. 10. F ro n ta l  bone of r a t  fe tu s  tre a te d  w ith  2’- th io u re a . T h in  bone trabecu les a n d  n a rro w  

m ed u lla r cav ities. H a em a to x y lin -ch ro m o tro p e . 1 0 x 6 .3 x 0 .5  
F ig. 11. F ro n ta l  bone of 20-day  old tre a te d  (a) an d  co n tro l (b) r a t  fetus. Sparse c a lc ifica tio n  

and  h y p o p las tic  bone in  th e  tre a te d  fe tu s . K o ssá  reac tio n . 1 0 x 6 .3 x 0 .5  
F ig. 12. G alea of a r a t  fe tu s  tre a te d  w ith  2’-th io u rea . E x te n s iv e  haem orrhages in  th e  loosened  

su b cu tis . H a em a to x y lin -ch ro m o tro p e . 4 X  6.3 X  0.5

n o t be fo u n d  in  th e  m ax illa , w hereas in  th e  c o n tro l an im als the  d e n ta l lam in ae  
are  a lre a d y  p resen t.

In  th e  fro n ta l, p a r ie ta l, tem p o ra l, an d  o cc ip ita l bones, th e  sq u a m a  is 
h y p o p la s tic  and  red u ced  in  th ickness. The bone  tra b e c u le s  are th in , th e  m e d u l­
la ry  cav itie s  n a rro w  an d  th e re  are  signs o f  en h an ced  osteob lastic  a c t iv i ty  
(F ig . 10). Som e calc ium  in co rp o ra tio n  is c h a ra c te r is tic  of all h y p o p las tic  bones 
o f th e  skull (Fig. 11a, b). F lypoplasia  is m o st m ark ed  in th e  o cc ip ita l an d
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EFFECT OF 2 6 5' 2’-THIOUREA IN THE RAT

Fig. 13. T he eye of a r a t  fetus tre a te d  w ith  2’-th io u rea . T he lens is enlarged, th e  co rn ea  p ro ­
tru d in g . th e  v itreous is decreased  in  m ass. H aem ato x y lin -ch ro m o tro p e . 4 X 6.3 X  0.5 

Fig. 14. Skin of a ra t fe tus trea te d  w ith  2’-th io u re a , show ing subdérm al h a em o rrh ag e s . 
H aem ato x y lin -ch ro m o tro p e . 10 X 6.3 X 0.5

p a rie ta l bones. Calcium  in co rp o ra tio n  is s tro n g ly  reduced in th e  fo rm er. T he 
co nnective  tissue1 lay er of th e  ca lv a ria  is th ic k e n e d  in  th e  m iddle, c o n ta in in g  
num ero u s loosely a rranged  fib res  (F ig . 12). A bove th e  th ick  con n ec tiv e  tis su e  
layer, th e  su b cu tan eo u s tissue is loose an d  co n ta in s  m any  m esen ch y m al cells. 
In  th e  loosened subcu tis , ex tensive  h aem o rrh ag es  m ake the ca lv aria  ev en  m ore 
p ro tu b e ra n t. T here  are haem orrhages in th e  su b cu tis  all over th e  b o d y  (F ig . 
14). P re su m ab ly , a general d ev e lo p m en ta l d is tu rb a n c e  of v ascu la r w alls leads 
to  th e  fo rm a tio n  of these haem o rrh ag ic  areas.

Eye

In  tre a te d  fetuses th e  eyelids are  n o t fused . T he lens is u n u su a lly  la rg e  
w ith  sw ollen fib res th a t  do n o t s ta in  u n ifo rm ly . T he enlarged lens m ak es th e  
co rn ea  p ro tru d e  beyond th e  line o f th e  eyelids. E x ten d in g  poste rio rly , th e  lens 
occupies th e  p lace of th e  v itreo u s w hich  is s tro n g ly  reduced in m ass (F ig . 13).

Discussion

T h e re su lts  ind ica te  th a t  2’-th io u re a , s im ila rly  as e thy lene  th io u re a , 
ex erts  a te ra to g en ic  effect in th e  ra t .  C hanges in  th e  nervous system  o ccu rrin g  
u n d e r th e  effect of 2 ’-th iou rea  are  s im ila r to  th o se  induced by  e th y le n e  th io ­
u rea  [7] w ith  th e  difference th a t  in  o u r m a te ria l su b d u ra l oedem a w as a b se n t. 
C hanges in  th e  skeletal system  are  consp icuous a fte r  2’-th iou rea  t r e a tm e n t ;
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a lm o s t all bones a re  h y p o p la s tic . T here is a m a rk e d  difference in  th e  effect 
o f  2 ’-th iou rea  and  e th y le n e  th io u rea  in  t h a t  th e  fo rm er com pound d is tu rb s  
th e  developm ent o f  th e  cerebro- and  v isce ro c ran iu m  w ith  co n seq u en t cleft 
p a la te  and  m ic ro g n a th ia . Such changes w ere  n o t  n o ted  by  K h e r a  [ 7 ]  a fte r  
e th y le n e  th io u rea  a d m in is tra tio n .

O ur h isto log ical s tu d ie s  have show n t h a t  en d ochondra l and  in tra m e m - 
b ran eo u s  ossifica tion  is eq u a lly  re ta rd ed . C hanges in  th e  nervous a n d  sk e le ta l 
sy s tem  are due to  d is tu rb e d  d iffe ren tia tio n . E v ery w h ere  we fin d  y o u n g er, 
u n d iffe re n tia ted  cells am o n g  w hich th e re  a re  m a n y  degenera ting  an d  d ecay in g  
cells. W e canno t e x p la in  th e  phenom enon o f m e ta p la s ia  in  th e  nervous sy stem .

T hus, 2,- th io u re a , w hich  is a carcinogen ic  su b stan ce , is capab le  o f in d u c ­
in g  m etap lastic  an d  h y p o p la s tic  changes in  r a t  fe tu ses. The significance o f th is  
f in d in g  is und erlin ed  b y  th e  fac t th a t  m ore  a n d  m ore  carcinogenic ag en ts  are 
p ro v ed  to  be te ra to g e n ic  as well.
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D IE  T E R A T O G E N E  W IR K U N G  V O N  2’-T H IO U R E A  B E I R A T T E N

M. K E R N , ZS. TATÁR-KISS, P . K E R T A I und  I. FÖLDES

Die tera to g en e  W irk u n g  von 2’-T hiourea a u f  R a tte n em b ry o n en  w urde u n te rs u c h t. 
D ie 0,2% ige w äßrige L ö su n g  v o n  2’-Thiourea (M erck) w u rd e  träch tig en  R a tte n  v o m  1. bis 
zum  14. Tag der S c h w a n g e rsch a ft s ta t t  T rin k w asser a d  lib itu m  gereicht. D en T ag , a n  dem
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sp erm ap o sitiv er V ag in a lab strich  e rh a lte n  w urde, b e tra c h te te  m an  als 1. T ag de r S chw anger­
sch aft. Folgende V erän d eru n g en  w urden  reg is tr ie rt: G ehirn- und  R ü ck en m ark sh y p o p la sie , 
H yd ro cep h a lu s in te rn u s , H ypop lasie  des G anglion sp ina le , H ypoplasie  und  M iß b ild u n g en  am 
K n o ch en g erü st: K ypholordose , M ikrom elie, M ik rognath ie , G n a th o p ala to sch isis , re ta rd ie r te  
Z ah n b ild u n g , A nom alien  de r A ugenentw ick lung: E x o p h th a lm u s , K olobom , K a ta r a k t ,  gene­
ra lis ie rte  H äm orrhag ien  am  ganzen K örper.

E s w urde fe stg es te llt, d a ß  die E n tw ick lungsanom alien  den durch  Ä th y len th io u rea  
b ew irk ten  te ra to g en en  V erän d eru n g en  ähnlich sind.

Тератогенное действие 2’тиоурей было изучено на зародышах крыс. Беременным 
крысам давали вместо питьевой воды 0,2%-ый раствор 2’тиоуреи (Мерк) от 1-го до 14-го 
дня беременности. Как первый день беременности авторы рассматривали день получения 
спермаположительного мазка из влагалища. Наблюдали следующие изменения: гипопла­
зию головного и спинного мозга, внутреннюю гидрокефалию, гипоплазию спинального 
узла, гипоплазию и уродство костного скелета: кифолордоз, микромелию, микрогнатию, 
гнатопалатошиз, замедленное развитие зуб, аномалии развития глаз: пучеглазию, коло- 
бому, катаракту, генерализованные геморрагии по всему телу. Было установлено, что 
наблюдаемые аномалии развития подобны тератогенным изменениям, вызванным дачей 
этилентиоуреи.

ТЕРАТОГЕННОЕ ДЕЙСТВИЕ 2’ТИОУРЕИ У КРЫСЫ 

М. К Е Р Н ,  Ж .  Т А Т А Р -К И Ш Ш , П. К АРТАМ  и И. Ф Ё Л Д Е Ш

D r. M ária K e r n  

D r. Is tv á n  F ö l d e s

D r. Zsuzsa T a t á r - K i s s ) D ebreceni O rv o stu d o m án y i E gyetem
D r. P á l K e r t a i  ÍK özegészségtani In té z e te , D ebrecen , H -4012 H u n g ary
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E x p erim en ta l R esearch  In s t i tu te  and  I n s t i tu te  of Forensic  M edicine, 
Sem m elw eis U n iv e rs ity , Medical School, B u d a p es t, H u n g ary

ULTRASTRUCTURE AND LOCALIZATION OF CALCIUM 
IN UTERINE SMOOTH MUSCLE

G. R u b á n y i , I. B a l o g h , A. G. B. K o v á c h , E . S o m o g y i  and P . S ó t o n y i

(R eceived  Septem ber 10, 1979)

G eneral u ltra s tru c tu re  an d  subcellu lar ca lc iu m  loca lization  was s tu d ied  in  th e  
lo n g itu d in a l m uscle lay e r o f th e  ra b b it’s post p a r tu m  m yom etrium  by m eans of th e  lead  
ace ta te  and  p o tassium  p y ro a n tim o n a te  cy tochem ical techn iques. The find ing  of a b u n d ­
a n t surface  vesicles (SV) an d  in trace llu la r tu b u le s  o f sm oo th  endoplasm ic re ticu lu m  
(S E R ), th e ir  close c o n tac ts  in  som e p a rts  of th e  fib re , a n d  the  iso lated  c o m p a rtm e n t 
be tw een  p lasm a m em brane  (PM ) and basal m em b ran e  (BM ) m ay be im p o r ta n t  in the  
u n d e rs tan d in g  of c h a rac te ris tic  featu res of e x c ita tio n -c o n trac tio n  coupling in  th is  tissue. 
In  the  restin g  fibre  (M n2+ -induced  re lax atio n ) th e  lead  ace ta te  and p y ro a n tim o n a te  
reac tio n  p ro d u c t was localized  in the PM , SV, S E R  an d  m itochondria  (M), in d ica tin g  
th e  possible in  situ  C a-sequestering  p roperties o f th e  above s tru c tu re s . T issues fixed  
a t  th e  p eak  of K + -c o n tra c tio n  revealed  a b u n d a n t  p re c ip ita te s  in the  cy to p lasm , while 
l ittle  reac tio n  p ro d u c t was seen a t  the pe rip h ery  of th e  fibre.

The specificity  of th e  cytochem ical re ac tio n s  w as verified by  C a -ex trac tio n  
EG TA  in s itu  (lead a ce ta te )  an d  by  e lec tro n p ro b e  X -ray  m icroanalysis (p y ro a n ti­
m onate). These find ings in d ic a te  th a t  re d is tr ib u tio n  of the  p rec ip ita te  (luring  th e  con­
trac tio n -re la x a tio n  cycle is th e  result of in tra c e llu la r  calcium  tran s lo c a tio n  in th e  
ra b b it  m yom etrium .

In troduction

T he d e te rm in a n t o f u te rin e  sm ooth  m uscle  c o n trac tile  s ta te  is in t r a ­
ce llu lar Ca2f a c tiv ity  [5, 6, 8, 14, 18]. T his a c t iv i ty  depends on th e  ra te s  of 
Ca2 ' -in flux  and efflux  across tin* p lasm a m em b ran e  an d  ra tes  of Ca2 release 
an d  u p ta k e  in to  in tra c e llu la r  pools [8, 14]. T h e re  is physiological ev idence  
o f th e  ex istence  o f tw o m a jo r Ca-pools in th e  m y o m etriu m : a loosely b o u n d  
superfic ia l frac tio n  localized in the  ex tra c e llu la r  space  and  p lasm a m em b ran e , 
an d  a tig h tly  bound  in tra c e llu la r  frac tio n  [6, 8, 18— 20]. S tudies o f ca lc ium  
u p ta k e , b in d ing  and  accu m u la tio n  by su b ce llu la r frac tions from  th e  m y o ­
m etriu m  of d iffe ren t species ind ica te  th a t  in tra c e llu la r  C a-sequestring  sites 
are  located  in th e  p lasm a m em brane [8, 14], in th e  sm oo th  endop lasm ic re t ic u ­
lum  (S E R ) [4] an d  in tin* m ito ch o n d ria  [1]. In  c o n tra s t  to  vascu la r [10, 17, 
23, 2 4 1 and in te s tin a l [11, 12, 13, 25] sm o o th  m uscle, in the  m y o m etriu m  
no one has app lied  selective C a-stains to  d e te rm in e  w hich of these  possib le 
sites co n ta in  Ca u n d er physio logical co n d itio n s, an d  to s tu d y  th e  effect of 
p ro ced u res  associa ted  w ith  changes in in tra c e llu la r  Ca.
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T h e  p resen t s tu d y  w as designed to  in v e s tig a te  th e  general u l tra s tru c tu re  
a n d  su b ce llu la r C a-localization  in  th e  r a b b i t ’s p o s t p a r tu m  m y o m e triu m  by  
th e  le a d  ace ta te  [3] an d  p o ta ss iu m  p y ro a n tim o n a te  [25] m ethods. A fu r th e r  
a im  o f th e  s tu d y  was to  d e te rm in e  in tra c e llu la r  C a-tran slo ca tio n  d u rin g  the  
c o n tra c tio n -re la x a tio n  cycle . C hem ical an d  p h ysica l analyses w ere applied  
to  d e te rm in e  th e  sp ec ific ity  o f th e  m ethods em ployed .

M ateria ls  and  m ethods

A to ta l  of 55 lo n g itu d in a l u te r in e  strip s (10 m m  long and 5 m m  w ide) excised  from  
31 w h ite  fem ale New Z eland ra b b its  8 — 12 h  a f te r  n o rm al p a r tu r itio n  were m o u n te d  in an 
e x p e r im e n ta l  cham ber (py rex  tu b e , 10 m l) filled w ith  o x y g en ated  K rebs — R in g er b ica rb o n a te  
so lu tio n  (K R B ) a t 37 °C. One e n d  of th e  s trip  was co n n ec ted  to a s tra in  gauge (G rass F T 03C ) 
to  re co rd  isom etric  tension , an d  th e  o th e r  end was c lam ped .

S ta in e d  tissu e  preparations

A fte r  15 min in cu b a tio n  in  K R B  th e  p re p a ra tio n s  (n = 1 0 )  were fix ed  in 3 %  g lu ta ra l- 
d e h y d e  (G TA ) buffered w ith  c aco d y la te  (pH  7.4), fo r 30 m in . T he ex te rn a l lo n g itu d in a l m uscle 
la y e r  w as sep ara ted  from  o th e r  tissu es (c ircu m feren tia l m uscle, en d o m etriu m ) an d  c u t in to  
sm all p ieces. Subsequently  th e  m uscle  frag m en ts  w ere im m ersed  in 1%  osm ium  te tro x id e  
( 0 s 0 4) b u ffered  w ith 0.01 M a ce tic  acid  (pH  7.4). T h e  specim ens were d e h y d ra te d  by  cold 
e th a n o l ,  em bedded  in  D u rcu p an  (ACM F lu k a) an d  u l tr a th in  sections were cu t by  a R eichert 
O H  U 2 u ltram ic ro to m e. T he sec tio n s w ere sta in ed  b y  u ran y l ace ta te  and lead  c i t r a te  and 
e x a m in e d  in  a JE M  100B e le c tro n  m icroscope a t  80 kV acceleration  vo ltage.

L a n th a n u m  method

F iv e  u terine  strip s were f ix ed  b y  GTA co n ta in in g  2 .5 %  lan th a n u m  h y d ro x id e . E lec tro n  
m ic ro sco p ic  localization  of th e  e x tra c e llu la r  m ark e r la n th a n u m  was carried  o u t b y  th e  m ethod  
o f K a r n o v s k y  e t al. [15].

Subcellu lar calcium localization

E xperim en ta l procedure. C alc ium  loca lization  w as ex am in ed  in tw o u te rin e  s tr ip s  excised 
fro m  th e  sam e u terine  horn . O ne s tr ip  was im m ersed  in K R B  contain ing  4 mM  M nC l2 for 
10 m in , a n d  was fixed by  GTA or po tassiu m  p y ro a n tim o n a te  (see below) w ith  no d e tec tab le  
re s tin g  ten s io n  or active ten s io n  d ev elopm en t. T he o th e r  s tr ip  was in cu b a ted  in  iso ton ic  
(127 m M ) so lu tion  and f ix a tio n  w as done a t  th e  p eak  of th e  resu lting  c o n tra c tio n . T he fall 
o f  te n s io n  a t  th e  com pletion  of f ix a tio n  was 5 — 10%  o f th e  m axim um .

L ea d  acetate method. Fo llow ing  15 m in  in c u b a tio n  in  K R B , th e  re lax ed  (n  =  8) and 
c o n tra c t in g  (n 8) u terine  s tr ip s  (see E x p e rim en ta l p ro ced u re ) were placed in  3 %  GTA for 
30 m in . T he ex ternal lo n g itu d in a l m uscle lay e r was se p a ra te d  from  o th er tissues an d  c u t in to  
sm all f rag m e n ts . Follow ing p re fix a tio n  th e  m uscle pieces were rinsed th ree  tim es in  d istilled  
w a te r  a n d  th en  in cubated  in 4 %  lead  ace ta te  so lu tio n  for 15 m in  a t  37 °C. S u b seq u en tly  
th e  tis su e  w as washed again  in  d is tilled  w a ter a n d  p o stfix ed  in  1%  O sO ,. T he sam ples were 
th e n  d e h y d ra te d ,  em bedded an d  u l tr a th in  sections w ere c u t (see S ta ined  tissue  p rep ara tio n s). 
T h e  se c tio n s  were exam ined in a JE M  100B e lectron  m icroscope a t  80 kV acce le ra tio n  vo ltage .

In  con tro l sam ples (n =  4) th e  tissue  was so ak ed  in  10 mM EG TA  fo r 20 m in  prior 
to  lead  a c e ta te  staining.

P otassium  pyroantim onate method. A fter 15 m in  in cu b a tio n  in K R B  th e  s tr ip s  [relaxed  
(n =  8) a n d  co n tracting  (n 8)] w ere im m ersed  in  iso to n ic  KC1 solu tion  co n ta in in g  2.5 mM 
p o ta s s iu m  p y ro an tim o n ate  [K (S b /O H (.)] for 10 m in  to  in tro d u ce  th e  p y ro a n tim o n a te  in to  
th e  f ib re s  d u rin g  m em brane d ep o la riz a tio n  [25]. T he p re p a ra tio n s  were th en  re tu rn e d  to  K R B . 
A fte r  e ach  ex p erim en t th e  tissue  w as fix ed  by  rep lacin g  th e  experim en ta l so lu tion  (see E x p e ri­
m e n ta l  p ro ced u re ) w ith 1%  OsO , co n ta in in g  2 .5%  p o tass iu m  p y ro an tim o n a te . T he e x te rn a l
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inuscie  lay e r was se p a ra ted  from  o th er tissu es and  cu t in to  sm all pieces. The specim ens were 
d e h y d ra te d , em bedded , cu t and exam ined  w ith o u t fu r th e r  s ta in in g  as described ab o v e  (see 
S ta in e d  tissue p rep ara tio n s).

Electron probe X -ra y  m icroanalysis

F o r chem ical id en tifica tio n  of the  e le c tro n  opaque  p re c ip ita te s , the  sections w ere p laced  
on co p p er grids an d  analyzed  w ith an  en erg y  d ispersive  X -ray  m icroanalyzer (O R T E C ) 
a tta c h e d  to a JE O L  100B electron m icroscope prov ided  by a JE O L  scanning u n it.  A cce lera ­
tio n  vo ltage  was 40 — 80 kV, counting  tim e  250 sec, an d  th e  procedure wras carried  o u t  in 
scan n in g  operation  m ode.

Results

General ultrastructure

U ltra s tru c tu ra l featu res of th e  long itu d in a l m uscle layer o f  th e  p o st 
p a r tu m  ra b b it m yom etrium  are d e m o n s tra te d  in  Fig. 1. In  th e  lo n g itu d in a l 
sec tion  of tw o a d ja c e n t sm ooth  m uscle  cells th e  follow ing s tru c tu re s  are  v isib le  
(F ig . 1A): in te rce llu la r space (IS ), p la sm a  m em b ran e  (PM ), su rface  vesicles

E ig. / . a :  Cross sec tion  of two ad jacen t m y o m étria l sm o o th  m uscle cells (post p a r tu m  ra b b it  
u te ru s , ex ternal lo n g itu d in a l muscle layer). F ix a tio n  by 3 %  G T A -U ranyl ace ta te  +  lead  c itra te  
sta in in g . M agnification  X 24 000. IS in tra ce llu la r  space; PM plasm a m em b ran e ; SV  - 
surface  vesicles; I) desinosom e-like s tru c tu re ;  m m ito ch o n d riu m ; ser sm o o th  en d o ­
p lasm ic  re ticu lum ; m f m yofilam ents; g - glycogen, b: E n larged  p icture  of th e  reg io n  n ear 
to  th e  p lasm a m em b ran e . Surface vesicle is in  d irec t co n n ec tio n  w ith  in te rce llu la r space. Well 
developed  basal m em b ran e  (bin) is p re sen t; i t  does no t p e n e tra te  the  surface vesicle. M agnif­

ica tio n : X 85 000
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(SV), desm osom e-like s tru c tu re s  (D) in  th e  reg io n  of tig h t connection  betw een  
th e  tw o  cells, vesicles a n d  tubu les o f sm o o th  endoplasm ic re ticu lu m  (S E R ), 
m ito ch o n d riu m  (M), m y o filam en ts , dense-bod ies (D B ), and  glycogen pa rtic le s  
(C). A t higher m a g n if ic a tio n  the SV w as seen  to  com m unicate  d ire c tly  w ith  
th e  IS , and  th a t  th e  b a sa l m em brane (BM ) does n o t p e n e tra te  in to  th e  SV 
(F ig . IB ).

L an th an u m  is localized  in th e  e x tra c e llu la r  space and p e n e tra te s  in to  
th e  surface vesicles (F ig . 2). Since la n th a n u m  rem ain s in the IS , th e  SV can 
easily  be sep a ra ted  fro m  S E R . In  som e p a r ts  o f th e  cell, p e rip h e ra l tu b u les  
o f  S E R  are in  close c o n ta c t  w ith  SV.

F ig . 2. Cross section of tw o  a d ja c e n t  m yom étria l sm o o th  m uscle  cells. The e x tra ce llu la r  m ark er 
la n th a n iu m  hydroxide is loca lized  in the  in te rce llu la r space. Surface vesicles filled  w ith  lan- 
th a n iu m  are well s e p a ra te d  fro m  th e  “ em p ty ”  in tra c e llu la r  vesicles of SE R . M agn ification :

X 32 800
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F ig . 3. a: Cross section  of two ad jacen t m y o m é tr ia l  sm o o th  muscle cells, lead  a c e ta te  s ta in ­
ing . C on tro l sam ple. T he tissue was soaked in E G T A  (10 mM ) for 15 min prior to  le a d  a c e ta te  
s ta in in g . N ote th e  absence  of e lectron -opaque  re ac tio n  p ro d u c t. M agnification: X 28 000. 
b : L ead  ace ta te  sta in in g . T he tissue was in c u b a te d  in  K rebs-so lu tion  con tain ing  4 mM  M n2+ 
(to ta lly  re laxed  sam ple) p rio r to GTA fix a tio n . In te n s iv e  re ac tio n  product in pm , sv , se r a n d  m. 
M ag n ification : X 32 800. c: Lead aceta te  s ta in in g . T he m uscle strip  was fixed b y  G TA  a t  th e  
p e ak  of K + -co n trac tio n  (127 mM KC1). T ra n s lo c a tio n  o f reac tio n  product from  th e  p e r ip h e ry  

o f th e  fibre to the c y to p la sm . M agnification : X 28 800
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C a l c i u m  l o c a l i z a t i o n  a n d  t r a n s l o c a t i o n  d u r i n g  t h e  c o n t r a c t i o n - r e l a x a t i o n  c y c l e

C harac te ris tic , rep ro d u c ib le  subce llu la r e le c tro n  opaque p re c ip ita te  
d is tr ib u tio n  was rev ea led  b y  th e  lead a c e ta te  m e th o d  in  th e  relaxed  (M n2 + ) 
m y o m é tria l cells (F ig . 3b). A n in tensive lead  p h o sp h a te  reaction  w as p re se n t 
in  PM , SV, S E R  an d  M. P rec ip ita te s  were h a rd ly  recognized in th e  IS  an d  
c y to p la sm . W hen ca lc iu m  w as rem oved b y  th e  specific  chelator EG TA  p rio r  
to  soak ing  th e  tissu e  in  lead  ace ta te  (con tro l sam ples), no reaction  p ro d u c t 
w as observed  a t  an y  s ite  (F ig . 3a). The p re c ip ita te s  in  M were re s tr ic te d  to  
th e  space  betw een  th e  o u te r  and inner m e m b ra n e  and w ith in  th e  c r is ta e  
(F ig . 4). Vesicles an d  tu b u le s  of SE R  c o n ta in e d  re a c tio n  p roduct in  all p a r ts  
o f  th e  cell, w hich w as a tta c h e d  to  the  in n e r  su rface  of th e  SE R  m em b ran e  
(F ig . 4). A t the  p eak  o f K + -co n trac tio n  th e  p re c ip ita te  was diffusely d is tr ib u te d  
in  th e  cy top lasm  in  th e  fo rm  of sm all p a r tic le s , w hile little  p re c ip ita te  w as 
seen  a t  th e  p e rip h e ry  o f  th e  cell (Fig. 3c).

In  the  restin g  f ib re s  re laxed  by Mn2 , th e  p y ro an tim o n a te  p re c ip ita te , 
fo rm in g  large p a rtic le s  w as localized along th e  PM  an d  a t th e  p e rip h ery  o f th e  
c y to p la sm  (Fig. 5a). T h e  in trace llu la r s tru c tu re s  could  no t be recognized since 
no s ta in in g  was u sed  in  th e  cytochem ical p ro c e d u re  (see m ethods). In  sm o o th  
m uscle  fib res fix ed  a t  p e a k  of K + c o n tra c tio n , th e  p rec ip ita te  was d iffu se ly  
d is tr ib u te d  in th e  cy to p la sm  in th e  form  o f sm all partic les (Fig. 5b) s im ila r 
to  th o se  revealed  b y  th e  lead  ace ta te  m e th o d .

Fig. 4. L ead ace ta te  s ta in in g . M itochondrium  (m) a n d  vesicles o f S E R  are packed w ith  e lec tro n  
o p aq u e  p rec ip ita te  (th e  m uscle  w as relaxed by  Mn2+ p rio r  to  fix a tio n ). M agnification: X 86 400
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Fig. 5. P o ta ss iu m  p y ro an tim o n a te  s ta in ing , a: R elaxed  tissue  (Mn2+): the  p re c ip ita te  is
localized along the  PM , and  in  the cy top lasm  in the  form  of large , dense particle . M ag n ificatio n : 
X 30 000. b : C on trac ted  tissue (K 4 ). D iffusely d is tr ib u te d  reac tio n  p roduct in th e  c y to p la sm .

M agnification : X  30 400

F ig. 6. E lec tro n p ro b e  X -ray  spec trum  of th e  p y ro a n tim o n a te  p recip ita te  encircled  in F ig . 5a. 
T he o rd in a te  rep resen ts to ta l a c tiv ity  m easu red  d u rin g  th e  250 sec o b se rv a tio n  p e r io d  on 
a lo g arith m ic  scale (log FS). Beside Os Ma an d  Cu K a a n d  lines, a ch a ra c te ris tic  p e a k  
can  be observed  a t 3.62 keV. This peak  is th e  re su lt o f com bined  spec trum  of Sb L  line w ith

Ca K a lines (see te x t)
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X-ray microanalysis

In  th e  lead  p h o sp h a te  p re c ip ita te  p a r tic le s  or in  areas of th e  cy to p lasm  
n o t occupied  b y  th e  reac tio n  p ro d u c t, o n ly  X -ra y  peaks due to  silicium , 
o sm iu m  and  co p p e r cou ld  be id en tified . A ll th e se  elem ents w ere p re se n t as 
a re su lt  o f th e  te c h n iq u e  used  in  p re p a rin g  a n d  m o u n tin g  th e  tissue  fo r e lec tro n  
m icroscopic  ex am in a tio n .

T he X -ra y  sp e c tru m  of th e  p y ro a n tim o n a te  reac tio n  p ro d u c t o b ta in e d  
fro m  th e  encircled  reg io n  of Fig. 5a, is d e m o n s tra te d  in  Fig. 6.

A d is tin c t p e a k  a t  3.62 KeV could  b e  id e n tif ie d ; th e  peak  w as th e  re su lt 
o f  th e  co m b in a tio n  o f  Sb La-line w ith  Ca K^-line (see D iscussion).

Discussion

Ultrastructure

T he u l t r a s tru c tu ra l  fea tu res of th e  lo n g itu d in a l m uscle lay e r o f th e  post 
p a r tu m  ra b b it  m y o m etriu m  are sim ilar to  th o se  observed in th e  o estrad io l- 
t r e a te d  r a t  m y o m e triu m  [7]. Surface vesic les (SY) are a b u n d a n t an d  th e y  
co u ld  easily  be se p a ra te d  from  th e  in tra c e llu la r  vesicles and  tu b u le s  o f S E R  
b y  th e  e x tra c e llu la r  m a rk e r  colloid la n th a n u m . In  several regions o f th e  sm o o th  
m u sc le  fib re  close c o n ta c ts  betw een  S E R  a n d  SY were observed. S im ila r close 
c o n ta c ts  w ere d esc rib ed  in  v ascu la r [24], in te s tin a l [11] an d  r a t  u te rin e  
sm o o th  m uscle [7] as w ell. I t  was su p p o sed  th a t  in  these  ju n c tio n a l areas 
th e  ac tio n  p o te n tia l  m a y  a c tiv a te  Ca2+-re lease  from  th e  S E R  [2, 23, 24], and  
th e y  m ay  p la y  a ro le  in  specific ion ex ch an g e  [2]. A w ell-developed basal 
m em b ran e  (BM) w as observed  close to  th e  ex te rn a l surface of th e  p lasm a 
m e m b ra n e  (PM ). I t  w as found  th a t  BM does n o t  p e n e tra te  in to  th e  SV, p ro ­
d u c in g  th e re b y  closed co m p artm en ts  in  th e  in te rce llu la r  space. T hese areas, 
fo rm in g  c o m p a rtm e n ts  w ith  re s tr ic ted  ion d iffusion  [16], m ay  p la y  an  im ­
p o r ta n t  role in th e  d e te rm in a tio n  of e x tra c e llu la r  ion d is tr ib u tio n  [2, 8, 23].

Subcellular Ca-localization

T he p re sen t s tu d y  w as th e  f irs t a t te m p t  to  localize calcium  b in d in g  sites 
b y  cy tochem ical te c h n iq u e s  in u te rin e  sm o o th  m uscle fibres. R ep ro d u c ib le  
e lec tro n  opaque p re c ip ita te  d is tr ib u tio n  w as p re se n t in  th e  lo n g itu d in a l m uscle 
la y e r  of th e  p o s t p a r tu m  ra b b it m y o m e triu m , th e  m ost in ten siv e  reac tio n  
p ro d u c t  being  loca lized  in  th e  PM , SV, S E R  an d  M w ith  b o th  th e  le ad  a c e ta te  
and  th e  p y ro a n tim o n a te  m ethods.

I n  th e  re s tin g  f ib re  (Mn2+ -induced  re la x a tio n )  th e  reac tio n  p ro d u c t w as 
localized  a t th e  p e r ip h e ry  of th e  fib re  (PM , SV) an d  in  some in tra c e llu la r  
s tru c tu re s  (M, S E R ). T h is fin d in g  in d ica te s  th a t  as in o th e r ty p es  o f sm o o th
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m uscle [10— 13, 17, 24, 25], in  th e  r a b b i t  m y o m etriu m  to o , th e  p la sm a  m em ­
b ra n e , m itochondria  an d  sm ooth  endo p lasm ic  re ticu lu m  are  th e  m ost im p o r ta n t 
C a-sto rin g  and seq u estr in g  sites. T h is m ay  p lay  a lead ing  role in  th e  in d u c tio n  
o f  re lax a tio n  by red u c in g  th e  free cy to p lasm ic  Ca2+-co n cen tra tio n .

In  th e  fib res fix ed  a t the  m ax im u m  of К  1 -c o n tra c tio n , a b u n d a n t lead  
p h o sp h a te  and p y ro a n tim o n a te  re a c tio n  p ro d u c t w as p re se n t in  th e  cy to p lasm , 
an d  th e  in ten s ity  o f th e  cy tochem ical reac tio n  decreased  a t  th e  p e rip h e ry  
(PM ) o f th e  fib re . T h is tran s lo ca tio n  o f th e  p re c ip ita te s  from  th e  p e rip h e ry  
to  th e  cy toplasm  w as sim ilar to  th a t  fo u n d  in th e  gu inea p ig  ta e n ia  coli du ring  
ace ty lcho line  co n tra c tio n  [25].

T hese find ings are  in  good ag reem en t w ith  physio logical d a ta  show ing 
th a t  superfic ia l a c t iv a to r  calcium  is localized  in  or n e a r to  th e  p lasm a m em ­
b ra n e , and it is m obilized  during  d iffe ren t ty p es of a c tiv a tio n  [1 8 ,2 2 ]. D em o n ­
s tra tio n  of the  reac tio n  p ro d u c t in  th e  PM  of th e  re lax ed  fib re  em phasizes th e  
im p o rta n c e  of Ca2 ! in th e  reg u la tio n  o f m em b ran e  ion  p e rm e a b ility , i.e. in  th e  
re lax ed  (polarized s ta te  firm  b in d in g  o f Ca2+ to  th e  PM  in h ib its  ca tio n  p e r­
m eab ility , and its m ob iliza tio n  d u rin g  m em brane  d ep o la riza tio n  enhances th e  
in f lu x  o f ex te rn a l a c tiv a to r  Ca2+ [18, 20]. F u r th e r  s tu d ies  are needed  to  
e lu c id a te  th e  effect o f horm onal in fluences on PM  C a-b ind ing  since recen t d a ta  
in d ic a te  th a t  ho rm o n al reg u la tion  o f  u te rin e  c o n tra c tile  a c tiv ity  is lin k ed  to  
th e  co n tro l of superfic ia l calcium  b in d in g  in th e  r a b b it  m y o m etriu m  [18— 22].

Specificity of the cytochemical methods

To contro l th e  specific ity  of th e  lead a c e ta te  m e th o d  a p ro ced u re  of 
ca lcium  ex trac tio n  in  situ  was em ployed . The sm all an d  n o t v e ry  dense g ra n ­
ules disclosed by  th is  techn iques m a k e  th e  reac tio n  p ro d u c t u n su ita b le  for 
specific  X -ray  m icroanalysis  [9, 24].

C ontro l sam ples o b ta in ed  a fte r  w ash ing  th e  tissu e  in  EG TA  w ere alw ays 
n e g a tiv e  (electron m icroscopy  rev ea led  no e n d -p ro d u c t deposits). T he specific i­
ty  of th e  lead a c e ta te  reac tio n  is in d ic a te d  by th e  fa c t th a t  re su lts  o f th e  lead  
a c e ta te  reaction  are  in  good ag reem en t w ith  those  y ie lded  b y  th e  p y ro a n ti­
m o n a te  m ethod .

T h e  large and dense  granules o b ta in e d  by  th e  p y ro a n tim o n a te  m eth o d  
w ere su itab le  for e lec tro n p ro b e  X -ra y  m icroanalysis  o f th e ir  chem ical com ­
positio n . The X -ray  sp ec tru m  of th e  p y ro a n tim o n a te  p re c ip ita te  show ed a d is­
tin c t p e a k  a t 3.62 keV (Fig. 6). M odel te s ts  w ith  ca lcium  and a n tim o u a te  
show ed th a t  th is  sp e c tru m  resu lted  from  th e  c o m b in a tio n  of Sb L a-line 
(3.6 keV) w ith  Ca K ^-line (3.69 keV) [25].

T hese find ings in d ica te  th a t  a re d is tr ib u tio n  o f  th e  reac tio n  p ro d u c t 
d u rin g  th e  co n trac tio n -re lax a tio n  cycle in  th e  p ost p a r tu m  ra b b it  m y o m etriu m  
is th e  re su lt of in tra c e llu la r  calcium  tran s lo ca tio n .
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К  A L Z I UM K O A L ISA T I ON  U N D  U L T R  A S T R U K T U R  IN  D E R  G L A T T E N  M U SK U LA TU R
D E R  G E B Ä R M U T T E R

C. R U B Á N Y I, I. BALOGH, A. G. В. KOVÁCH, Е. SOM OGYI, und P. SÓTONYI

Die allgem einen u ltra s tru k tu re lle n  C h a rak te ris tik a  sow ie die subzellu läre  L okalisa tion  
des K alzium s im M y o m etriu m  w urden  a n  aus K aninchen  p o s t p a r tu m  iso lierten  länglichen 
U te ru sstre ifen  u n te rsu ch t. A ußer E in sch n ü ru n g en  der Z ellm em b ran  (PM ) (oberflächliche 
B läschen , FV) w urden  B ase lm em b ran en  (BM ), in traze llu lä res  en d o p lasm atisch es R e tik u lu m  
m it g la tte r  O berfläche (S E R ) sowie M itochondrien  (M) b e o b a c h te t. Zw ischen den obigen 
S tru k tu re n  waren an  v ielen  S te llen  enge K o n ta k te  zu e rk en n en , d enen  in  der E n ts te h u n g  der 
E x z ita tio n  —K o n tra k tio n  — B eziehung  des M yom etrium s eine B ed eu tu n g  zukom m en dürfte . 
In  dem  in A nw esenheit v o n  4 mM  Mn2+ vollkom m en e rsch la fften  M uskel w ar das R eak tio n s­
p ro d u k t des für den  K alzium nachw eis g eb rau ch ten  B le ia ze ta ts  u n d  P y ro a n tim o n a ts  in erster 
L inie en tlan g  der Z ellm em bran  (PM ), des SV, des en d o p la sm atisch en  R e tik u lu m s (S E R ) sowie 
de r M itochondrium  (M) lokalisiert. In  dem  beim  M axim um  d e r K * -K o n tra k tio n  fix ie rten  M us­
kel w ar das R eak tio n sp ro d u k t aus dem  B ereich  der Z ellm em bran  (PM ) u n d  der oberflächlichen 
B läschen  (FV) ve rsch w u n d en , w ährend  im  Z y top lasm a zah lre ich e  P rä z ip ita te  zu  b eobach ten  
w aren . D ie Spezifität de r zy tochem ischen  R eak tio n en  w urde  te ils  m it in situ  C a-E x trak tio n  
(E G T A ), teils m it H ilfe  von  M ikrosonden m itte ls R ö n tg en m ik ro an a ly se  (P y ro a n tim o n a t)  
gesichert.

ЛОКАЛИЗАЦИЯ КАЛЬЦИЯ И УЛЬТРАСТРУКТУРА В ГЛАДКОЙ МЫШЦЕ МАТКИ
Г. РУБАНЬИ, И. БАЛОГ, А. Г. Б, КОВАЧ, Е. ШОМОДЬИ и П. ШОТОНЬИ

Общие ультраструктурные характеристики миометрия и подклеточная локализа­
ция кальция были изучены на подольных полосах матки, изолированных из кроликов 
после родов. Кроме зашнуровываний клеточной мембраны (РМ), (поверхностные везику­
лы, FV), наблюдались базальные мембраны (ВМ), внутриклеточно расположенная эндо­
плазматическая сетчатка с гладкой поверхностью (SER), а также митохондрии (М). Между 
вышеуказанными структурами на многих местах наблюдался тесный контакт, что пред­
положительно имеет значение в образовании эксцитационно-контракционных связей в 
миометрии. В мышце, совершенно расслабленной в присутствии4 мММп2+, продукт реакции 
уксуснокислого свинца и пироантимоната, примененных для выявления кальция, распо­
лагается прежде всего вдоль PM, SV, SER, М. В миометрии, фиксированном при максиму­
ме К+-сокращения, продукт реакции исчез из области РМ и FV, причем, однако, в цито­
плазме наблюдались многочисленные осадки. Специфичность цитохимических реакций 
была подтверждена с одной стороны с экстракцией кальция (EGTA) (уксуснокислый сви­
нец), а с другой, рентгеновским микроанализом посредством микрозонда (пироанти- 
монат).
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THE STUDY OF HONE TISSUE 
WITH NEW ARGYROPHILIC TECHNIQUES

M. Bely and F. Gallyas

(R eceived M ay 20. 1979)

F ra c tu re d  a n d  necro tic  bones w ere exam in ed  by  new  silver im p re g n a tio n  te c h ­
n iques based on th e  c a ta ly tic  a c tiv ity  o f th e  hone. T he new  m ethods proved to be useful 
in  d ifferen tia tin g  be tw een  bone tissues o f va rio u s ages an d  m a tu r i ty  and  b e tw een  living 
a n d  necrotic  bones.

In tro d u c tio n

R o u tin e  h isto log ica l s ta in ings (h aem ato x y lin -eo s in , Schm orl) give little  
if  an y  help in e s tab lish in g  th e  age, m a tu r i ty  and  ea rly  necrosis o f bo n e . W e 
h av e  em ployed  new  silver im p reg n a tio n  tech n iq u es [4, 5] for s tu d y in g  e x p e ri­
m e n ta l bone necrosis. T he m ethods can  read ily  be ad o p ted  to  fo rm ald eh y d e- 
fixed  p a ra ffin -em b ed d ed  tissue, th u s  th e y  p ro v id e  a re liab le  m eans fo r ev e ry ­
d ay  diagnostics.

M aterial an d  m ethods

In  32 chinchilla ra b b its  th e  neck of th e  r ig h t fem ur was surg ically  exposed a n d  b ro ken , 
while on th e  left side th e  vessels supply ing  th e  head  of th e  fem u r were e lectro co ag u lated . 
D ev elo p m en t of the  tra u m a tic -fra c tu ra l and  e lec tro co ag u la tic -v ascu lar asep tic  necrosis was 
s tu d ied  a t  1 —2 —3 — 4 — 5 — 6 days, 1 — 2 — 3 — 4 weeks and  1 - 2 —3 —4 —5 —6 m o n th s  a f te r  
o p e ra tio n  [1].

T he tissue specim ens w ere fixed in 5 %  fo rm ald eh y d e  a t  least for 24 h. D eca lc in a tio n  
was p e rfo rm ed  a t room  te m p e ra tu re  for 1 8 —48 h d epend ing  on the  hardness o f th e  bone, 
in a m ed ium  conta in ing  24 m l 85%  form ic acid  and  50 ml 3 5 %  hydroch loric  acid  in  126 m l 
d is tilled  w ater. A fter w ash in g  and  d e h y d ra tio n  th e  specim ens were em bedded  in  p a ra ffin ; 
5 g m  th ic k  sections were cu t, d e p ara ffin a ted  a n d  sto red  in ab so lu te  alcohol prior to  silver im ­
p reg n atio n .

Im pregnation  w as p e rfo rm ed  by  th e  follow ing p rocedure :
1. E sterifica tion  in one of the  so lu tions listed:
a) 100 ml 100%  m eth y l alcohol -f- 0.5 m l co n ce n tra ted  su lp h u ric  acid, 56 °C, 20 h.
b) 100 ml 100% propyl alcohol 0.5 ml concentrated sulphuric acid, 56 °C, 20 h.
c) 100 ml 100%  o c ty l alcohol -j- 0.5 ml c o n ce n tra ted  su lp h u ric  acid. 56 °C, 20 h.
2. W ashing in descend ing  alcohol series (100 96 — 50 — 20% ) an d  th en  in  d istilled

w ater.
3. Physical d ev elopm en t un til the req u ired  colour is o b ta in e d  (approx . 5 m in).
T he physical d ev elo p er has to he p re p are d  before use fro m  two stab le  s to ck  so lu tions:
A. 5 g anhydric  sod ium  carb o n a te  in 1000 ml d istilled  w a ter.
B . 2 g am m onium  n itra te , 2 g silver n i tra te  and  10 g s ilico tu n g stic  acid d isso lved  in 

1000 m l distilled w ater, th en  3 ml 40%  fo rm ald eh y d e  is ad d ed  in drops.
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То 50 ml А 50 m l В is ad d ed  g rad u ally , u n d e r  co n tin u o u s s tirring . In  th e  f irs t m in u te  
slides im m ersed in to  th e  develo p er should  be a g ita te d . O p tim u m  d ev elo p m en t-tim e  can be 
assessed  by the  colour o f sec tions. U n til su ffic ien t skill an d  experience are ga in ed , m icroscopic 
c o n tro l during  the  p ro ced u re  is recom m ended . F o r  th is  p u rpose  th e  slides are  rin sed  in  1%  
a ce tic  acid and checked  w e t u n d e r  a m icroscope. I f  fu r th e r  im p reg n atio n  is n eeded , th e  sec­
tio n s  are re-im m ersed in to  th e  developer.

