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Effects of T h a l i d o m i d e  on the Ske le ton  
of the Rat  Foetus  

Using  r a t s  a s  t e s t  a n i m a l s  fo r  s t u d y i n g  t e r a t o g e n i c  
effects  of  t h a l i d o m i d e ,  d i s t i n c t  e f fec ts  o n  t h e  d e v e l o p m e n t  
of t he  f i f th  s t e r n a l  b o n e  c e n t r e  h a v e  a l r e a d y  b e e n  re- 
po r t ed .  E v e n  m o r e  s t r i k i n g  ef fec ts  of  t h e  t h a l i d o m i d e  
were  seen  o n  t h e  f r e q u e n c y  of  foe ta l  r e s o r p t i o n s  a n d  l i t t e r  
size, w i t h o u t  a d i s t u r b a n c e  of  t h e  n u m b e r  of  i m p l a n t a -  
t i ons  L O t h e r  p a r t s  of  t h e  s k e l e t o n  h a v e  n o w  b e e n  s t u d i e d  
in detai l ,  e.g. f o n t a n e l s ,  c r a n i a l  s u t u r e s , '  v e r t e b r a e ,  r ibs ,  
ca lcaneus ,  t a l u s  a n d  o t h e r  d i s t a l  b o n e s  of t h e  e x t r e m i t i e s .  

M e t h o d s  fo r  s t a i n i n g  t h e  s k e l e t o n  w e r e  desc r ibed  p re -  
v ious ly .  T h a l i d o m i d e  w a s  a d m i n i s t e r e d  in  dose s  f r o m  0 u p  
to  2000 m g / k g  b o d y  w e i g h t  p e r  d a y  a n d  g i v e n  f r o m  t h e  
s i x t h  u n t i l  t h e  l a s t  d a y  of  p r e g n a n c y .  

T h e  r e su l t s  a re  g i v e n  in t h e  T a b l e  a n d  t h e  F igu re .  T h e  
la rge  b o n e s  of t h e  e x t r e m i t i e s  as  wel l  as  t h e  s h o u l d e r  a n d  
pe lv is  a n d  t h e  r i b s  s h o w e d  n o  a n o m a l i e s .  T h e  s m a l l e r  
bones  of  t h e  e x t r e m i t i e s  v a r i e d  w i d e l y  in s t a t e  of  deve lop -  
m e n t ,  w h i c h  is q u i t e  a n o r m a l  p i c tu re .  W i t h  i n c r e a s i n g  
doses  of  t h a l i d o m i d e  t h e  size of  b o t h  t h e  f o n t a n e l s  s h o w e d  
a t e n d e n c y  to  decrease .  I n  t h e  w i d t h  of  t h e  c r an i a l  s u t u r e s  

n o  def in i t e  p a t t e r n  cou ld  be  o b s e r v e d .  I n  t he  ce rv ica l  
v e r t e b r a e  a p e c u l i a r  p r e f e r e n c e  for  a n o m a l i e s  in  oss i f ica-  
t i on  w a s  s een  in  a n i m a l s  b o r n  in t h e  100 a n d  200 m g / k g  
t h a l i d o m i d e  g r o u p s ,  e spec ia l ly  in  Cx a n d  C~; C a a n d  C a 
s h o w e d  m o s t  a b n o r m a l i t i e s  in  t h e  g r o u p  w i t h  200 m g / k g .  
I n  t h e  o t h e r  ce rv ica l  v e r t e b r a e  t h e  effect  is less p r o -  
n o u n c e d  b u t  stil l  p r e s e n t .  T h e  d i f f e rences  b e t w e e n  t h e  
n u m b e r  o1 n o r m a l s  in  t h e  g r o u p s  m e n t i o n e d  a n d  t h a t  of  
all t h e  o t h e r  g r o u p s  t o g e t h e r  p r o v e d  t o  be  h i g h l y  s igni f i -  
c a n t  fo r  t h e s e  v e r t e b r a e .  I n  t h e  t h o r a c a l ,  l u m b a l ,  s ac r a l  
a n d  c a u d a l  v e r t e b r a e  no  a n o m a l i e s  were  found .  

T h e  o b s e r v a t i o n s  on  t h e  f i f th  s t e r n a l  b o n e  c e n t r e  c o m -  
p le t e  t h e  w h o l e  scale of  ske le t a l  a n o m a l i e s .  

D i s c u s s i o n .  T h e  e x p l a n a t i o n  of t h e  v a r i o u s  e f fec t s  s e e n  
c a n n o t  b e  iden t ica l .  T h e  c h a n g e s  in  t h e  f i f th  s t e r n a l  b o n e  
c e n t r e  were  de f in i t e ly  p a t h o l o g i c a l :  bell  s h a p e s ,  w e d g e  
shapes ,  p i n - p o i n t  sizes, etc.  a n d  a c o m p l e t e  a b s e n c e  w e r e  
f o u n d  in  i n c r e a s i n g  f r e q u e n c y  w i t h  i n c r e a s i n g  doses .  W i t h  
2000 m g  t h a l i d o m i d e  p e r  k g  b o d y  w e i g h t  t h e r e  w a s  n o t  a 
s ing le  n o r m a l - s h a p e d  f i f th  s t e r n a l  b o n e  cen t r e .  
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Results of the examination of the skeleton of new-born rats after administering tbalidomide to the mother-animals during pregnancy 
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T h e  w i d t h  of t h e  fon tane l s  sh i f t ed  f rom i n t e r m e d i a t e  to  
na r row,  b u t  t h i s  s eemed  more  r e l a t ed  to  the  more  f avour -  
able  cond i t ions  for d e v e l o p m e n t  in  t h e  smal le r  l i t t e r s  t h a n  
to  t h a l i d o m i d e  doses. 

Fo r  the  pecul ia r  p a t t e r n  d e m o n s t r a t e d  b y  t he  cerv ica l  
v e r t e b r a e  a n o t h e r  e x p l a n a t i o n  shou ld  be  t a k e n  i n to  con-  
s idera t ion .  Since t h e  n u m b e r  of m a t u r e  y o u n g  dec reased  
def in i te ly  w i t h  inc reas ing  doses  of t h a l i d o m i d e  i t  is con-  
ce ivable  t h a t  w i t h  c e r t a i n  doses m i n o r  anoma l i e s  occur  
t h a t  do no t  cause  d e a t h  in ea r ly  foeta l  life. L a r g e r  doses 
i nduc ing  a d d i t i o n a l  d a m a g e  m i g h t  cause  more  a n i m a l s  to  
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Relation between anomalies of the cervical vertebrae in new-born 
rats and the dosage of thalidomide in the mother-animals during 

pregnancy. 

die t h a t  would  h a v e  been  suscep t ib le  a l r e a d y  to  smal l e r  
doses a n d  a n u m b e r  of fa i r ly  n o r m a l  a n i m a l s  to  su rv ive  
in  t he  h i g h e s t  dosage  groups .  I t  m i g h t  be  i m p o r t a n t  t h a t  
t h e  v e r t e b r a l  anoma l i e s  are  in  the  reg ion  whe re  a d i s t u r b -  
ance  of t he  n e r v e  s u p p l y  of t h e  u p p e r  e x t r e m i t