4. W ashing in  1 %  ace tic  acid  fo r 10 m in , d e h y d ra tio n  and  m o u n tin g  in  balsam .

R e s u l t s

1. As a re su lt o f m e th a n o l e s te rifica tio n  follow ed by  p h y sica l develop­
m e n t, m atu re  lam e lla r  b o n e  s ta in s  b lack . F ro m  th is  b ack g ro u n d  cem en t lines 
o f  th e  bone tissue  a re  a p p a re n t  (F ig. la ) .

Im m atu re  b one  s ta in s  fa in tly , c a rtilag e  and  o steocy te  nucle i are  u n ­
s ta in e d  (Fig. lb ) . C h o n d ro cy te  nuclei, on th e  o th e r h an d , are  b e s t seen a fte r  
th is  p re tre a tm e n t w h en  co m p arin g  th e  th re e  este rifica tio n  p rocedures.

2. I f  e s te rific a tio n  is ca rried  o u t b y  p ro p an o l, d iffe re n tia ted  lam ellar 
b o n e  is sta ined  to b acco -b ro w n ; im m atu re  b o n e  is yellow . C em ent lines are n o t 
conspicuous (F ig. lc ) .  T h e  basic  su b stan ce  o f ca rtilag e  is n o t s ta in ed . N uclei 
o f  osteocytes are  p ro m in e n t. N ecro tic  cells a re  n o t s ta in ed . A ro u n d  e m p ty  
la c u n a e  a to b acco -b ro w n  rim  is form ed (F ig . Id ) . As com pared  to  h aem a to x - 
y lin -eo sin  p re p a ra tio n s , th e  n u m b e r of e m p ty  lacunae  is in creased  as early  
n ecro b io tic  cells (“ g h o st-ce ll” ) s till show ing som e s ta in in g  w ith  h aem a to x y lin - 
eosin , are no t im p re g n a te d . A v e ry  early  s tag e  o f necrobiosis is in d ic a te d  b y  th e  
dec reased  im p reg n a tio n  o f  th e  cell and  b y  th e  brow n rim  a t  th e  edge of its  
la c u n a . H ence th e re  is no  tra n s it io n  in  s ta in in g  betw een  in ta c t  an d  n ecro tic  
cells according to  th e  “ a ll or n o n e”  n a tu re  o f silver im p reg n a tio n  tech n iq u es. 
I n  c o n tra s t, h aem a to x y lin -eo s in  p re p a ra tio n s  show  a g rad u a l decrease of s ta in ­
in g  in te n s ity  w ith  th e  p ro g ress  o f necrosis. D ue to  th e  p resence o f tra n s itio n a l 
fo rm s , th e  assessm ent o f  necrosis is m ore d iff icu lt in  h aem ato x y lin -eo sin  p re p ­
a ra tio n s  th a n  in  im p re g n a te d  ones.

F ig . 1 a. D ifferen tia ted  lam e lla r  bone, 5 -m on th  necrosis. P h y sica l d evelopm en t a f te r  m eth an o l 
t r e a tm e n t.  25 X 6.3. T he bo n e  tis su e  is p e rm ea ted  by  p a ra lle l cem ent-lines. T he m idd le  segm en t 
o f th e  trabecu le  (a rrow s) co rresp o n d s to  th e  o rig ina l bo n e  s tru c tu re , th e  tw o  o u te r  lay e rs are  
s h e a th s  form ed du rin g  re p a ra tio n . O steocy tes are n o t s ta in e d , th e  m arrow  is poor in  deta ils , 
b . E p ip h y sea l cartilage  a n d  i ts  su rro und ings. O ne-w eek necrosis. Physica l develop ing  a fte r  
m e th a n o l p re tre a tm en t. 1 2 .5 x 6 .3 .  C artilage g round  su b s tan ce  is n o t im p re g n a te d , cho n d ro ­
c y te s  arranged  in row s are  consp icuous. D iffe ren tia ted  lam ella r bone (u p p e r r ig h t)  is b lack , 
im m a tu re  tissues (low er le ft)  a re  s ta in  fa in tly , c. C ortical p o rtio n , 2-week necrosis. P h y sica l 
d ev e lo p m en t a fte r p ro p an o l p re tre a tm e n t. 1 2 .5 x 6 .3 . M a tu re  bone is tob acco -b ro w n , cem en t 
lin e s  are wide and v ag u e ly  v isib le  (arrow s). M arrow  e lem en ts  s ta in  well. d. P a r t ia l ly  necro tic  
su b c h o n d ra l cortical a rea , 2-w eek necrosis. P h ysica l d ev elo p m en t a fte r p ro p an o l p re tre a tm e n t. 
1 2 .5 x 6 .3 .  L iving o steo cy tes  (a rro w ) are  well im p re g n a te d . A t th e  edges o f th e ir  capsule d a rk  
r im  is visible (double a rrow ). T hese  cells correspond  to  e a rly  necrob io tic  fo rm s. E m p ty  lacu n ae  

(m arked  b y  X ) h a v e  a d a rk  rim  in d ica tiv e  o f a  m ore adv an ced  s tag e  of necrobiosis
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3. To distinguish between bone tissues different in age, octyl alcoholic 
esterification proved to be the best. The in tensity  of the brow n colour is 
indicative of the  stage of d ifferentiation (Fig. 2a, b, c) and the approxim ate 
age of undifferen tiated  hone (Figs 3a, b). O steocyte nuclei are sta ined  like 
after propanol b u t no brown rim s of the lacunae are formed (Figs 3c, d).

For th e  s tudy  of hone m arrow , m ethanol p re trea tm en t is no t suitable. 
Propanol, b u t especially octyl alcohol, give b e tte r  results. The fib re  netw ork 
of the m arrow  and fibres and m uscle cell nuclei of its vessels are particu la rly  
well dem onstrated .

After octyl alcohol a linear system  is revealed which is independen t 
of the  cem ent lines and docs no t respect inner territo ria l boundaries. Parallel 
lines display a fishbone-like p a tte rn  by runn ing  obliquely from the periosteum  
in a 30—45° angle to the cortex. T hey are particu larly  conspicuous in th e  large 
tubercles. In  more distal parts of the  bone th ey  fade and appear as sporadic 
th in  lines. These la tte r  may correspond to bone canalicules (Fig. 2d).

Rough lines not respecting inner boundaries are though t to resu lt from 
silver deposition into transected bone channels. This is apparen t in p rep ara ­
tions developed for a shorter period.

D iscussion

Argyrophilic procedures, i.e. those requiring  photographic developm ent, 
comprise two basic steps: form ation and grow th of foci [6, 8, 9]. W hile the 
la tte r has a m echanism  similar in all procedures, the  form er m ay occur in three 
different ways [4]. 1. The classical argyrophilic reaction: reducing groups of 
the tissue, when exposed to the  m edium  containing silver ions form of foci 
colloidal silver; 2. Onto certain tissue elem ents colloidal silver-salts are p re­
cip itated  by m eans of a chemical reaction (silver-salt foci); 3. C ertain tissue 
elem ents cata lyze an in teraction of silver ions and dissolved reducing molecules 
as a result of w hich colloidal m etal silver grains are formed. In th is reaction  
reducing tissue elem ents are not involved.

Fig. 2 a. A lm ost to ta l ly  necrotic  subch o n d ra l cortical a rea , 5 -m on th  necrosis. P h y sica l d ev el­
o p m en t a fte r o c ty l alcohol p re tre a tm e n t. 1 2 .5 x 6 .3 . T he younger d iffe ren tia ted  necro tic  
lam ellar bone s ta in s  fa in tly  as com pared to  th e  o lder bone  (arrow s p o in t to  th e  b o rd e r o f th e  
younger bone tissue), b. P a rtia lly  necro tic  co rtica l bone , 4 -m o n th  necrosis. O ctyl a lcohol p re ­
tre a tm e n t. 1 2 .5 x 6 .3 . N ecro tic  d iffe ren tia ted  lam ella r bone sta in s  d a rk , newly form ed u n d if­
fe re n tia ted  bone s ta in s  lig h te r (arrow s). T he y o u n g est bone tissue (labelled by  X ) is a lm o st 
u n sta in ed , c. P o rtio n  of a callus, 3 -m on th  necrosis. P h y s ica l d ev elopm en t a fte r  oc ty l a lcohol 
p re tre a tm e n t. 1 2 .5 x 6 .3 . The dark  m atu re , d iffe re n tia te d  lam ella r bone (arrow s) an d  th e  lig h t 
im m atu re , u n d iffe re n tia te d  bone can well be d is tin g u ish ed , d. P o rtio n  of cortical bone. Physica l 
developm en t a f te r  o c ty l alcohol p re tre a tm e n t. 1 2 .5 x 6 .3 . T he paralle l lines co rrespond  to  the  
canalicu lo -lacunar n e tw o rk  system
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Focus form ation of the  3rd type may occur only under stabilized condi­
tions in solutions where silver ions do not reac t or react very slowly w ith  
dissolved molecules. Such solutions are called physical developers. To slow 
down the spontaneous reaction, these solutions con tain  a protective colloid. 
In  these physical developers the size of both  colloidal m etal silver grains and 
silver-salt grains is rap id ly  increased [7] by au tocatalysis.

The histo technical application of physical developers was rendered 
possible by recognizing th a t  esterification enhances th e  activ ity  of tissue 
cata ly tic  points. Tissue elem ents containing ca ta ly tic  points are im pregnated 
faster th an  those lacking such points. The num ber of carbon atoms in the  
alcohol used for esterification influences the ac tiv ity  of ca ta ly tic  points. A ccord­
ingly, the chemical basis of the  procedure is p rovided  by the different ac tiv itv  
of cata ly tic tissue-points at different stages of bone m atu ra tion , differentiation, 
asiing and necrosis.

For studying  bone-lines, esterification w ith  m ethanol appears to  be th e  
m ethod of choice. By dem onstrating  inner te rrito ria l boundaries it yields in ­
form ation concerning the  dynam ics of hone form ation  and destruction. R egular 
and irregular lines are indicative of older and new er form ation and destruction
processes, respectively.

After esterification w ith propyl, and octyl alcohol a fairly good assess­
m ent of bone age is possible: the  older the bone, th e  darker its staining. W ith  
these m ethods in tac t and necrotic bone cells can be d ifferentiated, w hereas 
routine histological stains often show a wide range of transitional forms.

There seems to In* a parallelism  between collagen-content and stain ing  
in tensity . In the  older, differentiated  lam ellar bone m ore collagen is found 
th an  in the im m ature one (Fig. 2a). This is reflected by tin* in tensity  of th e  
im pregnation (Figs 2b, c).

A landm ark  of bone tissue necrosis is th e  disappearance of osteocytes 
with accom panying changes in collagenous ground substance. The fa in te r 
staining of th e  necrotic bone can be explained by  the  destruction  of its collagen 
apparatus (Figs 3c, d). This does not mean th a t  th e  collagen is im pregnated. 
The changes in proteoglycan content of the ground substance are p robab ly  
responsible for the  phenom enon.

Fig. 3 a. N ew ly form ed bone tissu e , 3 -m onth  after t r a u m a tic  f rac tu re . P hysical d ev elo p m en t 
follow ing o c ty l alcohol p re tre a tm e n t. 1 2 .5 x 6 .3 . F ib res  a c c u m u la te d  a ro u n d  blood vessels 
correspond to  th e  p rim a ry  osteo n  (arrow s). The organized  bone s tru c tu re  sta ins d arker, b. N ew ly 
form ed hone tissue. 4 -m o n th  a f te r  tra u m a tic  frac tu re . P h y s ica l developm en t follow ing o c ty l 
alcohol p re tre a tm e n t. 1 2 .5 x 6 .3 . As com pared  to Fig. 3a, th e  bone  tissue is more m a tu re  an d  
the fib re  ring  of p rim a ry  osteons sta in s  darker (arrow s), c. I n ta c t  su b chondral hone tissu e . 
Physica l d ev elo p m en t, follow ing octy l alcohol p re tre a tm e n t. 2 5 x 6 .3 .  D ifferen tia ted  lam e lla r  
hone is im p re g n a te d  d a rk -b ro w n . Cem ent-lines are well v isib le , d. A lm ost to ta lly  n e c ro tic  
are o f su b ch o n d ria l co rtica l bone, 6 -m onth  necrosis. P h y sica l develo p m en t follow ing o c ty l 
alcohol p re tre a tm e n t. 2 5 x 6 .3 .  E m p ty  lacunae are en la rg ed , th e ir  edges are fringed. F ib re  
bundles are less co m pact and  s ta in s  fa in te r  th an  the  in ta c t  bone
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A fter using propanol, an in tensely  sta ined  rim appears a t th e  edge of the 
osteocy te  capsule. This is an early necrobiotic sign of osteocytes. Lysosomal 
an d  o th er enzymes liberated  from  necrobiotic osteocytes can destroy  the 
p ro teog lycan  ground substance of the capsule. The disappearance of cells can 
b e  verified  by the  A BT-reaction of R o m h á n y i  [2 ,  1 0 ] .

The more resistan t collagenous skeleton  survives and silver is deposited 
a t  th e  site of the disappeared ground substance. This assum ption is supported  
b y  th e  fac t th a t  cartilage containing a large am ount of ground substance does 
n o t tak e  the  stain , nor can im m ature  tissues be im pregnated. M ature tissues 
in  w hich  the  am ount of ground substance is low in com parison to  th e  am ount 
o f collagenous fibres, s tain  well.
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D IE  U N T E R S U C H U N G  D E S  K N O C H E N G E W E B E S  M IT N E U A R T IG E N  
A R G Y R O P H IL E N  V E R F A H R E N

M. BÉLY und  F. GALLYAS

A n  tra u m a tisc h  fra k tu r ie r te m  sowie v a sk u lä r  bed in g tem  nek ro tisch em  K nochengew ebe 
w u rd e n  U n te rsu ch u n g en  m it n e u artig en  V ersilb eru n g sv erfah ren  d u rch g efü h rt, d ie — en tgegen  
d e n  b e k a n n te n  argy roph ilen  u n d  a rg en ta ff in e n  V ersilberungsverfah ren  — n ic h t a u f  der 
R e d u k tio n sfä h ig k e it sondern  a u f  der k a ta ly tisc h e n  A k tiv itä t  der Gewebe b e ru h e n . D ie V er­
fa h re n  w a ren  zur U n te rsch e id u n g  v o n  G ew eben versch ied en er A lte rsstu fen  u n d  ve rsch ied en  
R e ife g rad e s , fe rner des leb en d en  u n d  n e k ro tisc h en  K nochengew ebes geeignet.
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ИЗУЧЕНИЕ КОСТНОЙ ТКАНИ ПРИ ПОМОЩИ АРГИРОФИЛЬНЫХ МЕТОДОВ 
НОВОГО ТИПА

М. БЕЛЬ и Ф. ГАЙЯШ

Авторамы была изучена травматически переложанная костная ткань, а также кост­
ная ткань с некрозом васкулярного происхождения методами серебрения нового типа, 
основывающимися — в противоположность известным аргирофильным и аргентаффинным 
методам — не на восстанавливающей способности тканей, а на их каталитическую актив­
ность. Новые методы исследования оказались пригодными для различения костных тка­
ней различного возраста и различных степеней зрелости, а также для различения живой
и мертвой ткани.
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In s ti tu te  of A n a to m y , Medical F a c u lty  o f  W ilhelm P ieck  U n iv e rs ity , R ostock, G D R 1 an d  
C sabai-kapu H o sp ita l, M iskolc, H u n g a ry 2

DIAGNOSIS OF SKULL FRACTURES 
BY AUTOPSY AND RADIOLOGY

E. E hler1, D. Ivánkievicz2 and G. H. Schumacher1

(R ece iv ed  29 May. 1978)

F iftee n  h u m an  cadaver h ead s a fte r fix a tio n  in  fo rm alin  were stud ied . H a lf  o f 
them  were exposed  to force a p p lied  fro n to -o cc ip ita lly , in th e  rem ain d er the  force w as 
applied ro u g h ly  vertically  from  th e  parie ta l bone  to w a rd s  a line connecting  th e  tw o 
in te rn a l a co u s tic  pores. The lo ad s  were increased  u n til a frac tu re  had  occurred . T he 
analysis w as based on bo th  h a lv e s  of each h ead . T o ta l n u m b er of frac tu res  d e te c te d  
by a u to p sy  a n d  radiology.

Correct diagnosis Skull roof Skull base Front of skull

a) au to p sy 22 19 19

b)  X -ray s ID 0 0

b) in p e rcen t o f  a) 4 5 .4 5 0 0

T hose who rem em ber th a t  th e  conditions o f  X -ra y s  o f live sub jects are s u b s ta n t i ­
ally m ore com plica ted  th a n  th o se  of a severed c ad a v e r head  will certa in ly  be very  
cau tio u s w hen exam in ing  X -ra y  m ate ria l for signs o f a f rac tu re  of the  skull basis u n d e r 
clinical cond itions.

O ur d a ta  are based on  fifte en  skulls. I t  m u s t n evertheless be assum ed  th a t  
resu lts  o b ta in e d  from  a larg e r n u m b er of sam ples w ould not differ apprec iab ly .

In troduc tion

The num erous statistics published on accidents during the last 30 years 
[5, 6, 7, 10] show widely diverging figures. This is due in p art to differences 
in the diagnosis, for instance, clinicians repeated ly  find fractures which su b ­
sequently are not confirmed by  radiological exam ination . We have stud ied  
this problem  w ith  test specim ens, to ascertain  w hether identical form s of 
fracture could be obtained by applying forces of defined m agnitude and d irec­
tion. The question лгав answered in the negative [1]. This led to the question 
of agreem ent betw een radiological and autopsy findings, a problem which has 
scarcely been stud ied  [3, 9].

M ateria l and m ethod

F ifteen  h u m a n  cadaver skulls (average age, 72 y ears) w ith  u n d is tu rb ed  v iscera  were 
ob tained  from  th e  In s t i tu te  of A n a to m y  in Rostock. T h ey  w ere fix ed  in fo rm alin  in th e  usua l 
m anner. T he tw o  f irs t  ve rteb rae  o f th e  neck were left a tta c h e d  to  th e  skull. The e x p e rim e n ts
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w ere  p e rfo rm ed  in  th e  M a te ria l T es tin g  L a b o ra to ry  of th e  Shipbuild ing  F a c u lty  o f  W ilhelm  
P ie c k  U n iv e rsity , R ostock , w h ere  each  skull w as su b jec ted  to  s ta tic  lo ad in g  u n til  i t  h ad  
f r a c tu re d .  T he ac tu a l fra c tu re  w as in d ica ted  in  all cases by  defin ite  p h en o m en a  (sound  of 
f r a c tu r in g , b reakdow n of lo ad  a b so rp tio n  p ro p erties).

Gr. I

F ig . 1. T he forces applied  to  th e  c ran iu m . I F o rce  ap p lied  to p a r ie ta l bone  to w a rd s  th e  ex­
te r n a l  aco u stic  pore. I I  Fo rce  ap p lied  to  f ro n ta l  tu b e r  tow ards th e  e x te rn a l o cc ip ita l pro-

tu b e ra n tia

T h e  experim en ts were p e rfo rm ed  in  tw o g ro u p s, th e  d irection  of force a p p lic a tio n  being 
d if fe re n t  in  each  group. G roup I 4 co m p ared  heads 21 an d  23 to  28. In  th is  g ro u p  th e  fo rce  was 
a p p lie d  to  th e  p a rie ta l bone a n d  d irec ted  in  th e  m ed ia n  sa g itta l to w ard s th e  m id d le  o f th e  
lin e  co n n ec tin g  th e  left an d  r ig h t  p ó ru s  acusticus e x te rn u s  [4]. In  cases 10 to  17 of G roup 2, 
th e  lo a d  w as applied  in  th e  m ed ia n  sa g itta l  leve l o f  th e  fro n ta l tu b e rs  an d  d irec te d  tow ards 
th e  o c c ip ita l p ro tu b e ra n tia  e x te rn a  [2] (Fig. 1).

T h e  force was app lied  in  all cases th ro u g h  a steel rod  m easuring  1 x 1 x 1 0  cm . The 
lo n g itu d in a l  axis was po sitio n ed  f ro n ta lly  in  h a lf  o f th e  cases in  each g ro u p  a n d  sa g itta lly  
in  th e  re m a in in g  cases. T he sku lls w ere ex am ined  rad io log ica lly  before an d  a f te r  e ac h  load ing  
e x p e r im e n t.

R esults

C om parison  of fra c tu re s  d e te rm in ed  rad io log ica lly  and  b y  a u to p sy , Load 
a p p lic a tio n  I  (cf. F ig. 1).

L oad  tra n s fe r  b y  rod  p o sitio n ed  fro n ta lly

Skull No.
R oof of skull Skull base Front of skull

le ri le ri le ri

25 + + — — — —

27 — - + + - +
28 + + + + + +
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L oad  tra n s fe r  by rod  positio n ed  sa g itta lly

Skull No.
R oof of skull Skull base F ro n t of skull

le ri le ri le ri
21 + + + + +

2 3 -f- + + +

2 4 + + + + +

2 6 + + + — + +

L oad  app lica tion  I I  (cf. Fig. 1).
L oad  tra n s fe r  by rod  po sitio n ed  fro n ta lly

+
+

- —

+  ? + + + +
+ + + + + +

L oad  tra n s fe r  by rod  p o sitio n ed  s a g itta lly

1 4 — — + + — +

15 — - + + -

16 + + - + +

17 + — + + + —

K ey  to  sym bols:

f- =  frac tu re  - = no frac tu re

le left side o f head  ri rifih t side o f head

O nly  the  crosses in  circles den o te  rad io lo g ica lly  d e te rm in ed  frac tu re s . 
T h e  q u estio n  m ark  besid e  th e  cross for h ead  12, ro o f  of skull, r ig h t, in d ica tes  
th a t  th e  frac tu re  w as su sp ec ted  on th e  basis o f th e  X -ra y  ex am in a tio n  b u t 
could  n o t be d iagnosed w ith  ce rta in ty .

D iscussion

C om parison of th e  diagnoses o b ta in e d  by  rad io lo g ica l ex am in a tio n  an d  
a u to p sy  show ed th a t  th e  la t te r  is su b s ta n tia lly  m ore  accu ra te .

F ra c tu re s  s itu a te d  a t  th e  roo f o f th e  skull w ere often  d e tec ted  ra d io ­
log ica lly  w hereas none o f  th e  frac tu res  a t th e  base o r f ro n t of th e  skull w ere
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d iag n o sed  a lthough  th e  c a d a v e r  heads posed considerab ly  less d iff ic u lty  re g a rd ­
in g  X -ra y  exposure th a n  liv e  p a tie n ts  as all k inds of p osition ing  co u ld  be used.

T he f ix a tiv e  sca rce ly  a ffec ted  rad io log ical tra n sp a re n c y . I n  th is  resp ec t 
th e  ex p erim en ta l co n d itio n s  w ere id en tica l to  p rac tica l co n d itio n s.

N evertheless, som e p o s tm o rte m  cond itions defin ite ly  a ffec ted  th e  accu ­
ra c y  o f  diagnosis. F o r ex am p le , f ra c tu re s  in  liv ing  su b jec ts  cause h aem o rrh ag es  
w h ich  are  absen t in  c ad av e rs . T h e  changes of rad io log ical d e te c tio n  increase 
i f  th e  d iastasis is en la rg ed  b y  a h aem a to m a . T h e  accu racy  of d iagnosis m ay  
also  depend  upon  th e  d is ta n c e  be tw een  th e  edges of a f ra c tu re ; a d iastasis  
o f  1 m m  will p ro b ab ly  be  m ore easy  to  d e tec t th a n  a sm aller one.

T he position  o f th e  fra c tu re  also effects d iagnostic  accu racy . As our 
e x p e rim e n ts  clearly  show ed , fra c tu re s  o f th e  sku ll roof are co n sid e rab ly  easier 
to  d e te c t rad io log ically  th a n  fra c tu re s  o f th e  f ro n t or base of th e  skull.

Superfic ia l in ju rie s  a re  easier to  d e te c t th a n  deeper ones. I n  ou r cases, 
h o w ev e r, radiological co n d itio n s  a t  th e  sku ll base h a rd ly  d iffered  from  tho se  
a t  th e  skull roof w ith  re g a rd  to  p o sitio n in g  of th e  skull; th e  sk u lls  could  be 
p la c e d  w ith o u t re s tr ic tio n  for ex posu re ; a d ja c e n t p a r ts  ( tru n k ) im posed  no 
c o n s tra in t.

T he differences b e tw een  th e  accu racy  of find ings o b ta in e d  b y  X -ray s  
a n d  b y  au to p sy  w ere o b v io u sly  due  to  m orphological c rite ria , ow ing  m o stly  
to  th e  fa c t th a t  th e  th re e  lay e rs  o f th e  sku ll ro o f to g e th e r are in  m o st p laces 
th ic k e r  th a n  a t th e  skull base or fro n t. P n e u m a tisa tio n  m ay  h a v e  effected  
th e  fra g ility  of skulls 10 an d  11, b u t  i t  could  n o t have p lay ed  a m a jo r role 
in  th e  resu lts.

I f  th e  d istance  b e tw een  th e  f ra c tu re  edges affects d iag n o stic  accu racy , 
in  o u r  experim en ts th e  sk u ll ro o f f ra c tu re s  p ro d u ced  w ere w ider th a n  th e  f ra c ­
tu re s  o f  th e  skull f ro n t a n d  base. Since o u r sam ples, w ith  th e ir  in ta c t  v iscera , 
co n fo rm ed  b road ly  w ith  p ra c tic a l cond itions in vo lv ing  live su b je c ts , i t  m ay  
b e  assum ed , th a t  a so rt o f  servo m echan ism  is invo lved  w hich is in te n d e d  to  
p ro te c t  th e  blood su p p ly  to  th e  b ra in  th ro u g h  th e  a rte ries a t  th e  skull base  
a n d  to  reduce th e  ch an ces of in ju ry  of th e  b ra in  nerves em erg ing  th ro u g h  
th e  sku ll base. T he b ro a d  open ings of f rac tu re s  in  th e  skull ro o f m a y  be due 
to  te n s io n  from  th e  a p o n e u ro tic  galea (m im icry ), b u t s tra in s  in  th e  c ran iu m  
m ig h t be involved  to  som e e x te n t. T he la t te r  con jec tu re  has, h o w ev er, to  be 
ch eck ed  by fu r th e r  s tu d ie s  on skulls follow ing rem o v al of th e  v isce ra . T h a t th is  
c o n je c tu re  canno t be s im p ly  ig n o red  is show n b y  th e  fac t th a t  b ro a d  cracks 
o c c u rre d  in our sam ples p o ss ib ly  because no m im icry  could ta k e  p lace. T he 
fa c t  t h a t  no frac tu res  w ere  d e te c te d  rad io log ica lly  in  th e  fro n t o r base  of th e  
sk u ll, w hereas in  th e  sk u ll ro o f th e y  w ere o ften  revea led  b y  X -ra y , show s th a t  
th e  fra c tu re s  in  th e  sku ll ro o f w ere b ro ad er.
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B E IT R Ä G E  ZU D E R  A U T O P T IS C H E N  U N D  R Ö N T G E N O L O G IS C H E N  D IA G N O S T IK
D E R  S C H Ä D E L B R Ü C H E

E. E H L E R , D. IVANKIEVICZ und G. II. SCHUM ACHER

15 fo rm alin fix ierte  K öpfe  m enschlicher L eichen  w u rd e n  in sag itta le r  u n d  tran sv e rsa le r  
R ic h tu n g  einer D ru ck b e la s tu n g  bis zum  B ruch  der S ch äd elknochen  u n terw orfen . Die E rgeb­
nisse de r E x perim en te  w urden  an  beiden S chädelh ä lften  b e w erte t u n d  so in sg esam t die A n g a­
ben  von  30 S chädelh ä lften  reg is trie rt. Die m itte ls  A u to p sie  bzw . R ö n tg en au fn ah m en  fe s t­
g este llten  F ra k tu ren  zeig t folgende Z usam m enstellung:

Diagnose \ Schädeldach Schädelbasis Gesichtsschädel

a)  m itte ls A utopsie 2 2 19 19

b) röntgenologische 10 0 0

c) in %  von  a) 45,5 0 0

Am lebenden M enschen sind die rön tgeno log ischen  B ed ingungen  b ed eu ten d  u n g ü n stig e r 
als an  L eichenköpfen. A u fg ru n d  der U n te rsuchungsergebn isse  der 15 L eichenköpfe sin d  die 
V erfasser der A nsich t, d a ß  die obigen R e la tio n en  auch  im  Falle  eines großen U n te rsu ch u n g s­
m a te ria ls  keine w esen tliche  A bw eichung aufw eisen  w ü rd en .
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ДАННЫ Е К АУТОПТИЧЕСКОЙ И РЕНТГЕНОЛОГИЧЕСКОЙ ДИАГНОСТИКЕ
ПЕРЕЛОМОВ ЧЕРЕПА

Э. Э Л Е Р , Д . И В А Н К И Е В И Ч  и Г . X . Ш У М А Х ЕР

На 15 черепах человеческих трупов, фиксированных формалином, авторы проводи­
ли нагрузку давлением в сагиттальном и трансверсальном направлених, вплоть до пере­
лома черепов. Результаты были исследованы на обеих половинах черепов и таким образом 
удалось зарегистрировать данные всего 30 половин черепов. При вскрытии и при рентге­
новском исследовании черепов были обнаружены следующие виды переломов:

Д и агн о з Ч ерепной  свод О снование
черепа

Л ицевой  череп

а) При вскрытии 22 19 19
б) При рентгеновском 

исследовании 10 0 0
в) В процентах «а» 45,5 0 0

При жизни условия рентгенографии значительно более трудные чем на удаленных 
черепах трупов. На основе данных 15 черепов трупов авторы придерживаются того мне­
ния, что при исследовании более большого материала вышеприведенное соотношение не 
изменилось бы в значительной мере.

D r. Е . E hler In s t i tu te  of A n a to m y , M edical F a c u lty  o f W ilhelm
D r. G. H . Schumacher P ieck  U n iv e rs ity , G e r tru d e n s tr  9,

G D R -25 R o sto ck  1

D r. D énes Ivánkievicz B o rso d -А .-Z. M egyei T anács K ó rh áza ,
S zájsebészeti és F o g ásza ti O sztály ,
H -3581 M iskolc, C sabai k a p u  42. H u n g a ry
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C oun ty  H o sp ita l, Zalaegerszeg, H u n g a ry

NEEDLE-BIOPSY CYTOLOGY IN THE PREOPERATIYE 
DIAGNOSTICS OF BREAST DISEASES

I. D egrell

(R eceived Ju ly  14, 1979)

The a u th o r  has perfo rm ed  1000 b reast needle-b iopsies during  a period  of 20 years. 
Based on his own experiences and  on tlie d a ta  of th e  lite ra tu re  the m ethod  is ev a lu a ted  
as a useful, in fo rm ativ e  and  com plem en tary  tool in th e  p reo p era tiv e  d iagnosis of b reas t 
diseases.

The m eth o d  is re liab le , quick , pain less an d  p e rfo rm ab le  on o u t-p a tie n ts , it 
causes no d issip a tio n  of th e  tu m o u r, therefo re , i t  is recom m ended  as a ro u tin e  d ia g ­
nostic  m ethod.

In troduction

In  th e  p reo p e ra tiv e  d iagnostics of b rea s t d iseases conven tiona l p rocedures 
such as m am m o g rap h y , ga lac to g rap h y , p n eu m o cy sto g rap h y , th e rm o g ra p h y  
and u ltraso n ic  e x am in a tio n  have now been co m p lem en ted  w ith  a sp ira tio n  
need le-b iopsy . In th is  fie ld  four in s titu tio n s  h a v e  earned  an in te rn a tio n a l 
re p u ta tio n , th e  New Y o rk  M em orial H o sp ita l, th e  H erzen  O ncology In s t i tu te  
in  M oscow, th e  Curie F o u n d a tio n  in  P aris  an d  th e  R ad iu m h em m et in  S to ck ­
holm . The p rocedure  is rap id ly  gain ing ro u tin e  ap p lica tio n  in several o th e r  
in s titu tio n s . The w orks o f several researchers [1, 2, 3, 11— 19, 22— 241, w ere 
p ioneering  stud ies in  th e  fie ld . An im p o rta n t re c e n t d ev e lopm en t w as th e  in tro ­
d u c tio n  of ste reo tax ic  need le-b iopsy  by N orderström  and  Zajicek [2] w hich 
p ro v ed  a va lu ab le  to o l in  th e  d iagnostic  of n o n -p a lp ab le  changes. E xperience  
w ith  AN B has been re p o rte d  also by  B odó et al. [4, 5] and  D egrell [6— 10].

Method

A Cameco p u n c tio n  device was used , equ ipped  w ith  a d isposable p las tic  syringe a n d  
a 0.6 m m  needle. A fter fix ing  th e  p u n c tio n  area  by  h an d , a sp ira tio n  b iopsy  is done. T he sam ple  
is sp read  on a slide glass, fix ed  for 30 m in  in e ther-alcohol a n d  s ta ined  according to  P a p a n ic o ­
laou or w ith haem ato x y lin -eo sin . Som e sam ples were d ried  and  sta in ed  u n fix ed  w ith  M ay- 
G riinw ald-G iem sa (a ir-d ried  sm ears).

Results

An ind ispensab le  guide for cytological e v a lu a tio n  is th e  W H O  p roposa l 
for c lassification  of p ro life ra tiv e  processes and  tu m o u rs  of th e  b re a s t [21]:
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Fig. 1. a. F oam -cells , X 280; b . Foam -cells , X 320

A . D ysplasia  (I. c y s t —  sim ple or p a p illa ry , I I .  adenosis, I I I .  ep ithe lia l 
p ro life ra tio n  in duc ts  a n d  lobu les, IY . d ila ta tio n  of du c ts , Y. fib rosclerosis, 
V I . gynaecom astia , V II . o th e r  n o n -tu m o ro u s  p ro life ra tiv e  changes.

B. N  on-m alignant tum ors. I. ad en o m a, I I .  m am m illa ry  ad en o m a , I I I .  
d u c ta l  pap illom a, IV . f ib ro a d e n o m a , cy sto sarcom a phyllo ides (g ian t f ib ro ­
a d e n o m a  of Brodie).

C. Cancer. I. I n t r a d u c ta l  an d  in tra lo b u la r  n o n -in filtra tiv e  can cer, I I .  in ­
f i l t r a t iv e  cancer, I I I .  c a n c e r w ith  ty p ica l h isto logy : m ed u lla ry , c rib rifo rm , 
g e la tin o u s , lobular, p la n o ce llu la r , m am m illa ry  P a g e t disease, in tra c a n a lic u la r  
fib ro ad en o m a to u s  cancer.

D . Sarcoma
E . C arcinosarcom a
F . Tum ours d iffic u lt to classify
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Fig. 2. a, b . O ncocytic  apocrine  cells, X 320

In  th e  follow ing, cell ty p es found in n o n -m a lig n a n t and  m alignan t b re a s t  
changes w ill be d ea lt w ith .

A. Cells occurring in  dysplasia

1. Foam cells: th e y  occur e ith er in c lu ste rs  or diffusely. T hey  v a ry  in  
size, possess a fine ly  v acu o la ted  cy top lasm , and n o t  in freq u en tly  double n u c le i. 
The nucleus is ex cen trica lly  located  w ith finely  g ra n u la r  ch rom atin  su b s ta n c e  
(F ig. la ,  b). Foam  cells occur in  add ition  in ch ro n ic  m astitis  and  som e o th e r  
tu m o u rs .

2. A pocrine epithelial m etaplasia. A pocrine on co cy tes  are found  in  c lu s te rs  
w ith  eosinophilic  cy to p lasm  a ro u n d  the cen tra lly  lo c a te d  nucleus. The c h ro m a ­
tin  is dense (F ig . 2a, b).
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Fig. 3. a. G iant cell, X 25; b. C luster o f f a t  cells a n d  fib rocy tes w ith  som e ep ithe lia l
cells, X  25

3. Giant cells. L a rg e , round  or o v o id , m u ltinuc lear cells occu rrin g  in 
g ro u p s . They can also be  found  in ch ro n ic  m astitis , g ra n u la tio n  tissu e  and 
tu m o u rs  (Fig. 3a).

4. Clusters o f  fa t-ce lls  and fibrocytes. T h e y  are consis ten tly  p re se n t in  the  
sm e a rs . The clusters o f te n  co n ta in  e p ith e lia l cells (Fig. 3b).

5. Usual c o n s titu e n ts  of the  sm ears  are  e ry th ro cy tes , g ran u lo cy tes , 
ly m p h o c y te s , m onocy tes, h is tiocy tes, am o rp h o u s  cell debris.

6. N orm al lo b u la r o r d u c ta l ep ith e lia l cell.

B . Cytology o f  non-m alignan t tumours

1. In  fibroadenom a, th e  cell nuclei a re  n o rm al, round  or o v a l w ith  finely  
g ra n u la te d  ch rom atin . Cells occur in g ro u p s (F ig . 4a). The cy to p la sm  is a nar-

A d a  M orpltologica A cadcm iae S c ie n tia ru m  H ungaricae 28 , 1980



NEEDLE BIOPSY OF BREAST DISEASES 301

>

Fig. 4. a. A group  of ro u n d  and ovoid cell nuclei in a fib roadenom a, b. Tw o n o n -m alig n an t 
cell bund les in  a f ib ro ad en o m a. On th e  le ft, sca tte red  naked  nuclei. X  400

row rim  a ro u n d  th e  nucleus. T he “ n ak ed  n ucle i”  of m yo the lia l o rig in  m ay  also 
be p re se n t; th e y  are  ro u n d  or ovoid an d , as seen in  Fig. 4, lo c a te d  outside 
th e  groups of ep ith e lia l cells.

2. P apillom a. T he cy to logy  is s im ila r to  th a t  of fib ro a d e n o m a , b u t  the  
nuclei are  f re q u e n tly  e longated  (Fig. 5a) an d  th e  cells show  som e deg en era tiv e  
signs: p yknosis  o f nuclei, cy to p lasm ic  vacuoles, ring  fo rm atio n s (F igs 5b, c).

C. Cytology o f  m alignant tum ours

M alignan t cells found  in  th ese  cases v a ry  in n a tu re  acco rd in g  to  th e  type  
of th e  tu m o u r  and  can  be classified  as o u tlined  above; th e  m ost w idely  accep ted  
c lassification  is th a t  o f Z a j i c e k  e t al. [ 2 5 ] .

1. Duct-cell type cancer. T his is th e  m ost com m on ty p e  o f  can cer cell 
(80% ). I t  m ay  occur in c lu ste rs  or d iffusely , i t  is m ono m o rp h ic  an d  sm all,
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F ig. 5. a. Papillom a. C hain-like ro u n d  or ovoid nuclei, X 320. b. Pap illom a. P y k n o tic  nuclei 
in  c lu s te rs , X 320. c. P a p illo m a . A  group  of p y k n o tic , v a cu o la te d  ep ithe lia l cell. X 320

m e d iu m  an d  large in  size. F ew  m itoses are fo u n d  (F ig . 6a). H isto log ically , th e y  
m a y  o rig in a te  from tu b u la r ,  d u c ta l and lo b u la r cancers.

2. Acinic-cell cancer. T h is  form  is less f re q u e n t (9% ). T he cy to p lasm  is 
f in e ly  g ran u la r, th e  nucle i c o n ta in  several nucleo li (F ig . 6b). Iso la ted  nuclei 
a lso  occu r. H isto logically  th e s e  cells rep resen t m e d u lla ry , in f iltra tiv e  d u c ta l 
c an ce r.
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3. Apocrine-cell cancer (6% ). According to  th e i r  stage of d iffe ren tia t ion , 
these  cells are e i th e r  poly- or inonom orphic  w i th  g ran u la r  cy top lasm . T he ir  
nuclei contain  severa l nucleoli (Fig. 7a). H isto logically  th e y  m ay  he com edo 
or ductal ca rc inom a.

4. M ucous carcinoma  (colloid, gelatinous, 3% ).  These cells form clusters  
su rrounded  hy  a m ucous su bs tance  (Fig. 71>). A ra re ly  encoun tered  fo rm  is 
th e  mucous-cell ca rc inom a  (signet ring carc inom a) ch arac ter ized  b y  s igne t-r ing  
cells (Fig. 7c).

The rest  is c o n s t i tu te d  hy  p a p illa ry  carcinom a  cells (Fig. 8a) w ith  e lon­
ga ted  nuclei a r ra n g e d  in palisade form, and hy  Paget-cancer cells o f  th e  m a m ­
milla (Fig. 8b).

I t  often h a p p e n s  t h a t  needle-biopsy is ca r r ied  o u t  for o the r  pu rposes  and 
a sarcoma or m esenchym al m alignom a is d iagnosed  hy  chance. W ith  o th e r

. Irta Morphologica Academiae Scientiarurn Hungaricae 28, 1980
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Fig. 7. a. A pocrine  cell carc inom a, X  320. b. M ucous, colloid 
carcinom a, X  400. c. S ig net-ring  cell carc inom a, X 400
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Fig. 8. a. P ap illa ry  carc inom a, X 320. b. P a g e t cells

d iag n o stic  tech n iq u es th ese  tu m o u rs  are easily  m is tak en  fo r fib roadenom as. 
I n  th e  sm ears p o lym orph ic , ovoid  or sp in d le -shaped  m a lig n a n t cells occur 
w ith  densely  ch ro m atin o u s  nuclei (F ig . 9a) w hich can  re a d ily  he d isting u ish ed  
from  carcino ina-cells. One of ou r cases proved  to  be a cu rio s ity : in  a tu m o u r 
w hich  ap p eared  to  be a fib ro ad en o m a, m a lig n an t cells co n ta in in g  m elan in -like 
p ig m e n t w ere found  (F ig . 9b). H isto logy  verified  a p r im a ry  m elan o b lasto m a.
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F ig . 9 . a. F ibrosarcom a: p o ly m o rp h ic , sp ind le  shaped  m esenchym al cells, X 320. b . M elano- 
b la s to m a . M alignant cells v a ry  in  size a n d  shape an d  are  filled w ith  m elan in  p ig m en t granules

(o il-im m ersion)

Conclusions

In  th e  p a s t 20 y e a rs  we h a v e  perfo rm ed  need le-b iopsy  in  1000 cases.
T h e se  w ere:

N on-m alig n an t tu m o u rs  360
D ysplasia 250
Chronic m astitis , l ip o g ran u lo m a , ga lactokele  and  o th e r  non-

m alignan t p rocesses 143
C arcinom a 220
M esenchym al m alig n o m a 27

T he accuracy  of d iagnosis ran g ed  betw een  90— 95% .
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T he h ig h est accu racy  (96% ) w as ach iev ed  in carcinom as, a n d  slig h tly  
low er one in m esenchym al m alignom as. T he cyto logical diagnosis w as ro u tin e ly  
com pleted  w ith  h isto logy.

C orre la ting  th e  d iagnostic  v a lu e  o f cy to lo g y  w ith  radiological a n d  clinical 
d iagnoses [3] it  appears th a t  w hile c lin ica l and  radiological d iag n o ses  are  of 
60 and  90%  accu racy , re spec tive ly , c y to lo g y  has alw ays heen re liab le .

AN B of th e  b re a s t is a useful to o l in  p reo p e ra tiv e  d iagnostics especia lly  
w hen  em ployed  in  com bination  w ith  o th e r  d iagnostic  techn iques. I t  is re liab le , 
pa in less and  can  be perfo rm ed  in  o u t-p a tie n ts  as well. The d an g e r o f  tu m o u r  
d issem ination  is non  e x is te n t. In  conc lu sio n , A N B  is recom m ended  as a ro u tin e  
d iagnostic  m eth o d .
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D IE  Z Y T O L O G IS C H E  B E D E U T U N G  D E R  F E IN N A D E L B IO P S IE  
IN  D E R  P R E O P E R A T IV E N  D IA G N O STIK  D E R  M A M M A E R K R A N K U N G E N

I. DEGRELL

Im  V erlauf von  20 J a h r e n  h a t  der Autor n ah ezu  1000 Feinnadelb iopsien  der M am m a 
d u rc h g e fü h rt. A ufgrund se in e r E rfah ru n g en  und de r L ite ra tu ra n g a b e n  ste llt er fe s t, daß  
d ieses V erfahren  eine n ü tz lic h e , aufschlußreiche, e rg än z en d e  M ethode fü r die p rä o p e ra tiv e  
D ia g n o s tik  der M a m m a erk ra n k u n g e n  darstellt und  m it  d e n  ü b rig en  U n te rsu ch u n g sv erfah ren  
(M am m ograph ie , klinische U n te rsu ch u n g e n ) eine fu n k tio n a le  E in h e it b ildet. Die P u n k tio n s ­
zy to lo g ie  is t rasch, schm erz los, a m b u la n te r  d u rch fü h rb a r u n d  is t  im  H inblick  au f die T u n io r- 
s tre u u n g  ungefährlich. Ih re  ro u tin e m äß ig e  A nw endung e m p fie h lt  sich in  säm tlichen  A n s ta lte n , 
d ie ü b e r  die nötigen p e rso n e llen  u n d  instrum en teilen  V o ra u sse tzu n g e n  verfügen.

ЗНАЧЕНИЕ ПУНКЦИОННОЙ ЦИТОЛОГИИ В ОБЛАСТИ ПРЕДОПЕРАЦИОННОГО 
ДИАГНОЗА ЗАБОЛЕВАНИЙ ГРУДНОЙ ЖЕЛЕЗЫ

И . Д Е Г Р Е Л Л

В течение 20 лет автором было проведено почти 1000 пункционной цитологии груд­
ной железы. На основе своих наблюдений из литературных данных он устанавливает, что 
это полезный и информационный дополнительный метод для предоперационного диагноза 
заболеваний грудной железы, который, вместе с другими исследованиями (маммография, 
клинические иссследования), образует функциональную единицу. Это надежный, быстрый 
безболезненно проводимый в амбулатории метод, являющийся с точки зрения разноса 
опухолей безопасным. Повседневное применение пункционной цитологии рекомендуется 
во всех учреждениях, в которых обеспечены персональные и инструментальные требо­
вания.

D r. I s tv á n  D egrell: Z a la  M egyei Tanács K ó rh á z a ,
H -8 9 0 1  Zalaegerszeg, P f. 24. H u n g a ry
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D e p artm en t o f H u m an  G enetics a n d  A nthropology of th e  D üsseldorf M edical A cad em y ,
D üsseldorf, G erm any

AN AIR-DRYING METHOD FOR PREPARING 
METAPHASE FROM SPERMATOGONIAL CELLS 

OF CHINESE HAMSTER (CRICETULUS GRISEUS)

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

S. PÉTER

(R ece iv ed  M ay 2, 1979)

In tro d u c tio n

A n analysis  of chrom osom es of germ  cells p rov ides im p o r ta n t  d a ta  for 
ju d g e m e n t o f th e  m utagen ic  a c t iv i ty  o f chem icals. In  recen t y ea rs  a v a r ie ty  
o f tech n iq u es  h av e  been p u b lish e d  for th e  s tu d y  o f m eiotic  ch rom osom es [11, 
3, 4, 9, 7], h u t  few papers desc rib e  m ethods fo r th e  p re p a ra tio n  o f sp e rm a to - 
gonial m e tap h ases  [2, 5]. T h ese  m ethods h av e  several d isad v a n ta g e s . The 
sq u ash -tech n iq u e  em ployed fo r th e  p re p a ra tio n  of sp erm ato g o n ia l ch ro m o ­
som es [2, 11] does not y ield  enough  m etap h ases  for ex am in a tio n . T h e  phase- 
c o n tra s t  m e th o d  em ployed fo r  analysis b y  B roks e t al. [2], also has d is­
a d v an tag es  reg ard in g  th e  p re sen ce  of sperm atogon ic-w ave in  th e  sem iferous 
tu b u le s  [5]. E v a n s ’ a ir-d ry in g  m e th o d  [4] p roduces a large n u m b e r o f  ana lyz- 
ab le m eio tic  cell chrom osom es, e lim in a tin g  th e  d isad v an tag es  o f th e  m en tio n ed  
te ch n iq u e ; nevertheless th e  m e th o d  is only su ited  fo r th e  analysis o f d ip lo ten e , 
d iak inesis, m e tap h ase  I— I I ,  a n d  only few m itoses of sp e rm ato g o n ia  can  be 
found . M ore recen tly , Me r e d it h  [7], H oo  and  B owles [5] p u b lish ed  an  a ir­
d ry in g  m e th o d  fo r p rep arin g  m eio tic  and m ito tic  m e taphases using  6 0 %  acetic  
acid  and  a h o t p la te . W e h a v e  achieved l i t t le  success w ith  th is  a n d  o th e r  
a ir-d ry in g  m eth o d s p rep arin g  C hinese h a m s te r  sp erm ato g o n iu m  chrom osom es. 
W e h av e  th e re fo re  w orked o u t a sim ple and  qu ick  m eth o d  w hich  p ro v id es  
a su ffic ien t am o u n t of w e ll-sp read  m e tap h ase  chrom osom es o f s p e rm a to ­
gonium  cells w ith  good m o rp h o lo g y , a m e th o d  free from  th e  sh o rtco m in g s 
o f those  m en tioned  above.

Method

M etaphase  chrom osom es fro m  th e  sperm ato g o n ia l cell of sexually  m a tu re , 8-w eek-old 
Chinese h a m s te r  can he o b ta ined  in  th e  following m anner.

1. A n im als are sacrified 5 h o u rs  a f te r  the  a d m in is tra tio n  of 8 m g/kg of colchicine by  the  
in tra p e rito n ea l ro u te .
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2. One testicle  is c a re fu lly  p repared  and p laced in a glass a t  37 °C tem p e ra tu re .
3. The tun ica  a lb u g in ea  is incised and rem oved . T he tu b u le s  are m inced b y  scissors.
4. 1 ml 0.8%  sod ium  c it r a te  solution a t 37 °C is ad d ed  to  th e  m inced tu b u le s .
5. The m ateria l is th a n  tra n s fe rre d  into a 10 m l tu b e  and  9 m l 0 .8%  sodium  c itra te  

so lu tio n  a t  37 °C is added .
6. A fter 5 m in  s e d im e n ta tio n  th e  su p e rn a ta n t is care fu lly  rem oved  and  th e  sed im en t 

is re su sp en d ed  in 10 m l fresh  0 .8 %  sodium  c itra te  a t  37 °C.
7. A fter 4.5 m in th e  tu b e  is  cen trifuged  a t  1000 r .p .m . for 0.5 m in  and  th e  su p e rn a ta n t 

is re m o v e d  and d iscarded.
8. The cells are re su sp e n d ed  and  fresh fix a tiv e , 3 p a r ts  o f e th y l alcohol or m e th y l alcohol 

to  1 p a r t  o f glacial ace tic  acid  is ad d ed  drop by  d rop  flick in g  th e  tu b e  a fte r each  d rop . The 
to ta l  vo lum e of fix a tiv e  is a p p ro x im a te ly  10 ml.

9. The tube  is s to red  fo r 1 h  a t  4 °C, th en  c en trifu g ed  a t  1000 r.p .m . th e  s u p e rn a ta n t  
c a re fu lly  rem oved and th e  s e d im e n t resuspended an d  f ix ed  again  in  10 m l fix a tiv e .

10. The tube  is s to re d  o v e rn ig h t a t 4 °C. On th e  follow ing d ay  i t  is cen trifu g ed , th e  
s u p e rn a ta n t  is rem oved , a n d  th e  cells are resuspended  b y  flick ing  th e  tu b e  w ith  th e  forefinger 
so t h a t  tu b u le  segm ents a d h e re  in  3 — 5 cm h e ig h t to  th e  w all of th e  tube.

11. 0.5 ml of susp en sio n  is ta k e n  up  in to  a sm all p ip e t te  and  from  a h e ig h t of 0.5 — 1 m 
i t  is d ro p p ed  on grease-free, w e t ice cold slides. T he slides are  d ried , s ta in ed  w ith  5 %  G iem sa 
so lu tio n  p H  7.0 —7.2 for 10 m in , a n d  subsequen tly  w ash ed  in  d istilled  w a ter dried  and  covered 
u s in g  E u k it t  or D P X  a n d  a coverslip .

Discussion

E xam in a t io n  o f  t h e  slides showed a g re a t  n u m h e r  of sperm atogon ia l  
m e ta p h a se s .  The tu b u le s  and  the  sperm ato g o n ia  sed im en t in th e  hypo ton ic  
so lu t io n ,  while th e  sp e rm a to c y te s  and sp e rm a tid es  rem ain  in th e  s u p e rn a ta n t  
w h ic h  can  thus be rem o v e d .  One m etaphase  of  sp e rm a to g o n iu m  and its q u a l i ty  
is i l lu s tra te d  in Fig. 1. I n  recen t  years several papers  have  po in ted  o u t  the  
im p o r ta n c e  and in d isp en sab i l i ty  of an a lyz ing  sperm atogon ia l  m e taphases ,  
u n d e r l in in g  their  s e n s i t iv i ty  [6, 8] and d e m o n s t ra t in g  th e  positive m u tagen ic  
e ffec t de tec tab le  in th e m  as opposed to th e  n e g a t iv e  results  ob ta ined  in sperm a-

F ig . 1. 2n =  22XY no rm al ch rom osom es of Chinese h a m s te r  (C ricetu lus griseus) sp e rm ato
gonial cell
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tocy tes  [1, 10]. The g rea t  a d v a n ta g e  of  th e  d esc r ib ed  m ethod  is t h a t  i t  allows 
to ana lyze  a large n u m b e r  of sperm ato g o n ia l  m e taphases .  The m e th o d  th e r e ­
fore seems to  be reliable for the  q u a l i ta t iv e  a n d  q u a n t i ta t iv e  ev a lu a t io n  of  th e  
genetic risk  involved by the  use of  chem ical m u tag en s .
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RECENSIONES

I. Gy . F a zek a s  a n d  F . K osa : Forensic Fetal Osteology. A k adém iai K iadó, B u d a p e s t  1970.
414 pages w ith  62 figures, 207 ta b le s  a n d  89 d iagram s

T he a im  of forensic ex am in atio n  of fe ta l bones is to  de term ine  its  h u m an  o rig in , the  
tim e of d e a th  an d , in  p a rticu la r , th e  age of th e  fe tu s . In  selected cases th e  fo ren sic  e x p e rt 
is also e x p ec ted  to give an  in d ica tio n  of th e  possible re aso n  of abortion , i.e. th e  d e a th  of 
th e  fe tus . T he a u th o rs  a tte m p te d  to answ er these  q u e stio n s  by  s tu dy ing  138 fe ta l sk e le to n s 
from  th e  m u seu m  of th e  Forensic In s t i tu te  of Szeged M edical School. T heir book is th e  m o st 
d e ta iled  acc o u n t of th e  problem  found  in th e  in te rn a tio n a l  lite ra tu re . I t  sum m arizes c u rre n t 
know ledge an d  offers new  in fo rm ation .

A fte r  lis tin g  th e  questions asked in such cases by  th e  au th o ritie s  from  th e  fo rensic  
ex p ert, th e  m a te ria l, th e  m ethods and  th e  m easu res o f th e  skeletons are d escribed . T hese  
d a ta  are v a lu ab le  in  forensic p ractice  and  the  bone sizes a re  show n by pho to g rap h s a n d  d ra w ­
ings, th e  m easu rin g  p o in ts  are ind ica ted . T he m eth o d s  of b iom etric  analysis a re  d e a lt  w ith  
and  a series o f s ta n d a rd  skeletal p a ram ete rs  are d e fin ed . Skeletons from th e  3 rd  m o n th s  
of p reg n an cy  are  show n in 1 /2-m onth ly  in te rv a ls . U n fo rtu n a te ly , no exac t age d e te rm in a tio n  
was possib le an d  th ere fo re  a + 1 4  days in accu racy  h a s  to  be reckoned  with. C h a p te r  7 deals 
w ith  th e  d ev elo p m en t of in d iv id u a l bones, g iving e x a c t sizes for each age group. R egression  
curves enab le  to  d e te rm in e  th e  age and  len g th  from  one single bone. The value  o f th e  d a ta  
p resen ted  fo r assessing th e  age of th e  fe tu s  is w ith o u t a n y  d o u b t h igher th a n  th a t  o f  an y  
p rev ious m eth o d . T he a u th o rs  also discuss the  poss ib ility  o f b lood-group d e te rm in a tio n  fro m  
fe ta l bones and  th e  p rob lem  of stu d y in g  com b u sted  bones. F in a lly , sex d e te rm in a tio n  is 
described based  on  th e  s tu d y  of th e  fe ta l pelvis. T he lis t o f references m ay sa tisfy  a n y  special 
dem and . T he illu s tra tio n s  and  d iagram s are of good q u a lity . The book is reco m m en d ed  for 
forensic e x p e rts  as well as for an a to m is ts  and  em b ryo log ists.

L . H a r s á n y i

B ritish  M edical B ulle tin . The B ritish  Council. L ondon . V olum e 15. No. 2. T he issue co n ta in s  
16 re p o rts  on  re p ro d u c tio n  of the  fields of d evelo p m en ta l biology and  ex p erim en tal em b ry o lo g y .

T he s tu d ies  are focused on two m ain  p rob lem s. T h e  f irs t  concerns th e  resu lts  a n d  fu r th e r  
p ro sp ects o f th e  e x p erim en ts  in B rita in  w ith  h u m an  “ flask -b ab ies” . In  1978 a h u m a n  o v o cy te  
was to  fe rtilized  in  vitro and  re im p lan ted  in to  th e  m o th e r. A fter an  u n d istu rb ed  p re g n an c y  
a h e a lth y  b a b y  w as born . The o th er m ain  su b jec t o f s tu d ie s  is th e  o v erp o p u la tio n  o f som e 
areas of th e  w orld ag a in st w hich in various co u n tries b i r th  con tro l m easures have  b een  in tro ­
duced  since 1959. Several prob lem s re la ted  to  b ir th  co n tro l a re  still unresolved.

A lth o u g h  all th e  papers deal w ith  b ir th  p ro b lem s, in  th e  f irs t seven pap ers  th e  f irs t, 
in  th e  follow ing nine, the  second topic  is considered  m ore em ph a tica lly . The p a p e r  o f D . G. 
WlTTlNGHAM “ 7/i vitro fertiliza tion  embryo transfer and  storage”  describes th e  p re tr e a tm e n t  
o f germ in al cells a n d  the  process o f in  vitro  fe rtiliz a tio n . I t  deals w ith  th e  a lte rn a tiv e  p o ss ib il­
ities o f em b ry o  tran s fe r  to  th e  tu b a  or u te ru s  of th e  m o th e r o r o f its  storage. To th is  q u e s tio n  
th e  p ap er o f M oor an d  W arnes “ Regulation o f  meiosis in  m am m alian  oocytes” p ro v ides d a ta  on 
th e  energy  sources of th e  m a tu rin g  oocyte, its m e tab o lic  processes and  m em brane  a lte ra tio n s . 
I t  sum m arizes fac to rs  in fluencing  th e  m a tu ra tio n  a n d  in tra fo llicu la r in h ib ito ry  e ffec ts  of 
g ranu losa  cells. T he m a tu ra tio n  of a h u m an  oocyte a n d  follicle an d  the role of s te ro id s  was
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s tu d ie d  six  hours a f te r  L H  re lease , oocytes rem oved  fro m  p reo v u la to ry  follicles can  be t r a n s ­
fe rre d  to  th e  tu b a  of a re c ip ie n t w here  th e y  develop  n o rm ally . The w ork of A d a m s o n  and  
G e r d n e r , “Control o f  early developm ent” , deals w ith  th e  m ate rn a l genom e e ffec t on  early  
d e v e lo p m e n t a f te r  th e  tw o-cell s tage  th ro u g h  m R N S . T h e  m o st significant change in  p ro te in  
sy n th e s is  occurs in  th e  one- a n d  tw o-cell stages. F u n c tio n in g  m R N S tem p la te  tra n sc r ib e d  
b y  th e  genom e of th e  em b ry o  ap p ea rs  a t  th e  6 — 8-cell s tag e . In  the  8-cell stage, su rface  a n ti­
gens a re  d e te rm in ed  by  th e  p a te rn a l  genom e. T hese  o b se rv a tio n s were m ade in  m ice and 
ra b b its .

R . V. Sh ort  considers th e  role of th e  H -Y  a n tig e n  in  d ifferen tia tion  an d  sex  d e te rm i­
n a tio n , w ith  special re ference  to  in te rsex  d ev e lo p m en t in  anim als and in  m an . T h e  a u th o r 
is r a th e r  scep tica l a b o u t th e  success of a tte m p ts  to  in flu en ce  p rim ary  sex b u t  he sees some 
a d v a n c e  in  th e  resea rch  of n e u ra l con tro l o f sex d e te rm in a tio n .

T h e  em bryo  is e m ittin g  p reg n an cy  signals as e a r ly  as th e  b lastocysts stage. T h is  seem s 
to  be m ed ia te d  b y  th e  co rpus lu te u m  a lthough  th e  d u ra tio n  of p rogesterone re lease  v a ries 
in  species. I t  is still a rg u ed  w h e th er th e  signal is ev o k ed  b y  th e  changes of th e  e n d o m e triu m  
d u e  to  im p la n ta tio n . As th e  en d o m e tria l e n v iro n m en t a ffec ts  em bryonic g row th , d e sc rip tio n  
of th e  b iochem ical changes acco m p an y in g  p reg n an cy  is o f  in te re s t  (H e a p  e t a l.: Role o f  em­
bryonic signals in  the establishm ent o f  pregnancy). P ro te in s  o f th e  u terine  e n v iro n m en t in fluence 
th e  g ro w th  of th e  cells o f th e  em b ry o . M ost p reg n an cy  ab n o rm a litie s  develop d u rin g  im p la n ta ­
t io n  a n d  th e y  are m o stly  due to  genetic  defects of th e  m ale . In  dom estic  an im als th e  m a te rn a l 
fa c to r  seem s to  be m ore im p o r ta n t  as i t  p rev en ts  e m b ry o n ic  signals in  th e  p re im p la n ta tio n  
p e rio d .

R esearch  of th e  p a s t  20 y ea rs  has c o rro b o ra ted  th a t  abnorm alities of th e  fe tu s  re su lt 
fro m  d is tu rb e d  in tra u te r in e  g ro w th  ( R o b in s o n : Growth o f  the fe tu s )  caused by  u n d e rn u tr it io n  
of th e  m o th e r, h y p e rten sio n , p reec lam psia, sm oking, a lcoho lism , drug add ition , e tc . U sefu lness 
o f  th e  u ltra so n ic  d e te rm in a tio n  of th e  em bryos size is em p h asized . As show n b y  e x p erim en ts , 
r e ta rd a t io n  in  fe ta l g ro w th  can  be caused  by  changes in  o x y g en  tension , nutrition  and hormones. 
F u r th e r  p lasm a  te s ts  are still req u ired  to th e  e x ac t a sse ssm en t of th e  degree of re ta rd a tio n ;  
a p re re q u is ite  to  induce  n o rm al grow th. T he a u th o r  w a rn s  of hazardous g ro w th -in d u c in g  
m a n ip u la tio n s  ( in tra u te r in e  feed ing , m a te rn a l in fu s io n , add itio n  of supposed ly  d e fic ien t 
su b s ta n c es).

In  m ost m am m als th e  fe ta l ad renals p lay  a ro le  in  s ta rtin g  delivery  and  th e  chorion  
to o  is th o u g h t to  have  a s im ilar effect. In  h u m an  p re g n a n c y  th e  fe ta l adrenals seem  to  be  less 
im p o r ta n t  (L ig g i n s : In itia tio n  o f  p a rtu r itio n ). P a r tu r i t io n  is p ro b ab ly  induced  b y  p ro s ta g la n ­
d in  sec re ted  b y  u te rin e  ep ith e lia l cells. O estrogen s t im u la te s  the  syn thesis of p ro s ta g la n d in  
F 2 0 . C hanges in  p rog estero n e  levels m u st be e x p ec te d  a t  a  cellular level.

Som e in te res tin g  p ap ers  deal w ith  g o n a d o tro p in  secre tion . One of th em  ( F i n k : N euro­
endocrine control o f  gonadotropin secretion) considers th e  ro le of h y p o th a lam ic  re leas in g  h o r­
m o n es a n d  a supposed  feed -b ack  m echanism  b e tw ee n  m onoam inergic n eu rons, re leasing  
h o rm o n es  an d  in h ib in , a n o n -ste ro id  substance. T he c en tre  o f th is con tro l system  is a  cellu la r 
m ec h an ism  in  w hich s te ro id  e ffects are m anifested  on  genom es, neurons and  on th e  sy n th esis  
a n d  sec re tio n  of g o n ad o tro p in s. T h e  d issociation  of L H  a n d  F S H  is also dea lt w ith . T h e  a u th o r  
is c o m m itte d  to  th e  single re leasing-horm one th e o ry  arid  describes how  ste ro ids a ffe c t th e  
q u a li ty  o f g o n ad o tro p in  sy n th esis  b y  th e  an te rio r p i tu i ta ry .  R em arkab le  find ings are  p re sen te d  
b y  H e n d e r s o n  ( Gonadotrophic regulation o f  ovarian a c tiv ity )  concerning a p ro b lem  d ifficu lt 
to  s tu d y  in  hum ans.

A ccord ing  to  L in c o l n  (P itu ita ry  control o f  testicu lar activity) L H  and  F S H  are  th e  
p r im a ry  fac to rs  in  te s tic u la r  co n tro l, p ro lac tin  is o n ly  seco n d ary . The tw o g o n ad o tro p in s  from  
a  c o m p lex  (L H -F S H ) p ro d u ced  by the  sam e a n te r io r  p i tu i ta ry  cells u n d e r th e  co n tro l of 
g o n a d o tro p in  releasing  h o rm one. T his la t te r  is p ro d u c ed  b y  neurons of th e  m ed ian  em inence. 
G o n a d o tro p in  ac ts  d irec tly  on  th e  som atic  cells o f th e  te s tic le  while L H  s tim u la te s  th e  L eydig- 
cells, F S H  th e  Sertoli-cells. T h is is th e  en v iro n m en t fo r  g e rm in a l cell m a tu ra tio n . T es to s te ro n e  
is a p ro d u c t  of th e  L eydig-cells a n d  has an  im p o r ta n t  ro le  in  th e  fo rm ation  of te s tic u la r  p a re n ­
c h y m a . T estoste rone  an d  o th e r te s tic u la r  su bstances a re  p a r ts  of a feed-back sy s tem  in v o lv in g  
th e  h y p o th a la m u s , h y p o p h y sis  a n d  L H -F S H .

T h eo re tica lly  th e  c o n tra ce p tiv e  effect of p ro s ta g la n d in s  can be ex p la in ed  in  v a rio u s 
w ay s. T h e  prob lem  is d e a lt  w ith  in  K a r in ’s pap er: P rostaglandin  in the control o f  a n im a l and  
h u m a n  reproduction. T he t ra n s p o r t  of sperm ia, a lte ra t io n s  in  the  m o tility  o f th e  tu b a  and  
u te ru s ,  a lte re d  p e n e tra tio n  of sp e rm ia  th ro u g h  th e  cerv ica l canal, in te rference  w ith  s te ro id  
h o rm o n e  syn thesis and  lu te o ly tic  effect are th e  possib le  a lte rn a tiv e s . T he lu te o lv tic  e ffec t has 
n o t  b een  confirm ed  in  m an . In  his p aper, “ Effects o f  lacta tion  on fe r tility ” , McN e i l l y  searches 
fo r th e  causes of th e  absence of m en s tru a tio n  an d  fe rti l iz a tio n  during  th e  period  of la c ta tio n : 
a n d  i t  is suggested  th a t  la c ta tio n  has a n a tu ra l c o n tra c e p tiv e  role.
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“ T/itf chromosomal basis o f  h u m an  fe r ti l ity 44 b y  A. C. Ch a n d l e  su rveys a b n o rm a litie s  
o f gam etogenesis ( tran s lo ca tio n , m eiosis m u ta tio n )  as th e  causes o f in fertility . I t  is concluded  
th a t  a wide ran g e  of chrom osom al ab n o rm alitie s  are  fo u n d  in  an im als and  in  m an. S ex -ch ro m o ­
som al aneu p lo id y  and  gaine togen ic  defect w hich  occur jo in t ly  in  m ales m ay  cause seco n d ary  
s te rility , i.e. th e  g en etica lly  defic ien t fe tu s  is ab o rted .

Two pap ers  a re  dealing  w ith  th e  ho rm o n al b ack g ro u n d  of m ale s te rility  ( L i n c o l n : 
P itu ita ry  control o f  testicular activ ity , an d  D e  K r e t s e r : Endocrinology o f  male in fe r tility ) :  
th ey  c o n cen tra te  on th e  in te ra c tio n  of horm ones a ffec ting  L eydig- an d  Sertoli-cell fu n c tio n s. 
Leydig-cells c o n ta in  oestrad io l-sen sitiv e  recep to rs  w hereas th e  Sertoli-cells tra n s fo rm  te s to ­
ste rone  to oestrad io l. I t  is assum ed th a t  th e  d am age of sperm atogenesis by  th e  in h ib in  p ro ­
duced by  th e  Sertoli-cells causes a rise in  F S H .T h is  s tim u la te s  th e  tran sfo rm a tio n  o f  te s to s te r ­
one to  o estrad io l by  Serto li-cells w hich, in  tu rn , decreases te s to s te ro n e-p ro d u c tio n  b y  L eydig- 
cells. T h u s, th e  testic le  shou ld  be regarded  as a fu n c tio n a l u n i t  responding  sen sitiv e ly  to  an y  
im p a irm en t o f sperm atogenesis.

Causes o f fem ale s te r il i ty  are su rv ey ed  in  “ Endocrinology o f  fem ale  in fertility44 b y  D. T . 
B a e r d . I t  is p o in ted  o u t th a t  fem ale in fe rtility  can  be  tre a te d  successfully. H y p o th a la m ic , 
hyp o p h y sea l an d  o v a ria n  te s ts  provide a basis o f c lassifica tion  of m en s tru a tio n  d is tu rb an c es . 
T hus, a d eq u a te  th e ra p y  can  read ily  be chosen an d  p reg n an cy  can  be achieved w ith o u t an y  
hazard .

R . J .  A i t k e n  w rites a b o u t ex p erim en ts  w ith  co n tracep tiv e s  ( “Contraceptive research 
and developm ent44) . As to  fu tu re  p rospects , he stresses th e  need  of con tinued  fin an c ia l su p p o rt 
of co n tracep tio n -re search  as on ly  lo n g -te rm  ex p erim en ts  can  m ake c o n tracep tio n  socially  
accep tab le  an d  help  to  f in d  th e  co n tracep tiv e  m ost to le rab le  to  wom en.

I. TÖRŐ
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sciences m édicales expérim entales.
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Az A cta M orphologica v á lto z ó  te rjed e lm ű  fü ze tek b en  je len ik  m eg. T ö b b  fü z e t a lko t 
eg y  k ö te te t .

A közlésre szán t k é z ira to k  a  k ö v e tk ező  c ím re kü ld en d ő k :

Acta Morphologica, 1091 Budapest, Üllői út 93.

U gyanerre  a c ím re  k ü ld e n d ő  m in d e n  szerkesztőségi és k iad ó h iv a ta li levelezés. 
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(1389  B u d ap es t 62, P .O .B . 149. B a n k sz ám la : 218-10990) v agy  an n ak  k ü lfö ld i képviseleteinél.

D ie Acta M orphologica v e rö ffen tlich en  A b h an d lu n g en  aus d em  B ere ich  de r experi­
m en ta l-m ed iz in ischen  W isse n sc h a ften  in  eng lischer Sprache.

D ie A cta M orpholog ica  e rsch e in en  in  H e ften  w echselnden U m fan g es. M ehrere H efte 
b i ld e n  e inen  B and.

D ie zur V erö ffen tlichung  b e s tim m te n  M anuskrip te  sind  an  fo lgende A dresse  zu  senden: 

Acta Morphologica, H-1091 Budapest, Üllői út 93.
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o f  th e  in te rn a tio n a l scientific  c o m m u n ity  o f cell and  tissue  research  P ro fesso r 
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D e p a rtm e n t o f Biology, S em m eilw eis U niversity  of M edicine,
B u d a p e s t

EFFECT OF GONADOTROPINS AND THYROTROPIN 
ON THE TESTES AND OVARIES OF THE NEWLY  

HATCHED CHICKEN

M. A. S h a h i n , G. C s a b a  a n d  O. D o b o z a "

(R eceived S e p te m b re  3, 1979)

In  new ly h a tc h ed  male an d  fem ale  ch ickens th y ro tro p in  (T S H ) a n d  gonado­
tro p in s  (F S H , L H ) were found to  in crease  th e  nu m b er of sp e rm ato g o n ia  o r  Sertoli 
cells in  th e  sem in iferous cord, and  th e  n u m b e r  o f granulosa cells in th e  o v a r ia n  follicle. 
T he effect o f g o n ad o tro p in s w as m ore p ro n o u n c ed  th a n  th a t  of T S H . R e g a rd in g  the 
overlapp ing  effec t o f th y ro tro p in  and  g o n a d o tro p in s , in b o th  m ale an d  fe m a le  n eo n a ta l 
gonads th e  h o rm o n es sim ilar in  s tru c tu re  seem  to  be able to s u b s ti tu te  each  o th er. 
T h ey  do no t how ever, change each  o th e r’s e ffec t on  th e  p a ren chym atous tis su e  (n u m b er 
o f  sp e rm atogon ia  an d  Sertoli cells in  th e  m ale , an d  num ber of follicles in  th e  fem ale) 
if  th ey  are ad m in is te re d  one a fte r  th e  o th e r .

In tro d u c tio n

I t  has been show n in m am m als th a t  gonado trop ins, as w ell as o th e r  
p e p tid e  horm ones e x e r t th e ir  ac tion  b y  b in d in g  to  specific re c e p to rs  on  th e  
m em b ran e  of th e  ta rg e t  cells in th e  gon ad s [7, 25, 26].

M em brane recep to rs  undergo  a m a tu ra t io n  process, th u s  th e  h o rm o n e  
recep to rs  have a low b ind ing  cap ac ity  in  e m b ry o n ic  and neonata l ag e , reach in g  
th e ir  to ta l  m a tu r ity  in  several weeks. T h e  re c e p to rs  appear to  be in f lu e n c e d  a t 
th e  tim e  of th e ir  m a tu ra tio n , and  th e ir  s e n s it iv ity  can he reduced o r  in c reased  
p e rm a n e n tly  [4, 37].

G o nado trop ins and  T SH  m olecules h a v e  th e  same a -su h u u it, in  th e ir  
chem ical s tru c tu re , b u t  differ in  th e ir  /З-su b u n it , on which th e ir  sp e c if ic ity  
depends [8, 33, 41]. I n  previous e x p e rim e n ts  i t  was found th a t  th e  d iffe rence  
in  /З-su b u n its  is n o t so d is tin c t th a t  in  th e  n eo n a ta l age th e  re c e p to rs  could  
d is tin g u ish  betw een  th e  tw o horm ones, a n d  th e ir  d istinguishing c a p a c i ty  is 
n o t y e t  developed [9, 10, 11]. B o th  h o rm o n es h a v e  a clear effect on th e  w eig h t 
o f th e  te s te s  as well as on th e  d iam e te r  a n d  s tru c tu re  of th e  sem in ife ro u s 
tu b u le  o f new ly h a tc h e d  chicks [12, 13, 16]. In  a previous s tu d y  w e fo u n d  
t h a t  T S H  and  gon ad o tro p in s  affected th e  g o n ad s (testis  and o v ary ) o f  new ly  
h a tc h e d  chickens. G onad o tro p in s  ac t m a in ly  on th e  p a ren ch y m ato u s  tis su e , 
and th y ro tro p in  ac ts  on  th e  in te rs titiu m , b u t  th e  effect of th e  la t t e r  on  th e  
p a ren ch y m a to u s  tissu e  can n o t be neg lec ted  e ith e r . M oreover, it  was p o s tu la te d  
th a t  gon ad o tro p in s  increased  th e  effect of th y ro tro p in  on th e  in te rs t i t iu m  [14].

1* A cta  M orphologica  Academ iae Scientiarum  H ungaricae 28 , 1980
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T h e  p resen t s tu d y  w as u n d e rta k e n  to  in v e s tig a te  [1] th e  effect of g o n ad o ­
tro p in s  an d  th y ro tro p in  on th e  histological s t ru c tu re  o f  th e  testes and ovaries 
of new ly  h a tch ed  ch ick s; [2] th e  overlapping  e ffec t o f  T S H  and g o n ad o trop ins 
w hen  a d m in is te red  one a f te r  th e  o ther, on th e  te s te s  an d  ovaries of th e  new ly  
h a tc h e d  chicks.

M a t e r i a l s  a n d  m e t h o d s

N ew ly  h a tc h ed  ch ick en s of b o th  sexes, of th e  H u b b a rd -b ro y le r  stra in  were fed  a  co m ­
m erc ia l ch ick  food and  w a te r .

T h e  horm ones u sed  w ere , h u m an  gon ad o tro p in s; 5 0 %  F S H  and  50% L H  (P e rg o n a l, 
B u d a p e s t,  lie. S e reno-R om a) a n d  th y ro tro p in  (A m binon , N V . O rganon, Oss, H olland). T h e  
h o rm o n e  frac tio n s  w ere d isso lv ed  in  saline and in je c te d  su b cu tan eo u sly . E ach e x p e rim e n ta l 
ch ick  rece iv ed  0.2 m l o f th e  so lu tio n  (40 or 20 /fg) a t  one t im e  a n d  each control chick  rece iv ed  
h o rm o n e  free  saline. T he f i r s t  in je c tio n  was perfo rm ed  a t  6 :00  p .m . on the day  a f te r  h a tc h  
(tw o  d a y s  old chicks). S u b se q u e n t injections were p e rfo rm e d  a t  12-hr in tervals. D e ta ils  of 
th e  e x p e rim e n ta l g roups w ere  as follows.

G roup  I. co n tro l ch ick en s received su b cu tan eo u s in je c tio n s  of saline two tim es d a ily  
fo r 4 d ay s. G roup I I  ch ick en s received sub cu tan eo u s in je c tio n s  of th y ro tro p in  (T SH ) tw o  
tim es d a ily  for 4 days (40 fig  o n  th e  f irs t day  and 20 fig  o n  th e  o th e r  3 days). Group I I I  ch ick en s 
rece iv ed  su b cu tan o u s in je c tio n s  o f  gonadotrop ins (F S H - j-L H )  tw o tim es daily  for 4 d ay s  
(40 fi g on  th e  f irs t day  a n d  20 fig  o n  the  o th er 3 days). G ro u p  IV  chickens received su b c u tan e o u s  
in je c tio n s  o f 40 fig th y ro tro p in  (T SH ) twice on th e  f i r s t  d a y , and  20 //g of g o n a d o tro p in s  
(F S H -f -L I I )  tw ice da ily  o n  th e  n e x t 3 days. G roup V c h ic k en s  received su bcu taneous in jec -

ТаЫе I

M ean num ber o f  sperm atogonia  and Sertoli cells in  th e  seminiferous cords o f new ly

Group T reatm en t
Dose
A<g No. of chickens

No. of identified  
cells in  all chicks 

(in ten  cords)

I Control — l i 1881

и T SH 2 x 4 0

6 x 2 0

12 2624

in G onado trop ins 2 X 4 0  

6 x  20

11 4387

IV T SH  4~ G o n ad o tro p in s 2 x 4 0

6 X 2 0

'  11 2821

V G o n ad o tro p in s -|- T SH 2 x 4 0  

6 x  20

12 3355

(All results com p ared  w ith  control are s ign ifican t (p  <  0.001). All results in  th e  ex perim en- 

*No. of Sperm atogon ia/N o . of Sertoli cells

A c ta  M orphologica A ca d em ia e  S c ien tia ru m  Hungaricae 28, 1980
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lions of 40 //g g o n ad o tro p in s  (F S H  +  L H ) twice on th e  f ir s t  d a y , and  20 //g th y ro tro p in  T S H  
tw ice daily on  th e  o th e r  3 days.

/ / istomorphometry
Chicks w ere  sacrificed  12-hr. a f te r  the  la s t in je c tio n  (6 day-old  chickens). T he left 

te s te s  and o v aries  w ere processed h isto log ically  by  B o u in  f ix a tio n , p a raffin  em bedd ing  (sec­
tion  thickness 6 p m )  and  h aem atoxy lin -eosin  sta in in g .

The se lec ted  p a ra m e te r  in th e  te s tis  was th e  n u m b e r  of Serto li cells and sperm ato g o n ia . 
T he num ber o f S e rto li cells and sp erm ato g o n ia  w ere c o u n te d  in  10 cords in every  ch ick , and 
th e  m ean n u m b er o f b o th  cells in all ch ickens in ev ery  g ro u p  w as calcu la ted . O nly cords a b ­
so lu te ly  round in c ross-section  are su itab le  for such  co u n tin g . A m edian  section  w as chosen 
a f te r  counting se ria l sections of th e  le f t  testis of e ach  in d iv id u a l [23]. T he n u m b er of each  
cell type, com p ared  to  th e  whole n u m b er of cells, th e  p e rce n ta g e  of each ty p e , th e  m ean  to ta l  
cell num ber in e ach  g ro u p , th e  m ean n u m b er of w hole cells an d  th e  m ean percen tage  of va rio u s 
cell types, were c a lcu la te d .

In  the o v a rie s , th e  average n u m b er of g ran u lo sa  cells w as coun ted  in 10 follicles of th e  
10th section in e v e ry  specim en and th e  m ean n u m b er in  all an im als was calcu la ted . A nalysis 
o f variance (S tu d e n t’s t  te s t)  was used  to  ev alu ate  th e  d ifference  in  th e  d ifferen t cell ty p es  in  
th e  tes tis , and th e  g ran u lo sa  cells in th e  ovary .

R esults
Male chickens

Histological observations. E x am in a tio n  o f th e  te s tis  in  the  contro l (F ig . 1) 
an d  th e  ex p e rim en ta l groups (F igs 2—6), show ed it to  consist of sem iniferous

h a tch ed  cockerels t r e a te d  w ith TSH  an d  gonadotrop ins (F S H  -f- L H ) (Mean ±  SD)

N um ber and per cent of cells in ten cords

Spermatogonia
cells

f  Sertoli Spermatogonia Sertoli cells
SPG/SC*

average No. of 
cells in ten cords per cent

average No. of 
cells in ten cords per cent

average No. of 
cells in  ten  cords per cent

171 49.18 121.81

± 2 .3 2 100 ±1 .33 28.76 ± 2 .0 8 71.24 0.40

218.6 52.08 166.58

± 1 .1 9 100 ±0 .79 23.81 ±  1.08 76.18 0.31

398.8 68.82

1.25 100 ±0 .75 17.25 330 82.74 0.21

256.5 55.18 201.27

± 1 .2 1 100 ± 1 .0 7 21.52 ± 0 .6 5 78.48 0.27

279.6 58.25 221.33
± 2 .1 5 100 ± 1 .5 20.83 ± 0 .9 8 79.17 0.26

ta l groups com pared to  each  o ther are significant (p <  0.001 or 0.02 p 0.01).)
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Table II

M ean n u m b e r o f granulosa cells in  one follicle o f new ly h a tch ed  fem ale chickens tre a te d  w ith

T S H  and gonado trop ins 

(M ean ±  SD)

G roup
No. of female 

chickens Treatm ent
Dose 

/Ugl chick
Total dose 

/ig/chick
Mean No. of 
granulosa cells 
in  one follicle

I 10 C ontrol — 11.9

± 0 .7 7

и 10 T SH 2 x 4 0 200 14.2**

6 x 2 0 ± 0 .6 3

h i 10 G onado trop ins 2 x 4 0 200 21.3*

6X 20 ± 0 .7 2

IV 10 T S H  -f- G onado trop ins 2X 40 80T SH 14.2

6 x 2 0 120 ± 0 .9 9

V 10 G onado trop ins T~ T S H 2X 40 80 14.9**

6 x 2 0 120TSH ± 0 .4 8

* S ignificant as com pared  to  all groups (p <  0.001)

** S ignificant as com pared  to  con tro l (0.05 >  p 0.02)

co rds an d  in te rs titia l tissu e . The sem in iferous cords consist of tw o  cellu lar 
co m p o n en ts , the  Serto li cells and  th e  sp e rm ato g o n ia . The Serto li cells arc  m ore 
n u m e ro u s  and ap p ea r as ep ith e lia l cells possessing ro u n d  or o v a l, d a rk ly  
s ta in e d  nuclei, w hich lie n e a r  th e  b a sem en t m em brane and  th e ir  cy to p lasm ic  
s tr a n d s  ex ten d  to  th e  cen tre  o f th e  co rd . T h ey  ap p ear sync itia l in  n a tu re ,  since 
th e i r  cell boundaries are in d is tin c t. T he sperm atogon ia  are  less n um erous. 
T h e y  a re  of m odera te  size an d  h av e  large ro u n d  eccenteric nucle i w ith  d a rk ly  
s ta in e d  nucleoli. T h ey  are  lo ca ted  m ore in te rn a lly  in  th e  cord .

I n  group I I  w as n o ticed  th e  la rg es t te s tic le  and  th e  la rg es t a m o u n t of 
in te r s t i t ia l  tissue. T h is is follow ed b y  th e  g roup  Y, I I I  and  IV.

T he largest sem in iferous co rd  size w as in  group I I I  th a n  in  th e  groups 
Y , IY  and  I I  (Figs 2 and 3).

In  groups I I I  and  IV  th e  S erto li cells ap p ea r as h igh co lu m n ar ep ithe lia l 
cells w ith  ram ified  ap ical ends. T hese changes w ere m ost m ark ed  in  g roup  I I I  
(F ig . 4). In  groups I I  an d  V  no s t ru c tu ra l  changes were n o ticed  in  th e  Sertoli 
cells (F ig. 5). M ito tic  figu res w ere fre q u e n tly  observed  in  th e  sem iniferous 
co rds o f groups I I I  and IV , w hile th e y  w ere in freq u en t in  th e  c o n tro l group 
o r in  th e  groups I I  an d  V.

T he sp e rm ato g o n ia  showr m ore p ro life ra tio n s in  g roup  I I I  th a n  in  th e  
o th e rs  especially in  g roup  IV .
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F ig. la .  Control te s tis  of new ly h a tc h ed  chick. 
Sem iniferous co rd s and  in te rs ti tia l  tissue.

It. E n la rg ed  sem iniferous cord. 
a X 700, b X 1500
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F ig . 2 . T estes of newly h a tc h e d  ch ick en s trea te d  w ith  T S H  (a) a n d  g o n ad o tro p in s (b). The 
size o f the sem iniferous c o rd  is la rg e r in a th a n  in b or in  th e  co n tro l g roups. X700
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Fig. 3. T estes of new ly h a tch ed  ch ickens in jected  w ith  T S H  and  go n ad o tro p in s (a) and go­
n ad o tro p in s  and T S H  (6). The sem in iferous cords are sm alle r th an  in g o n ad o tro p is  trea te d

ch ickens (Fig. 2b)
X 700
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F ig . 4 . E nlarged sem in iferous co rds of newly h a tc h ed  ch ickens trea te d  w ith  g o n ad o tro p in s 
(a ) a n d  T S H  and g o n ad o tro p in s  (b). T he S teroli cells a p p ea r  as h igh co lum nar ep ith e lia l cells. 

V acu o liza tio n , is m ost m ark e d  in (a)
X 15C0
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Fig. 5. E n larged  sem in iferous cords o f newly h a tched  ch ickens tre a te d  w ith  T S H  (a) gonado­
tro p in s  a n d  T SH  (b). T he serto li cells d isp lay  no s tru c tu ra l changes as co m p ared  w ith  th e  
co n tro l (Fig. lb). Sem iniferous cord cav ities are ab sen t as co m pared  w ith  F igs 4a and  b

X  1500
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ш

F ig . 6. E n la rg ed  follicle in  th e  le f t  o v a ry  o f newly h a tch ed  co n tro l chickens. T he follicle consists 
of an oocyte  su rro u n d e d  by  a single lay e r o f g ranu losa  cells

X 1500

T h e  process of v a c u o la tio n  (cav ity  fo rm a tio n ) was m ost m ark ed  in 
g ro u p s  I I I  and IV (F ig. 4) w h ile  in  groups I I  an d  V th e re  was a s lig h t increase 
in  su c h  process com pared  w ith  con tro l. The v a c u o la tio n , how ever, fo rm ed no 
t ru e  cav itie s , thus th e  co rds d id  n o t develop in to  tu b u le s .

Q uantititative a n a lysis . I n  th e  control group th e  p e rcen tag e  of Serto li cells 
w as a b o u t 71%  while t h a t  o f th e  sperm atogon ia , 2 9 % .

A ll the  exp erim en ta l g ro u p s showed a m a rk e d  increase in  th e  w hole 
n u m b e r  of cells as well as in  th e  num ber of sp e rm a to g o n ia  or S erto li cells in 
th e  sem iniferous cord (T ab le  I).

I n  group I I  (TSH  tr e a te d ) ,  a lthough  th e  d ifference in  th e  w hole n um ber 
o f cells (sperm atogonia  -f- S e rto li cells) as co m p ared  w ith  th e  co n tro l was 
s ig n if ic a n t, it  was no t la rg e  as com pared  to  g roups I I I ,  IV  and  V, an d  showed 
th e  lo w est increase in th e  n u m b e r  of sp erm ato g o n ia  an d  Serto li cells (alone 
o r to g e th e r) .

I n  group I I I  (g o n a d o tro p in s  trea ted ) ch ickens appears c learly  th e  large 
n u m b e r  of cells w ith  th e  h ig h e s t increase in  th e  n u m b e r of sp e rm ato g o n ia  and 
S e r to li  cells. The increase w as in  th e  num ber o f S erto li cells ra th e r  th a n  in  the  
n u m b e r  of sperm atogon ia  w h ich  was abou t th re e  tim es  th e  n u m b e r in  th e  
c o n tro l  group.

In  group I V  (TSH  -f- g o n ad o tro p in  tre a te d ) ch ickens a lth o u g h  th e  differ­
e n ce  in  th e  num ber of S e rto li cells and sp e rm a to g o n ia  ( to g e th e r or alone)
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was s ign ifican t as c o m p ared  to  th e  con tro ls  an d  group I I ,  th e  r a te  o f th e  in ­
crease w as higher in  g ro u p  I I  (Table I ) , especially  in th e  n u m b e r o f  sp e rm a to ­
gon ia .

In  group V g o n ad o tro p in  -f- T S H  tre a te d  chickens th e  n u m b e r o f  sp erm a­
to g o n ia  and Sertoli cells showed a f te r  g roup  I I I  th e  second h ig h e s t increase. 
T h e  w hole num ber o f  cells was doub le  o f th a t  in  th e  co n tro l g roup .

I t  was c h a ra c te ris tic  of all th e  g roups th a t  as com pared  w ith  th e  contro l 
th e  increase  in th e  n u m b e r  of Serto li cells was h igher th a n  th a t  in  th e  sp erm a­
to g o n ia .

Fem ale chickens

T he ovaries an d  ov id u c ts  were p re sen t in  all groups, b u t th e  r ig h t ovary  
and  r ig h t oviduct w ere undeveloped .

T h e  largest le ft o v a ry  was in  g roup  V, th is  was follow ed b y  groups I I  
an d  I I I ,  in the  la t te r ,  th e  ovary  w as a p p ro x im a te ly  of th e  co n tro l size.

No m orphological differences o f th e  rep ro d u c tiv e  system  w ere  observed 
in  a n y  of the  groups.

Histological observations. E x a m in a tio n  o f serial tra n sv e rse  sections of 
th e  le f t ovary  show ed a norm al s tru c tu re  in  all groups.

T he left o v a ry  consisted  of an  o u te r  co rtex  and  in n e r m edu lla . The 
c o rte x  was com posed o f  cortical cy sts , c o n ta in in g  groups of o ocy tes an d  sc a t­
te re d  follicle cells.

T he developed oocy tes were su rro u n d e d  b y  large sq u am o u s granulosa 
cells (follicular cells) fo rm ing  th e  follicle. T he follicle consists o f an  oocyte 
su rro u n d ed  by a single lay er of f la tte n e d  g ranu losa  cells. T he o o cy te  fills the  
develop ing  follicle (F ig . 6). The g ran u lo sa  cells change in  sh ap e  from  a sim ple 
sq u am o u s to  one o f  e ith e r  cuboidal o r sh o rt co lum nar cells.

T he m edulla is com posed o f m ed u lla ry  cords consisting  o f connective 
tissu e , clum ps of v a r ia b ly  shaped  cells w hich fill th e  spaces in  th e  m edulla; 
an d  som e of them  s in g ly  fill th e  space betw een  th e  developing  follicles. Such 
s tru c tu re s  are re fe rred  to  as th e  o v a rian  s tro m a . The in te rs t i t ia l  tissue  is 
sc a tte re d  in the s tro m a .

No clear d ifferences in th e  n u m b e r of oocy tes, o f co rtica l co rds o r oocyte 
s tru c tu re s  appeared  in  an y  group.

In  groups I I  an d  Y, th e  o v a rian  s tro m a  increased  g re a tly  in  size and 
filled m ost of the  o v a ry . T he in te rs titia l tissu e  isle ts increased  in  a m o u n t.

Such phenom ena w ere absen t from  th e  con tro l as well as th e  I I I  and  IV 
g roups.

Quantitative a n a lysis . The n u m b e r of g ranu losa  cells in  th e  follicles, is 
considered  p a ram e te r o f  ovarian  d ev e lo p m en t.

C om paring th e  m ean  n u m b er o f g ran u lo sa  cells in  th e  exp erim en ta l 
g roups and  the  ermtTol group , all ex p e rim en ta l g roups h ad  an  in c rea sed  n um ber
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o f g ra n u lo sa  cells, b u t th e  in c rease  was n o t s ig n if ic a n t betw een  all g roups 
(T ab le  I I ,  Figs 6 and  7).

T h e  h ighest n u m b er o f  g ranu losa  cells, an d  th e  h ighest in crease  w as 
fo u n d  in  group I I I  (F ig . 7b). T h e  difference in  th e  n u m b e r of g ranu losa  cells 
b e tw e e n  group I I I  and  th e  o th e r  groups (II , IV , У  a n d  con tro l )was s ig n ifican t
(p  <  0.001).

T h e  difference in  th e  n u m b e r  of granulosa cells be tw een  groups I I  an d  Y 
an d  th e  contro l was also s ig n if ic a n t (0.05 >  p >  0.02).

T h e  difference b e tw een  g ro u p  IV and  th e  c o n tro l group was n o t sig n ifi­
c a n t .  T h e  difference in  th e  n u m b e r  of g ranu losa  cells be tw een  th e  g roups I I ,  
IV  a n d  У  was no t s ig n if ican t, e ith e r.

F ig . 7. E n la rg ed  follicles in th e  le f t  o v a ry  of newly h a tc h e d  ch ickens in jec ted  w ith  T S H  (a), 
g o n a d o tro p in s  (6) T SH  and  g o n a d o tro p in s  (c) and) g o n ad o tro p in s  and  T S H  (d). N o tice  th e  

h ighest num ber o f g ra n u lo sa  cells in the  g o n ad o tro p in s  tre a te d  chickens (b)
X 1500
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Discussion

D u rin g  em bryogenesis an d  th e  f irs t  few  p o s tn a ta l d ay s , th e  gonads 
are  v e ry  sensitive to  th e  in flu en ce  o f various exogenous fac to rs , p a r tic u la rly  
to  horm ones [32]. In  m am m als, th e  go n ad o tro p in s  and  th e  o th e r p e p tid e  ho r­
m ones e x e rt th e ir  ac tion  b y  b in d in g  to  specific  recep to rs  on th e  p la sm a  m em ­
b ran e  o f th e  ta rg e t cells o f th e  gonads [7, 25, 26].

T h e  m echanism  re g u la tin g  g row th  and  deve lopm en t o f th e  te s tis  is 
n o t c lear. A t p resen t, q u a n ti ta t io n  of germ  cells is th e  p re d o m in a n t m eth o d  of’ 
assessing th e  e x te n t of m a tu ra tio n  w ith in  th e  sem iniferous tu b u le  [20].

N i s h i d a  and  Y a s u d a  ( 1 9 5 7 )  d e m o n s tra te d  th a t  sp e rm ato g o n ia  w ere less, 
n u m ero u s th a n  Sertoli cells in th e  sem iniferous tu b u le  of new ly  ha tch ed  
cockerels [ 2 9 ] .  This fin d in g  agrees w ith  our re su lts  in  th e  con tro l g ro u p , w here 
th e  n u m b e r of sperm atogon ia  am o u n ted  to  40 %  of Serto li cells (T ab le  I).

C hronic F S H  tre a tm e n t o f im m atu re  r a ts  re su lts  in  an  in c rea se  in  the  
size o f th e  gonads. This size ch an g e  is a ttr ib u ta b le  in  p a r t  to  in c rease  in  the  
w et an d  d ry  w eight o f th e  te s t is a s  well as to  th e  m arked  increase in  th e  d iam ­
e te r o f th e  sem iniferous tu b u le s  [22]. In  b ird s, pu rified  ovine F S H  s tim u la te s  
specifically  th e  increase in  d ia m e te r  of th e  sem iniferous tu b u le s  o f th e  newly 
h a tch ed  cockerel [38]. P u re  F S II  causes an  increase in  w eigh t an d  tu b u le  
d iam e te r  in  th e  te s te s  of new ly h a tc h e d  chickens [13].

In  1942 Creep  et al. [19] re p o rte d  an increase in  th e  n u m b e r o f sp e rm a to ­
cy tes p e r tu b u la r  cross section  w hen  im m atu re  m ale ra ts  w ere g iven  in jec tions 
of F S H . T his was confirm ed b y  d e m o n s tra tin g  an  increase in  th e  n u m b e r o f  
p rim a ry  sp erm ato cy tes  p er tu b u le  w hen F S H  w as ad m in is te red  fo r 5 days to 
im m a tu re  m ale ra ts  from  th e  15 th  d ay  of age. T his increase in  p r im a ry  sp erm a­
to cy te s  suggested  th a t  F S H  m ig h t cause a s tim u la tio n  of m ito tic  a c t iv i ty  [27]. 
FSH  induced  a sign ifican t increase  in  th e  n u m b er of m itoses per tu b u le  w ith in  
9 h r  follow ing a single in jec tio n  [27].

In  th e  p resen t w ork we found  th a t  gon ad o tro p in s  (F S H , L H ) cause 
a m ark ed  increase in  th e  n u m b er o f  sp e rm ato g o n ia  an d  Serto li cells as com pared  
w ith  th e  contro l. T his effect w as a t tr ib u te d  to  th e  s tim u la to ry  e ffec t of th o  
horm one on m ito tic  a c tiv ity .

T hese resu lts  agree w ith  o u r previous fin d in g s, w here F S H  caused  an 
increase in  num ber and  m ito tic  a c tiv ity  of th e  germ  cells and  S erto li cells [16]. 
M ore recen tly  we have  found th a t  go n ad o tro p in s  cause a s ig n if ican t increase^ 
in  sem iniferous cord  d iam e te r in  th e  new ly h a tch ed  cockerels [14].

W e a ttr ib u te d  th e  increase  m ain ly  to  th e  increase in  th e  n u m b e r o f  
sp erm ato g o n ia  and Serto li cells, an d  to  a less e x te n t to  th e  h y p e rtro p h y  
o f Serto li cells. These fin d in g s c o n tra d ic t th e  find ings of o th e r  authors,, 
w ho a t tr ib u te d  th e  increase  in  tu b u le  d iam e te r to  th e  S e rto li cell 
h y p e rtro p h y .

A cta  M orphologien Academ iae S c ien tiarum  H u ngaricae  28, 1980■



3 3 0 M. A. SHAHIN et al.

M u r p h y  [1965] s ta te d  t h a t  th e  increase in  sem in iferous tu b u le  d iam ete r 
a f te r  F S H  in the  r a t  d id  n o t  d ep en d  upon cell d iv is io n  h u t  ra th e r  u p o n  Serto li 
cell h y p e rtro p h y  and  se c re tio n  resu lting  in  an  accu m u la tio n  of flu id  [28]. 
A lth o u g h  T s u t s u i  (1978) fo u n d  an  increase in  th e  to ta l  n u m b er of Serto li cells 
in  t h e  te s tis  of th e  J a p a n e s e  q u a il tre a ted  w ith  F S H  an d  te s to s te ro n e  as well 
as a n  increase in th e  t o t a l  n u m b e r  of g o n o cy tes , he a t t r ib u te d  th e  increase 
tu b u le  d iam eter to  th e  h y p e r tro p h y  of Sertoli cells a n d  n o t to  th e  increase in  
th e  n u m b e r  of cells [40].

O n the  o ther h a n d , o u r  re su lts  agree w ith  th o se  o f  H u c k i n s  [ 2 1 ]  acco rd ­
in g  to  w hom  FSH  h a d  a d ire c t  effect on th e  p ro life ra tin g  sp erm ato g o n ia l p o p u ­
la t io n  in  the  ra t  te s tis . A lth o u g h  gonado trop in  cau sed  an  increase in  th e  n u m ­
b e r  o f  sperm atogonia  a n d  S e rto li cells, th e  in c rea se  invo lved  especially  th e  
S e r to li  cells.

T h e  density  o f F S H  recep to rs  on the  S e rto li cells and  sperm ato g o n ia  
is p ra c tic a lly  sim ilar [31]. T h e  presence of F S H  re c e p to rs  on these  cells su p p o rts  
th e  suggestion  th a t  F S H  m a y  have a d irec t e ffect on sp erm ato g o n ia  [31]. 
A u to ra d io g ra p h y  rev ea led  specific  b inding sites fo r h u m an  F S H  on Sertoli 
p la s m a  m em branes in  th e  b a sa l co m p artm en t o f th e  r a t  sem iniferous tu b u les . 
F S H -b in d in g  sites occur o n  th e  surface of sp e rm a to g o n ia  in  co n cen tra tio n s 
s im ila r  to  those of S e rto li cells [30]. A co m p ariso n  o f th e  d en sity  of FSH  
re c e p to rs  on Sertoli cells w ith  th a t  on th e  sp e rm a to g o n ia  y ielded a ra tio  
(S e r to li to  sperm atogonia) o f  1.68 [30].This agrees w ith  o u r resu lts  w here th e  nu m ­
b e r  o f  sperm atogonia  in c rea se s  to  1.4 fold th e  n u m b e r o f con tro l an d  th e  n u m b er 
o f  S e rto li cells increases a b o u t 3 fold as com pared  w ith  th e  con tro l (T able I).

In  th y ro tro p in  t r e a te d  cockerels, th e  effect w as sim ilar as th a t  o f gonado­
tro p in s  only som ew hat s lig h te r . T hy ro tro p in  in c rea sed  th e  n u m b er o f Sertoli 
ce lls  to  1.4 fold th e  c o n tro l n u m b e r and caused a s lig h t increase in  th e  n u m b er 
o f  sp erm ato g o n ia . T h is e ffe c t w as m uch w eaker th a n  th a t  o f g o n ad o tro p in s . 
I n  th e  gonadotropins g ro u p  th e  num ber of S e rto li cells and  sp erm ato g o n ia  
w as  a b o u t 2 fold an d  1.3 fo ld  th e  num ber in  th e  th y ro tro p in  group . These 
f in d in g s  agreed w ith  o u r p rev io u s  results in t h a t  T S H  was found to  have  an 
e f fe c t on bo th  Serto li a n d  germ  cells [16]. bT S H  b in d s reversib ly  and  w ith  
a  h ig h  affin ity  to  re c e p to rs  in  th e  ra t  testis  t h a t  a re  e ith e r  th e  sam e as recep ­
to r s  fo r  hCG and L H  or t h a t  in te ra c t th e rew ith  [2].

T h e  apparen t a f f in i ty  o f  bT S H  receptors in  th e  r a t  te s tis  is severa l orders 
o f  m a g n itu d e  lower th a n  t h a t  o f hCG [2]. As o b serv ed  earlie r in p e rin a ta l age 
T S H  can  bind to  th e  re c e p to rs  in  the  cockerel te s tis , and  has a p p ro x im a te ly  
th e  sam e  effect as th a t  o f  gonado trop ins 11 6 ] .  In te r s t i t ia l  tissue  appears to  
b e  m o re  sensitive to  th y r o t r o p in  th a n  to  g o n ad o tro p in s . T his agrees w ith  the  
f in d in g s  of A m i r  ( 1 9 7 8 )  t h a t  th e  b ind ing  of T S H  to  te s tic u la r  h om ogenate  was 
lo ca lized  to  the in te rs ti t ia l  tis su e  [2].

A lthough the  h a lf  a m o u n t  of the  g o n ad o tro p in s  used consisted  of L H ,
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th e  effect o f th e  l a t te r  on  th e  in te rs itia l tissu e  appears to  be m uch  w eaker 
th a n  th a t  o f th y ro tro p in . T he in te rs titia l tissu e , w hich c o n ta in s  u n d iffe ren ti­
a te d  in te rs titia l cells, h a rd ly  responds to  exogenous L H  [23].

R ecen tly  [14], we h av e  observed an  in ten se  increase in  th e  w eigh t of 
th e  te s te s  of th y ro tro p in  t r e a te d  chickens. O n th e  basis of th e  p re se n t h isto log­
ical observations we a t t r ib u te  th e  increase in  w eight m ain ly  to  th e  increase  in 
th e  am o u n t of in te rs t i t ia l  tissue.

In  chickens tr e a te d  on th e  f irs t d a y  w ith  th y ro tro p in  (80 fig), and  for 
th e  n e x t th ree  days, w ith  gonado trop ins (120 fig), the  n u m b e r o f  sp e rm a to g o ­
n ia  and  Serto li cells w as increased , as com pared  w ith  th e  co n tro ls . T h e  increase 
w as, how ever, s lig h te r th a n  a fte r  g o n ad o tro p in s  tre a tm e n t (200 fig) fo r four 
d ay s, and  som ew hat la rg e r th a n  a fte r  th y ro tro p in  t r e a tm e n t (200 fig) for 
fo u r days.

In  group V th e  n u m b e r of sp e rm ato g o n ia  and  Serto li cells w as increased 
as com pared  w ith  th e  con tro ls  or w ith  ch ickens in g roup  IV . A lth o u g h  the 
a m o u n t of g o n ad o tro p in s  in  g roup  V w as 80 fig  com pared  to  120 fig  in  group 
IV , th e  n u m b er of sp e rm ato g o n ia  and  Serto li cells increased m o re  in  g roup  V. 
T h is was due to  th a t  th e  effect of 80 fig g o n ad o tro p in  on its  ta r g e t  cells on the 
f ir s t  day  was m uch s tro n g e r  th a n  th e  effect o f th e  1.5 fold dose (120 fig) since 
th e  recep to rs  on th e  ta rg e t  cell have been  occupied b y  a n o th e r  horm one 
(TSH ) of ap p ro x im a te ly  th e  sam e s tru c tu re . M oreover, th is  in d ic a te s  th a t  the 
increase in  th e  n u m b e r o f cells and of th e ir  m ito tic  a c tiv ity  is d u e  m ain ly  to 
g o n ad o tro p in s , b u t  th e  ro le  o f TSH  in th o se  processes m u st n o t be  neglected 
e ith e r .

T he ap p a ren t a f f in ity  of bTSH to  recep to rs  in  the  r a t  te s tic le  is several 
o rders of m ag n itu d e  less th a n  th a t  o f hCG [2].

O ur find ings p a r tly  [12, 14, 16] d isagree and  p a r tly  agree w ith  th e  above 
s ta te m e n t. T hey  d isagree  as in  b irds T S H  was found to  increase  th e  w eight of 
th e  testic les and th e  in crease  was m ore m ark ed  th a n  th a t  cau sed  b y  gonado­
tro p in s  [14] or FSH  [12, 16].

On th e  o th e r h a n d  th e y  agree in  th a t  th e  effect of T S H  on  th e  sem ini­
ferous tu b u le  d iam e te r  as well as on th e  n u m b e r of germ and S e rto li cells was 
m u ch  w eaker th a n  th a t  o f g o n ad o trop ins [14].

I t  is there fo re  concluded  th a t  th e  gonado trop ins p lay  an  im p o rta n t 
ro le in  th e  in itia tio n  an d  possib ly  reg u la tio n  of th e  process of sperm ato g en esis  
in av ian  tes tes . At th e  sam e tim e  th ey  ex ert an effect on th e  p rocess o f m itosis 
in  th e  germ inal ep ith e liu m . In  ad d itio n , gonado trop ins, cause a m ark ed  in ­
crease in  th e  n u m b er of Serto li cells. T h y ro tro p in  (TSH) h a d  a s im ila r but 
s lig h te r effect. R eg ard in g  th e  overlapp ing  effect o f th y ro tro p in  an d  gonado­
tro p in s  on th e  te s tic le , th e se  horm ones w hich  are sim ilar in  s t ru c tu re  d id  not 
change or increase o th e r ’s each effect w hen  th e y  were a d m in is te red  one after 
th e  o th e r in th e  p e r in a ta l period.

2 Acta  M orpholopica Academ iae S c icn tiarum  H u n p a rica e  28, 1980



3 3 2 M. A. SHAHIN et al.

I n  general, th e  o v a ry  o f  th e  im m atu re  b ird  re sp o n d s  poorly  to  g o nado­
t r o p in  [3, 5, 6, 17]. Chicks a t  th e  age of 180 day s re sp o n d ed  to  m am m alian  
p re p a ra t io n s  of fairly  p u re  F S H  and LH w ith  p ro n o u n ced  follicular g row th  
a n d  p re m a tu re  ovu la tion  [3]. T a ber  (1948) a t te m p te d  to  d istinguish  betw een  
F S H  a n d  L H  effects b u t  fo u n d , as did also K o r n feld  an d  N albandov (1959), 
t h a t  m am m alian  p re p a ra tio n s  d id  n o t sim ulate  e x a c tly  th e  ac tio n  of endogenous 
g o n a d o tro p in s  [24, 39].

I n  m am m als, a c o m b in a tio n  o f FSH  and  L H  g iv en  to  th e  hypophysec tom - 
ized  r a t  elicits a tw ofold in c re a se  in  ovarian  w eight fo llicle m a tu ra tio n  and  s t im ­
u la t io n  o f in tersitia l tissu e  [19, 18]. Still, in  a p rev io u s  w ork  we found  th a t  
g o n a d o tro p in s  did no t in c re a se  th e  w eight of th e  le ft o v a ry  of new ly h a tc h e d  
c h ic k e n s  [14].

A n tigo n ad o tro p ic  s tu d ie s  designed to  localize th e  specific in tra o v a ria n  
b in d in g  sites for F S H  a n d  L H  in the  im m a tu re  r a t  ov ary  show ed th a t  
125I — F S H  was bound to  fo llic les in  m any s tag es  o f  developm ent inc lud ing  
th o s e  in  th e  early  stage [35]. T h is  s trong ly  suggests t h a t  e a rly  follicles o f th e  r a t  
a l r e a d y  possess the  e q u ip m e n t necessary  to  re a c t w ith  F S H . In  th e  im m a tu re  
r a t ,  o v in e  FSH  increased g re a t ly  LH  receptors in  th e  g ranulosa cells o f th e  
d e v e lo p in g  follicles [ 4 2 ] .  I n  th e  p resen t s tu d y , th e  n u m b e r of g ranulosa cells 
sh o w e d  a m arked increase as com pared  w ith  th e  co n tro ls . C onsequently , th e  
g o n a d o tro p in s , affected th e  m ito tic  p ro lifera tion  o f g ran u lo sa  cells. This is s u p ­
p o r te d  b y  th e  find ing  of G r e e p  e t al. (1 9 4 2 )  w ho s ta te d  th a t  th e  m ito tic  p ro li­
f e r a t io n  o f granulosa cells is d ep en d en t on F S H  [ 1 9 ] .

I n  th y ro tro p in  t r e a te d  chickens we n o ticed  a sligh t increase in  th e  
n u m b e r  of granulosa cells a n d  th e  sam e was n o te d  in  groups IV and V. T his 
w as a t t r ib u te d  to  th a t  th e  e ffe c t of any given h o rm o n e  appears to  be re la te d  
to  th e  ty p e  of the  cell and  th e  stage  of its d iffe re n tia tio n . T hus, a lth o u g h  th e  
in tr a o v a r ia n  d is trib u tio n  o f  F S H  binding suggests t h a t  F S H  can b in d  to  g ra ­
n u lo s a  cells of the  follicles in  m a n y  if  no t every  s ta g e  o f g row th , th e re  are  d a ta  
t h a t  th e  effect of F S H  is d ra m a tic a lly  m odified  b y  th e  presence of o estrad io l 
[34]. T h u s , horm one re g u la tio n  o f horm one recep to rs  ap p ears  to  be an  im p o r­
t a n t  a sp e c t of follicular m a tu ra t io n  [36].

In  conclusion, we can  sa y  th a t  the left ovaries o f  new ly  ha tch ed  chickens 
re s p o n d  to  gonadotropins a n d  th y ro tro p in . T he resp o n se  to  th e  fo rm er is m uch  
g r e a te r  th a n  th a t  to  th e  l a t t e r ,  and  i t  m anifests i ts e lf  w ith  an  increase in  th e  
n u m b e r  o f granulosa cells i.e . a n  increase in th e  m ito tic  p ro lifera tion  of g ra n u ­
lo sa  cells.

I n  th e  case of th e  te s t i s ,  gonado trop ins a n d  T S H  did n o t increase  
e s se n tia lly  each o th e r’s e ffec t w hen  th ey  were a d m in is te re d  to  new ly h a tc h e d  
c h ic k e n s  one after th e  o th e r  w ith in  a short tim e , h o w ev e r th e  effect o f p rev iously  
a d m in is te re d  g o n ad o tro p in s , to  T S H  was s tro n g e r (an d  perhaps am plify ing) 
t h a n  T S H  to g o nado trop ins.
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S p e rm ato g o n iu m
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D IE  W IR K U N G  D E R  G O N A D O T R O P IN E  U N D  D E S T H Y R E O T R O P IN S  A U F  
D IE  H O D E N  U N D  DAS N E U G E S C H L Ü P F T E R  K Ü K E N

In  neugesch lüpften  m änn lichen  u n d  w eib lichen  K ü k en  erhöhen das T S H  u n d  die G o n a­
d o tro p in e  (FS H , L H ) die Z ahl der S p erm ato g o n ien  u n d  de r Sertoli-Zellen in d en  gew undenen  
H o d en k an ä lch en  sowie e ine  M enge der g ran u lö sen  Z ellen  in den Follikeln des O vars. D ie W ir­
k u n g  de r G onado trop ine  w ar ausgesp räg te r als die des T SH . A ufgrund de r V ersuchsergebnisse  
h a t  es den  A nscheien, d a ß  im  Falle  der m än n lich en  u n d  weiblichen G onaden n eu g esch lü p fte r 
K ü k e n  das T SH  u n d  die G onado trop ine , deren  chem ische S tru k tu r ähn lich  is t, ih re  W irk u n g  
gegenseitig  verdecken  bzw . e in ander e rsetzen  k ö n n en . N acheinander an g ew an d t e rh ö h en  sie 
a b e r  n ic h t gegenseitig ih re  a u f  das p a ren c h y m a tö se  Gew ebe (au f die A nzahl d e r S p e rm a to g o ­
n ien  u n d  Sertoli-Zellen in den m änn lichen  G esch lech tsd rüsen  sowie au f die Fo llikelzellen  in  den 
w eib lichen  G onaden) au sg eü b te  W irkung .

Д Е Й С Т В И Е  Г О Н А Д О Т Р О П Н Ы Х  Г О РМ О Н О В  И Т И Р Е О Т Р О П И Н А  Н А  Я И Ч К И  И 
НА Я И Ч Н И К И  С В Е Ж Е  В Ы Л У П Л Е Н Н Ы Х  Ц Ы П Л Я Т

У  свеже вылупленных мужских п женских цыплят TSH  и гонадотропные гор­
моны (F S H , LH ) повышают число первичных семенных клеток и клеток Сертоли в семен­
ных трубочках яичков), как и количество зернистых клеток в фолликулах яичника. 
Действие гонадотропных гормонов оказалось более выраженным чем действие T S H . На 
основе экспериментальных данных кажется, что в случае мужских и женских половых 
желез новорожденных цыплят T S H  и гонадотропные гормоны, имеющих подобную хими­
ческую структуры, могут перекрыть или заместить действие друг друга. При применении 
один за другим они не повышают действия друг друга, оказанное на паренхиматозную 
ткань (на число семенных клеток и клеток Сертоли в яичках и числа фоллигкулов в яич­
никах).

Dr. M ohamed A. S hahiiv 
Dr. György Csaba  
Dr. O ttó  D obozy

Semmelweis O rvostudom ányi Egyetem  
Biológiai In téze t, H-1450 B udapest, 
N agyvárad  té r 4., Hungary
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NERVE CELLS OF THE RABBIT, CAT, MONKEY 
AND HUMAN CAUDATE NUCLEUS:

A GOLGI-STUDY

M á ria  É d e r , T . V I Z K E L E T Y  and T eréz  TÖMBÜL

(R eceived D ecem ber 6, 1979)

T he Golgi a rch itec tu re  o f th e  nucleus c a u d a tu s  in  ra b b it ,  c a t, m o n k ey  and  h um an  
m ate ria l w as ana ly sed . T he b ra in s w ere p re p a re d  by Golgi— K op sch  im pregnation .

T he fa ir ly  d iv erg en t ty p es of neurons p ra c tic a lly  belong to  tw o  m ain  groups: 
p ro jec tiv e  o r e ffe ren t neurons an d  local- o r in te rn eu ro n s . T he e ffe ren t neurons —  
as i t  h as been  confirm ed  by  ex p erim en ta l s tu d ies  —  estab lish  fa r  c o n ta c ts  w ith  various 
regions of th e  b ra in . A ccording to th e  Golgi p ic tu re , th e ir  ax o n  em its  severa l colla terals, 
w hich  p roduce local connections. T he in te rn eu ro n s  have  on ly  loca lly  arbo riz ing  axon. 
T h ey  are m ain ly  responsib le  fo r in trin sic  co n n ec tio n s o f th e  nucleus.

In  b o th  m ain  groups of c au d a te  neurons, severa l ty p es an d  su b ty p e s  were observ ­
ed. T he n u m b er o f  th e  ty p es  and  su b ty p es  o f th e  n eu rons show  an  in creas in g  ten d en cy  
in  th e  phy lo g en e tic  series.

Introduction

D e j e r i n e  [3] was the first to  carry out a Golgi-analysis in the  stria tum . 
Since then  several au thors have studied s tria ta l cell types in various species 
[1, 2, 4— 10, 12, 13— 21, 23]. On the basis of N issl-preparations, small and large 
neurons were distinguished. W ith G olgi-im pregnation small, spiny dendritic 
and large, sm ooth dendritic neurons were in itia lly  described b u t subsequent 
studies have refined this description by dem onstrating  six different cell types. 
F o x  and N icolesco  [5] estim ated the ra tio  of small and large cells a t 20:1, 
whereas N am ba  [17] has shown a 53:1 and 125:1 ratio  in the  cytoarchitectonie 
areas of B r o c k h a u s  [1]. In  S zabó’s investigations [22] large cells were found to 
constitu te  a 5%  fraction  of the s tria ta l neuron population. V ogt and V ogt 
[23] suggested th a t  large neurons were the  only source of s tr ia ta l efferents, 
a claim disproved by  recent findings [2, 9, 11, 21]. Golgi studies of the stria tum  
including the caudate  nucleus have been carried out in a num ber of species 
and there are some observations also in m an. Therefore, the  present investi­
gations made in ra b b it, cat, m onkey and hum an  m aterial are th ough t to  be 
of com plem entary and confirm atory value.

Method

B rains o f a d u lt  an im als an d  h u m an s of va rio u s ages were used  for G olg i-im pregnation . 
R a b b it  an d  c a t b ra in s w ere processed by th e  p e rfusion  G olgi— K opsch  tech n iq u e . T he sam e
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te c h n iq u e  w as applied to  m onkey  a n d  h u m a n  b ra ins b u t  using  im m ersion  f ix a tio n  a n d  block 
im p re g n a tio n . Perfused  m ate ria ls  w ere  c u t serially . F ro m  im m ersion -fixed  m ate ria ls , blocks 
o f th e  c a u d a te  nucleus were ex cised  a n d  em bed d ed  in  celloidin. O b serva tions w ere m ade  in 
120— 150 Ц f ro n ta l sections.

Results

Cell typ es  o f  the rabbit caudate nucleus

1. G iant neurons. These  cells possess an ex trem ely  large cell b o d y  w ith  
few  d e n d r i te s  (Fig. 1). T h ey  a re  supposedly  of efferent n a tu re .  A lthough  th is  
t y p e  w as  found  th roughou t t h e  whole  nucleus, a h igher  frequency  of occurrence 
w as n o te d  towards th e  la te ra l  edge. The cell body  is e longated , fusiform  or 
ovo id ,  4 0 — 50 p  long, 20— 25 p  th ick .  Large dendrites  orig inate  a t  th e  poles 
of  t h e  cell. T hey  are poorly ra m if ie d  and  can usually  be followed for a d is tance  
o f  2 0 0 — 300 /I. Their th ick n ess ,  how ever,  suggests a m uch  longer course. The 
d e n d r i t ic  surface is slightly  i r reg u la r  due to  p ro trus ions  b u t  no real spines are 
p re s e n t .  T h e  axon originates w i th  a large axon-hillock a n d  can  be im p re g n a te d  
o n ly  a t  i ts  initial portion . T h is  ind ica tes  a beginning close to  the  origin of the  
m y e lin  sh ea th  of the  axon. B o th  th e  th ickness and  m yelina tion  p a t t e r n  are 
in d ic a t iv e  of an efferent n eu ro n .

2. M edium -size sp in y  cell with long axon. A t least  tw o  sub types  are  presen t 
in  t h e  r a b b i t  caudate . One is m u lt ipo la r ,  20— 25 p  in  d iam eter ,  w i th  th ick  
m a in -d e n d r i te s  orig inating f ro m  th e  cell body. These m ain  dendrites  ram ify  
in  a t u f t e d  fashion to give rise  to  secondary  dendrites  w hich  are densely packed 
w i th  spines. The other ty p e  h a s  m ore  dendrites  which  o r ig inate  w ith  a th in n e r  
sh a f t  m ak in g  the a rb o r iza t ion  p a t t e r n  rad ia l (Fig. 2). Some of these  dendri tes  
r a m ify ,  o thers  (mainly th e  t h in n e r  ones) do no t ram ify  an d  af te r  a long sm ooth  
s e g m e n t  th e y  become sp iny . B o th  sub-types  have a long axon  with num erous  
co lla te ra ls .

3. Sm all, ovoid cell w ith  sp in y  dendrites and long axon. This is m ore fre­
q u e n t ly  seen th a n  the  p rev ious  ty p e  form ing th u s  th e  principal n eu ro n - ty p e  
o f  t h e  nucleus (Fig. 3). A few  tu f t e d  m ain  dendrites  orig inate  from th e  ovoid 
cell b o d y .  Cells differ in th e  le n g th  of the ir  dendrites  b u t  all have  a fa ir ly  large 
a rb o r iz a t io n  field. The a x o n  has several collaterals and its m orphological 
f e a tu re s  (thickness, leng th )  p o in t  to  an efferent n a tu re .

4. M edium -size, smooth dendritic cell. This is l ikely to  be an efferen t cell 
w i th  a long  axon. Several d en d r i te s  originate  from  th e  cell body. This  is 20— 
25 p, in  d iam eter, and s l ig h t ly  ovoid, a lthough  d en d r i te  orig inations m ake  it  
o f te n  m ultiangular .  On th e  dend ri te s  spind le-shaped  varicosities o f  various 
le n g th  are seen in ir regu la r  position . The dendrites  are to r tu o u s .  T he  axon 
c a n  b e  followed for a sho r t  d is ta n c e  b u t  has m an y  colla terals . This is supposed 
to  b e  an  efferent cell.
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Fig. 1. G ian t n eu ron  in th e  ra b b it  c au d a te  nucleus. A rrow s p o in t to  th e  irregu lar
d en d ritic  surface. 550 X

Fig. 2. M edium -size sp iny  n e u ro n  of ra d ia te  ty p e  in th e  ra b b it  c au d a te  nucleus. 550 X



3 4 0 MÁRIA ÉDER et al.

Fig. 3. Sm all sp in y  n eu ro n  o f tu f te d  ty p e  in  ra b b it  m ate ria l. 550 X 
F ig . 4. Sm all ovoid n eu ro n  w ith  long d en d rite s  Golgi I I  ty p e  cell in  ra b b it  m a te ria l  550 X
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5. Small cell. This  k ind  of cell has long , scarcely ram ifying d en d r i te s  
(Fig. 4). T he ir  in it ia l  segm en t is sm ooth  a n d  th e  secondary  b ranches  h av e  
some spines. Small cells are rarely im p re g n a te d ,  th e ir  axons are p ro b a b ly  
short .

6. Small cell with many smooth dendrites. T h e  dendrites are to r tu o u s ,  
th e  axon  arborizes w ith in  th e  dendritic  fie ld  (Fig. 5). Axonal b ranches  are 
varicose a t  the ir  p re te rm in a l  and term ina l  p o r t io n s  (Fig. 6). As revealed  by  th e  
electron microscopic s tu d y  of o ther regions, su ch  varicosities p ro b ab ly  co rre ­
spond  to  p re sy n ap t ic  loci. Accordingly, th is  cell ty p e  is an in te rn eu ro n  w ith  
a local a rbo r iza t io n  fie ld  of 200—300 p.

Cell types of the cat caudate nucleus

1. Giant cell. I t  was im pregna ted  more f re q u e n t ly  th a n  in ra b b i t  m a te r ia l .  
The cell b o d y  is ovoid or m ultiangu lar  d ep en d in g  on the  n u m b er  and position  
of the  large  m a in  dend ri te s  (Fig. 7). I t s  size is 45 — 50 p. The m u l t ia n g u la r  
ty p e  has tu f te d  m ain  denrites  hav ing  th u s  a m ore  a b u n d a n t  dendrit ic  a rb o r iz a ­
tion. The d en d r i t ic  surface is not sm ooth , p ro tru s io n s  and occasionally spines 
are seen on it . These irregularities  are m ore f re q u e n t  near th e  ram if ica t ions .  
T he  axon  orig inates  w i th  an axon-hillock. I t  can  he followed for a sh o r t  d is ­
tance  on ly , h u t  is supposed  to  leave th e  nucleus.

2. Medium-size spiny neurons. T hey  h a v e  a long efferent axon. I n  th e  
ca t  a g rea te r  v a r ie ty  of  these  neurons is p re se n t  th a n  in th e  ra b b i t .  O void , 
t r ia n g u la r  (Fig. 8), m u lt ian g u la r ,  tu f ted  (Fig. 9) and  rad ia te  (Fig. 10) form s 
were enco u n te red  w ith  20— 30 p average d ia m e te r .  In  the  ovoid ty p e ,  m a in  
dendrites  arise a t  th e  poles of th e  cell; th e y  v a r y  in length , ram ify  re p e a te d ly  
and have  sp iny  seco n d a ry  branches. Some t r i a n g u la r  and  m u lt iangu la r  neu ro n s  
have  tu f te d  m ain  dend ri tes .  Radia l cells are m u l t ia n g u la r  concerning th e  sh ap e  
of  th e  p e r ika ryon .  E a c h  ty p e  has a n u m b er  o f  secondary  dendrites  an d  t h e r e ­
fore th e  dend ri t ic  a rb o r iza t ion  can he considered  a b u n d a n t .  The d en d r i te s  
are densely  packed  w ith  spines. The axon  orig ina tes  from th e  cell g iv ing  
off several collaterals , th e i r  te rm ina tion  on ne ig h b o u r in g  cells was often  o b se rv ­
ed. The n u m b e r  of sub -types  of th is  cell-class is g rea t ly  increased b y  th e  v a r i a ­
tions in  size of th e  d en d r i t ic  t ree  and in  th e  d e n s i ty  of spines. A ccord ingly , 
smaller, m ed iu m  and  la rger  m ed ium  cells can  be d istinguished  w ith  sho r t ,  long, 
rad ia l  and  tu f te d  dend ri te s  and  w ith  axons h a v in g  a va ry ing  n u m b e r  of  c o l la t ­
erals. D ue  to  th e  ra n d o m  n a tu re  of im p reg n a t io n ,  th e i r  re la tive n u m b e r  is n o t  
know n.

3. Small, mainly ovoid, spiny dendritic cells. The cell body  m easures  
12— 18 p in  d iam eter .  As com pared  to  th e  size o f  th e  perikaryon  th e  d en d r i t ic  
field is large. T he  dend ri te s  ram ify  a f te r  a charac ter is t ica l ly  long, sm o o th  
portion  in to  more t h a n  tw o secondary b ran ch es .  T hey  differ in leng th  an d
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F ig s  5, 6. Sm all cell sw ith  sm o o th  w avy  d e n d rite s  a n d  varicose locally a rb o riz in g  ax o n  in  
th e  ra b b it  c au d a te  nucleus. 550 X
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F ig. 7. G ian t cell in the ca t c au d a te  nucleus. 550 X 
F ig . 8. M edium -size tr ia n g u la r  p ro jec tive  n eu ron  w ith  sp in y  d en d rite s  in  th e  ca t

nucleus cau d a te s . 550 X
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Fig. 9. M edium  size, tu f te d  ty p e , sp in y -d e n d ritic  p ro jec tiv e  neu ron . 
In itia l co lla te ra ls (ic) o rig in a te  from  th e  ax o n  (ax). C at m ate ria l. 550 X
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n u m b er b u t a re  un ifo rm ly  covered w ith  sp ines. The bu lky  d e n d rite s  densely  
pack ed  w ith  spines are in  sh a rp  c o n tra s t to  th e  sm all p e rik a ry o n  (F ig . 12). 
T he axon  arises from  th e  cell b o d y , h u t occasionally  i t  m ay o rig in a te  from  one 
o f th e  m ain  d en d ritic  shafts . I t  has severa l co lla tera ls. This cell ty p e  is th o u g h t 
to  be efferen t in  n a tu re . I t  has one p ecu lier su b ty p e , an e lo n g a ted , e x tre m e ly  
fusiform  (6— 7 X 18 p  in  d iam eter) cell w ith  p o la r dendrites. I ts  ax o n  does no t 
d iffer from  th a t  of o th e r  su b ty p es .

4. M edium -size , smooth dendritic, long axonal cell. The sh ap e  o f  th e  cell 
b o d y  is m ostly  ro u n d  or m u ltia n g u la r  (F ig . 11). I t  has several d e n d rite s  w hich 
re p e a te d ly  ram ify  and  have a w inded  course. T he dendritic  su rface  is sm ooth  
b u t  alw ays d isp lays sp ind le-shaped  sw ellings. The axon arises from  th e  cell 
b o d y . C olla terals are scarce.

5. M edium -size, smooth dendritic , short axonal cells. The d e n d rite s  h av e  no 
v a ricosities or sw ellings. T he d iam e te r  o f th e  den d ritic  tree  is sm alle r th a n  th a t  
o f th e  prev ious cell ty p e  resu ltin g  in  a m ore to rtu o u s  course o f th e  d en d rite s . 
T he axon  is d ifficu lt to  im p reg n a te . I t  ram ifies im m edia te ly  a f te r  its  origin 
an d  form s a d e lica te  ne tw ork  w ith in  th e  d en d ritic  field (F ig. 13). T h is cell 
ty p e  corresponds to  th e  Golgi I I - ty p e  in te rn eu ro n .

6. S m a ll, round cell w ith varicose dendrites. I t  resem bles th e  prev ious 
ty p e  and  corresponds p ro b ab ly  to  th e  neurog lifo rm  cell, because o f  its  m ore 
dense axonal and  d en d ritic  tre e  (Fig. 14).

7. Sm all, round or ovoid cell w ith a fe w  long dendrites. T h e  d en d rite s  
are  scarcely  sp iny . The axon is th in  and arborizes in th e  v ic in ity  o f  th e  cell 
w ith  fine  te rm in a ls  (Fig. 15). I t  is a Golgi I I - ty p e  cell.

Cell types o f  the m onkey caudate nucleus

T he m onkey  m ateria l, was too  scarce to  allow a nearly  com plete  ana ly sis .
1. Giant cell. I t  has a large ovoid or m u ltian g u la r  cell body g iv in g  rise to  

a v a ry in g  n u m b e r of m ain  d en d rite s  w hich  b ifu rca te  or ram ify  (F ig . 16). 
Som e d en d rite s  are sm oo th , o th ers  are  covered  by  spines a lth o u g h  th e se  are 
sp ine-like p ro tru sio n s ra th e r  th a n  tru e  sp ines. T he axon can be fo llow ed  fo r 
a sh o rt d istance .

2. M edium -size, sp in y  cells. T his cell ty p e  has in  th e  m o n k ey  v a rio u s  
su b -ty p es  such as p y ram ida l (F ig . 17) tr ia n g u la r , m u ltian g u la r an d  ovo id  in 
sh ap e , de te rm in ed  by  th e  n u m b er and  positions of dendrites. T h e  d e n d ritic  
ra m ific a tio n  is e ith e r  ra d ia te  (F ig . 18) or of th e  tu f te d  (Fig. 19) ty p e . T h e  spines 
show  even g rea te r  v a ria tio n s  in n u m b e r th a n  does th e  co rrespond ing  cell ty p e  
o f th e  ca t. T he axon  o rig inates from  th e  cell body  and  has co lla te ra ls .

3. Sm all, sp in y  dendritic cell. T his cell is m ainly  ovoid in  sh a p e . The 
d e n d ritic  sp ines are  of v a ry in g  in pack ing  d en sity . The axon o rig in a te s  from  
th e  cell body  and  has several co lla te ra ls  (F igs 20, 21).
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F ig. 10. M edium -size r a d ia te ,  sp iny-dendritic  p ro jec tiv e  n eu ron  in the  ca t c au d a te
nucleus. 550 X

F ig . 11* MediunL-size, s im ro th -d en d ritic  p ro jec tive  n e u ro n  in  th e  ca t cau d a te  nucleus.
550 X
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4. M edium -size, smooth dendritic cell. I t  lias a long, p resu m ab ly  efferen t 
a x o n  anil a w in d ed  or tu f te d  dendritic  tree . T h e  axon  has co lla te ra ls  (F ig. 
22) .

5. Sm all, ovoid, sp in y  dendritic cell. T his cell resem bles in  size an d  d en d ritic  
a rb o riza tio n  p a t te rn  th e  N o. 3. efferent n eu ro n  b u t  its  axon show s Golgi II-  
ty p e  ram ifica tio n . A xonal b ranches can be follow ed only  for a sh o rt d is tan ce , 
so th a t ,  it can  on ly  be supposed  on th e  basis o f th e  axonal b ran ch in g  p a tte rn  
th a t  th e y  m igh t be  local neu rons (Fig. 23).

6. Sm all, ovoid sparsely sp in y  dendrites and local axonal arborization. T he 
d e n d rite s  o rig in a te  m o stly  a t th e  poles of th e  ovo id  cell body . On th e  seco n d ary  
d e n d rite s  few spines m ay  be observed. The axon  arborizes in  th e  n e a r  v ic in ity  
(F ig . 24).

3 Acta Morphologica Academiae Scientiarum Ilungaricae 28, 1980
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F ig . 13. M edium-size, sm o o th  d e n d ritic , sh o rt a x o n a l cell in  th e  ca t caudate_ nucleus. 550X 
F ig . 14. Sm all, ro u n d  v a ric o se  den d ritic , sh o rt a x o n a l cell in c a t m a te ria l. 550 X 

F ig . 15. Sm all, sho rt a x o n a l cell w ith  scarcely  sp in y  d e n d rite s  in  th e  c a t c a u d a te  nucleus.
550 X
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F ig. 16. G ian t cell in th e  m onkey  c a u d a te  nucleus. 550 X 
Fig. 17. M edium -size, sp iny  p ro jec tive  neuron  of p y ra m id a l dendritic  p a tte rn  in  th e  

m onkey nucleus c a u d a tu s . 550 X
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F ig . 18. M edium -size, sp in y  projective  n eu ro n  o f  r a d ia te  ty p e  dendritic  tree  in  m o n k ey
m ateria l. 550 X

Fig. 19. M edium -size sp in y  p ro jective  n eu ro n  o f  tu f te d  ty p e  in  m onkey m ate ria l. 550 X
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F igs 20, 21. Sm all, sp iny  d en d ritic  p ro jec tiv e  neurons in m onkey  m a te ria l.  550 X
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F ig . 22. M edium-size, sm o o th  d e n d r it ic  neuron  with long ax o n  in  th e  m onkey  nucleus c au d a tu s .
550 X

Cell typ es  o f the hum an caudate nucleus

1. Giant cell. T hese cells a re  40—50 fi in  d ia m e te r , ovoid or m u ltian g u la r 
in  s h a p e , depending on th e  n u m b e r of den d rites  (F ig . 25). O n th e  basis o f th e  
d e n d r i t ic  surface a sm o o th  d e n d ritic  and a sp in y  d e n d ritic  sub -type  can  be 
d is tin g u ish e d . Only th e  in i t ia l  segm ents of axons a re  seen. T he size of th e  cell 
is in d ic a tiv e  of an e ffe ren t n eu ro n .

2. M edium -size, s p in y  dendritic cell. A cco rd in g  to  th e  num ber and  size 
o f  d e n d rite s , several su b - ty p e s  occur: sm aller a n d  la rg e r cells (Fig. 26), ovoid , 
a n g u la r , m u ltiangu la r fo rm s w ith  tu fted  (Fig. 27) o r ra d ia te  (Fig. 28) d en d ritic  
a rb o riz a tio n s . The n u m b e r  o f  spines on th e  se c o n d a ry  den d rites  varies. T he 
a x o n  possesses co lla te ra ls . T h is  cell is likely to  be  an  effe ren t neuron.

3. Sm all, mostly ovoid, cell; it  is occasionally  fu sifo rm  (Fig. 29). D endrites 
o r ig in a te  a t the  poles a n d  a re  sp iny . The axon  h a v in g  severa l collaterals arises 
f ro m  th e  cell. This cell ty p e  is one of the p rin c ip a l c o n s titu e n ts  of th e  cell p o p ­
u la t io n  in the nucleus (F ig . 30).

4 . M edium -size, sm ooth  dendiritic, long axona l cell. I t  has num erous 
to r tu o u s  and  ram ify ing  d e n d r ite s  w ith sm ooth  su rface  b u t  spindle-like sweill- 
in g s m a y  occur on th e m . T h e  axon  has co lla te ra ls  (F ig . 31).

5. Sm all, ovoid cell w ith  short axon. T his co rresp o n d s to  a Golgi 11-type 
n e u ro n . The cell b o d y  a n d  th e  dendritic  tre e  is s im ila r  to  th a t  of th e  sm all
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F ig . 23. Sm all, ro u n d , sp iny  d en d ritic  neuron  w ith  sh o rt axon in th e  m onkey  c a u d a te  nucleus.
55° X

F ig. 24. Sm all ovoid, scarcely  sp iny  d en dritic , sh o rt axonal cell in  m onkey  m a te ria l.  550 X

Acta Alorphologica Acadetniae Scientiarum Hangaricae 28, 1980
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p r in c ip a l neuron. T he a x o n , a lth o u g h  th ick , does n o t  give off co lla tera ls b u t 
d iv id e s  (F ig . 32). A xonal a rb o riz a tio n  is like t h a t  o f a local neuron  b u t  th e  to ta l  
a rb o r iz a tio n  could n o t be  d em o n stra ted .

Fig. 25. G ia n t cell in  h u m an  nucleus c a u d a tu s . 550 X

A c ta  M orphologica Academ iae S c ie n tia ru m  H ungaricae 28, 1980
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F igs 26, 27, 28. M edium -size, sp in y  p ro jec tiv e  neurons tr ia n g u la r , tu fte d  and  ra d ia te  in ty p e
in  h u m an  nucleus c au d a tu s

6. Sm all, fu s ifo rm  neuron w ith  polar dendrites. O n th e  secondary  d en d rite s  
som e spines are found . T h e  axonal a rb o riza tio n  is o f a local n a tu re  there fo re  
th is  cell is considered to  he a Golgi I I - ty p e  n eu ro n  (F ig. 33).
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F ig s  29 , 30. Small fusifo rm  a n d  ov o id  neurons w ith  sp in y  d e n d rite s  and  long ax o n  in  h u m an
c a u d a te  nucleus. 550 X

7. Small, round cell w ith  long, sparsely sp in y  dendrites and local axonal 
arborization. The in itia l se g m e n t of dendrites is sm o o th . A fter b ifu rc a tio n  a few 
sp in es  appear. The ax o n  ram ifie s  near th e  cell b o d y  (Fig. 34).

8. M edium -size, sm ooth dendritic and short axonal neuron. T he  cell body  
is m o s tly  m u ltian g u la r d u e  to  dendritic  sh a fts . I t  is s im ilar to  th e  efferen t 
n e u ro n  of the  sam e size. O n th e  sm ooth su rface  o f re p ea ted ly  b ra n c h in g  d en ­
d r i te s ,  sp indle-shaped sw ellings occur. The ax o n  is o ften  visible show ing an 
a b u n d a n t  a rbo riza tion  w ith in  th e  dendritic  fie ld  (F ig . 35). A xonal b ranches 
a re  th in  w ith  te rm in a l v a rico s itie s .
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Fig. 31. M edium -size n eu ro n  w ith sm ooth  d e n d rite s  a n d  long axon in h u m an  c a u d a te
nucleus. 550 X
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F ig . 32. Sm all ovo id  n eu ro n  w ith  sp iny d en d rites  a n d  sh o r t  axon  in hum an m ate ria l. 550 X  
Fig. 33. Sm all, fu sifo rm  neuron , w ith  sh o rt a x o n  in  h u m an  m ateria l. 550 X  

F ig . 34. Sm all ro u n d  cell w ith  sparcely  sp iny  d e n d rite s  and  short axon  in  h u m a n
cau d a te  nucleus. 550 X
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F ig. 35. M edium -size sh o rt ax o n al n eu ron  w ith  sm o o th  d en d rite s  in h u m an  m a te ria l. 550 X 
F ig. 36. Sm all ovoid n eu ro n  w ith  sm o o th  d e n d rite s  and  rich ly  arborizing  sh o rt ax o n . H u m a n

cau d a te . 550 X
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9. Sm all, ovoid smooth dendritic neuron w ith  short axon. The a rb o riz a tio n  
an d  course of d en d rite s  gives th e  im pression o f a sp id e r-n e t. The axon  ram ifies  
w ith in  th e  d en d ritic  tre e . I t  p ro b ab ly  co rresponds to  th e  neurogliform  n eu ro n  
(F ig . 36).

D iscussion

As to  th e  c la ssifica tio n  of th e  cell ty p e s  o f th e  cau d a te  nucleus, ow ing 
to  lim ita tio n s  of o u r m a te r ia l, and  especially  o f  o u r m onkey  m a te ria l, som e 
conclusions are on ly  p re lim in ary .

In  th e  s tr ia tu m , tw o  ty p es  of large n e u ro n  a re  fo u n d : one w ith  n u m ero u s  
sp in y  d en d rite s  an d  a n o th e r  w ith  a few, sm o o th  d en d rite s . B o th  ty p e s  h av e  
long  axons [4, 7, 8, 12, 16, 19, 20]. Ca j a l  [20] called  these  cells ‘g ia n t cells’. 
I t s  su b -ty p es  are re fe rred  to  as ‘large sp in y  ty p e  I I  n eu ron ’ [4] an d  Targe 
n e u ro n s  w ith  few er d e n d r ite s ’ [19]. The cell b o d y  o f these  neurons is 30— 50 ц  
in  d iam e te r , and fu sifo rm  or tr ia n g u la r  in  sh ap e . T hey  were described  by  
R a f o l s  an d  F o x  [19] in  th e  л-entrai n e o s tr ia tu m  and  b y  G r o f o v a  [9] in  
th e  p o ste rio r p u ta m e n . T he la tte r  a u th o r  u sin g  th e  horserad ish  perox idase  
m e th o d  has show n t h a t  th e  large efferen ts o f th e  n e o s tr ia tu m  p ro je c t to  th e  
r e tro ru b ra l  nucleus. W e could  iden tify  th is  cell ty p e  in  all four species s tu d i­
ed b u t  no p re fe ren tia l localiza tion  has been  observ ed . The difference b e tw een  
its  su b -ty p es  seem s n o t  to  be sign ifican t in  te rm s  of function .

T he o th e r la rge  n e u ro n  ty p e  of th e  c a u d a te  nucleus was called ‘m ed iu m ’ 
b y  C a j a l  [ 2 0 ] .  H e d iv id ed  th e  m edium -size sp in y  neurons of th e  ra b b i t  an d  
h u m a n  s tr ia tu m  in to  long  and  sh o rt a x o n a l cells. T his was co rro b o ra ted  in  
dog an d  h u m an  m a te ria l b y  L e o n t o v i c h  [16]. F o x  e t al. [6], how ever, 
p o in te d  ou t th a t  th e  axon  of these  cells c an  n o t be followed for a d is tan ce  
lo n g er th a n  100 fi, a n d  th is  was th e  reaso n  w h y  a ‘sh o rt ax o n a l’ class w as 
e s tab lish ed . Cells seen  in th e ir  p re p a ra tio n s  co rresp o n d ed  to  those  show n by  
D e .t e r iin e  [3]. In  th e  c a t, m edium -size sp in y  n eu ro n s w ere found  to  have  
e ith e r  a sho rt or a long  axon  [13]. T hese cells to o , were classified accord ing  
to  th e  n u m b er of d e n d ritic  spines. T he te rm  ‘m edium  neuron  w ith  m an y  
d e n d ritic  sp ines’ [19] is used  as a sy n o n y m  fo r ‘sp iny  ty p e  I  n e u ro n ’ [4]. 
I n  o u r m a te ria l an  in c reasin g  n um ber o f su b ty p e s  of m edium -size sp in y  n e u ­
ro n s has been fo u n d  in  th e  species s tu d ied .

A m ong th e  v a r ie ty  o f m edium -size cells, th e  m edium  sm oo th  d en d ritic , 
long  axo n a l ty p e  is r a th e r  d istinc t. T his cell ty p e  w as n o t en co u n tered  in  th e  
r a b b i t  while i t  w as f re q u e n tly  seen in c a t, m o n k ey  and  h u m an  m a te ria l. T his 
ty p e  m ay  co rrespond  to  th e  th ird  long a x o n a l n eu ro n  group.

T he fo u rth  g ro u p  o f efferent, long a x o n a l cells is c o n s titu te d  b y  th e  sm all, 
sp in y  d en d ritic  n e u ro n s . I t  was p re sen t in  all th e  species s tu d ied . T o g e th er 
w ith  th e  m edium  sp in y  d en d ritic  cells th e y  fo rm  th e  p rincipal cell g roup  of
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th e  cau d a te  nucleus, as i t  has heen described in  a n u m b er of species [4, 12, 
13, 20].

Л fu r th e r  g roup  o f neurons belongs to  th e  Golgi ty p e  I I  in te rn eu ro n  
class. D a ta  concern ing  th is  ty p e  are ra th e r  co n tro v e rs ia l; in  ou r m a te ria l, 
d iffe ren t species co n ta in ed  d iffe ren t form s of th is  cell.

M edium , asp in y  d en d ritic , short ax o n a l neurons were p a r tic u la rly  
fre q u e n tly  im p re g n a te d  in  h u m a n  m ateria l w h ereas  th e y  seem ed to  he ab sen t 
in  th e  ra b b it ,  and  w ere less freq u en t in  th e  c a t an d  th e  m onkey.

Sm all Golgi I I - ty p e  neurons w ith  few  sp ines and  sm oo th  d en d rite s  
w ere p re sen t in  all th e  s tu d ied  species. T he sm a ll, sp iny  d en d ritic  fusiform  
and  ovoid, tu f te d  d e n d ritic  Golgi II - ty p e  n eu ro n s w ere seen in h u m an  m ate ria l 
only .

Ca ja l  [20] described  a neurogliform  n e u ro n  in th e  h u m a n  s tr ia tu m . 
L e o n t o v i c h  [16] could  also id en tify  sim ilar sh o r t  axonal cells. F o r som e tim e  
th ese  find ings could n o t be confirm ed. F o x  e t al. [7] s tud ied  in  d e ta il th e  
p rob lem  of neurogliform  n eu rons. In  th e ir  o p in ion  th e  o ligodendrocytes of th e  
m on k ey  s tr ia tu m  are  v e ry  sim ilar to neurons b u t  high reso lu tion  light m icro ­
scopy and  elec tron  m icroscopy clearly  shows t h a t  th ese  cells are a tta c h e d  to  
m y e lin a ted  fib res and  correspond , according to  th e  del Rio H o rteg a  classifi­
ca tio n , to  ty p e  I o ligodendrocy tes. R ecen tly , how ever, th e  ex istence  of a 
neurogliform  n eu ron  has gained  new sup p o rt [4, 13, 19]. W e have found  sp idery  
ty p e  neurogliform  n eu rons in  th e  hum an  c a u d a te  nu c leu s; th e y  differed  s ligh tly  
from  th e  co rtica l neu rog lifo rm  neurons.

In  conclusion i t  can  be s ta te d  th a t  in  sp ite  of a lim ited  success in  its. 
im p reg n a tio n , th e  p r im a te  cau d a te  nucleus show ed  a g rea te r v a r ie ty  of cell 
ty p e s  th a n  th e  r a b b it  and  c a t cauda te  nucleus. T h is phy logenetic  increase in  
n u m b e r of n eu ro n a l ty p e s  applies equally  fo r re lay - and  in te rn eu ro n s. The 
num erica l increase o f ty p e s  o f b o th  relay- and  in te rn e u ro n s  in  th e  phy logenetic  
series refers to  th e  m ore and  m ore co m plica ted  connections an d  in trin sic  
o rg an iza tio n  w hich p o in t to  th e  refined fu n c tio n  o f th e  cau d a te  nucleus.
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U N T E R S U C H U N G  D E R  G O L G 1 -A R C H IT E K T U R  IM  N U C L E U S C A U D A T U S D E S 
G E H IR N S  VON K A N IN C H E N , K A T Z E N , A F F E N  U N D  M E N S C H E N

M ÁRIA  É D E R ,  T. V IZ K E L E T Y  und  T. TÖMBÖL

D ie G olgo-A rch itek tur d es N ucleus c au d a tu s  v o n  K an in ch en , K a tzen , A ffen  u n d  M en­
sc h e n  w u rd e  besonders im  H in b lic k  au f d ie Z ellty p en  an  S erien sch n itten  u n te r s u c h t ,  die m it 
d e r  Im p rä g n a tio n  nach  G olgi— K o p sch  h e rg este llt w urden .

D ie ziem lich u n te rsch ied lich en  N eu ro n en  gehören  zwei großen G ru p p en  an : P ro je k ­
tio n s -  o d e r efferente N euronen  u n d  lokale oder In te rn e u ro n en . Die efferen ten  N e u ro n en  stellen  
d ie  V e rb in d u n g  m it e n tfe rn te n  K ö rp e rreg io n en  her, wie dies zahlreiche E x p e rim en te  bew eisen. 
D ie  A xo n e  dieser efferen ten  N eu ro n en  en tsen d en  zah lreiche K o lla te ra len , die a n  de r A usb il­
d u n g  d e r  lokalen  V erb in d u n g en  b e te ilig t sind. D ie In te rn e u ro n e n  b esitzen  lo k a l verzw eigte 
A x o n e , u n d  diese N euronen  sin d  es, die in  e rs te r  L inie die in n eren  V e rb in d u n g en  des K erns 
z u s ta n d e  bringen.

In n e rh a lb  beider G ru p p e n  lassen  sich zah lreiche T y p en  u n d  S u b ty p e n  u n te rsch e id en . 
D ie  Z ah l de r T ypen  u n d  S u b ty p e n  zeig t in  der phy lo g en e tisch en  R eihe eine zunehm ende  
T e n d e n z .
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ИЗУЧЕНИЕ КЛЕТОК ХВОСТАТОГО ЯДРА В МОЗГЕ КРОЛИКА, КОШКИ, 
ОБЕЗЬЯНЫ И ЧЕЛОВЕКА

М АРИА Е Д Е Р ,  Т. В И З К Е Л Е Т И  и Т. Т Ё М Б Ё Л

Авторами была изучена архитектура Гольджи в хвостатом ядре кролика, кощки, 
обезьяны и человека с особым вниманием на типы клеток, в серийных срезах, изготовлен­
ных импрегнацией по Гольджи Кропш.

Невроны довольно различного типа относятся к двум большим группам, а именно: 
в группу проекционных или эфферентных невронов и в группу местных или интерневро- 
нов. Как доказывает ряд экспериментальных данных эфферентные невроны создают связь с 
отдаленными областями тела. Аксоны этих эфферентных невронов отправляют много­
численные колатерали, участвующие в создании местных связей. Интерневроны имеют 
разветвляющиеся на месте аксоны. Внутренние связи ядра образуются главным образом 
этими невронами.

В пределах обеих групп можно различать многочисленные подтипы. Число типов и 
подтипов показывает в генетической линии повышающуюся тенденцию.

D r. M ária E uer  
D r. T am ás V izkelety  
D r. T eréz  T ömböl

Sem m elweis O rv o stu d o m án y i E g y e tem , 
I. sz. A n a tó m ia i In té z e t, T űzoltó  u . 58. 
H -1450 B u d a p e s t, H u n g ary
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RETINAL PROJECTIONS IN THE ADULT XENOPUS
LAEVIS:

A STUDY WITH COBALT FILLING TECHNIQUE

P. T ó t h , G y . L á z á r  a n d  T .  G ö r c s  

(R eceived D ecem ber L4, 1979)

C obaltic-lysine com plex  w as used to show  re tin a l p ro jec tions in a d u lt  X en o p u s 
laev is. R e tin a l fib res  p a r tia lly  decussate  in th e  c liiasm a , and  te rm in ate  on  b o th  sides 
in th e  nucleus ovoidalis, la te ra l geniculate com plex , p re te c ta l  area , optic  te c tu m , and  
in  th e  b asa l op tic  nucleus. C obalt filled fib res w ere fo u n d  in th e  p reop tic  a rea , dorsal 
h y p o th a la m ic  area , an d  in  th e  p e riv en tricu la r  reg io n  close to  th e  wall o f th e  th ird  
ven tric le .

Key words

R etinal projections, X enopus, cobalt-filling

Introduction

Our knowledge on the  anatom y of th e  frog’s central visual pathw ays 
has recently  been sum m arized [1, 5, 10, 13]. T he African Clawed Toad, X cno 
pus laevis, which is extensively used in experim ents concerning the develop­
ment and physiological properties of the visual system , received little a tten tio n  
from m orphologists. S a l t e r  [ 9 ]  described th e  diencephalic visual centres in 
normal anim als. Using 3H -proline as tracer, L e v i n e  [ 6 ]  gave a brief account 
of the re tina l projections. In larval Xenopus the cobalt filling techn ique 
proved to  be a useful tool to  disclose fim- anatom ical details of the  visual 
pathw ays [12]. We obtained sim ilar results in ad u lt R ana esculenta [4], 
therefore it seemed w ort-while applying the techn ique in adult X enopus. 
Our aim was to  provide a norm al anatom ical basis for experim ental stud ies 
on the  course of fibre bundles or even individual axons of retinal origin, and 
the mode of th e ir term ination .

M aterials and m ethods

T h irte en , 1.5 — 2 y ears  old to ad s , X enopus laevis, w ere  u sed . U n d er u re th a n  a n a e s th e s ia  
(0.2 g/100 g bod y  w eigh t in tra p e rito n ea lly )  the  m ucous m em b ran e  of the  p a la te  w as incised  
in the  m idline. T he op tic  nerve was exposed and tran sec te d  close to  the eyeball. T he c e n tra l
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s tu m p  o f  th e  nerve was in tro d u c ed  in to  a sm all p la s tic  tu b e  filled w ith  a c o b a ltic  so lu tion . 
T h e  tu b e  w as fix ed  w ith  vaseline.

P rep a ra tio n  o f the cobaltic so lu tion . One h u n d re d  m l o f d istilled  w a te r c o n ta in in g  4.4 g 
o f  L -ly s in e  H C l (R eanal) and  13 g c o b a ltic  oxide (C o „0 3, M erck) was boiled fo r 12 h o u rs . The 
so lu t io n  w as m ade  up  to  th e  o rig in a l vo lum e every  h o u r  w ith  d istilled  w a ter, a n d  a f te r  cooling 
i t  w a s  f i l te re d  th ro u g h  a fine  f i l te r  p ap er. E xcess w a te r  w as e v ap o ra ted  a t  80° C to  reach  
a f in a l  v o lu m e  of 10 m l, and  th e n  th e  p H  w as a d ju s te d  to  7 .0— 7.2 w ith  L -lysine  HC1.

P o s to p e ra tiv e  tre a tm e n t, p re c ip ita tio n  of c o b a lt  in to  insoluble CoS, em b e d d in g  and 
se c tio n in g  o f th e  b ra ins were th e  sam e  as described b e fo re  [4]. C obaltous-su lph ide p re c ip ita te  
w as in te n s if ie d  w ith  the  p h y sical dev elo p er in tro d u c ed  b y  G a l l y a s  [2].

P rep a ra tio n  o f  Galiyas in ten sifie r  S tock  so lu tio n  A : 80 g sodium  a c e ta te  (3 H 20 ) ,  5.6 
m l c o n c e n tra te d  acetic acid, 1 g silver n itra te , a n d  10 m l of 1% ce ty lp ir id in iu m  chloride  
w ere  d isso lv ed  in 600 ml d is tilled  w a te r. A fter 24 h o u rs , th e  so lu tion  was f ilte re d  a n d  60 ml 
o f 1%  T r i to n -X  100 was ad d ed  to  th e  f i ltra te . T h e  f in a l  vo lum e was m ade u p  w ith  d istilled  
w a te r  to  800 m l. S tock so lu tion  B : 2 .5%  sodium  tu n g s ta te .  So lu tion  C: 0 .2 %  asco rb ic  acid, 
f re sh ly  p re p a re d  from  an am pou le  o f v ita m in  C in je c tio n . T he w orking so lu tio n  w as p re p are d  
im m e d ia te ly  before use by  m ix in g  8 p a r ts  of so lu tio n  A, 1 p a r t  o f so lu tion  B , a n d  1 p a r t  of 
so lu t io n  C. T h e  d u ra tio n  of in te n s if ic a tio n  was 5— 10 m in . a t  room  te m p e ra tu re  dep en d in g  
o n  th e  a m o u n t o f p re c ip ita te d  CoS.

T h e  in ten sified  p re c ip ita te  w as stab ilized  in a 0 .2 %  so lu tion  of yellow  gold chloride 
(1 m in ), fo llow ed by a 2 m in. rin se  in  1%  sodium  th io s u lp h a te . F ina lly , th e  sec tions w ere  w ashed 
in  d is til le d  w a te r , co u n te rs ta in ed  w ith  to lu id ine  b lue , d e h y d ra te d  and  m o u n te d  in  P e rm o u n t.

R esults

T h e  o p t i c  t r a c t s .  The optic nerves en ter th e  ventral wall of th e  b ra in  just 
in  fro n t of the  in fundibular recess and form  th e  chiasma. The crossing optic 
fib res occupy the ventral one th ird  of th e  diencephalon at the  level of the 
p o s te rio r m argin of the chiasm a (Fig. 1). On th e  contralateral side, like in other 
A n u ran  am phibians, the optic fibres are arranged  in three trac ts. The m arginal 
o p tic  t r a c t  (MOT) covers th e  lateral wall of th e  diencephalon (Figs 1, 4) to 
sp lit a t the m esodiencephalic border into a la tera l and a medial division which 
em brace the  tectum .

F ibres crossing the  m idline in the dorsal half of the chiasm a form  the 
ax ia l op tic  trac t (AOT). This tra c t cannot be separated  clearly from  th e  m argin­
al t r a c t .  We describe here as AOT the fascicles of retinal fibres a t th e  medial 
p a r t  of th e  optic tra c t p en e tra tin g  the la te ra l forebrain bundle, and  partly  
th e  la te ra l geniculate com plex (Fig. 1). The AOT can be followed to  th e  pre tec­
ta l  reg ion  as a dorsocaudally directed stream  of fibres in the lateral diencephalic 
neurop il (Figs 2, 4).

T he basal optic tra c t (ВОТ) consists of sparsely scattered fibres orig inat­
ing  a t th e  caudal m argin of the chiasm a, and travelling caudalw ards in the 
h y p o th a lam u s. A few fibres bypass the basal optic nucleus (BON), and  can 
be followed into the m edulla (Fig. 3). We could not observe b ranch ing  of these 
m edu lla ry  optic fibres, nor the  exact site of th e ir term ination.

The calibre of fibres falls into the range of 0.5—2.0 и m in the  th ree  optic 
t ra c ts  in cohalt preparations.

A large num ber of re tinal fibres do n o t cross and establish ipsilateral 
connections. In the MOT, ipsilateral fibres occupy the anterior edge of th e  trac t.
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F ig. 1. C obalt filled  re tin a l fib res in  the  d ien cep h a lo n . Cross section th ro u g h  th e  m idd le  one' 
th ird  o f th e  la te ra l gen icu la te  com plex. T he le ft side is c o n tra la te ra l to th e  filled  o p tic  nerve. 
Л О Т axial o p tic  t r a c t ;  CH — ch iasm a; L G B  —  la te ra l  geniculate bo d y ; M O T  —  m arg inal
o p tic  t r a c t ;  NB neu ro p il of B ellonci; I I I  th ird  v en tric le ; asterisk  show s th e  site  o f the

la te ra l fo reb ra in  b und le

They are sca tte red  th roughout the ЛОТ, h u t only few can he d etec ted  in the
ВОТ.

Contralateral projections

The first place where cohalt filled fibres term inate  is the nucleus ovoidalis 
(Fig. 2). Th is is a small cluster of cells w ith its  long axis tilted sligh tly  rostral- 
wards at the telencephalo-diencephalic border. The retinal fib res en ter the 
nucleus v en tro la te ra lly  and surround it w ith  a dense network of th in  axons. 
Only few fibres in tru d e  among the densely packed neurons.

Lateral geniculate complex

The m ajo rity  of fibres term inate in two neuropils: the neuropil of Bellonci, 
the dorsal p a rt of the  lateral geniculate com plex of S a l t e r  [ 9 ] ,  and in  th e  later-
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F ig . 2. C o b a lt filled re tin a l f ib res  in  th e  d iencephalon  a n d  th e  optic  tec tu m . P a ra s a g it ta l  
sec tio n  c o n tra la te ra l  to  th e  filled  o p tic  nerve. AOT —  ax ia l o p tic  t r a c t;  H y —  h y p o th a la m u s ; 
M OT —  m arg in a l op tic  t r a c t ;  N B —  neuropil of B ellonci; N O  nucleus ovoidalis ; ОТ —  
o p tic  t r a c t  ; P N  — p re te c ta l  n eu ro p il; Tec — tec tu m  o p tic u m ; T el — te lencephalon ; 7.6 —

tec ta l layers
Fig. 3. C o b a lt filled fib res in th e  b asa l op tic  tra c t (В О Т), a n d  in  th e  basal optic  nucleus (B O N ). 

O p e n  arrow s p o in t to  fib res  en te rin g  th e  m edulla . P a ra s a g i t ta l  section. C—  c au d a l

al gen icu la te body (ventral p a r t of the la teral geniculate complex). The hapes 
and position  of the two neuropils are very sim ilar to  th a t described by S c a l i a  

e t al. [11] in R ana pipiens (Fig. 2). Most of th e  fib res term inating in the  dorsal 
neuropil originate from the  AOT, and the v en tra l neuropil is supplied m ain ly  
by  th e  MOT. Besides, a num ber of very th in , sligh tly  beaded axons can be 
found am ong the cells of th e  lateral geniculate nucleus, nucleus ro tundus, 
p osterio r entopenduncular nucleus, and in th e  ven tro la te ra l area.
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Figs 4 —5. T he o p tic  t r a c ts  an d  th e ir  te rm in a tio n  in  th e  d iencephalon , an d  in th e  
o p tic  te c tu m  (Tec). H o riz o n ta l section  th ro u g h  th e  d o rsa l o n e-th ird  o f th e  n eu ro p il 
o f Bellonci (NB). F ig . 4. show s th e  c o n tra la te ra l. F ig . 5. th e  ip sila te ra l re tin a l p ro ­
jec tio n s  in the  sam e sec tion . AOT — axial op tic  t r a c t ;  1PN — la te ra l p re te c ta l  n e ­

urop il; m P N  —  m ed ia l p re c tec ta l neurop il; M OT —  m arg in a l op tic  t r a c t
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Pretectal area

Fibres of the MOT anti several fascicles of th e  AOT term inate in a dorso- 
v en tra lly  oriented cylindrical area, the lateral p re tec ta l neuropil (posterior 
th a lam ic  nucleus). The optic term inals form a dense netw ork which is traversed  
by  several fibres running  tow ards the optic tec tu m  (Figs 2, 4). At the  dorso- 
m edial m argin of the lateral neuropil the density of te rm inating  fibres is higher 
th a n  in  o ther parts of th e  neuropil. In  more ven tra l levels, this area is separated  
from  th e  lateral neuropil, and  becomes the m edial p re tecta l optic neuropil, 
th e  uncina te  field of Scalia [10]. This neuropil is stipplicd w ith fibres by the 
AOT (Fig. 4). Several fibres en ter the pretectal nucleus and the postro tundal 
grey (nom enclature according to  S a l t e r  [ 9 ] ) ,  and reach the periventricu lar 
fib rous layer (Fig. 6). O ccasionally, 1 or 2 cobalt filled fibres could be found 
in th e  posterior com m issure.

Optic tectum

T he rest of the MOT and AOT term inate in th e  tectum  mesencephali. 
T he outerm ost part of layer 9 is occupied by th in n e r fibres, and th ey  are less 
num erous th an  in the  deeper layers. The rest of layer 9 is densely packed w ith  
fib res and black granules of silver precipitate (Fig. 2). Three plexuses of th icker 
fib res separated  by two layers of th inner ones can be recognized. The th ickest 
fib res invade layer 8. Below th is  layer only a few th in  fibres appear. Some of 
th em  leave this area, and te rm in a te  among cells in th e  periventricular tec ta l 
layers.

The basal optic nucleus is an ill-defined group of cells in the an terior h a lf 
of th e  tegm entum  m esencephali surrounding a neuropil w ith a few cells in  it. 
C obalt labelled fibres delineate  its borders ra th e r  well, b u t it can hard ly  be 
recognized in norm al m ateria l. Even in cobalt preparations the an terio r and 
posterio r ends of the  nucleus cannot be determ ined  exactly  (Fig. 3). The 
m a jo rity  of retinal fibres reaches the BON a t its v en tra l p a rt and bends u p ­
w ards in loosely spaced fascicles. The term inal branches do no t fill the neuropil 
com pletely, leaving em p ty  spaces among the  fascicles.

Ipsilateral projections

In  all neuropil areas where crossed re tin a l fibres term inate, cobalt 
filled  fibres can be detected  also on the ipsilateral side. In  the lateral geniculate

F ig . 6. C obalt filled f ib res  in  th e  p e r iv e n tr ic u la r  region. T h e  a rro w  p o in ts  to w ard  th e  p ro te c ta l  
n eu ro p il. H o riz o n ta l section. I l l  —  th ird  ven tricle

F ig . 7. R e tin a l fib res an d  th e ir  te rm in a ls  in th e  o p tic  te c tu m , ip sila te ra l to th e  co b alt-filled  
o p tic  n e rv e . H o rizo n ta l sec tio n . A rrow s p o in t to w a rd  th e  surface  of th e  te c tu m . T erm in a l 

b ran ch es o f  a  th ic k e r  fib re  are in d ic a te d  b y  an  arrow -head
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body the  optic term inals form a relatively loose netw ork, so th a t  individual 
fibres and their term inals can be observed. Most of the p re term inal fibres, 
originating from the  MOT are collaterals and those of the AOT seem to be 
d irect fibres. The branching pa tte rn  of term inals is similar as th a t  described 
w ith  the Golgi technique in larval Xenopus [3]. The num ber of coba lt filled 
fibres term inating in the  neuropil of Bellonci is alm ost as high as on th e  con tra­
lateral side (Fig. 1).

At the pretectal region, the lateral optic neuropil contains few te rm in a t­
ing fibres. The density  of re tinal fibres in the medial neuropil, how ever, is 
com parable to th a t on th e  contra latera l side (Fig. 5).

In  the optic tec tum  the  ipsilateral fibres are d istribu ted  th roughou t 
the inner half of layer 9. The th innest fibres give origin to few b ranches, while 
th e  th ick  fibres have a well-defined term inal arbor (Fig. 7). The ex ac t size of 
these term inals could not be measured, b u t their length is usually over 80 pm.

The num ber of cobalt filled fibres in the  BON is negligibly sm all.

Hypothalamic and periventricular terminals

In  the preoptic and the  dorsal hypothalam ic area, a few, very  thin 
beaded axons arborize am ong the perikarya. Their num ber is h igher on the 
con tra la tera l side. From  th e  dorsal hypothalam ic area sim ilar fib res can be 
followed to  the periventricu lar neuropil. Here they  travel caudalw ards, parallel 
w ith  the  lateral wall of the  th ird  ventricle. At the level of the la te ra l geniculate 
com plex and the p re tecta l area, these fibres interm ingle w ith o ther ones d istrib ­
u ted  among the periventricu lar cellular layers. A few cobalt filled  fibres, 
continue th e ir way caudalw ards and reach m idtegm ental levels. H ere and then 
a few branches originate. The branches e ither keep their direction or bend 
tow ards the laterally  located  layers of neurons (Fig. 6). Cobalt labelled neurons 
were not found in those p arts  of the brain  where retinal fibres te rm in a te .

Discussion

In  a recent stu d y  [4] cobaltous-lysine complex was applied to  show 
retinal projections in R ana esculenta. In  the  present investigations th e  cobalt 
technique was fu rther m odified. The cobaltous-lysine complex was replaced 
by cobaltic lysine complex. This compound rem ained stable for several m onths, 
and th e  in tensity  of filling was higher th an  w ith cobaltous-lysine. T he use of 
the  new Galiyas developer im proved the quality  of the p repara tions. Even 
very  th in  cohalt containing fibres could be detected , and they  appeared  against 
a colourless background. The developer is insensitive to light, and th e  tim e to 
reach sufficient intensification is less th an  10 min. The short tre a tm e n t in gold
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ch lo ride  and in sodium th io su lp h a te  prevented a diffusion of the precipitate , 
w h ich  occurred when th e  sections were not gold toned .

O ur observations on th e  contralateral re tin a l projections in X enopus 
are  in  good accordance w ith  those  reported by  L e v i n e  [ 6 ] .  We found, however 
o p tic  fibres not only in neurop ils, but also am ong perikarya in the periven tri­
cu la r  cellular layers. A utorad iography  is ap p a ren tly  no t capable of showing 
th e se  fine sparsely d is tr ib u te d  fibres. In the co n tra la te ra l BON we found pro­
je c t io n s  heavier th an  th o se  described by Levine, and a few fibres could be 
follow ed from this nucleus to  the level of th e  em ergence of the trigem inal 
n e rv e . S t e e d m a n  et al. [12] described these fib res in larval Xenopus. Fibres 
o f s im ilar destination w ere m entioned by N o m o k o n o v a  [ 7 ]  in R ana tem po- 
ra r ia .

Ipsilaterally we found  in  the diencephalon m ore fibres th an  did L e v i n e  

[6], and  succeeded in show ing  the ipsilateral re tin o tec ta l projection.
Generally, re tinal p ro jections in Xenopus correspond well to  those in 

R a n a  esculenta as revealed b y  the cobalt filling technique. Minor differences, 
how ever, could be observed . In  Xenopus, heavy  b ilateral projections were 
fo u n d  in the nucleus ovoidalis [6]. R einvestigating our R ana preparations, 
we found  a few fibres te rm in a tin g  in a group of cells ju s t in front of the  lateral 
g en icu la te  body. These cells m ight correspond to  th e  nucleus ovoidalis ( L á z á r , 

unpublished  observation). In  Xenopus, the ip sila te ra l retino-geniculate pro­
je c tio n  is heavier th an  in  R . esculenta.

In  the optic tec tu m , th e  arrangem ent of fib rous layers is sim ilar to  th a t 
in  R anidae. The layers w h ich  m ay correspond to  P o t t e r ’s [8 ]  layers A, B, C, 
D , E  and F can be recognized. Below layer 8, only  a few fibres can be found 
an d  th u s  P o tter’s layer G is v irtually  absent. L ayer 8, however, is invaded by 
th ic k  fibres, which in te rm in g le  with similar ones term inating  in the depth  
o f  lay e r 9. We suppose th a t  th e  fibres in layer 8 are analogous to the fibres of 
lay e r G in the frog. E lectrophysiological analysis is required to  verify this 
supposed  analogy.

The calibre of fib res in  cobalt preparations falls in to  the  range determ ined 
b y  W i l s o n  [14] for a d u lt X enopus. We could, how ever, measure only those 
fib res  which do not form  com pact bundles, and th e ir  num ber is only a fraction 
o f  th e  whole. The th in n es t fibres had a d iam eter of 0.5 /mi. This m ay mean 
t h a t  fibres thinner th a n  0.5 pm  were not filled, or else the real thickness is 
less th a n  0.5 pm bu t th ey  w ere thickened by silver precip ita te  during in tensifi­
c a tio n . Recently, we could  dem onstrate in R ana ( L á z á r , unpublished observa­
tio n ) th a t  thin unm yelinated  optic fibres could be filled w ith cobalt. This m ay 
be th e  case in X enopus, too .

A remarkable fin d in g  was the presence of cobalt-labelled fibres in the 
periven tricu lar neuropil in  th e  diencephalon. W e do not know w hether these 
f ib re s  are the axons of re tin a l ganglionic cells, or belong to  another system ,
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and had been labelled accidentally by diffusion of the  cobaltic solution into 
th e  hypothalam us. The in tensity  of label in these fibres suggest th a t  th ey  
m ight have been filled directly  together w ith  o ther axons of the optic nerve. 
I f  they  are re tina l fibres, they  may have some special, yet unknown function. 
Conversely, th ey  m ay be stray  optic fibres, which did not find the ta rg e t area 
during developm ent, and have no definite function . F u rth er studies are req u ir­
ed to  establish th e ir  role in the function of th e  visual system.

A dd a n d u m :  A fte r  th e  m an u scrip t of the  p re sen t p a p e r  w as su b m itted  for p u b lic a tio n , 
R . L .  L e v i n e  d escribed  th e  re tin a l p ro jections o f X en o p u s  in  d e ta il (A n au to rad io g rap h ic  
s tu d y  of the  re tin a l p ro jec tio n s  in X enopus laevis w ith  co m p ariso n s to R an a , J .  com p. N euro l., 
189, 1—29, 1980). H is re su lts  are sim ilar to ours, b u t h e  d id  no t re p o rt p e riv e n tric u la r  p ro jec ­
tions.
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D IE  R E T IN A L E N  P R O JE K T IO N E N  B E I A D U L T E N  X E N O P U S  L A E V IS : 
U N T E R S U C H U N G E N  MIT K O B A L T -A U F F Ü L L U N G

P. TÓ TH , GY. LÁZÁR und T. GÖRCS

Zum  N achw eis de r bei X enopus laevis aus den re tin a le n  Ganglienzellen en tsp rin g en d en  
F ase rn  und  deren  E n d u n g en  w urde ein K o b a lt-L y sin -K o m p lex  angew and t. Die re tin a len  
F a se rn  k reu tzen  sich p a r tie ll  im  C hiasina op ticuin  u n d  e n d e te n  an  beiden  Seiten  irn N ucleus
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o v o id a lis , im  Com plexus corpus g en icu la tu m  la te ra le , im  p rä te k ta le n  B ereich , im  T ectum - 
o p tic u m  sow ie im  basalen O p ticu s -K ern . Die m it K o b a lt  g efü llten  F ase rn  k a m e n  a u ch  im  
p rä o p tis c h e n  G ebiet, in der A rea  d o rsa lis  h y p o th a la m ica  u n d  im  p e riv e n tr ik u lä re n  B ezirk  
sow ie a u c h  in  de r N ähe der 3. G eh irn k am m e rw a n d  vor.

Р ЕТ И Н А Л ЬН Ы Е  ПРОЕКЦИИ У ВЗРОСЛОГО XENOPUS LAEVIS И ЗУЧЕНИЕ 
С МЕТОДОМ КОБАЛЬТОГО НАПОЛНЕНИЯ

П. ТОТ, Д. ЛАЗАР и Т. ГЁРЧ

Д ля выявления волокон, исходящих из ретинальных ганглионных клеток X e n o p u s 
lae v is  и их окончаний авторы применили комплексное соединение кобальт-лизин. Рети­
нальные волокна частично перекрещиваются в перекресте зрительных нервов и окончива- 
ются на обеих сторонах в n u c leu s  ovoidalis , в комплексе corpus g en icu la tu m  la te ra le , в пре- 
тектальной области, в зрительном покрове и в базальном ядре зрительного нерва. Волокна, 
наполненные кобальтом, наблюдались в предоптической области, в дорсальном гипотала­
мическом поле и в перивентрикулярной области, вблизи стенки третьего желудочка мозга.

D r. Pál T óth 
D r. Gyula Lázár 
D r. Tamás Görcs

P O T E  A n a tó m ia i In té z e t,
Szigeti ú t  12., H -7643 Pécs, H u ngary
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Second In s ti tu te  o f A n a to m y , Sem m elw eis U n iv e rs ity  Medical School
B u d a p es t

FUNCTIONAL STRUCTURE IN LYMPHOEPITHELIAL
COOPERATION*

I. T ö rő , I . O l á h , Z s u z s a  K i t t n e k  

(R ece ived  J a n u a ry  18, 1980)

W ith  the  help  o f e lec tro n  m icroscopic in v estig a tio n s the  m orp h o lo g ica l and 
fu n c tio n a l connection  of th e  ep ith e lia l and  ly m p h o id  elem ents was e x am in ed  in  the 
ly m p h o ep ith e lia l o rgans (th y m u s , b u rsa  o f F a b ric iu s , tonsils, P ey e r’s p a tc h e s , g land  
of H a rd er). In  all these  organs special re ce p to r cells were d e m o n s tra ted , w h ich  m ay 
p lay  a role in  th e  u p ta k e  an d  tran s fe r  o f  th e  an tigen . In  th e  c y to p la sm  th e y  all 
co n ta in  ch arac te ris tic  f la tte n e d  vacuoles, w ith  w alls sim ilar to  the  s tru c tu re  o f  th e  cell 
m em b ran e . F o rm a tio n  of these  bodies is id en tified  w ith  the  s tr ia te d  bodies o f inicro- 
p inocy tosis verm iform is and  it  w as o bserved  th a t  th e  endocytosis s ta r t  w ith  a  d is in te g ra ­
tio n  of th e  cell m em b ran e  w hich  en te rs  w ith  th e  absorbed  an tig en  in  c h a ra c te ris tic  
fo rm  in to  th e  cy to p lasm  of th e  ep ith e l cell and  induces th e  process o f  ce llu la r im m u n ­
ity . Besides th e  fu n c tio n  of lacrim al secre tion  th e  H a rd e r’s g land, as a ly m p h o ep ith e lia l 
o rgan  is full o f p lasm a cells, w hich  c o n s titu te s  th e  m ain  lym phoid  e le m en ts  o f th is 
organ.

In  an  a tte m p t to  classify  th e  lym p h o id  organs according to  th e ir  s tru c tu re , 
T heir ce llu lar co n ten t carefu lly  m u st he s tu d ied  to  reach  a b e tte r  u n d e rs ta n d in g  
o f th e ir  id en tica l of d ifferen t fu n c tio n . W hen in v es tig a tin g  the  ce llu la r com posi­
t io n  o f these  organs, we have found th a t  only  th e  p ercen tua l c o m b in a tio n  of 
th e  m a tu re  or im m atu re  lym phoid  cells o r th e ir  su b p o p u la tio n s show  any  
s ig n ifican t change [19]. A s trik in g  d ifference is th a t  in one g ro u p  o f these  
o rg an s, in  ad d itio n  to  th e  lym p h o id  cells, ep ith e lia l cells also ta k e  p a r t  in 
th e ir  co n stru c tio n . T herefore  th ese  lym pho id  organs m ay he c lassified  as 
ly m p h o ep ith e lia l organs. These are o f course th e  th y m u s, th e  b u rsa  o f F a b r i­
cius o f  b ird s , th e  in te s tin a l lym p h o id  o rgans, P e y e r’s patches, th e  v e rm ifo rm  
process and , fina lly , th e  coecal to n sil an d  g land  of H ard er in  b ird s .

T hese organs m ay be d iv id ed  in to  th re e  groups. In  th e  f ir s t  g ro u p  th e  
ep ith e liu m  is found  on th e  su rface , as in  th e  case o f the  tonsils; in  th e  second 
g ro u p  th e  ep ithe lium  lies w ith in  th e  p a re n c h y m a  h u t does no t re a c h  th e  su r­
face, as in th e  th y m u s; and  in th e  th ird  g roup  th e  organ is covered  by  e p ith e ­
liu m , b u t  som e ep ithe lia l tissu e  is found  also in side  th e  organs, as in  th e  b u rsa  
of F a b ric iu s , and  gland of H ard er.

E ach  of these ep ith e lia  are  of en to d erm al orig in  and g la n d u la r  in c h a r ­
a c te r . E ach  rep resen t fu n c tio n a lly  sim ilar hu t m orphologically  d iffe re n t cell

* P a p e r p resen ted  a t  th e  5 th  C ongress o f th e  E u ro p e a n  A natom ical Socie ty  in P ra g u e , 
12 S ep tem b er 1979.
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ty p e s , being  ac tive  as a recep to r cell in  th e  u p ta k e  and tran sm iss io n  o f  
a n tig e n , in itia tin g  im m unob io log ica l even ts.

A m ong th e  ly m p h o ep ith e lia l o rgans, th e  th y m u s  is th e  only one th a t  
has lo s t its  connection  w ith  th e  endoderm , th u s  [15, 24] an tigen  can  reach  
th e  b in d in g  and reco g n itio n  site only v ia  th e  c ircu la tio n . T hym ic ep ith e lia l 
cells p roduce  th e  so ca lled  thym ic  fac to rs [4, 14] an d  secrete th em  in to  th e  
c ircu la tio n  [4]. T he a n tig e n  recep to r an d  tra n s fe r r in g  cell is lo ca ted  in  th e  
th y m ic  m edulla a t th e  co rtico -m edu lla ry  b o rd e r  [18, 28]. The schem e of th e  
cell is seen in Fig. 1. T h e  s tre tch ed  cell b o d y  is fo rm ed  by large gyrose lobes 
c o n ta in in g  some s tru c tu re -p o o r  ectop lasm  an d  h ig h ly  s tru c tu red , c e n tra lly  
lo c a te d  endoplasm  w ith  a cy tocen tre  and  ra d ia lly  p laced m icro tubu li.

T he v a rieg a ted  n u c leu s  is excentric . S c a tte re d  am ong th e  tu b u li are th e  
to n o fib rils , Golgi’s a p p a ra tu s  and some c h a ra c te r is tic  granules of th e se  cells 
w h ich  based  on g ra n u la r  size, m ay be g ro u p ed  in to  cells A and В th e  la s t

F ig . 1. S tru c tu re  of th e  sp ec ia l cells. The en d o p lasm  (E n p )  is rich , th e  ectop lasm  (E cp ) p o o r 
in  o rganelles. The cen trio le  (C.) in  th e  centre  of th e  en d o p la sm  is rad ia lly  su rrounded  by  m ic ro ­
tu b u le s  (m t) , to n ofib rils  (tf) . Golgi a p p ara tu s  (G) a n d  ch ara c te ris tic  granules (G r). T he ele­
m e n t o f th e  sm ooth  e n d o p la sm ic  re ticu lum  (E R ) u su a lly  fo rm s groups. The ec to p lasm  is in ­
d e n te d  by  gyri of th e  ce ll-m em b ran e . H igh-pow er m ag n ifica tio n  on the left: s tr ia te d  body (sb) 
u n d e r  151.800 m agn ifica tio n . U n it  m em brane of 90 Â th ick n ess  on the  surface of a s tr ia te d  
bo d y  an d  in its  in te rio r, a sy s tem  of tran sv erse  lam ellae  a b o u t 100 Â period ic ity . T he in te r ­

cellular space is filled  w ith  a substance inferior in d e n s ity  to  th a t  of the g ranu les
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Fig. la .  T he gy rose  ligh t ectop lasm  of a В cell, in th e  fo rm  of a cauliflower is sh a rp ly  o u tlin e d  
(secretion), su rro u n d in g  the  endoplasm  and  th e  g ran u les . N =  nucleus, GR g ran u le s , E C P  =  
=  ec to p lasm , E N P  =  endop lasm  w ith  organelles, T E  =  tonofibrils, MT m ic ro tu b u le s .

M agnification: X  12.200
Fig. lb . P a r t  o f  c v to p la sm  in the  special cell u n d e r h ig h e r  m agnification . The a rro w s in d ic a te  

s tr ia te d  bodies. G a =  Golgi a p p a ra tu s . M ag n ificatio n : X 41.000
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g ro u p  h as  larger g ran u les  and  freq u en tly  c o n ta in s  tenn is-racket-like  b o d ies, 
re a c h in g  0.5 /j, in le a g th  an d  400— 500 Â in  d ia m e te r  w ith  a 100 A w ide, d a rk ly  
co lo u red  s trip e  ru n n in g  th ro u g h  th e  cen tre . T h e  s tr ia te d  bodies show  n u m e r­
ous cross s treaks in  rh y th m ic  in tervals .

T ab le  I. F ig. I /b . show s a tran sm issio n  elec tronm icrog raph  of th e  cell 
w ith  th e  de ta ils  m en tio n ed  above. F igure show s p a r t  o f th a t  В cell u n d e r h ig h e r 
m ag n ifica tio n . W e see m an y  granules of m o d e ra te  density . From  w ith  en d  of 
th e  ro u g h  endop lasm ic  re ticu lu m  some sm o o th  w alled  vesicles, th e  sec re tio n  
is  se p a ra te d . T h ey  to u c h  th e  cell m em b ran e  an d  subsequen tly  re lease  
th e  h u m o ra l th y m ic  fa c to r  in to  the  in te rc e llu la r  space. The s tr ia te d  bodies 
re sem b le  B ierbek’s g ran u les  [28]. The s t r ia te d  bodies are su rro u n d ed  b y  a 
90 A  u n i t  m em b ran e . T he tran sv erse  lam elle fo u n d  w ith in  the bodies re v e a le d  
a  100 A period ic ity .

T ab le  I. F ig. I /a . ex h ib its  a clear an d  f in e ly  g ran u la ted  filam en to u s  fie ld , 
c h a ra c te r is tic  of gyrose  ec to p lasm .T h e  lo ca liza tio n  of these cells in d ic a te  th a t  
th e y  are  iden tica l w ith  th e  thym osin  c o n ta in in g  cells iden tified  by  r a b b it  
a n tith y m o s in  [17]. I t  is m ost p robab ly  th a t  th y m o s in  is produced  b y  th e se  
cells [4]; th e  sec re to ry  process m ay be o b se rv ed  in  m onolayer tissue  c u ltu re s  
o f  h u m a n  and gu in ea  p ig  th y m ic  ep ithe lia l cells.

T ab le  I I .  F ig . I /a . show es a secreting  e p ith e lia l cell from  th e  m o n o lay e r 
tis su e  cu ltu re  of a f iv e  m o n th  old hum an  fe tu s .

T h e  expec ted  co o p era tio n  of th e  ep ith e liu m  and  th e  lym phoid  cells [31] 
is d e m o n s tra te d  in  tissu e  cu ltu re  [25, 26, 30], fo rm ing  a rose tte-like  ce llu la r 
ag g reg a tio n  and  em b rac in g  e ith er an e p ith e lia l cell or a m acrophage in  th e  
c e n tre  encircled b y  th y m o c y te s  (Table I I .  F ig . I l /b ) .  The coopera tion  o f  ly m ­
p h o id  and  ep ith e lia l cells m anifests th e  p h en o m en o n  called peri- and  em peri- 
po lesis [29] show n in  T ab le  I I . Figs I I /c , d . In  th e  r a t  thym ocy te  tissu e  c u ltu re , 
c e lln ests  are fo rm ed . T hese nests or cell p o c k e ts  have some ep ith e lia l cells 
in  th e ir  cen tre  th a t  are  tig h tly  su rro u n d ed  b y  thym ocy tes. In  m o n o lay e r 
ce ll cu ltu re s  th is  ap p ea rs  as follows. A ro u n d  a n d  w ith in  th e  e p ith e lia l cells 
v iv id  th y m o cy te s  a re  seen and  th e  th y m o c y te s  are  enclosed in  a v acu o le  b u t  
a re  ab le  to  set th em se lv es  free from  th e  cell (T able I I .  Fig. I I /c ) . S im ila r 
em peripo lesis is show n in  T able I I .  F ig. I l / d ,  w here  th e  m ouse ep ith e liu m  is 
lo a d e d  w ith  som e liv in g  and  som e d e s tro y e d  thym ocy tes.

Fig. 2. D isp lays th e  electron  m icro g rap h  o f  an  em peripolesis. T h e  in ta c t  
th y m o c y te  is well v isib le  w ith in  the  cy to p la sm  of the ep ithelia l cell. Such 
t ig h t  sym biosis b e tw een  th e  epithelial an d  ly m p h o id  cells m ay p lay  a s ig n if i­
c a n t  role in th e  fu n c tio n  of th e  th y m u s [27].

A sc h e m a tic -s tru c tu ra l p ic tu re  of th e  b u rs a  of Fabricius or re c ta l th y m u s  
is show n  in Fig. 3. T he b u rsa  is covered b y  a ch a rac te ris tic  layer of ep ith e liu m  
[6, 7] th a t  co n tin u es  in to  th e  m edu llar e p ith e lia l reticulum  [10, 11, 13]. T he 
su rface  ep ithe lium  o f th e  bursa m ay be d iv id e d  in to  tw o m ain  la y e rs , th e
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F ig . 2. E m peripo lesis in  tissue cu ltu re  o f a h u m an  fe ta l thy m u s. T  =  th y m o c y te , EM  
=  ep ithe lia l m acrophage , N =  nucleus, TC =  tran s ito ria l cell

su p ra fo llicu la r an d  the in te rfo llicu la r ep ith e liu m . The ep ith e liu m  is a rran g ed  
on  th e  basal m em b ran e  a t  th e  co rtico -m ed u lla ry  b o u n d ary  (T able  I I I .  Fig. 
I H /a )  th ro u g h  w hich th e  m ig ra tio n  o f lym pho id  cells be tw een  c o r te x  and 
m ed u lla  tak es  p lace [19].

The in te rfo llicu la r ep ith e liu m  is g lan d u la r  in ty p e  while th e  su p ra fo llic ­
u la r  ep ithe lium  is th e  recep to r cell (T able I I I .  F ig. I l l /b )  in  w hich , n u m ero u s 
vesicles, are seen con ta in in g  m edium  dense m ate ria l. The role o f th e se  ep i­
th e lia l  cells is b e s t d e m o n s tra te d  b y  th e  fa c t th a t  if one places a few  drops 
o f In d ia  ink or fe rr itin  on to  th e  bursa l su rface , som e m inu tes la te r  th e  carbon  
g ran u les  adhere , th u s  m ak ing  it possible to  count th e  folliculi (T ab le  111. 
F ig . I I I /c ) .  S om ew hat la te r  th ese  granu les are  fovind deeper in te rc e llu la rly .

T he s tru c tu re  of th e  p a la tin e  tonsils  is show n in Fig. IV . T h e  ex p ec ted  
s t ru c tu ra l  ap p earan ce  of th e  s tra tif ie d  ep ith e liu m  covering th e  to n s ils  is b lu rred  
b y  th e  lym pho id  and p lasm a cells and  m acrophages em bedded  w ith in  the  
p assages of th e  re tic u la r  area  [20]. T he passages found  in  th e  ep ith e liu m  p e r­
fo ra te  th e  basa l m em b ran e  an d  co n tin u e  in  th e  in terfo llicu lar ch an n e ls  of th e  
to n s il la r  p a ren ch y m a, w hile on th e  su rface  th e  ap e rtu re  of th e  p a ssag e  is
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BURSA OF FABRICIUS

blood

surface epithelium of 
the follicle

secretory epithelium

connective tissue cell

lymphocyte 
plasma cell

lymphoblast
cortex
medulla
epithelial reticulum 
basal lamina

blood capillary

macrophage

mitosis

Fig. 3. Schem e of th e  b u rsa  o f F ab ric iu s . L ym phoid  cells hav e  been o m itted  on th e  left in 
o rd e r to  show  th e  fram ew ork of th e  organ

Table I I .

Fig. l i a .  Secreting  ep ith e lia l cell from  th e  m onolayer th y m u s  c u ltu re  o f a five m o n th s old 
h u m an  fe tu s . C onfluen t secretion granu les filling  th e  cell body

Fig. l ib .  P eri- a n d  em peripo lesis in  th e  th y m u s cu ltu re  o f  a five m o n th  old h u m an  fe tus. 
The th y m o c y te s  are p a r tly  a tta c h e d  to  m em branes o f th e  re ticu lu m  cells. T h ey  m ay e n te r  
in to  th e  in te r io r  o f th e  cell, w here  th ey  arrive  a t th e  d ig es tin g  vacuole. T  =  th y m o cy te , DY =

— digesting vacuole

Fig. l i e .  E m peripo lesis from  th e  m o n o lay er th y m u s c u ltu re  o f a h u m an  fe tus. M icrocinem a- 
to g rap h ic  p ic tu re . On th e  left pole o f th e  f la tten e d  ep ith e lia l cells d ead  th y m o c y tes  (T), while 
on th e ir  r ig h t pole an  e lo n g a ted  th y m o cy te  (E T) located  in tra ce llu la rly  and  fo rm ing  an  e igh t 
(TV) in th e  cen tre  of th e  cy to p lasm . T he in d en ta tio n  of th e  e ig h t is caused  by  th e  vacuole 

m em b ran e  ju s t  p e rfo ra ted  by  th e  cell leav in g  th e  vacuole

Fig. l i d .  M onolayer m ouse th y m u s c u ltu re . E p ithe lia l cell fu ll o f liv ing  and  d ead  th y m o c y tes
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Table I I I

F ig . I l i a .  Chicken b u rsa  o f F a b ric iu s ;  co rtico -m edu lla ry  bo rder. T he ep ith e lia l lay e r betw een 
c o r te x  a n d  m edulla is d raw n . In d ia  ink . T he arrow  in d ica tes  th e  b asa l m em b ran e . T he sec re t­
in g  e p ith e lia l layer and th e  b asa l m em b ran e  are p e rfo ra ted  b y  ly m p h o id  cells, 1 =  ly m p h o cy te , 
lb  =  ly m p h o b la s t, m a == m ac ro p h ag e , ep =  incom plete  ep ithe lia l lay e r owing to  p e rfo ra ting  

cells. CX =  c o rte x , M E D  =  m edulla . M agnification: X  7.000
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Fig. I I  lb. R ecep to r cells from  the  b u rsa  o f F a h ric iu s . In  the  cy top lasm  in d ic a te d  w ith  
double arrow  th e re  a re  longer and shorter, so m e tim es ringlike bodies (r). m t  m icro­

tubu les. M agn ification : X  7.000

Fig. I  l i e .  Surface of th e  ch ick en ’s bursa  of F ah ric iu s . T h e  In d ia  ink arrives fro m  th e  cloaca 
in th e  lum en of th e  b u rsa  o f F ah ric iu s and the fo llicu la r  ep ith e liu m  phagocy ted  it. T h e  areas 

in the  fo llicu lar ep ithe lium  app ear as b lac k  d o ts . M agnification: x 9

Acta Morphologica Academiae Scientiarum Hungáriáié 2d, 19HO
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F ig . I V .  R o u g h  schem e o f th e  to n s il’s s tru c tu re . J e j  =  in traep ith e lia l d uc ts c losed to w a rd s  
th e  lu m e n  b y  a  single cell layer. B m  =  b asa l m em b ran e , R s =  re ticu lum  cells, R  =  re tic u la r  
f ib re , Ca =  cap illaries, E f  =  th e  cap su le  p e rfo ra tin g  a v a s  efferens, C =  capsule, K1 =  lu m e n

b lo c k e d  b y  som e large fu ng ifo rm  cells (T able IV . Fig. IV/a). I f  th e se  cells are 
d e ta c h e d , th e  ap e rtu re  becom es free, opening  th e  w ay for th e  b a c te r ia l a n tig e n  
fro m  th e  o ra l c av ity  to w a rd  th e  m obile cells o f  th e  passage. I f  p e ro x id ase  is 
d ro p p e d  o n to  th e  to nsil th e  tra c e r  will a rriv e  w ith in  five m inu tes in  th e  in te r-  
e p ith e lia l  passage and  su b seq u en tly  also in  th e  m acrophage.

U n d e r  th e  scann ing  e lec tron  m icroscope, tw o types of cells c an  be 
seen  o n  th e  surface (T able IV . Fig. IV /b ). The fungiform  cells m ay  
also b e  called  recep to r cells. T hey  reveal num erous m ito c h o n d ria , a 
n u m b e r  o f e rgastop lasm  tu b u li  an d  m assive  bund les of to n o fib rils . Som e 
u n u s u a l  bodies resem bling  th o se  found  in  th e  recep to r cells o f  th e  
th y m u s  a n d  bu rsa , an d  m icrovesicles are  seen  in  th e  cells (T ab le  IV . 
F ig . IV /c ). In  our op in ion  th e se  fo rm atio n s a re  f la tten ed  vesicles, a n d  th is  
m e m b ra n e s  correspond th e  cell m em brane. T h e  tr ila m in a r s tru c tu re  co n firm s 
th is  f in d in g , as it  co n ta in s  tw o  closely a d ja c e n t un it m em branes tu rn in g  
to w a rd s  each  o th e r a t  b o th  ends, like in  th e  zonu la  occludens w h ich  also 
co m p rise s  fiv e  layers. Som e o f th em  resem ble  a ten n is-rack e t. T he p e c u lia r  
s t r u c tu r e  o f th e  fung ifo rm  cells is in d ica tiv e  o f  ac tiv e  cellu lar tr a n s p o r t .

I n  th e  P ey er's  p a tch es  [6, 7], th e  ly m p h o id  elem ents th a t  h ad  p e n e tra te d  
in to  th e  ep ith e liu m , d is to r t th e  ep ithe lia l cells hav ing  m icrovilli (F ig . 6). 
G o b le t cells are ab sen t. T he ep ith e lia l cells le n d  a b izarre  shape to  th e  ly m p h o id
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n e s ts . L y m p h o b lasts  and p lasm a cells ly in g  here  are girdled b y  a n e tw o rk  of 
n a rro w ed  basal p a r ts  of ep ithelia l cells (F ig . 5). The p ictu re  show s th e  ep ith e­
liu m  deform ed b y  ly m p h o b lasts  and  p la sm a  cells. A m ajor role in  th e  fo rm atio n  
o f th is  ne tw ork  is p layed  by an e p ith e lia l cell described by  O w e n  [21] as a 
“ m icro fo ld”  cell, w h ich  w hen f la tte n e d , p e rm its  the  ap p ro ach  o f  lym phoid  
cells a t  0.3 pm  from  th e  lum en.

T hese cells in c lu d e  a p ro m in en t n u c leo lu s , a su p ran u c lear G olgi a p p a ra ­
tu s  an d  num erous vacuoles and  are  c h a rac te rized  as recep to r o r tra n sp o r t  
cells. T h e  m icrofold cells w ith  k n o tte d  a n d  dem aged m icrovilli also  con ta in  
a  la rg e  num ber o f m ito ch o n d ria  and  fib rils .

W hen In d ia n  ink  or fe rritin  is d ro p p e d  on to  this area, i t  is soon found 
w ith in  th e  vacuole o f th e  cell [13]. T he M -cell m ay produce Ig A , d ischarg ing  
i t  in to  th e  lum en to g e th e r  w ith  its  sec re tio n . This is th e  place o f  m a tu ra tio n  
o f  th e  sm all ly m p h o cy tes  in to  p lasm a cells.

Inc luded  in th e  lym phoep ithelia l o rg an s is th e  so-called accesso ry  lacrim al 
g lan d  o f H ard er w ith  its  cen tra l co llec tin g  d u c t and s te lla ted  lu m en  [5]. 
I t  is a tu b u lo a lv eo la r gland w ith  cy lin d rica l g landular e p ith e liu m  w ith o u t 
a b a sa l m em brane (T able  Y. Figs V /a, b ). T h e  surface ep ithelium  is connected  
w ith  th e  deep ep ith e liu m  well p rov ided  w ith  tonofilam ents [12]. T h e ir  netlike 
processes su rro u n d  th e  num erous p la sm o b la s ts  (Table Y. Fig. V /c) a n d  p lasm a 
cells, freq u en tly  se p a ra te d  by  th in  e p ith e lia l cytoplasm ic s tre a k s  from  the  
a c in a r  lum en [2]. A hom ogeneous m ass w as found  betw een th e  cells; its  fu n c­
tio n  rem ain s u n know n .

T h e  lym phoid  elem ents are re p re se n te d  alm ost exclusively  b y  m a tu re  
p lasm a  cells [1, 3]. T h e  in te rre la tio n sh ip  b e tw een  th e  ep ithelial a n d  ly m p h o id  
e lem en ts  resem bles t h a t  of th e  th y m u s  an d  b u rsa , i.e. p lasm a cells in ten d  
ep ith e lia l ones and cause considerab le  d efo rm atio n . The lu m in a l fo lds of 
th e  g lan d u la r  d u c t are  coated  by a n o th e r  k in d  of ep ithelium , as th e  acinus 
possessing  a n u m b er o f m icrovilli (T able  Y. Figs V/b, d) an d  la c k in g  any  
se c re to ry  vacuole, w hile  th e  acinus its e lf  is loaded  w ith  ex c re tin g  vacuo les.

L abelling  th e  th y m u s  and th e  b u rsa  cells w ith  3H -th y m id in e , i t  can  be 
e s tab lish ed  th a t  p la sm a  cells glands o f H a rd e r ’s are derived to  th re e -q u a r te rs  
from  th e  bu rsa  and  to  o n e-q u arte r from  th e  th y m u s  116]. The m ierov illi-lad en  
cells covering  th e  d u c t are  tru e  recep to r cells, ca rry in g  ou t also t r a n s p o r t  fu n c ­
tion . T h e y  catch  th e  an tigens [8, 9] and  th e y  dep le t th e  te a r  to g e th e r  w ith  
th e  Ig A  also p ro d u ced  by  th e  p lasm a cells.

B ursec tom y  h as  verified  th a t  th e  p la sm a  cells in th e  g lan d s  o f  H a r ­
d e r are  in d ep en d en t o f  th e  В cell p o p u la tio n  [22]. A dm in istering  th e  a n t i ­
gen in tra v e n o u s ly , th e  a n tib o d y  m erges in  th e  tea rs  and in th e  se ru m , b u t 
if  d ro p p e d  d irec tly  in to  th e  eyes, th e  an tib o d ie s  are found  o n ly  in  th e  
te a rs  [7, 9].
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F ig . V. Surface layer of r a b b it ’s P ey e r’s pa tches. L y m p h o id  cells deform  th e  e p ith e lia  cells 
(ep). No goblet cells ap p ear. A rrow s p o in t to lym phoid  im m ig ra ted  in to  the  ep ith e liu m . 1 — 

lym phocy te , m a  m acrophage , pc p lasm a cell. M agnification : X 1000

Table I V

Fig . I  Va. P a r t  of the  to n silla r ep ith e liu m . F ungiform  cell (ep. 1, ep. 2) closing th e  in tra e p ith e ­
lia l d u c t, n  nucleus, t f  to n o fib ril, ip in tra ep ith e lia l d u c t, m a m ac ro p h ag e  in the 

in tra ep ith e lia l d u c t, lu lum en. M agnification : X  11.000

Óig. I l b. Scanning m ic ro g rap h  of ra b b it  tonsil reveals tw o ty p es  o f ep ith e lia l cell. One of 
th em  is cobblestone-like, while th e  o th e r is fungiform  in  shape  hav ing  m a n y  m icrovilli.

M agnification: X 6000

Fig. IV c .  Bodies in th e  fung ifo rm  ep ithe lia l cell of th e  tonsils . T hey resem ble th e  fo rm  of 
bodies in th e  special cells o f the  th y m u s and in th e  b u rsa . M agnification: X  26.000
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Table V
F ig . Va. L igh t m icrograph  of H a rd e r ’s gland. I ts  acini a re  lo ca ted  close to  th e  capsu le  (C), 
w h ile  th e  tu n ica  p ropria  (T P ) a ro u n d  th e  cen tral collecting  tu b u le  (CCT) is c row ded  w ith  p lasm a

cells. M agnification: X  240

F ig . Vb. E lectron  m ic ro g rap h  o f th e  surface ep ithe lium  o f th e  c en tra l collecting  tu b u le  (CCT). 
T h e  ep ith e lia l cells have m ic ro v illi an d  developed e rg as to p lasm ic  c isternal. U n d e r these  cells 
th e re  is ano th e r type  of e p ith e lia l  cell which is s te lla te  in  shape  and  its  c y to p la sm  produces 
to n o f ib r ils .  The in te rce llu la r sp aces are filled w ith  p lasm a  cells. MY =  m icrovilli. M agnifica­

tion : X  10.700

F ig . Vc. Survey p ictu re  o f th e  tu n ic a  propria  of the c e n tra l  co llecting  tub e . Y o ung  and  m atu re  
p lasm a  cells a re  interm ingled . M ag n ifica tio n : X9200

F ig . V d. The acinar cells o f H a r d e r ’s of gland e lab o ra te  m a n y  secretion  g ranu les discharged 
by  e x o cy to s is  fro m  the  cells. M ag n ifica tio n : X  20.000
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Fig. VI.  Surface e p ith e liu m  of P e y e r’s pa tch es (rab b it) . In  th e  ep ith e lia l cell nests, ly m p h o ­
cy tes o f m edium  size. T he co n to u r  o f  the  cell nest is o u tlin ed . T h e  lym phoid  nests d e fo rm  th e  
ep ith e lia l cells (ep). m l ly m p h o cy tes , n nuclei, er en d o p la sm ic  re ticu lum , b in  =  b a sa l 

m em b ran e , m  =  m itochondrium . M ag n ificatio n : X 5000
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W e h av e  con firm ed  t h a t  th e  ly m p h o ep ith e lia l organs possess a special 
re c e p to r  an d  tra n sp o rtin g  cell, in  w hich a cy to p la sm ic  fo rm atio n  in d ic a tin g  
a m ic ro p in o cy to tic  fu n c tio n . [23, 24].
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W E C H S E L W IR K U N G  D E R  E P IT H E L - U N D  L Y M P H O ID Z E L L E N  I N  D E R  
F U N K T IO N A L E N  S T R U K T U R  D E R  L Y M P H O E P IT H E L IA L E N  O R G A N E

I. TÖRŐ, I. OLÁH, ZSUZSA KITTNER

D er m orphologische u n d  fun k tio n e lle  Z u sam m en h an g  der ep ith e lia len  u n d  ly m p h o id en  
E lem en te  in  den  ly m p h o ep ith e lia len  O rganen  (T h y m u s, B ursa  F abricii, T o n sillen , Peyersche 
P la q u es , H erd er-D rü sen ) w urde e lek tro n en o p tisch  u n te rsu c h t. In  all d iesen O rg a n e n  w erden 
spezielle R ezep to r-T ransfer-Z ellen  besch rieben , die in  der A ufnahm e u n d  im  T ra n s fe r  der 
A n tig en e  eine R olle spielen. Diese Zellen e n th a lte n  in  ih rem  Z ytop lasm a k ü rz e re -lä n g e re  ab ­
g e flach te  V akuolen , deren  W ände sich  an e in anderschm iegen  und  so u n te rs c h ie d lic h  geform te 
S täb ch en  b ilden . Die S tru k tu r  der S täb ch en w an d  is t dem  A ufbau  der Z e llm e m b ra n  ähnlich  
u n d  die S tä b ch e n  e rin n e rn  an  die g estre iften  K ö rp e r  bei M ikropinozytosis v e rm ifo rm is . Ihre 
E n ts te h u n g  h a n g t m it der D esin teg ra tio n  der Z ellm em b ran  beim  B eg inn  d e r  E n d o zy to se  
zu sam m en . Die Z ellm em bran  ge lan g t zusam m en  m it dem  ih r an h aften d en  A n tig e n  im  Zuge 
d e r E n d o zy to se  in  das Z y to p la sm a  der E p ith e lze llen  u n d  induziert so die Z e llim m u n itä t. 
D ie H a rd ersch e  D rüse  is t als ly m p h o ep ith e lia les O rgan , neben  ihrer T h rä n e n flü s s ig k e it  aus­
sch e id en d en  F u n k tio n , m it zu 3/4 aus der B u rsa  u n d  zu 1/4 aus dem  T h y m u s  s ta m m e n d en  
P lasm azellen  gefü llt u n d  in  ih r g e h t eine den  a n d e re n  O rganen ähnliche ly m p h o e p ith e lia le  
K o o p e ra tio n  vo r sich.

ВЗАИМОДЕЙСТВИЕ ЭПИТЕЛИАЛЬНЫХ И ЛИМФОИДНЫХ КЛЕТОК В 
ФУНКЦИОНАЛЬНОЙ СТРУКТУРЕ ЛИМФОЭПИТЕЛИАЛЬНЫХ ОРГАНОВ

И. Т Ё Р Е ,  И. ОЛАХ, Ж У Ж А  КИТТНЕР

В лимфоэпителиальных органах (зобная железа, Фабрициева сумка, миндалина, 
Гардера железа) с помощью электронного микроскопа была изучена морфологическая и 
функциональная связь эпителиальных и лимфоидных элементов. Во всех этих органах 
дается описание специальных рецепторно-трансферных клеток, играющих роль в приеме и 
передачи антигенов. В цитоплазме этих клеток имеются более короткие -  длинные упло­
щенные вакуолы, стенки которых прилегают друг к другу и образуют таким образом па­
лочки разнообразной формы. Строение стенки этих палочек такое же как и структура 
клеточной мембраны, они подобны полосатым телам при m icropynocytosis v e rm ifo rm is  и их 
возникновение связано с дезинтеграцией клеточной мембраны в связи с началом эндоцитоза. 
Клеточная мембрана вместе с прилипающим к ней антигеном проникает посредством эн­
доцитоза в цитоплазму эпителиальных клеток и наводит начало клеточного иммунитета. 
Гардера железа — кроме ее слезоотделяющей функции — , будучи лимфаэпителиальным ор­
ганом, наполнена плазматическими клетками, 3/4 которых происходит из сумки, а 1/4 из 
зобной железы. Подобно как и в других органах, в железе Гардера также осуществляется 
лимфоэпителиальная кооперация.

D r. Im re  T ö r ő  

D r. Is tv á n  O l á h  

D r. Zsuzsa K i t t n e r

A cta  M orphologien Academ iae Scientiarum  Ilu n g a r ica e  2 8 , 1980
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N atio n a l In s t i tu te  of O ccu p a tio n a l H e a lth  D ep artm en t of E x p e rim en ta l P a th o lo g y  B u d ap est, 
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PROMOTING EFFECT OF FEEDER CELLS IN 
MAINTENANCE OF ADULT RAT HEPATOCYTES

A n n a  Tompa and R. Langenbach

(R eceived  Ja n u a ry  30, 1980)

A p rocedure  is described  for m ain ta in in g  p rim ary  cu ltu res  o f a d u lt  r a t  h é p a to ­
cy tes for p ro longed p eriods of tim e on a  lay e r of irrad ia te d  m ouse f ib ro b la s t  cell line 
(C3H/10T1/2) a n d  on  a secondary  lung  f ib ro b la s ts  o b ta in ed  fro m  S prag u e  Dawley 
ra ts . M orphologically  an d  u ltra s tru c tu ra lly  th e  c o cu ltiv a ted  h e p a to cy te s  re ta ined  
m any  ch arac te ris tics  o f h ep a to cy te s  in vivo. W ith in  24 hours a fte r  seeding, th e  ind iv idual 
cells were a tta c h e d  on  th e  feeder cell layer and  th e  in vivo p o la rity  o f th e  liver cells 
reappered . E lec tro n  m icroscope s tud ies d e m o n s tra ted  th e  ap p earence  of new ly developed 
bile d u c ts  and ju n c tio n s  be tw een  h ep ato cy te s  as well as betw een  h e p a to cy te s  and  feeder 
cells. H istochem ica lly , these  cells w ere positive  for g lucose-6 -phosphatase  an d  for glyco­
gen. A fter 14 d ay s in  c u ltu re  th e  h ep a to cy te s  could be reseeded on to  fresh  C3H10T1/2 
cells.

In  c o n tra s t, h e p a to cy te s  m ain ta in ed  on p las tic  su b s tra te  lo st th e ir  glycogen 
c o n te n t and the  ep ith e lia l c h a ra c te r  of the  liver cells a fte r 5 d ay s in c u ltu re , an d  by day 
10 th is cu ltu re  becam e p red o m in an tly  fib rob lastic .

I t  is suggested  th a t  h ep a to cy te s  m ain ta in ed  on an ir rad ia te d  f ib ro b la s t  feeder 
lay e r provide a v a lu a b le  ap p ro ach  for stu d y in g  th e  m orphogenesis, c y to to x ic ity , or 
the m etabo lism  o f d iffe re n t chem icals in vitro.

In troduction

S hort or long-term  m a in ten an ce  in cu ltu re  of ep ithe lia l liver cells as a 
m eans to  eva lu a te  ce llu la r ev en ts  in response to  chem ical t r e a tm e n t or to 
o th e r  biologically ac tiv e  fac to rs , has several ad v an tag es  over w hole an im al 
s tu d ies . L iver cells c u ltiv a te d  in  vitro are v a lu ab le  for s tu d ies  of m orphogenesis, 
enzym e ind u c tio n , c y to to x ic ity  of h ep a to to x ic  agents or o f n eo p lastic  tr a n s ­
fo rm atio n  by  liver ca rc in o g en  [8, 13, 27, 28, 32, 33, 44, 46]. H ep a to cy te s , 
how ever, like o ther w e ll-d iffe ren tia ted  ep ithe lia l cells, are n o t easily  m a in ta in e d  
in  cu ltu re  w ith o u t tin* loss of m an y  of th e ir  fu n c tio n s in  vivo  [6, 7, 14, 17, 44, 
46]. The m ajo r d isa d v a n ta g e  of m ost cell cu ltu re  m ethods p re sen tly  availab le  
is th a t  h ep a to cy tes  ra p id ly  d ed iffe ren tia te  and  becom e fib ro b la s t- lik e  cells 
p e rm ittin g  only a non-specific  response of eu k ary o tic  cells [9, 18]. T herefo re  
th e  d ev e lopm en t of a new ce ll-cu ltu re  m ethod  was th o u g h t to  be essen tia l to  
fa c ilita te  th e  long-term  m a in ten an ce  of h igh-y ield  ep ithe lia l-like  liv e r  cells in 
cu ltu re . Such a new m e th o d  w ould be useful for th e  id e n tif ic a tio n  o f en v iro n ­
m en ta l co n tam in an ts  w h ich  are  p o te n tia l aetio logical agen ts of h u m a n  cancer 
o r m u ta tio n s .
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S e v e ra l techn iques h a v e  b e e n  developed to  iso la te  liver cells for g row th  
o r  m a in te n a n c e  in cu ltu re , a lth o u g h  these tech n iq u es  are  n o t w idely  used in  
e x p e r im e n ta l toxicology or onco logy . M ost m e th o d s fo r  o b ta in in g  large n u m ­
bers o f  fu n c tio n a l h e p a to c y te s  from  ad u lt an im als are  based  on perfusion  of 
th e  l iv e r  th ro u g h  th e  p o r ta l  v e in  w ith  d ifferen t enzym es [1, 2, 4, 13, 16] like 
co llag en ase -h y a lu ro n id ase , p ro te a se , try p sin -co llag en ase , e tc . [19, 20, 36, 
43, 4 5 , 47 ]. D ifferent cell lines a n d  s tra in s of p ro p ag ab le  ep ith e lia l cells have  
b een  developed  in severa l la b o ra to r ie s  [5, 10, 11, 24, 27]. A n essen tia l re ­
q u ire m e n t for such e p ith e lia l cu ltu re s  w hich could  be used  to  te s t  to x ic ity  
or ca rc in o g en ec ity  of chem icals is th a t  th ey  re ta in  im p o r ta n t  function-specific  
c a p a b ili t ie s  like a lbum in  sy n th e s is  [21] and also t h a t  th e y  rem ain  m etabolic- 
a lly  re sp o n siv e  to  a c tiv a tio n  b y  p ro tox ins or p rocarc inogens [25, 26, 28, 37, 
38]. I n  long -term  cu ltu re  th e  n o rm a l in  vivo fu n c tio n s  of liv er cells h av e  been 
d if f ic u lt  to  achieve. The e ffec ts  o f d ifferen t cu ltu re  m ed ia  an d  serum  co n c e n tra ­
tio n s  on  cell seeding an d  v ia b i l i ty  or p h eno typ ic  exp ression  of liver cells have 
b e e n  s tu d ie d  by  several a u th o rs  [15, 18, 23, 24]. T he presence in  th e  m edium  
o f  h o rm o n es  such as in su lin  o r g lucagon, has en h an ced  th e  p la tin g  efficiency 
o f  h e p a to c y te s  [3, 18, 23, 35], a n d  helped to  m a in ta in  th e  n o rm al h e p a to cy te  
u l tr a s t ru c tu re ,  p ro longed g lycogen  synthesis an d  h e p a to c y te  su rv ival. W hen 
th e  l iv e r  cell cu ltu re  w as m a in ta in e d  on f lo a tin g  collagen m em branes [30, 
31], d u rin g  th e  f irs t fete d a y s  th e  collagen gel sh ra n k  to  ab o u t one-six th  of 
i ts  o rig in a l volum e. T he liv e r  cells rem ain  fu n c tio n a lly  v iab le  up  to  20 days, 
m a in ta in in g  a m easu rab le  lev e l o f cy tochrom es su ch  as cy toch rom e P-450. 
T h is  m e th o d  has, how ever, c e r ta in  d isad v an tag es fo r  m orphological o r b io ­
c h e m ic a l stud ies because th e  n u m b e r of su rv iv in g  cells is r a th e r  sm all.

L ong-te rm  cu ltu re  o f  a d u lt  liver cells w ith  in d u c ib le  ty ro s in e  am ino­
tra n s fe ra s e  was ach ieved  b y  g row ing  the  cells on a feeder lay e r [26, 37, 38]. 
W e h a v e  been using p r im a ry  a d u lt  h ep a to cy tes  to  s tu d y  th e  effects o f m e ta ­
bo lic  ac tiv a tio n  of d iffe ren t liv e r  carcinogens in to  th e ir  ac tiv e  m u tagen ic  or 
ca rc in o g en ic  in te rm ed ia te s  [25]. T he p resen t p a p e r rep o rts  on th e  ligh t m icro­
sco p ic  an d  u ltra s tru c tu ra l c h a ra c te ris tic s  of h e p a to c y te s  m a in ta in ed  on d ifferen t 
fe e d e r  cells in  long -term  c u ltu re .

M ate ria l and m ethods

Cells and cell culture. T h e  fe ed e r cells, C3H/10T1/2 cells [34] and  lung f ib ro b la s ts  [39] 
w e re  g ro w n  in W illiam s E  m e d iu m  (F low  L ab o ra to ries) an d  in  h e a t- in a c tiv a te d  fe ta l calf 
s e ru m  (G ibco, G rand Is lan d , N . Y .)  su p p lem en ted  w ith  2m M ole L -G lu tam ine  (F low  L a b o ra to ­
rie s ) , p en ic illin  100 U /m l, s tre p to m y c in  100 fig/m l an d  fung izone  1 /tg/'ml. Cells were m ain ta in ed  
in  25 cm 2 T-flasks (Falcon) in  h u m ifie d  in cu b a to rs w ith  5%  C 0 2 in th e  a ir a t  37° C. W hen  
f ib ro b la s ts  were grow n to  co n flu en cy  th e  m edium  w as ch an g ed  an d  24 hours la te r  th e  cells 
w ere  ir ra d ia te d  le th a lly  w ith  5 0 0 R  fro m  a cobalt source. T h e  cells w ere used  as feeder cells 1 
to  3 d a y s  a fte r irrad ia tio n .

P rim ary  liver cells f ro m  6 to  10 weeks old m ale S prague-D aw ley  (SD) r a ts  were p re ­
p a re d  b y  th e  m ethod  of W i l l i a m s  [45, 47] in vitro. T he v ia b ility  of cells de te rm in ed  by t ry p a n  
b lu e  exclusion  was a t  lea s t 9 0 %  in  fo u r consecutive ex p e rim e n ts . T hree  h o u rs  a f te r  in itia l
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cell seeding th e  m edium  w as changed  to  8 m l fresh  n u tr i t io n  m edium  to rem ove u n a tta c h e d  
cells a n d  cell debris. T he m ed iu m  was changed th e re a f te r  ev ery  48 hours. Light a n d  electron 
microscopy.  L iver cells fo r lig h t m icroscopy and  fo r P e rio d ic  A cid Sch ilf (PA S) s ta in in g  were 
fix ed  in  a d ish  w ith  95%  m eth an o l for 2— 24 h. T h e  g lycogen  co n ten t of h e p a to c y te s  was 
d e te rm in e d  by  th e  m eth o d  o f T h i e h y  [40]. A fte r fix in g  in  K a rn o v sk y  solu tion , th e  glucose-6 
p h o sp h a tase  a c tiv ity  w as d e te c te d  by  th e  m eth o d  of W a c h s t e i n  and  Me i s e l  [42] a n d  T i c e  
and  B a r n e t t  [41]. F o r general m orphology s tu d ies  th e  cells w ere m ain ta in ed  on  M elanex 
sh ee ts  (T ran silu ran  Co., K an sas C ity, MO.). T he feed e r cells were f irs t grown to  co n flu en cy  
an d  w ere ir rad ia te d  prio r to  seeding of h ep ato cy te s . A fte r  v a rio u s  g row th periods th e  c u ltu re d  
cells w ere fix ed  and  em bed d ed  for e lectron  m icroscopy  as follow s. T he cells were w a sh e d  w ith  
p h o sp h a te  b u ffer (P B S ) p H  7.4 and th en  fixed  fo r 90 m in . a t  4° C w ith  2.5%  g lu ta ra ld e h y d e  
so lu tion  in ve ro n al bu ffer, p H  7.2. A fter d e h y d ra tio n  th e  cells on M elanex were e m b e d d e d  in 
D u rc u p a n  ACM (F lu k a ) a n d  u l tra th in  sections p a ra lle l an d  perpendicu lar to  th e  M elanex  
shee t were c u t by  L K B  u ltram ic ro to m e . T h in  sec tio n s w ere  s ta in ed  w ith u ran y l a c e ta te  and 
lead  c itra te . O bserv a tio n s w ere m ade w ith  a JE M  100 C e lec tro n  m icroscope.

Results

P rim a ry  h e p a to c y te s  were gained in  fo u r d iffe ren t experim en ts b y  colla- 
genese perfusion  of m ale SD ra ts . In  each e x p e rim e n t cells from  one liv e r  w ere 
u sed . T he average n u m b e r of h ep a to cy te s  w as 6.4 X 10s ^  10%  p e r  liver. 
A single cell suspension  o f liver cells w as in o c u la te d  on an  irrad ia ted  c o n flu e n t 
m o n o lay er of m ouse em bryo  f ib ro b la s t (C 3H /10T 1/2) cells, or on ir ra d ia te d  
p rim a ry  a d u lt r a t  lung  fib ro b lasts . T his h e lp ed  to  determ ine w h e th e r  such 
c o c u ltiv a tio n  could p ro long  th e  m a in ten an ce  o f  th e  ep ithe lia l c h a ra c te r  o f  liver 
cells as com pared  to  th o se  seeded d irec tly  on  p las tic .

6 x 1 0 °  liv e r cells in  8 ml m edium  in  25 cm 2 T -flasks were u sed  in  each  
e x p e rim en t. T hree h ou rs a fte r  seeding th e  liv e r  cells were a ttach ed  in  a c lu s te r ­
like a rra n g e m en t w ith  30— 40%  p la ting  e ffic iency  (see Table I). A f te r  th ree  
h o u rs  o f in o cu la tio n , th e  num ber of liv e r cells w as 2 .5 x 1 0 °  w hen a t ta c h e d  
to  C3H /10T1/2 cells, and  2 .8 x 1 0 °  w hen c o c u ltiv a te d  w ith lung  cells. A fte r 
24h in  cu ltu re , th e  n u m b er of v iab le , w ell a t ta c h e d  and  spread h e p a to c y te s  
was 1 .2 x 1 0 °  on th e  p lastic  and  2 .2 x 1 0 °  or 2 .5 x 1 0 °  on th e  C 3H /10T 1/2  cells 
or on lung  cells re spec tive ly . A fter 48h in  c u ltu re  th e  colony types w ere  s lig h tly  
d iffe ren t on each su b s tra te . The liver cells m a in ta in e d  on plastic did n o t  sp read  
well an d  only  0 .8 x 1 0 °  cells rem ained  a t ta c h e d  from  th e  original 6 x 1 0 °  in o c­
u la te d  h ep a to cy tes . A t th e  sam e tim e  th e  h e p a to c y te s  on feeder cells show ed 
a m u ch  h ig h er v iab ility . T he n u m b er of v iab le  h e p a to c y te s  as ca lcu la ted  b y  th e  
try p a n  b lue  exclusion te s t  was 1 .9 x 1 0 °  w hen  seeded  on the  C 3H /10T 1/2  cells 
an d  2.1 X 10° w hen m a in ta in ed  on lung  cells. A fte r  5 days in  cu ltu re  o n  feeder 
cells th e  liv er cells ex h ib ited  a m orphology  d e f in ite ly  d ifferent from  th a t  of 
h e p a to c y te s  cu ltu res  on p lastic  dish. T he fre sh ly  seeded liver cells w ere a tta c h e d  
u su a lly  to g e th e r  in  a m osaic-like a rra n g e m en t o n  each su b stra te . A fte r  5 days 
in c u ltu re  th e  liv er cell colonies on p lastic  w ere  sm all and th e  b o rd e r  o f liver 
cell g roups w as u n ev en , su rro u n d ed  b y  e lo n g a te d  and  pale, f la t te n e d  cells 
(F ig . 1). G enerally , 40— 60 cells m ade u p  one colony; th e  n u m b er o f  v iab le  
h e p a to c y te s  per T -flask  w as 0 .7 x 1 0 ° . H e p a to c y te s  seeded on ir ra d ia te d  fib ro -
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Table I

L ong-term  cu ltu re  o f hepatocy tes on d iffe re n t substra tes

Tim e Plastic Cell No 
X 10«

Irr. C3H/10T1/2 Cell No. 
XlO*

Irr. lung cells Cell No. 
XlO*

3 h no a tta c h m e n t — p artia lly  a tta c h e d 2,5 well a tta ch e d 2,8

24 h p a rtia lly  a ttach ed 1.2 well a ttach ed 2.2 flattened 2.5

48 h well a ttach ed 0.8 fla tten ed 1.9 flattened 2.1

5 d a y s f la tten ed

sm all colonies 0.7

m osaic-like, large  

colonies 1.6

elongated large 

colonies 1.9

14 d a y s confluen t f ib ro ­

blast-like 

culture 1.1

— elongated colo­

nies

— degenerated a reas 1.9 detachm ent

24 d a y s confluent fib ro­

blast-like 

cu ltu re

fib rob last like a n d  

m osaic-like 

colonies, m ore  

degeneration

32 d a y s — — detachm en t - - —

hlastic  feeder cells produced much larger colonies (200—600 cells per colony) 
and th e  to ta l num ber of hepatocytes was 1.6 or 1.9 X 106 per dish on C3H/10T1/2 
cells or on lung cells, respectively (Figs 2 and 7). A t the same tim e th e  liver 
cells w ere elongated and usually  formed dense and irregular colonies on the  
ir ra d ia te d  lung cells. In  some cases the liver cells cocultivated w ith lung fib ro ­
b lasts  becam e more fib roblast-like th an  those cultured together w ith  СЗН/ 
10T1/2 cells (Fig. 7).

Fig. 1. P r im a ry  h ep a to cy te s  m a in ta in ed  on p las tic  a f te r  5 d ay s in cu ltu re. The P A S  p o sitiv e  
cell n u m b er w as 0.7 X 10G cells /T -flask s; X l8 0  

Fig. 2.  P r im a ry  h ep a to cy te s  m a in ta in ed  on C 4H /10T 1/2  cells 5 days a fte r seeding. In  th is  
larg e  c o lo n y  liver cells p reserv ed  th e  cubic shape of e p ith e lia l  cell types. The P A S  p o sitiv e  

cell n u m b er w as 1.6x10® cells /T -flask s; X l8 0  
Fig. 3. C o n flu en t liver cell m o n o lay er m ain ta in ed  on  p la s tic , 14 days a fte r seeding. T h e  cells, 
a re  g ro w in g  in  a fib ro b la st-lik e  p a tte rn .  T hey e x h ib it  o n ly  am ylase re s is tan t PA S sta in in g .

P A S -sta in ing ; X 180
Fig. 4.  L iv e r cells co cu lta tiv e d  w ith  C3H/10T1/2 cells 14 days after seeding. T h e  ep ith e lia l 

c h a ra c te ris tic s  still persist. P A S -sta in in g - X l2 0  
Fig.  5. L o n g -te rm  cu ltu re  o f liv e r cells w ith o u t feeder la y e r . These cells are rich  in m ic ro fila ­
m e n ts  a n d  th ey  reem ble  f ib ro b la s t- lik e  cu ltu re . P A S -s ta in in g ; X l2 0
Fig.  6. L o n g -te rm  cu ltu re  of liv e r cells m a in ta in ed  on fe ed e r (C3H/10T1/2) cells, a f te r  24 d ay s

in  cu ltu re . P A S -sta in in g ; X 80
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After 14 days th e  liver cell colonies on each substrate  becam e confluent 
(Figs 3 and 4), m oreover, on lung cells the  liver cells necrotized and th e  mono- 
layer became detached from the bottom  of th e  dish. The cause of th is  rap id  
necrotizing process is no t known.

The ep ithelial character of liver cells, nevertheless, was well preserved 
on feeder C3H/10T1/2 cells even after 14 (Fig. 4) or 24 days (Fig. 6) in culture. 
The longest su rv ival tim e in cocultivation w ith  C3H/10T1/2 cells was 32 days. 
By this tim e m ost liver cells degenerated and began to  develop m ultinitcleated 
giant cells, b u t th ey  did not necrotize. Those cocultivated  w ith lung cells began 
to  degenerate and necrotize about 14 days in  cocultivation, however, in  th is 
case even th e  feeder cells detached them selves from  the  plastic dish. A possible 
explanation is th a t  the  irradiated  feeder colls had  an increasingly insufficient 
nu trition  and m etabolism  caused by the  degenerating liver cells. The liver cell 
culture m ain ta ined  on plastic dish became m ore and more fibroblast-like after 
14 (Fig. 3) or 24 days (Fig. 5). The feeder cell m onolayers cocultivated w ith  liver 
cells were te s ted  by PAS-staining to dem onstra te  th e ir glycogen or neu tra l 
m ucopolysaccharide content, bu t they  were always negative in th is respect. 
They were elongated with pale cytoplasm  b u t rich in m icrofilam ents. T he liver 
cells m aintained on plastic did not show PAS positiv ity  even after 5 days in 
culture. Those liver cells which were cu ltured  on feeder cells, on the  o ther hand , 
have preserved some glycogen during th e  whole culturing. Glycogen was 
detected in th e  liver cells, even in 32 days cultures.

Subculture

After 14 days in  culture, the hepatocy tes m aintained on C3H/10T1/2 
cells were successfully removed by collagenase (0.05% ) trea tm en t and reseeded 
on freshly irrad ia ted  feeder cells. A fter 24h these subcultured hepatocytes 
developed sm all groups of attached liver cells and they  anchored to  th e  sub-

Fig.  7. L iver cells m a in ta in e d  on lung; feeder cells a f te r  5 d ay s in cu ltu re . The cells a re  in a 
dense cord-like  a rra n g e m e n t; the  colony h as an  ir reg u la r  bo rder. P A S -sta in in g ; X  80 

Fig. 8. S u b cu ltu re  o f liver cells reseeded a fte r 14 d a y s  in  p r im a ry  cu ltu re . Cells a re  fo rm ing  
an  ep ithe lia l ty p e  co lony  5 days a fte r  reseeding in to  seco n d ary  cu ltu re . P A S -sta in in g ; X  80 
Fig. 9. E lec tro n  m ic ro g rap h  of liver cells a fte r  24h of seeding. The p o larity  o f liver cells is 
re sto red , m any  e le c tro n  dense  m itochondria  are seen. Abbr.:  be  — bile canalicu li, M m ito - 

ch o n d riu m , N — nucleus, v  — v a sc u la r  pole, — X 6480 
Fig. 10. L iver cells a n d  feeder (fib rob last) cells fo rm  c o n ta c ts , developing in te rm ed ia te  ju n c ­

tions (arrow ) a f te r  10 d a y s  o f co cu ltiva tion . L liv e r cells, F  fib ro b last. — X  36.400 
Fig. 11. Two n e ig h b o u rin g  liver cells developed an  in te rm e d ia te  ju n c tio n . The cell m em b ran es  
are  th ickened  on b o th  sides o f the  co n tac t. In  th e  c y to p la sm  m an y  glycogen ro se tte s  a re  seen 

(a rro w ). G1 —  glycogen. 14 days a f te r  c o cu ltiv a tio n . X 64.000 
Fig. 12. G lycogen ro se tte s  as d em o n stra ted  by T h ie ry -s ta in in g  14 days a fte r  c o cu ltiv a tio n .

X 116.000
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s tra te  w ith a very low (3—5% ) plating efficiency. After 5 days in subculture 
{Fig. 8), the liver cells spread out and th e ir v iability  was 95% as dem onstrated  
by the  trypan  blue exclusion test.

Electron microscopy

Electron microscopic observations were made on liver cells cocultivated  
w ith  the  C3H/10T1/2 cells and m ain tained  on Melanex film . Sam ples were 
fixed in  the flask and em bedded in D urcupan .T he blocks were cut perpendicularly  
to  th e  Melanex sheet so th a t the topographical relation betw een feeder cells 
and  liver cells could be studied. Liver cells restored their po larity  in 24h after 
seeding, resulting in  newly developed bile canaliculi and junctional specializa­
tions (Fig. 9). At low m agnification (Fig. 9), the  liver cells were seen to  contain 
num erous dark m itochondria. This tissue-polarisation of th e  hepatocytes 
rem ained  unchanged from 5 to 14 days afte r seeding. There were in tim ate  
in tercellu lar junctions between hepatocytes and feeder cells (Fig. 10) ex h ib it­
ing at places in term ediate , although not specialized, junctions [12]. The 
cellu lar contacts betw een the  tw o types of cell were occasionally focal, or 
point-like, sometimes arranged longitudinally  to  the sinusoidal surface of the 
liver cells. Contacts which developed betw een the  hepatocytes were a resu lt of 
cell collision, in which the m em branes of hepatocytes developed a very  close 
re la tionsh ip , bu t well m atured desmosomes or gap junctions were n o t observed 
by  th e  routine m ethods used. In  Fig. 11, tw o neighbouring liver cells are shown 
a fte r 14 days cu lture. The cell m em branes are thickened on b o th  sides bu t 
typ ical desmosomes have not developed. A t th e  same tim e, 14 day  old cultured 
hepatocytes contained glycogen rosettes s ta in ing  by the Thiery m ethod  (Fig. 
12), corroborating th e  result of light microscopic PAS staining.

The glucose-6-phosphatase ac tiv ity  of liver cells was dem onstra ted  cyto- 
chem ically  [41]. The endoplasm ic reticulum  m em branes and th e  nuclear 
m em branes were strongly  positive in th e  liver cells cocultivated w ith  СЗН/ 
10T1/2 cells for 5 days (Fig. 13). The insert of Fig. 13 dem onstrates th e  in ten sity  
o f th e  enzyme ac tiv ity  in m onolayer by  lig h t microscope.

D iscussion

The present observations dem onstrate  th e  ability  of feeder cells to  preserve 
hepatocellu lar m orphology and other ty p ica l features of adult liver cells in 
long-term  culture. The presence of feeder cells helps to  m ain ta in  glycogen 
syn thesis and glucose-6-phosphatase ac tiv ity  of the cultured liver cells. D u r­
ing th e  cocultivation of feeder and liver cells, after three hours of seeding,

Fig. 13. G lucosc-6-phosphatase  reac tio n  of liver cells m ain ta in ed  on C 3H /10T1/2 cells a fte r
5 days in  c u ltu re . X 24.900

Insert:  G lucose-6 -phosphatase  a c tiv ity  in th e  sam e liv e r un d er the ligh t m icroscope. X  200
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40— 50%  of liver cells were able to  anchor to  th e  feeder cells. Liver cells 
m ain tained  on a feeder layer had a slower ra te  of dedifferentiation th an  those 
cu ltu red  on the  rigid plastic dish. This new cocultivation  method helped to  
increase th e  num ber of those viable hepatocytes, which produce glycogen 
and p artic ip a te  in gluconeogenesis as deduced from  th e ir  glucose-6-phosphatase 
ac tiv ity . L iver cells m ain tained  on plastic becam e transform ed predom inantly  
to  fib roblast-like cells w ithou t any glycogen co n ten t after 5 days in cu ltu re , 
while liver cells p lated  on feeder cells s ta rted  to  lose their glycogen con ten t 
only a fte r 14—20 days in culture.

M i c h a l o p o u l o s  et al [ 3 0 ,  3 1 ]  com pared th e  liver cell morphology and  
biochem ical characteristics m aintained i n  v i t r o  on rigid (plastic or collagen 
coated dish) and elastic (floating collagen m em branes) substrates. A ccording 
to  th e ir results the elastic substrate  preserved a b e tte r  epithelial m orphology 
and different functions of the liver cells, th a n  did the  rigid m aterial. This 
finding was fully corroborated  by our observations. The most likely exp lana­
tion for these differences between “ rigid”  and  “ elastic” substrates can be  
sum m arized as follows.

1. A ttachm en t of liver cells to  any su b stra te  occurs only when the surface 
of th e  host su b stra te  is uneven enough to  allow th e  liver cell m icrovilli to  
anchor to  the  su b stra te .

2. The close con tac t between feeder cells and liver cells ensures a possibil­
ity  for m etabolite or m aterial exchange (29, 29a). indeed, circum stancial 
evidences by L a n g e n b a c h  et al. [25] and by  K u r o k i  and D r e v o n  [22] showed 
th a t during  cell m ediated  m utagenesis, an enhanced m aterial exchange can 
take  place between identical and non-identical cell types.

3. Because of the  uneven surface of th e  feeder layer, the estab lishm ent 
of a m ultilayered three-dim ensional liver cell cu ltu re  has more p ro b ab ility  
th an  on rigid (plastic) substrates. A quasi-3 dim ensional culture is m ore 
convenient th an  a m onolayer for norm al function ing  of epithelial cells.

4. As a consequence of th e  quasi-3 dim ensional organization, cocu ltivated  
liver cells on a feeder layer re ta in  more of th e ir  original cubic shape th a n  those 
m ain ta ined  on pure plastic. Cells on rigid m em branes became th in  and elong­
ated , a handicap for norm al functioning of th e  liver cells.

5. F inally , the  uneven surface of fib rob lasts resu lts in an enlarged surface 
of the  contacting  liver cells which in this w ay have an increased oxygen and 
n u trito n a l uptake. T his, in tu rn  prolongs th e  cell’s lifetime and dim inishes 
in tracellu la r degenerative processes.

Two problem s which emerge from th e  p resen t observations canno t be 
answ ered w ith ce rta in ty , (i) We do not know  w hy C3H/10T1/2 are more 
su itab le  as feeder cells th an  lung cells in  cocultivation  with liver cells, (ii) 
Likewise, it  is also d ifficult to  explain w hy liver cells appear to be norm al 
until th e  10th day afte r seeding on lung cells b u t a fte r this period they  necrotize
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rapidly and the  lung cells detach from the dish. One possible explanation is 
th a t the  isolated lung fib roblasts which are not m onoclonic, represent a varie ty  
of different cell type, exhibiting a differential sensitiv ity  to  the 5000 R dose 
applied. The problem  is hoped to  he solved in  fu tu re experim ents utilizing 
monoclonic lung cells as feeder layer.
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D IE  F Ö R D E R N D E  W IR K U N G  D E R  N Ä H R Z E L L E N  J IN  D E R  
A U F R E C H T E R H A L T U N G  D E R  L E B E R Z E L L E N  VO N  E R W A C H S E N E N  R A T T E N

A N N A  T O M P A ,  R .  L A N G E N B A C H

E in  V erfah ren  w ird besch rieben , m it dessen  H ilfe d ie aus a d u lten  S prag u e-D aw ley - 
R a tte n  iso lie rten  u n d  u n te r  In -v itro -B ed in g u n g en  lange Z eit ü berlebenden  L eb erze llen  an  
rö n tg e n b e s tra h lte n  F ib ro b la s te n  (C 3H /10T1/2) u n d  L ungenzellen  a u fre c h te rh a lten  w u rd en . 
A ufg rund  m orpho log ischer u n d  u ltra s tru k tu re lle r  U n te rsu ch u n g e n  w urde fe s tg e s te ll t , daß  
die au f diese W eise g ezü ch te ten  L eberzellen geraum e Z eit (32 T age) ih r In -v iv o -E ig en sch a ften  
behalten .

24 S tu n d e n  nach  de r A u ssaa t h ab en  sich die L eb erze llen  au f die O berfläche d e r  N ä h r­
zellen a b g ese tz t u n d  ih re  in  v ivo  c h arak te ris tisch e  P o la r itä t  h a tte  sich e rn eu t a u sg eb ild e t. 
E le k tro n en o p tisch  gelang es, am  b iliä ren  Pol d ieser Z ellen  neugebildete  G allengänge zu  e r­
k ennen , u n d  zw ischen  d en  L eberzellen  sowie zw ischen  d e ren  M em branen u n d  d e n  N ä h r­
zellen sowie zw ischen  deren  M em branen  u n d  den  N äh rze lle n  w aren  verschiedene Z e llk o n ta k te  
e n ts ta n d e n . Bei d e r h istochem ischen  A nalyse g aben  diese Z ellen in bezug au f d e n  G lukose-6- 
p h o sp h a tase- u n d  G lykogengehalt positive  R eak tio n en . Die bere its  14 T age g e zü c h te ten  L eb e r­
zellen w ar es ge lu n g en  au f eine frische (C 3H /10T1/2) N äh rze llen sch ich t überzu im pfen . V e rsu ch t 
m an  dagegen  d ie L eberzellen  ohne N äh rze llensch ich t n u r  am  B oden des P la s tik g e fä ß es  zu 
zü ch ten , so v e rlie re n  sie sch an  nach  5 T agen  s tü rm isch  ih re  fü r  die L eber k en n ze ich n en d en  
E ig en sch aften  u n d  bis zum  10. T ag  w ird ihre M ehrzah l d en  F ib ro b las ten  ähn lich . A us a ll dem  
lä ß t sich fo lg ern , d aß  die Z ü ch tu n g  der L eberzellen  a u f  rö n tg en b e s trah lten  N ä h rze lle n  ein  
geeignetes V e rfah ren  zu r In -v itro -U n te rsu c h u n g  d e r M orphogenese, der Z y to to x iz i tä t  o d er 
des M etabo lism us gewisser chem ischer Stoffe d a rs te ll t .

ПРОДВИЖАЮШИЕ ДЕЙСТВИЕ КОРМЯШИХ КЛЕТОК НА [ВЫЖИВАНИЕ 
КЛЕТОК ВЗРОСЛЫХ КРЫС
А Н Н А  TOM PA, Р. Л А Н Г Е Н Б А Х

Дается описание метода, с помощью которого печеночные клетки, изолированные из 
взрослых крыс штамма Спрейг—Доулей, длительное время выживающих в условиях in 
vitro, содержали на облученных рентгеновскими лучами фибробластах (СЗН/1 ОТ 1/2) и 
легочных клетках. На основе морфологических и ультраструктурных исследований было 
установлено, что при таком способе культивирования печеночные клетки длительное 
время (в течение 32 дней) сохраняют свои приживненные свойства.

24 часов после высева печеночные клетки осаждались на поверхности слоя кормящих 
клеток и заново появилась полярность, типичная для их прижизненного состояния. В 
электронном микроскопе удалось выявить на билиарном полюсе новообразовавшиеся ж ел­
чные пути и между печеночными клетками, как и между мембранами печеночных клеток и 
кормящими клетками образовывались клеточные связи. При гистохимическом анализе 
эти клетки показали в отношении содержания глюкоз-6-фосфатазы и гликогена положи­
тельную реакцию. После 14 дневного культивирования печеночные клетки удалось пере­
вить на поверхность свежего слоя кормящих клеток (СзН/1 0Т1/2). В противоположность 
этому, при культивации без кормящих клеток на дне пластмассогого сосуда печеночные 
клетки уже на 5-й день потеряют свой характерные для печени свойства и на 10-й день их 
преобладающее большинство становится подобным фибробластам. Из сказанного можно за­
ключить, что выращивание печеночных клеток на облученных кормящих клетках пред­
ставляет собой пригодный метод для изучения морфогенеза и цитотоксичности печеночных 
клеток или для изучения метаболизма определенных химических веществ in v itro .

D r. A nna T ompa O rszágos M unkaegészségügyi In téze t,
N ag y v á rad  té r  2, H -1450, B udapest, H u n g a ry  

D r. R o b e rt Langenbach  C arcinogenesis an d  M etabo lism  B ranch  (M D 68)
H ea lth  E ffec ts  R esearch  L ab o ra to ry  E P A , 
R esearch  T rian g e l P a rk , NC 27711 USA
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PATHOMORPHOLOGY OF ACUTE LYMPHOBLASTIC 
LEUKAEMIA IN CHILDHOOD: 

CONVOLUTION OF LYMPHOBLAST NUCLEI

T. Pa p ,1 Ib o ly a  R etih ,1 P. K a jt á r ,2 and G. K e l é n y i1 

(R eceived J u n e  19, 1979)

In  th e  period  betw een  1960— 1978 36 c h ild ren  dead  w ith  acu te  ly m p h o b la s tic  
leu k aem ia  (A L L ) w ere stud ied . N ine cases w ere  fo u n d  to  be in p a th o lo g ica l rem ission , 
i.e ., w ith o u t an y  leukaem ic in filtra tio n s  (7 o f these  w ere seen in th e  la s t  5 y ea rs). The 
rem a in in g  27 could  be d iv ided in to  tw o g ro u p s on  th e  basis of nuclear s t ru c tu re :  in 
20 cases th e  ly m p h o b lastic  nuclei w ere p y c n o tic , “ h igh ly  convo lu ted” , o r lo b u la ted . 
in  7 th e  nuclei w ere ro und  or oval an d  th e ir  co n v o lu tio n  was slight. T he su rv iv a l w as 
10.8 m o n th s  in  th e  f irs t and  3.6 m o n th s  in  th e  second group. A lthough  th e  o rig in  and  
th e  degree of d iffe ren ta tio n  of the  cells o f th ese  tw o groups are no t c learly  k n ow n, it 
seem s th a t  th e  tw o ty p es  rep resen t d iffe re n t s tages o f T -lym phob last ev o lu tio n .

R ecen t progress in th e  d iagnosis, s tag in g  and especially in  th e  th e ra p y  
o f acu te  ly m p h o b las tic  leukaem ia  (A LL) in  ch ildhood  resu lted  in  a p ro longed  
su rv iv a l of th e  p a tie n ts , and even th e  p o ss ib ility  of a p e rm an en t cu re  seem s 
to  he close a t  h an d  [5, 15).

T he in fluence  on th e  su rv ival o f a la rge  n u m b e r of factors w as s tu d ie d . 
In it ia l  low er leu k o cy te  and  h igher (above 100.000// í 1 ) p la te le t co u n ts , age b e ­
tw een  2— 8 y ears , fem ale sex, th e  absence o f  hepa tosp lenom egaly  an d  o f m e­
d iastin a l tu m o u r, a coarsely  g ran u la r  PA S p o s itiv ity  of th e  ly m p h o b la s ts  
and  th e ir  “ non-T , n o n -B ”  c h a rac te r  (“ О -cells” ) seem  to  he asso c ia ted  w ith  
a m ore fav o u rab le  prognosis.

T he p a th om orpho log ica l c h a ra c te ris tic s  of ALL-s and  o f T -ly m p h o - 
b las to in as  (non-leukaem ic a t th e  tim e  o f d iagnosis) w ere f irs t a p p re c ia te d  b y  
B arcos and  L ukes [1] who described  th e  co n v o lu ted  apperance of th e  su rface  
o f  T -ly m p h o b las t nuclei (“ co nvo lu ted  or ce reb rifo rm  nuclei” ). R eco g n itio n  
o f  th is  cy to logical fe a tu re  besides o th e rs  (focal acid p h o sp h a tase  re a c tio n , 
im m unocy to log ica l te s ts ) enable th e  p a th o lo g is t to  diagnose a m ore  or less 
im m a tu re  T-cell tu m o u r  (A LL, T -ly m p h o b la s to m a) w ith  a h igh degree of 
c e r ta in ty  and  a t  th e  sam e tim e  to  exclude  a n u m b e r of o th e r p ossib ilities  
(B u rk itt- tu m o u r , im m a tu re  m yeloid an d  m o n o cy tic  in filtra te s). T h e  re la t io n ­
sh ip  be tw een  n u c lea r  convo lu tion  and  im m unolog ica l and o th e r m a rk e rs  (T- 
cell, “ non-T , n o n -B ”  A LL-s) has n o t y e t b een  estab lished . Since, how ever, 
th e  n u m b e r o f cells w ith  convo lu ted  nucle i an d  especially  th e  degree o f  n u c lea r
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co n v o lu tio n  of th e  ly m p h o b la s ts  in  A LL an d  T -ly m p h o b lasto m a  is variab le»  
th e re  is a possib ility  to  cha rac terize  th em  b y  th e se  pa ram ete rs . T his seem s all 
th e  m ore  ju s tif ie d  since im m unocy to log ica l d a ta  in d ic a te  th a t  T -A L L , “ n o n -T , 
n o n -B ”  A L L ’-s an d  som e o th e r u n fre q u e n t ty p e s  [2] rep resen t various s tag es  
of b lo ck ed  d iffe re n ta tio n  of th e  sam e cell lin eag e , i.e ., of T cells [3].

F o r  assesing th e  degree of nu c lea r co n v o lu tio n , bone m arrow  an d  b lood  
sm ears , o rg an  im p rin ts  and  even cy to cen trifu g e  p rep a ra tio n s  are n o t o p tim a l 
p ro b a b ly  because o f th e  f la tte n in g  of th e  cell nucle i. Ow ing to  th is  c ircu m stan ce  
and  th e  fa c t th a t  few  cases have  been s tu d ie d  p a th o m o rp h o lo g ica lly , a h is to lo g i­
cal s tu d y  o f necropsied  A L L  cases seem ed to  be w a rra n te d .

In  th e  p re sen t w ork A LL cases necropsied  in  th e  last 18 y ea rs  w ere 
ra e x m in e d  and  th e  re la tio n sh ip  of age, sex  and  su rv iv a l and of th e  p a th o -  
em orpho log ica l fe a tu re s  w as analysed .

O u r o b se rv a tio n s  are in d ica tiv e  of tw o  ty p e s  of nuclear c o n fig u ra tio n  
in  A L L : (a) “ h ig h ly  co n v o lu ted ”  nuclei an d  (b) ro u n d  or oval nucle i w ith  
onlv  a slig h t degree o f irre g u la rity  in  th e  n u c lea r  p ro file  (“ sligh tly  c o n v o lu te d ” 
nucle i). In  a g iven  case one of th e  tw o  ty p e s  is p red o m in an t. The su rv iv a l o f  
th e  p a tie n ts  w ith  “ h ig h ly  co n v o lu ted ”  n ucle i p ro v e d  to  he s ig n ifican tly  lo n g er 
th a n  th a t  o f th e  p a tie n ts  w ith  “ sligh tly  c o n v o lu te d ”  nuclear p rofiles.

M aterial and  m ethods

B etw een  J a n u a ry ,  1960, and  Ju n e , 1978, 39 cases u n d e r  14 years of age, w ith  th e  c lin ica l 
d iagnosis o f A L L , w ere au to p sied . The d is tr ib u tio n  of th e  cases in  the  above p e rio d  w as n o t 
even , 3/4 o f th e m  w ere o bserved  in th e  second h a lf  o f th e  p e rio d . T his m ay be due to  th e  fa c t 
th a t  since 1971, th e  P a e d ia tr ic  D e p a rtm en t is a reg io n a l cen tre  for the  m an ag em en t o f A L L  
p a tie n ts . In  3 o f th e  39 cases p a ra ffin  blocks of tissu es w ere n o t  available. These w ere ex c lu d ed  
fro m  th e  s tu d y . T he age an d  sex d is tr ib u tio n  of th e  re m a in in g  36 cases is g iven  in  T ab le  I. 
A lth o u g h  in  21 cases cy to ch em ica l and im m u n o cy to lo g ica l ex am in atio n s were p e rfo rm ed , in  
th e  p re se n t  s tu d y  ou r ch ie f in te re s t w as th e  p a th o h is to lo g ic a l featu res of th e  cases.

Table I

D is tr ib u tio n  of th e  36 h isto log ically  re ev a lu a ted  A L L  casses according to  age a n d  sex

Age
(yrs)

Number of cases A verage age 
(yrs)

Male : female 
ratio

0 -  2 12 (33 .3% ) 1.6 8:4

3 -  5 12 (33 .3% ) 4.2 10:2

6 -  8 7 (19 .5% ) 7.3 6:1

9 11 3 (8 .3% ) 11.3 1:2

12 14 2 (5 .6% ) 12.8 2:0

T otal 36 (100% ) 5.1 27:9
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F o r  the  p a th o h isto log ical ré év a lu a tio n  (H E , P A S , G iem sa, re ticu lin  s ta in in g s )  forinol- 
p a ra ff in  b locks w ere availab le  from  th e  bone m arro w  (35 cases), liver [34], sp leen  [32], ly m p h  
g lands [28], k idney  [29], lung  [22], b ra in  [16], a d re n a l g lands [9], ovaries o r te s te s  [5]. In  
a few  cases tonsils , th y m u s  h e a r t, in testin es , s to m a c h , sk in  sam ples were a lso  e x am in ed . 
T he n a p h th o l-A S -D -ch lo ro ace ta t esterase  re ac tio n  w as perform ed in each case  in  o rd e r  to 
exclude  im m a tu re  m yeloid leukaem ia and to  d e m o n s tra te  th e  presence of m yelo id  m e ta p la s ia .

T o exclude th e  in fluence of su b jective  fac to rs  in  th e  assessem ent of th e  d eg ree  o f nu c lear 
co n v o lu tio n , th e  coded sections were e v a lu a ted  by  tw o  in d ep e n d en t observers a n d  th e  re su lts  
were c o m p a red . T his w as rep ea ted  several tim es w ith  a h igh  degree of rep ro d u c ib ility  a n d  agree­
m en t in  op in io n  of th e  tw o observers.

O bservations

In  T ab le  I I ,  su rv iv a l of th e  36 A L L  p a tie n ts  in re la tion  to  th e  y e a r  o f 
d iagnosis is show n. In  th e  second h a lf  o f th e  period 1960— 1978 th e re  was 
a s lig h t increase  in  su rv iv a l. T ak ing  in to  co n sid e ra tio n  the su rv iv a l o f  th e  
p a tie n ts  o f  th e  la s t few years still u n d er t r e a tm e n t ,  a more pro longed su rv iv a l 
was a p p a re n t.

Table II

M ean su rv iv a l tim e  of th e  36 A L L  cases

Y ear of diagnosis N um ber of cases i Survival 
(mean, months)

I960 1965 5 5.3

1966 1971 12 8.8

1972 1978* 19 9.6

*up to  30. Ju n e , 1978

H isto log ica l reex am in a tio n  of th e  36 cases  revealed  no leu k aem ic  in ­
f i l tra tio n  in  9 p a tie n ts . O f these , 8 died in  th e  la s t  5 years, which c lea rly  show s 
the  effic iency  of new er th e ra p e u tic a l reg im ens a n d  also its dangers: all o f  th e m  
died in  consequence  o f in fec tion  an d /o r h aem o rrh ag e .

O ut o f  th e  27 d ea th s  in re lapse , 26 show ed  lym phoblastic  in f i l t r a t io n s  o f  
the hone m arro w , a fu r th e r  p a tie n t seem ed to  he  in  rem ission (blood a n d  h one  
m arrow ), h u t a t necropsy  a m eningeal leukosis w as found . Concerning th e  o th e r  
organs, th e  presence of leukaem ic in f il tra tio n s  w as as follows: liv e r  21/34, 
spleen 21/32, lym ph  g land  18/28, k idney  17/29. lung  6/22. b rain  9 /16, a d re n a l 
gland 4 /9 , gonads 0/5.

N ot dealing  w ith  th e  well know n a u to p sy  f in d in g s  of ALL [13], we shall 
describe o u r observ a tio n s on th e  leukaem ic in f il tra tio n s  (a) of th e  liv e r ;  (b) 
of th e  ly m p h  g lands; and (c) on th e  co n v o lu tio n  o f A LL ly m p h o b last nu c le i.

(a) In  13 cases we did no t find  any  leu k aem ic  in filtra tio n s in th e  liv e r  
(average su rv iv a l 9.5 m on ths). A m ong th e  re m a in in g  21 cases in 11 o n ly  peri-
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F igs  l a —b. A LL, liv e r , G iem sa, approx . X 180 (a) S h a rp ly  outlined  p e rip o rta l in f il t ra t io n  
(“ ly m p h o c y to m a ” ), (6) perip o rta l in f il tra tio n  e x te n d in g  into the  sinusoids

p o r ta l  (su rv ival 9 m o n th s)  an d  in  10 o th e rs , p e r ip o r ta l  and sinuso idal (su rv iv a l 
8.5 m o n th s) accu m u la tio n s  of ly m p h o b la s ts  w ere  present (Figs 1. a — b). 
T h e re  w ere sh a rp ly  c ircum scribed  p e rip o rta l in f il tra tio n s  in tw o cases w ith  th e  
c lin ica l diagnosis o f A L L , in  w hom , how ever, th e  cells in th e  p e r ip o r ta l  fie lds 
p ro v e d  to  be n a p h th o l-A S -D -ch lo ro ace ta t e s te ra se  positive, th u s  th e se  cases, 
co n sid e red  to  he a c u te  m yelo id  leukaem ias, w ere  excluded from  th e  s tu d y . 
T h is  o b se rv a tio n  h as  som e d ifferen tia l d ia g n o s tic  significance, since i t  is g en er­
a lly  believed th a t  p e r ip o r ta l  in filtra tio n s  (“ ly m p h o cy to m as” ) m ay  o ccu r only 
in  haem o b lasto ses  o f  ly m p h o id  origin. As fa r  as haem oblastoses of a d u lts  are 
co n cern ed , we h a v e  no t seen exceptions to  th is  rule. It ap p ears , h ow ever, 
t h a t  th e  s itu a tio n  is d iffe ren t in  children .

(b) In  th e  ly m p h  glands in A LL, in  c o n tra s t  w ith  the  o b se rv a tio n  of 
R appaport  [12], th e  sinuses and som etim es th e  p rim a ry  follicles w ere p rese rv ed . 
D u e  to  th is  ty p e  o f in v o lv em en t, th e  ly m p h  g lan d s exhib ited  som e degree  of 
n o d u la r ity  or r a th e r  lo b u la tio n  (Figs 2. a — b ). I n  a few cases th e re  w ere  m asses 
o f  leukaem ic  cells in  th e  p a raco rtica l a reas  a n d  m edullary  cords.

(c) In  th e  27 A L L  cases who died  in  re lap se  we tho rough ly  s tu d ie d  th e  
a p p e a ra n c e  of n u c le i o f  ly m phob lasts , m a in ly  in  G iem sa-stained  sec tions.
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F igs  2 a —b. A LL, ly m p h  g lan d  (a) G iem sa, (b) re tic u lin , ap p rox . X180. In  th e  in f il t ra te d  
ly m p h  g lan d  th e  sinusoids a re  well p reserved , th e  a p p ea ren c e  of th e  lym ph  g land  is so m ew hat

n o d u la r ( lo b u la ted )

A ccord ing  to  th e  ap p ea ran ce  of nuclei th e  cases fell in to  tw o ty p e s . I n  20 cases 
(74% ) th e  sm all nucle i w ere h igh ly  co n v o lu te d , even lo b u la ted  (“ stro n g ly  
co n v o lu te d  g roup” ). T he ly m p h o b la s t nucle i o f th e  fu rth e r  7 cases (26% ) 
w ere easily  d isting u ish ed  from  th e  p rev ious g roup , th e ir  large n u c le i w ith  
d isp e rsed  ch ro m atin  b e ing  only  s lig h tly  co n v o lu ted , even u n ifo rm ly  ro u n d  or 
oval (“ s lig h tly  co n v o lu ted  g roup” ). In c lu sio n  o f  th e  cases to  one o f th e se  tw o 
g roups w as decided b y  tw o  in d ep en d en t observers w ith  a high degree o f  re p ro ­
d u c ib ility  in  rep ea ted  te s ts .

N u clear convo lu tio n  in  the  “ s tro n g ly  c o n v o lu ted  group” , u n lik e  th e  fin e  
gyri an d  foldings of th e  n u c lea r m em branes in  b io p sy  m ateria l, was p ro n o u n ced , 
th e  n ucle i appearing  so m ew h at sh rin k ed , d eep ly  s ta in ed  and lo b u la te d . E v en  
if  th e  h igh  degree of n u c lea r  convo lu tion  m ay  be  p a r t ly  th e  re su lt o f p o s tm o rta l 
ch an g es, th e  tim e e lapsed  betw een  d e a th  an d  n ecro p sy  did not d iffer s ig n ific ­
a n tly  in  th e  two groups. T h a t m eans th a t  th e  n ucle i in  th e  “ sligh tly  co n v o lu ted  
g ro u p ”  a re  less sensitive  to  artific ia l effects th a n  th e  nuclei of th e  o th e r  group . 
T h ere  w as a s ign ifican t difference in su rv iv a l be tw een  th e  tw o g ro u p s, being  
10.8 m o n th s  in th e  “ h ig h ly ”  an d  only  3.6 m o n th s  in  th e  “ sligh tly  co n v o lu ted
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Table III

D is tr ib u tio n  of cases acco rd in g  to  th e  degree of n u c le a r co n v o lu tio n  (age, sex, su rv iv a l)

Nuclear configuration Number of cases
Age

(means, yrs)
Malerfemale

ratio
Survivsl
(mean,
months)

“ h igh ly  co n v o lu ted” 20 (74% ) 4.6 15:5 10.8

“ sligh tly  co n vo lu ted” 7 (26% ) 6.9 4:3 3.6

T o ta l 27 5.2 19:8 8.9

g ro u p ”  (T able I I I ) .  T h e  occurrence  of cases o f b o th  groups was fa irly  ev en  in  
th e  p e rio d  of tim e  s tu d ie d .

I n  tw o cases an  in te re s tin g  phenom en , te rm e d  ty p e  sw itch o v er w as 
o b se rv ed . In  th ese  tw o  p a tie n ts  a fte r long  rem issions a te rm in a l re la p se  
d ev e lo p ed , u n in flu en ced  b y  th e  prev iously  e ffec tive  cy to sta tic  reg im ens 
(su rv iv a l 22 and 23 m o n th s). In  b o th  cases th e re  w ere  in filtra tio n s  o f “ h ig h ly  
c o n v o lu te d ”  cells in  som e o rgans (liver, k id n ey ), h u t  in  th e  vessels, in  th e  bone 
m arro w , spleen and  ly m p h  nodes th e  “ slig h tly  c o n v o lu te d ”  cells w ere p re d o ­
m in a n t (F ig. 4). T he s im u ltan eo u s  occurrence of th e  tw o  cell types in  one tissu e  
in d ic a te s  a sig n ifican t d ifference in  th e  se n s itiv ity  o f  th e ir  nuclei to  p o s tm o rta l  
e ffec ts .

Discussion

T he diagnosis o f A L L  is based  on cy to ch em ica l and  im m un o cy to lo g ica l 
ty p in g  of blood an d  bone m arrow  cells an d  b iopsies are rare ly  done in  th is  
m a lig n a n t lym phom a. A b iop sy  is done on ly  in  o rd e r to  clarify  th e  n a tu re  o f 
ly m p h  g land  en la rg em en t, of sk in  in f iltra tio n s  or to  prove or exclude  th e  
presence  of te s tic u la r  in filtra tio n s . In  cases o f ch ildhood  lym phom as w ith o u t 
leu k aem ia  th e  h isto log ic  ex am in a tio n  of ly m p h  g lan d s is of d iagnostic  im p o r t­
ance.

In  recent y ears , A L L  w as a fu r th e r  a d d itio n  to  th e  increasing n u m b e r of 
haem o b lasto ses  in w hich  long , p e rm an en t rem issions m ay  be achieved an d  p o st 
m o rte m  experience c learly  in d ica tes  th a t  th e  p re d o m in a n t p a r t of th e  p a tie n ts  
die in  “ patho log ica l rem issio n ” , due m ain ly  to  in fections or h aem o rrh ag ic  
co m p lica tio n s. In recen t y ea rs  th e  num ber o f cases w ith  relapse has d ec reased , 
a fa c t  w hich u n derlines th e  im portance  o f s tu d y in g  cases w ith  m assive  o rgan  
in f il tra tio n s  in  o rd er to  le a rn  m ore abou t th e  n a tu ra l  h is to ry  of A LL.

C oncerning liver in f iltra tio n s  th ere  are  c e r ta in  differences, one g roup  
show ing  in filtra tio n s  s tr ic t ly  lim ited  to  th e  p e r ip o r ta l  fields, and  th e  o th e r  
show ing  in filtra tio n s  in v o lv in g  also th e  sinuso ids. A lthough  th ere  is no  sign if­
ic a n t  d ifference in  su rv iv a l of th e  p a tie n ts  b e lo n g in g  to  these groups, n e v e rth e -
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Figs 3a b. A LL, liv e r, p e r ip o rta l  fields, G iem sa, ap p ro x . X  800. (a) N uclei irreg u lar in size 
an d  con fig u ra tio n  (“ s tro n g ly  c o n v o lu te d ” ); (b) nuclei m ore  or less ro u n d , a few  convolu ted

nuclei (“ slightly  co n v o lu ted ” )

Fig. 4. A L L , k id n ey , G iem sa, ap p ro x . X 800. L y m p h o b la s t nuclei in  th e  in te r ­
s titia l spacesy  are  “ s tro n g ly  co n v o lu ted ” , those in  th e  lum en  o f th e  vessel (a t  

le ft) , ro u n d  or oval (“ slightl c o n v o lu te d ” )
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less i t  w o u ld  be in te restin g  to  k n o w  th e  causes o f th is  d ifference. T he n ap h th o l- 
A S -D -ch lo ro ace ta te  e s te rase  re a c tio n  was v e ry  usefu l in  tw o  cases, d isp lay ing  
s h a rp ly  lim ited  p erip o rta l a c c u m u la tio n  of cells o f m yelo id  origin. T h is ob­
s e rv a tio n  stresses th e  im p o r ta n c e  o f perform ing  th e  reac tio n  o f doub tfu l 
p e r ip o r ta l  cell in filtra tio n s  a re  seen in  biopsy m a te ria l.

O u r  observations on ly m p h o b la s t  nuclei in  A L L  agree in  som e respects 
w ith  th o s e  of N athwani e t  a l. [11] and  of Le n n e r t  [9]. In  20 cases (74% ) 
th e  ce ll nucle i were u n ifo rm ly  “ s tro n g ly  co n v o lu ted ” , b u t  in  7 cases (26% ) 
ro u n d  o r  oval “ sligh tly  c o n v o lu te d ”  nuclei w ere p re d o m in a n t. In  ad d itio n , 
th e r e  w a s  an  im p o rtan t d iffe ren ce  in  su rv iv a l b e tw een  th e  tw o  g roups, being 
th re e  t im e s  longer in  th e  “ h ig h ly  convo lu ted  g ro u p ”  th a n  in  th e  o th e r  group. 
O n  th e  b as is  of th is fin d in g , in  in it ia l  cases a s tu d y  o f th e  n u c lea r convo lu tion  
seem s w a rra n te d . Since n u c le a r  convo lu tion  can  m ore  re liab ly  be ju d g e d  in 
se c tio n s  th a n  in sm ears or im p r in ts , h isto log ical e x a m in a tio n  of th e  sm all bone 
m a rro w  pieces rem ain ing  a f te r  m ak in g  sm ears of a sp ira tio n  m a te r ia l is a use­
ful m e th o d , rou tine ly  done in  cases of A LL a t ou r D e p a r tm e n t. F u rth e rm o re , 
o u r  f in d in g s  show th a t  in  a u to p s y  m ateria l th e  n ucle i undergo  changes such 
as p y c n o s is  and  lobu la tion . T h is  tra n sfo rm a tio n , th e  causes of w hich  are  u n ­
k n o w n , is seem ingly in d e p e n d e n t o f th e  period  b e tw een  d e a th  an d  au to p sy  
a n d  m a y  be  observed so m etim es  also in  b iopsy  m a te ria l. A ccord ing  to  Glick 
e t al. [7] lym p h o b last n ucle i in  “ non-T  n on-B ”  A L L  show  folds an d  bridges, 
w h ich  p ro b a b ly  becom e m ore  a c c e n tu a te d  in  post m o rtem  m ate ria l.

T h e  origin of th e  “ s lig h tly  co n v o lu ted ”  cells is u n c e rta in . I t  is un like ly  
t h a t  th e y  should co rrespond  to  B u rk itt- tu m o u r w ith  acu te  leu k aem ia , th is 
b e in g  a n  in frequen t o c c u rre n ce : in  th e  m a te ria l o f F la n d r in  e t al. [6] it  
r e p re s e n te d  abou t 2%  o f th e  cases, and  its  h isto log ica l ap p ea ran ce  is qu ite  
d if fe re n t  from  th a t  in  o u r cases . T he occurrence of a few  u n am b ig o u sly  convo­
lu te d  cells, fu rtherm ore  th e  p o s itiv e  focal acid p h o sp h a ta se  reac tio n , a T-cell 
m a rk e r  [4, 15] is suggestive o f  th e ir  being  im m a tu re  T -ly m p h o b las ts . In  ad d i­
t io n , o n e  o f th e  tw o cases w ith  ty p e  sw itchover w as in itia lly  acid p h o sp h a tase  
(focal) p o sitiv e  w hich in d ic a te s  th e  original T-cell n a tu re  of th e  cells. In  a 
re c e n t s tu d y , W illiams et al. [17] w rote th a t  in  ly m p h o b la s tic  lym phom a 
a n d  A L L  one rare ly  finds n u c le a r  convo lu tions. T h e ir A L L  cases w ere, how ever, 
s tu d ie d  in  sm ears or c y to c e n tr ifu g e  p rep ara tio n s , b u t n o t in  sections. A lthough 
th e i r  m a te r ia l  can h a rd ly  be  co m p a re d  w ith  ours, th e ir  cases w ith  cells form ing 
E A C  ro s e tte s  and w ith o u t su rfa c e  Ig  (9 of 36) m igh t h av e  been  T-cell p recu rso r 
le u k a e m ia s  (negative E  ro s e tte , absence of surface Ig  and  presence o f com ple­
m e n t-re c ep to rs  116], and  th e y  m a y  th u s  corresponded  to  our “ slig h tly  c o n v o lu t­
ed  g ro u p ” . There are also o b se rv a tio n s  [8, 18] in d ic a tin g  th a t  “ non-T  n on-B ” 
A L L -s m ig h t be of В-cell o rig in . N evertheless, it is c lear th a t  fu r th e r  stud ies 
are  n e e d e d  for the cy toch em ical-im m u n o cy to lo g ica l id e n tif ic a tio n  o f th e  tw o 
cell ty p e s  found in  our A L L  m a te ria l.
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P A T H O M O R P H O L O G IE  D E R  K IN D L IC H E N  A K U T E N  L Y M P H O B L A S T O ID E N
L E U K Ä M IE

Ü B E R  D IE  K O N V O L U T IO N  D E R  L Y M P H O B L A S T E N K E R N E

T. P A P , IB O LY A  R E T IH , P. KA.JTÁR u n d  G. K E L É N Y I

I m  p a th o lo g isch -an a to m isch en  I n s t i tu t  der U n iv e rs i tä t  Pécs w urden  die zw isch en  
1960 u n d  1978 b e o b ac h te ten  36 F ä lle  v o n  a u to p tisc h  g e s ich e rte n  lym ph o b lasto id en  L e u k ä ­
m ien  a n a ly s ie r t .  In  9 F ä lle n  w u rd e  eine patho log ische  R em iss io n  festgeste lli, d. h ., bei den  
h y s to p a th o lo g isc h en  U n te rsu ch u n g e n  Hessen sich k e in e  leu k äm isch e  In f iltra te  nachw eisen  
(7 d ieser F ä lle  s ta m m ten  au s den  le tz te n  5 Ja h ren ). D ie ü b r ig e n  27 F ällen  lassen sich  a u fg ru n d  
de r K e rn e  d e r leu k äm isch en  Z ellen  zwei G ruppen  zu o rd n en : in  20 F ällen  w aren  d ie K ern e  
p y k n o tis c h  u n d  zeig ten  a u sg e p rä g te  K o n v o lu tio n  oder w a re n  g e lap p t. D em gegenüber w u rd e n  
in  7 F ä lle n  ru n d e  oder o vale , m äß ig  zu sam m engeballte  K e rn e  nachgew iesen. D ie Ü b e rleb en s­
ze it lag  in  de r e rs ten  G ru p p e  bei 10,8 M onaten , in  de r z w e iten  bei 3,6 M onaten . O bw ohl d e r  
U rsp ru n g  u n d  D ifferen z ie ru n g sg rad  der Zellen der b e id en  G ru p p e n  n ich t m it S ich erh e it b e u r­
te i l t  w e rd e n  k a n n , lä ß t  sich  m it ho h er W ah rsch e in lich k e it an n eh m en , daß  sie v e rsch iedene  
D ifferen z ie ru n g sp h asen  d e r T -Z ellen  darste llen .

ПАТОМОРФОЛОГИЯ ДЕТСКОЙ ОСТРОЙ ЛИМФОБЛАСТОИДНОЙ ЛЕЙКЕМИИ 
О СВЕРТЫВАНИИ ЯДЕР ЛИМФОБЛАСТОВ

Т. П А П ,  И Б О Й А  Р Е Т И ,  П. К А Й Т А Р  и Г.  К Е Л Е Н Ь И

Авторами было изучено 36 аутоптических случаев острой лимфобластоидной лей­
кемии, наблюдавшихся от 1960 до 1978 г. в Патологоанатомическом институте Медицин­
ского университета г. Печ. В 9 случаях установили патологическую ремиссию, то есть в 
ходе патологоанатомических исследований не было выявлено лейкемических инфильтра­
тов. (7 из 9 случаев наблюдались в последних 5 лет). Остальных 27 случаев на основе ядер 
лейкемических клеток можно было отнести к двум группам. В 20 случаях ядра оказались 
пикнотическими, показали выраженное свертывание или дольчатость. В противополож­
ность этому в 7 случаях были выявлены круглые ядра с умеренной конволюцией. В первой 
группе выживаемость длилась 10,8 месяцев, а во второй группе 3,6 месяцев. Хотя проис­
хождение и степень дифференциации двух групп нельзя определить с полной уверенностью,, 
кажется вероятным, что они представляют различные фазы дифференциации Т-клеток.

D r. T ih a m é r Pap 
D r. Ib o ly a  R e t i h  

D r. G áb o r K elényi 
D r. P á l  K ajtá r:

P écsi O rv o stu d o m án y i E g y e te m ,
K ó rb o n c ta n i In téze t,
Szigeti ú t  12, Pécs, H u n g a ry  H-7643 
Pécsi O rv o stu d o m án y  E g y e tem , G yerm ekk lin ika  
Jó z se f  A ttila  u. 11, P écs , H ungary  
11-7643
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„DICLONAL” GAMMOPATHIES

Sz. Ottó, M. B örzsönyi , S. E ckhardt

(R eceived  D ecem b er 2, 1979)

E lev en  p a tie n ts  w ith  “ d ic lo n a l”  g am m o p a th ies  have been  fo llow ed  clinically  
and  cy to log ica lly  in  re la tio n  to  th e  ch an g es in  th e ir  serum  p ro te in  co m p o sitio n . I t  
was obse rv ed  th a t  th e  m alig n an t tra n s fo rm a tio n  becam e faster a f te r  a second  p ro te in  
h ad  a p p ea red  w ith  th e  ap p earan ce  o f im m a tu re  lym phoid  e lem ents a n d  p lasm o b la sts . 
M alig n an t tran s fo rm a tio n  m ay  occur a f te r  long periods of s ta g n a tio n , th e re fo re  a 
c o n tin u o u s  o b se rv a tio n  of such  cases is m a n d a to ry .

Introduction

M alig n an t p ro life ra tion  o f  im m uno log ica lly  active ly m p h o id -p la sm a  
cells m ay  be accom pan ied  b y  som e specific  clin ical, cyto logical a n d  im m u n o ­
logical m an ife s ta tio n s . In  these  cases each  hom ogeneous (m onoclonal) im m u ­
noglobulin  (Ig) form ed is derived  from  one,, b u t occasionally  from  tw o  or m ore 
cell g roups. T hese la t te r  are te rm ed  di- o r oligoclonal g am m o p a th ies .

In  th e  p a s t decade, severa l o b se rv a tio n s  have called fo r a rev is io n  of 
th e  “ one im m u n og lobu lin , one col I c lone”  th e o ry . The increasing  n u m b e r  of 
d iclonal g am m o p a th ies  described  in  recen t li te ra tu re  provide d a ta  co n cern in g  
th e  clonal o rig in  and  genetic  con tro l o f Ig -sy n th esis  and  th e  b a c k g ro u n d  of 
ly m p h o p ro lifé ra tiv e  diseases [1, 3, 10, 11, 15, 29, 47—57, 74, 75, 89, 93, 95].

T he inc idence  of diclonal g am m o p a th ie s  can n o t be e s tim a te d  re a lis tic ­
a lly . M ost a u th o rs  m en tio n  a 1%  inc idence  b u t  values of 1— 5 %  h a v e  also 
been rep o rted  [7, 17, 20, 31, 32, 3 9 ] .T h ere  a re  a lto g e th e r 160 cases in  th e  l i te r ­
a tu re  in w hich  th e  jo in t occurrence o f tw o  or m ore m onoclonal p ro te in s  was 
observed  in  th e  sam e p a t ie n t’s serum  [17, 20, 39, 61]. In  th e  case o f  a jo in t 
o ccu rrence  of tw o  m onoclonal p ro te in s  th e y  usu a lly  have id e n tic a l k a p p a  (or 
lam b d a) ty p e s  o f ligh t chains, w hile Ig -classes (heavy  chains) do n o t  show  
such  a p re fe ren tia l linkage. F o r ex am p le , Ig G  m ay equally  a sso c ia te  w ith  
IgA  or IgM , w ith  a random  coupling.

P re fe ren tia l linkage of id en tica l ligh t ch a in s  and th e  f re q u e n c y  o f its 
o ccu rrence  su g g est a connection  b e tw een  th e  syn thesis of th e  tw o  p ro te in s  
w hich argues in  fav o u r of m onoclonal d e r iv a tio n . A lthough im m u n o flu o re s ­
cence s tu d ies  su p p o rt th e  ex istence o f d iffe re n t sources of origin [10, 13, 14, 21, 
26, 55, 93] r a th e r  th a n  a dual sy n th e tic  a c t iv i ty  of one single clone [11, 28],
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th e  resem blance  in  p r im a ry  s tru c tu re  of th e  tw o  p ro te in s  still po in ts to  th e  
ex is ten ce  of a com m on p re c u rso r  cell [12].

T h e  tw o m ost f re q u e n tly  encountered  c o m b in a tio n s , IgG  IgA  an d  
IgG  -f- IgM , am oun t to  4 0 %  o f all cases [77], w h e reas  th e  IgM -f- IgA  co m b i­
n a tio n  is scarcely o b served  [24]. In  norm al cases th e  n u m b e r of double p o s itiv e  
cells c o n ta in in g  th e  IgM  -f- Ig A  com bination  is e x tre m e ly  low (0 .25% ). T h is 
f in d in g  [23, 24] su p p o rts  th e  view  th a t  th e  n u m b e r  o f m alignan t clones is 
s im ila r  to  th e ir  “ c o u n te rp a r ts ”  in  hea lth y  in d iv id u a ls .

I t  is n o t clear how  in te rn a l  or ex te rn a l fa c to rs  can  lead to  th e  fo rm a tio n  
o f  cells o f dual im m u n e -c a p a c ity  and how such  a cell-line can develop in  th e  
p re sen ce  o f a clonal p ro d u c in g  a m onoclonal p ro te in .

To s tu d y  these  q u e s tio n s , 11 p a tien ts  w ith  doub le  gam m o p ath y  w ere 
co llec ted . W e have a t te m p te d  to  follow th e  ch an g es  in  th e ir  clinical sy m p to m s 
in  re la tio n  to  those  o f cy to lo g ica l and im m uno log ica l p a tte rn s , the  d ynam ism  
o f th e  w hole process a n d , w h ere  th is was possib le , th e  connection  of th e ra p y  
an d  clin ical m an ife s ta tio n s .

Material and m ethods

T he m ateria l was se lec ted  from  201 p a tie n ts  w hose se ra  con ta in ed  m onoclonal p ro te in  
(M -com ponen t). Selection w as m ad e  by testing  the  se ra  a n d  possib ly  urine.

G rouping  of cases (T ab le  I .)  was m ade acco rd in g  to  th e  clinical m an ifesta tions. T he 
f i r s t  g ro u p  conta ined  “ n o n -m a lig n a n t”  cases one of w h ich  ( I .  D . )  p roved  to be n o n -m alig n an t 
in  th e  long ru n , while th e  o th e r  ( P .  J .  I . )  a fte r ten  y e a rs  tu rn e d  from  a typ ica l n o n -m alig n an t 
“ b e n ig n  m onoclonal g a m m o p a th y ”  (65) to a m alig n an t ly m p h o m a-lik e  p a tte rn  as ju d g e d  by  
i ts  a t ra n s it io n  to te second g ro u p . The second g ro u p  c o n sis ted  of re la tively  n o n -m alig n an t 
cases ( P. J .  / / . ,  I.  K . )  show ing  a v e ry  slow progress t il l  th e  ap p earan ce  of a new  m onoclonal 
p ro te in . In  the  th ird  g ro u p  of p a tie n ts  clinical sy m p to m s w ere from  the  beginning c h a ra c te r ­
is tic  fo r a  m alig n an t p rocess ( F .  J ., P . S., P . M .)  b u t  th e  tim e  course of the  process still 
a llow ed  to  contro l the  im m u n o lo g ica l and cytological e v e n ts . In  th e  fo u rth  group, o b se rv a tio n  
o f th e  progress and of th e  c h an g e s  was d ifficult ( S. J . , K .  J . )  o r impossible (G. G., O . J . ) .

In  7 p a tie n ts  ( F. J ., G. G., J . £)., K .  J . ,  O. J . ,  P . M ., S .  J . )  a  double g am m o p a th y  w as 
d e te c te d  a t  the  f irs t e x a m in a tio n . In  two of th em  (G. G., Ö. J . )  changes could no t be follow ed 
due to  th e  sh o rt su rv iv a l a n d  th e  lack  of co n tin u o u s o b se rv a tio n . In  four p a tie n ts  ( I .  K ., 
P . J .  I ., P . J .  / / . ,  P . S . )  d ic lo n a l gam m opathy  d ev elo p ed  fro m  a n  earlier m onoclonal s tag e  
d u rin g  th e  period of o b se rv a tio n .

T he h istology could  be  ex am in ed  in 7 cases ( F .  J ., / .  K ., K .  P . J .  / / . ,  P . M ., P . S .,
S . J . ) ;  sam ples of bone m arro w  o f 4 p a tien ts  ( F. J ., / .  £>., I .  К ., P . J .  I . )  were p rocessed  fo r 
e le c tro n  m icroscopy.

S tu d y  of the p ro te in  w as c a rried  ou t by im m u n o e lec tro p h o re sis  [78], agar- a n d  agarose- 
gel e lectrophoresis [37, 38, 100], t i t r a t io n  im m u n o e lec tro p h o resis  [33] and d ilu tio n -co m p ara tiv e  
im m u n oelectrophoresis [60]. T h e  la t te r  was a d a p te d  fo r th e  d em o n stra tio n  of d oub le  IgG  
g am m o p a th ies  by th e  m o d if ic a tio n  of the m eth o d  o f  O s s e r m a n  [58]. In  th e  d ilu c tio n  
o f ex p e rim e n ta l m ate ria l, Ig G  p re c ip ita tio n  bands w ere co m p ared  w ith  those of im m unologic- 
a lly  p u re  “ norm al”  IgG . A n tigen -defic iency  of IgG  v a r ia n ts  w as stud ied  using im m u n e  sera  
re ad ily  reac tin g  w ith  IgG .

F o r  e lectrophoresis, D IF C O  agar (Special A g ar N o b le ) an d  SER V A  agarose w ere used . 
Im m u n e  sera were o b ta in e d  fro m  HUM AN, P H Y L A X IA , H Y L A N D , B E H R IN G W E R K E  
a n d  N O R D IC  D IA G N O ST IC  [30]. Gel e lectrophoretic  p la te s  w ere ev a lu a ted  by K IP P -Z O N H E N / 
S K A L A R  device. U ltra c e n tr ifu g a tio n  was pe rfo rm ed  in  P H Y W E -5 7  u ltra ce n trifu g e . Gel 
f i l t r a t io n  was m ade th ro u g h  PH A R M A C IA  Sephadex  G.,00 m a te ria l [85] by an L K B  U L T R O - 
R A C  7000. For e lectronm icroscop ic  studies were used  JE M  100B and  100C e lectronm icroscopes. 
B one m arrow  sam ples o b ta in e d  by  p u nctu re  w ere f ix e d  in  g lu ta ra ld eh y de and  osm ic acid , 
a n d  em bed d ed  in  A ra ld ite . U l t r a th in  sections were c u t  w ith  R E IC H E R T  u ltra m ic ro to m e  and  
s ta in e d  w ith  u ran y l a c e ta te  a n d  lead  c itra te  [ R e i n o l d s , 72].
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R esults

I . “ Benign monoclonal gam m opathies"  are  ra re ly  tra n sfo rm e d  to  m alig n an t 
d isease  [4— 6, 65]. An in te rc u rre n t ev en t is supposed  to  cause such  a tra n s fo r­
m a tio n . In  the  case o f / .  D ., th e  p ro te in  anom aly  was in d ica tiv e  o f a m alig n an t 
process, in  sh arp  c o n tra s t  w ith  th e  non -m alig n a t clinical a p p e a ra n ce  and, 
ex cep t fo r a p rim ary  chron ic  p o ly a r th r itis , no o th e r  sy m p to m s occurred . 
R h eu m ato id  a r th r it is  m ay  occur to g e th e r w ith  m onoclonal g am m o p a tie s  [18, 
43, 92]. O ccasionally  free lig h t chains m ay  ap p ea r in  th e  c o n c e n tra te d  urine 
b u t  th e y  form  e lec tro p h o re tica lly  a heterogeneous zone and  th e  lcappa/lan ibda  
ra tio  is usually  2:1, s im ila rly  to  th e  h e te ro g en e ity  of po lyclonal Ig . In  th is  
p a tie n t , how ever, a hom ogeneous M -com ponent was found  in  th e  less concen t­
ra te d  u rin e  (1:8) and  w ith  im m unoelec trophoresis b o th  free lig h t ch a in s  could 
be d e m o n s tra te d  in  th e  n a tiv e  u rine.

T he in itia l polyclonal h y p erp lasia  of rh eu m a to id  a r th r i t is  m ay  la te r 
be lim ite d ; th e  w id e-sp ec tru m  im m une-response becom es re s tr ic te d  to  “ oligo- 
di- o r m onoclonal” . A ltho u g h  th is  is a possible sequence of e v e n ts , th e  search 
for a m a lig n an t ly m p h o p ro lifé ra tiv e  process as a b ack g ro u n d  o f sy m p to m s m ust 
no t be given up . T his has been ju s tified  in o th e r  cases [71].

Table I

S um m ary  of cases

N a m e A g e S e x
C lin ic a l

d i a g n o s i s

F i r s t

o b s e r v a t i o n

S e r u m  M - 

p r o t e i n s

U r in e  M - 

p r o t e i n s

C y to s t .

t r e a t m e n t
D e a t h

P a t h o l o g ic

f i n d i n g s

I.D. 52 Male PCP 1975. X. IgAL *  lgAL BJK ♦  BJL +  Fc No Alive

P.J. 1. 67 Male CAD 1968. III. IgMK *  IgGL BJK No Alive

RJ. II. 80 M a l e MM 1970. V. IgAK* lgG2K BJK +  fragments V/ X
Y e s 1974. XII. MM

I.K 1U M a le WMG 1967111. IgMK lgG]K BJK +  F c ( n ) V  к *  Y e s 1971.VIII. WMG ? ML

F.J. 62 M a le MM 1975. IV. IgGjK + lgG]K BJK Yes 1977 VII. PBS

P.S. 47 M a l e MM 1969. I. IgGjL-t lgG2K ? Y e s 1972.XII. MM*

P M. 56 M a le WMG7MM? 1966. XII. IgMK BJK ♦  BJL Y e s 1971. ( ? ) WMG? ML*?

S. J. 76 F e m a le MM, ML? 1970. IV. IgMK ♦ IgGK ? Y e s 1971.X. PBS

K. J. 64 F e m a le MM 1976. II. BJK BJK ♦  BJL Y e s 1977. III. MM*

G.G. 6 6 F e m a le MM 1969. I. IgAK <• IgGK BJK Y e s 1969.VII. MM

0  J 68 - e m a l e W M G7 1966. IV IgMK ♦ IgGK ? No 1966. V. ML, MM7

P C P primer chronic polyarthritis 
CAD chronic cold agglutinin disease 
x,xx in the final stage 
MM multiple myeloma

WMG macroglobulinemia Waldenstrom
ML malignant lymphoma
P B S  plasmoblastic sarcoma
*.*,*• with many immunoblasts or plasmoblasts

A cta M orphologien Academ iae Sc ien tia ru m  H ungaricae 28 , 1980
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Table I I

R e la t iv e  con cen tra tio n s an d  th e ir  ch an g es du ring  c y to s ta tic  th e ra p y  o f tw o  Ig G jK  M -com po- 
n e n ts  o f  F . J .  Agar-gel e le c tro p h o re tic  p ic tu re  p rio r to  c y to s ta t ic  th e ra p y  ( A )  an d  a fte r

tr e a tm e n t  IV. ( B )

L o n g -te rm  o b se rv a tio n  o f  no n -m alig n an t cases an d  th e  d e tec tio n  o f 
m a lig n iz a tio n  is n o t f re q u e n t [39, 93]. P .  J .  I .  h a d  a 10 y ears  clinical h is to ry  
s t a r t in g  w ith  a chronic co ld -ag g lu tin in  disease fo llow ing  an  a ty p ica l pneum onia . 
M a lig n iza tio n  occurred  d u r in g  th e  observ a tio n  p erio d . In  th e  lym phoid- 
p la s m a  cells of th e  bone m a rro w , lipid-like in c lusions w ere found  [65]. S u b ­
s e q u e n t  im m unological te s t  h a v e  show n besides IgM K  th e  in c ip ien t p ro d u c tio n  
o f  a n  Ig G L  pro te in  w ith  th e  ex c re tio n  of Bence Jo n e s  k a p p a  p ro te in . As th e  
b io lo g ica l re la tionsh ip  b e tw e e n  contro lled  and  ex ten s iv e ly  p ro life ra tin g  cell 
ty p e s  is obscure, th e  d o c u m e n ta tio n  of each single case m ay  su b s ta n tia lly  add  
to  t h e  u n d e rs tan d in g  of th e  q u e s tio n  w heth er o r n o t a po stin fec tio n  im m une- 
re sp o n se  is capable o f in d u c in g  a benign m onoclonal g a m m o p a th y ; can  th is  
t u r n  in to  a m alignan t fo rm ; m a y  clones ex ist w hose p a re n t cells were t r a n s ­
fo rm e d  b y  a v irus ?

I I .  W ith in  th e  g ro u p  o f  i n i t i a l l y  r e l a t i v e l y  n o n - m a l i g n a n t  b u t  l a t e r  m a ­

l i g n a n t l y  t r a n s f o r m e d  d i s e a s e s ,  th e  serum  of P .  J .  I I .  d isp layed  th e  su d d en  
a p p e a ra n c e  of a new  p a ra p ro te in  Ig G 2K , in  a d d itio n  to  th e  earlie r IgA K , 
a c c o m p a n ied  by  th e  e x c re tio n  o f  k ap p a -ty p e  B ence  Jo n es  p ro te in  an d  Ig- 
f r a g m e n ts  (P la te  I I .  D . E .) . T h e  hone m arrow  b ecam e  ric h  in  cells and  focally  
ly m p h o id  cells appeared  in  th e  m ass of m ostly  im m a tu re  p lasm a cells (P la te

A d a  Morphologica Acaderriiae Scientiarum  H ungaricae 28, 1980
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Plate I.

Plate I .  Agar-gel e lectro])horetic  (A) and  u l tracen tr ifuga l  p ic tu re  (B) of se rum -sam ples  of I .  K .  
Sam p le  I had  a m acrog lobu l in  concen tra t ion  of 31%  com pris ing  several p o ly m e r  fractions.  
Two years  later  (2) the  a m o u n t  of  15 S was only m easu rab le  (24% ). Arrow p o in ts  a t  M-com- 
ponen ts .  Fig. C shows th e  im m unoelectrophore tic  e x am in a t io n s  of the euglobulin  fraction 
an d  su p e rn a ta n t  of the  n a t iv e  serum  of I. K .  In  th e  f i r s t  t ro u g h  an ti- IgG  (g am m a);  in the  
second a n d  fifth, an t i - IgM  (mii): in the  fourth ,  a n t i -k a p p a ,  a n d  in the six th ,  p o ly v a le n t  im ­
m une  sera were poured .  Figs  D , E , F  show the s e p a ra t io n  of the  two monoclonal  proteins.  
C om ponen ts  purified b y  Sep h ad ex  G 200 (p repara t ive  co lum n, 1 0 0 x 1 0  cm, e lu t io n  volume 
120, 300, 500 ml) can  read i ly  be recognized by agar-gel e lectrophoresis ( D )  besides M-compo- 
n en t  appear ing  in the  1st a n d  2nd peaks ( F ) .  In  the  la t te r ,  a subs tan t ia l  a m o u n t  o f  norm al 
IgG  is p resent .  This M -co m p o n en t  shows an antigen-defic iency with d i lu t ion -com para t ive

imm unoelectrophoresis  ( E ,  arrow)

V II , E .). In  th e  case o f  T. K .,  a sudden  m alig n iza tio n  was e n co u n te red . The 
fo rm erly  n o n -m a lig n an t form  o f W a ld en stro m  m acrog lobu linaem ia  was 
rep laced  by  a ra p id ly  p ro g ra d ia tin g  fo rm : in  ad d itio n  to  IgM K  an  IgG jK  
m onoclonal p ro te in  ap p e a re d . In  th e  u rine , k a p p a  ty p e  free ligh t c h a in  an d  Fc 
(g a m m a j  frag m en t w as ex cre ted . W ith  th e  ap p e a ra n ce  of Ig G ,K , th e  a m o u n t 
of IgM K  decreased (P la te  I). As heavy  chains o f th e  tw o p ro te in s  w ere n o t 
an a ly sed  im m unochem ica lly , th e  genetic m ech an ism  of sw itch ing  o v er from  
th e  syn th esis  o f one h e a v y  chain  to  an o th e r [22, 67, 86, 87, 95— 98] could  no t

Acid M orphologica A cadem iae S c ien tiarum  Ilun g a rica c  2 8 , 1980
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Plate I I .  Fig. A  shows the  f rac t io n a t io n  by  Sephadex  G 20j gel f i l t ra t ion  (co lum n size 70 X 1.5 
cm ;  e lu t io n  volumes, 52, 68, 92 ml) of  the  urine c o n c e n t r a te d  to  1/10 of P. M .  I n  f rac t ion  
J jTJ, h e a v y  chain de te rm in a n ts  were  absen t.  W ith  a n t i -k a p p a  an d  l am b d a  im m u n e  sera,  s trong  
p re c ip i t a t io n  arhes were o b ta in e d  (C.  I ,  2) .  Fig. В  shows th e  agar-gel e lectrophoresis  o f  the  
M -c o m p o n en ts  of the  se ru m  (1), eug lobulin  f rac t ion  (2) a n d  urine  concen tra ted  (3) to  1/10 of 
P . M .  These  fractions, in v es t ig a te d  by im m unoelectrophoresis ,  in Fig. D:  1, a n t i -F c ;  2, anti-  
F a b ;  3, an ti - lam bda;  4, a n t i -k a p p a ;  5, an ti - IgA  (alpha);  6, an t i - IgG  (gam m a);  7, p o lyvalen t  
im m u n e  serum. On the  r ig h t  side o f  the  troughs  is seen th e  serum , on their  left  side, t h e  urine. 
A r r o w  “ a ”  has a double p o in t  while 44b ”  can  be p laced in  the  position of IgA  b u t  c a n  h a rd ly  
be  seen  \vith polyvalent  im m u n e  se ru m  near  the th rough .  Fig. E  shows the agarose-gel e lec tro ­

phoresis of  th e  s e ru m  and  double M -com ponents  (arrows) of P. J .  I I .

P la te  I I I .  Bone m arrow  sm ear  o f  F. J .  Cells w ith  l igh t  cy to p la sm  and  nuclei c o n ta in in g  nucle­
oli ( 1 ) .  Arrow points a t  a cell h av in g  a lobulated , large nucleus.  The  o ther  cell p o p u la t io n  (2 )  
h a s  excen tr ic  nuclei and  basophilic  cy top lasm . In  the  p e r ip h e ra l  blood, ly m p h o id -p la sm a  cells 
w i th  n a r ro w  cy top lasm  an d  well visible nucleoli are consp icuous (3 ) .  A m oung  iso la ted  cells 
( 4 )  t h e  a rrow  indicates an  a ty p ic  lym pho id -p lasm a  cell possessing a f rag m e n te d  nucleolus.  
I n  i ts  vicinity ,  cells w i th  f inger-l ike  nuc lear  lobu la t ion  c a n  be observed ( sep ara ted  b y  Ficoll- 

U rom iro ) .  M ay-G rünw ald-G iem sa ,  X 1000
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he v e rified . S till, th e  decrease o f lgM K  on th e  appearance  o f Ig G ,K  suggests 
th a t  in h ib itio n  of th e  p ro d u c tio n  o f  one m onoclonal p ro te in  is co u p led  w ith  the  
o n se t o f p ro d u c tio n  of th e  o th e r. C y to logically , the  hone m arro w  d isp layed  
a co lou rfu l and h ith e rto  u n k n o w n  p ic tu re . Л11 cells of th e  ly m p h o id -p la sm a  
cell-line w ere p resen t. Im m a tu re  ly m p h o id  cells occurred in  a la rg e  n u m b er 
acco m p an ied  by p lasm ab lasts  d iffering  in m a tu r ity  (P la te  V I).

M a tu re  p lasm a cells w ere ra re ly  en co u n te red  and e lec tro n  m icroscopy  
of th e  cell-line revealed a sim ilar n u c lea r s tru c tu re  su p p o rtin g  th e  v iew  th a t  
these cells belong to the same line but are stopped at different stages of maturation. 
T h u s, th (‘ tw o d ifferen t m onoclonal p ro te in s  m ay have o rig in a ted  from  one 
single m onoclonal p recurso r by its  d a u g h te r  cells of d ifferen t m a tu r i ty .

I I I .  In  th e  group of initially malignant and continuously controlled cases, 
F . ./. possessed tw o id en tica l h ea v y  chain  class and light chain  ty p e  (Ig G jK  -(- 
+  IgG i K ) p ro te in s  w hich, how ever, d iffered  in  e lec trophoretic  m o b ility  and 
c o n c e n tra tio n . There are tw o c ircu m stan c ia l evidences of th e  d iffe re n t origin 
of tw o m onoclonal p ro te in s : (i) tw o  cell ty p e s  can be seen in  b o n e  m arrow  
sm ears (P la te  I I I ,  1, 2, and P la te  V); (ii) d u rin g  tre a tm e n t, th e  c o n c e n tra tio n  
of th e  M -com ponents changes in  th e  opposite  d irection : th e  c o n c e n tra tio n  of 
th e  p ro te in  o f lower m obility  s lig h tly  increases, while th a t  o f th e  o th e r  decreases. 
T h is m ay  be an ad eq u a te  in d ic a to r  of th e  d ru g -sen sitiv ity  or re s is ta n c e  o f th e  
in d iv id u a l clones (Table I I ) . T he clin ical p a t te rn  changed in to  p la sm a  cell 
leu k aem ia  an d  ad m in is tra tio n  o f a new  c y to s ta tic  was w ith o u t effec t. This 
fo rm , in  fa c t, can  h a rd ly  be in flu en ced  by  drugs [46, 59, 66, 93]. A ty p ica l 
cells w ith  frag m en ted  nuclei p re se n t in  th e  b lood  (P la te  I I I ,  4) also in d ic a te  
a h igh  degree m alignancy  [66]. T he tra n s itio n a l n a tu re  b e tw een  m yelom a 
m u ltip lex  and  lym phom a was su p p o rte d  b y  th e  histological e x a m in a tio n  of 
ly m p h  nodes (P la te  V II , C). T h is has sev era l th e ra p e u tic  and n o m c n c la tu ra l 
im p lica tio n s .

T h e  doub le  g am m o p a th y  o f P. .S', developed  from a m o n o clo n a l form  
d u rin g  c o n tin u o u s  h igh-dose c y to s ta tic  t re a tm e n t (m elphalan) lig h t an d  h ea v y  
ch a in s  d iffe red  from  those of th e  p rev io u s p ro te in  (IgG jL  -)- IgG .,K ).

T he cause(s) o f diclonal g a m m o p a th y  fo rm a tio n  are no t k n o w n . Prolonged 
cytostatic treatment [36, 94, 99], cell fusion or hybridisation can be held responsible 
[16, 48, 83, 84]. The cae of P. S . accom pan ied  by  the ap p e a ra n ce  o f  neo­
p lastic  ce rv ica l lym ph  nodes (P la te  V II , D) to g e th e r  w ith  th e  new  m onoclonal 
p ro te in  suggests  th a t  ey to s ta tie s  m ay  ind u ce  m alignan t cell p ro life ra tio n  or

Plate I V .  I n  the  hone m arrow  sm ear  of  K .  J .  m os t  p la sm a  cells are of nuelcolatecl a n d  im m a ­
tu re .  w ith  a n a r ro w  cytoplasmic r im  ( I ) .  I n  ad d i t io n  to p lasm a  cells clusters o f  a n o th e r  l y m p h ­
oid cell ty p e  lack ing  a cytoplasm ic r im  are p re sen t  ( 2 ) .  M ay-Grünwald-Giem sa, x  1000 Figs.  
3- 5. Histologic sections of the  spleen. Arrow s point  to pale imm uno- a n d  p lasm o b la s ts .  
G iemsa, X 600. Costal tu m o u r  (4 )  w ith  n u m ero u s  im m a tu re  plasma cells (arrow). H a e m a to x y -

lin-eosin, X 400

Irin Alor/thologica Academiav Scirnlianim  Ilnngaricae 211, 1980
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Plate V. I n  Fig. 1 im m a tu re  
lym phoid  cell su r ro u n d e d  by  
processes of re t icu la r  cells. The  
cy top la sm is  poor in organelles;  
a few mitochondria  (M), vesic­
les (V) and im m atu re  g ra n u la r  
endoplasmic re t icu lu m  (rE r)  
are visible. The nucleus is in- 
ten te d  (arrow) w ith  evenly  d is­
t r ib u te d  chrom atin  a n d  p r o ­
m inen t  nucleolus (n). E lec tron -  
m icrograph  from  th e  bone 
m arro w  of F. J .  X 13.500. The 
o th e r  cell type  (2 )  has  a large 
nucleus with an e x t r a o r d in a r ­
ily  large nucleolus. Well d e ­
veloped granular  endoplasm ic  

sacs. X 16.500

4cta M orphologica A cadem iae  S c ie n tia ru m  H ungaricae 28, 1980
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Plate VI .  bdectronm icrograph 
( Fig. I )  of  im m a tu re  lym phoid  
cell w ith  poorly developed 
endoplasm ic re t icu lum  a n d  sc a ­
t te red  ribosomes (r). Bone 
m ar ro w  of / .  К .  X  15.500. 
Fig. 2. I m m a tu re  lym pho id  
cell ( IBy) and  p lasm oblas ts  
(P B )  d ifferentia ting  in to  y o u n g  

p lasm a  cells. X7750

8 Id a  M orphologien A cadem iae Scivnliarutn  H ungaricae  28 , 1980
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%

Plate V l l .  I n  Fig. A  a neoplastic  lym ph node 
of S. J .  is show n. Multi nuclear giant-cells  ( a r ­
row) are seen in  the  group of lym ph o id -p lasm a  
cells. T h e  sa m e  is show n in Fig. B.  The  a r row  
points to  a  p lasm o b la s t  hav ing  a nuclear 
inclusion. H aem a to x y l in -eo s in ,  X l l O  an d  600 
(photo by Dr.  G. Kelényi).  Fig. C: im m uno-  
and p la sm o b la s ts  f rom  the  neoplastic  ly m p h  
node of F . J .  H aem atoxy l in -eos in ,  X600. Fig.  
J) : the  a r ro w  p o in ts  to a large p lasm o b la s t  
from a n eop las t ic  ly m p h  node of P. S.  H a e m a ­
toxylin-eosin ,  X 400. Fig. E  bone m arro w  of 
P. J .  I I .  Two cell types  are seen: ly m pho id  cells 
in c lus ters  (1) su r ro u n d ed  by  p lasm a  cells (2) 
different in m a tu r i ty .  Haem atoxylin-eosin ,  X 160

A d a  M orphologica Academ iae Sc ien tia ru m  H ungaricae 28, 1980



DICLONAL G AMMO PATH IES 429

the  m alig n an t tra n s fo rm a tio n  of th e  cells. T h e  case of P. M. is rem ark ab le  w ith  
regard  to  th e  tr a n s it io n a l efficiency of co m b in ed  c y to s ta tic  tre a tm e n t (mel- 
p lia lan , cyc lophospham ide) following an  in e ffec tiv e  m elpha lan  th e ra p y  in  th e  
case of a m ixed p ic tu re  of double Bence Jo n e s  p ro te in u ria , m yelom a, W a ld en ­
strom  m acro g lo b u lin aem ia  and im m u n o b las tic  lym phom a.

IV. In  th is  g roup  the short observation o f  th e  disease has m ade i t  im p o s­
sible to  perform  co n tro ls  sim ilar to  those  in  th e  previous groups. R eco rd ing  
of these  cases m a y , how ever, provide a n u m b e r  of useful d a ta  on ly m pho id - 
p lasm a cell tu m o u rs  (P la te  IV , and P la te  V I I ,  A, B).

D iscussion

The diagnosis o f d iclonal gam m opath ies is o ften  d ifficu lt |9 , 19, 40, 57, 
60, 73, 79, 82, 91 j. T h e  clin ical p ic tu re  is n o t u n ifo rm  [2, 44, 71, 77], cy to log ical 
d a ta  are scarce, an d  a p p ro p ria te  in v estig a tio n s could  be done in  a few  o f th e  
cases rep o rted  [2, 8, 44, 45, 75, 77]. U ltra s tru c tu ra l  d a ta  are also scarce (75] 
in sp ite  of th e  fa c t  th a t  d e te rm in a tio n  of th e  degree  d iffe ren ta tio n  and  m a tu ra ­
tio n  of th e  cells has a considerable value in  assessing th e  dynam ism  o f th e  
process. R e la tiv e ly  m ore d a ta  are av a ilab le  w ith  th e  im m u n o flu o rescen t 
a n tib o d y  tech n iq u e  111, 26, 42, 68, 69, 74, 75, 77, 88, 90, 101]. T his ap p ro ach  
how ever, has serious lim ita tio s  126—28, 68, 69, 89, 90, 101].

P ro life ra tiv e  d iseases of В -cells, in p a r tic u la r  th e ir  diclonal g am m o ­
p a th ies , often show  a com plex p a tte rn  cau sin g  severa l problem s in d iagnosis 
an d  classification  |8 , 23, 24, 34, 41, 71, 77, 93]. T he n a tu re  of neop lastic  clonal 
p ro life ra tion  is la rg e ly  d ep en d en t on the d ev e lo p m en ta l stage of th e  m a lig n an t 
cell. Mixed p a tte rn s  o f  ap p earan ce  a n 1 d e te rm in ed  b y  th e  degree of d if fe re n tia t­
ing cap ac ity  of m a lig n a n tly  transfo rm ed  cells an d  by  th e  reac tio n  o f clonal 
p ro life ra tion  to  fa c to rs  affecting  th e  d ev e lo p m en t of th e  n o rm al im m u n e  
system . T he ap p e a ra n ce  of tw o m alignan t cell ty p es  or th e  fo rm atio n  o f a 
second clone adds to  th e  difficulties of c la ssifica tion .

In our 11 cases, th e  clinical ap p ea ran ce  o f th e  disease was co rre la ted  
w ith  pro te in  and  cy to logical anom alies an d  th ro u g h o u t th e  course o f th e  
process. O b se rv a tio n  of these  cases over a consid erab le  lengh t of tim e  w as 
th o u g h t to  e lu c id a te  questions re la ted  to  th e  d ynam ism  of these  “ im m u n o - 
cy to m as”  and  to  e a rly  m a lig n an t changes.

T he p resen t fin d in g s  suggest th a t  d ic lonal gam m o p ath ies  (IgG -varie ties) 
can  be d iagnosed  by  d ilu tio n -co m p ara tiv e  im m unoelec trophoresis  [60]. T he 
co m p ara tiv e ly  h igh  incidence  (5.4% ) of do u b le  gam m o p a th ies  in  our m a te ria l 
is a t tr ib u te d  to  th e  ro u tin e  perform ance of th is  “ screen ing”  ex am in a tio n  an d  
of o thers in cases o f  m onoclonal g am m o p a th y  ev ery  second or th ird  m o n th . 
E x a m in a tio n  of th e  u rin e  is of p a rticu la r im p o rta n c e .
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Changes of the clinical p ic tu re  and pro tein  spectrum  (appearance of new 
p arap ro te in s) call a tten tion  to  th e  light and  electron microscopic histology of 
the bo n e  m arrow [03, 64]. In  these cases, acceleration of the m alignization 
is fa s te r  th a n  in the “ usual” cases of m onoclonal gam m opathy [25, 76]. D ur­
ing th e se  periods, the appearance of a new protein can he expected which 
po in ts  to  a trigger mechanism. Im m atu re  lym phoid elements and plasm oblasts 
d o m in a te  th e  cell population w ith  frequen t nuclear and cytoplasm ic inclusions. 
T in ;se cells appear soon in th e  lym phatic  organs and at other sites.

W hen  a new monoclonal p ro te in  appears, th e  disease m ay become re s is t­
an t to  th e  former therapy . As m alignan t transform ation  m ay occur after 
long periods of stagnation, continuous and close observation is m an d a to ry  in 
such cases.
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B I K L O N A L E  G A M M O P A T H IE N

SZ. O TTÓ, M. BÖRZSÖNYI u nd  S. E C K H A R D T

Die Verfasser b e o b a c h te te n  11 Fälle  von b ik lo n a len  G am m opath ien  und v e r su c h te n  
die k l in ischen ,  m orpholog ischen  V eränderungen  sowie die Veränderungen  des E iw eißb ildes  
u n d  d e r  K in e m a t ik  des Prozesses zu verfolgen.

I h r e n  B eo b ach tu n g en  nach  ist in solchen Fällen  das  T em p o  der malignen U m w a n d lu n g  
e rh eb l ich  schneller als bei den  “ üb l ichen” m onok lona len  Gam m opath ien .  “ E x p lo s io n sa r t ig ” 
k ö n n e n  neue  Pro te ine  in  Beglei tung von juvenilen ,  u n re ife n  lymphoiden E le m en ten  u n d  
P la s m o b la s t e n  au f tre ten .

Die maligne U m w a n d lu n g  k a n n  auch  plötzlich,  n a c h  e inem längere Zeit s ta t io n ä re n  
Z u s t a n d  au f t re ten ,  deswegen ist  bei diesen K ra n k h e i t sb i ld e rn  die regelmässige K o n tro l le  
une r läß lich .

БЫКЛОНАЛЫ1ЫЕ ГАММОПАТИИ
C. O T T O , M. Б Ё Р Ж Ё Н Ь И  Ш . Э К Х А Р Д Т

Авторы собрали 11 случаев биклональных гаммопатий и изучали изменения клини­
ческой, цитоморфологической и белковой картины, кинетику процесса.

По их наблюдениям в таких случаях темп злокачественного перерождения гораздо 
быстрее, чем при «обыкновеных» мноклональных гаммопатиях. Взрывообразно может по­
явиться новый белок в сопровождении молодых, незрелых лимфоидных элементов и плаз- 
мобластов.

Злокачественное перерождение может внезапно начинаться после длительного ста­
ционарного состояния и поэтому непремнно нужен систематический контроль этих пато­
логических процессов.

D r. Szabolcs5 Ottó

D r. S án d o r E c k h a r d t

D r. M átv ás B örzsönyi

O rszágos O nkológiai In té z e t,
R á th  G yörgy u . 7/9,
H -1122 B u d ap est, H u n g a ry  

O rszágos K özegészségügyi In tézet, 
N ag y v á rad  té r  2, H -1096 , B udapest, H u n g a ry
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D ie tr ich  Sta r c k : Vergleichende Anatomie der Wirbeltiere a u f  Evolutionsbiologischer Grundlage. 
2: Das Skeletsystem: Allgemeines,  Ske le tsubstanzen Skelet der W irbe lt ie re  einschliesslich 
Lokom otionstypen .  Springer  Verlag, Berlin— Heidelberg— New York. 1979, p p .  775 with

567 figures. Price: DM 248,

After  the first  vo lum e dealing w ith  animal p hy logeny  and th e  basic p r incip les  of com­
p a ra t iv e  ana tom y a n d  ou tline  of sys tem atics ,  th is  second par t  of  D. s t a r c k ’s three-volume 
book is devoted to the  desc rip t ion  of the ve r teb ra te s ’ skeletal  sys tem  a n d  the  ty p es  of their 
locom otion  on  an evo lu t ionary  basis.

Turn ing  over the  pages o f  the  more th a n  a th o u sa n d  c i ta tions  of m o s t ly  m o d e rn  books 
and  articles,  the reader  c an  find pieces of the a u th o r ’s works in the  fieid o f  osteology which 
pe rh ap s  m ay  explain the  full-scale rep resen ta t ion  of the  sub jec t  w ith in  th is  comprehensive 
treatise.  (The th ird  vo lum e is p lanned  to con ta in  the  an a to m y  of muscle, t h e  nervous  and 
vascu la r  systems, sense o rgans  and  viscera.)

T he  first  c h ap te r  of th e  second volume consists of  a b r ief  histological survey dealing 
w ith  cartilage, bone, d e n t in  an d  some o ther  mineralized tissues and  the connec tions  of the 
e lem ents  of  v e r teb ra te  skeleton . The  description is based  on light microscopical observations 
an d  pract ica lly  no d a ta  on  the  u l t ra s t ru c tu re  of these t issues are included.

The  subsequent  c h ap te rs  which, according to the  m ain  purpose  of the boo k ,  deal with the 
macroscopic  an a to m y  of th e  whole skeleton and  of its p a r ts ,  are exce llen t ly  written.  
T he  t e x t  and the beau tifu l  i llustra tions give am ple  in fo rm a t ion  concern ing  bo th  the 
mechanical  and sta tical  fe a tu res  o f  the  skeleton as well as the ana tom ica l  connec tions  of the 
skeletal  e lements w i th  the  v iscera ,  nerves and blood vessels.  A n u m b e r  of in te res t in g  d a ta  for 
homologies of bones are p resen ted  to  dem ons tra te  phy logenetic  re la tions b e tw ee n  different 
v e r teb ra te  groups.

All chap ters  c o n ta in  de ta i led  lists of references an d  the  book is su p p le m e n ted  with 
a sub jec t  index and with a reg is te r  of the  species m en t io n ed  in the  tex t .

T h is  comprehensive w o rk  is a very  good source of d a ta  and in fo rm a t io n  on  the  subject 
and  m ay  be useful for all those  in te res ted  in research a n d  teach ing  of c o m p a ra t iv e  anatom y.

Dr. .1. K ovács
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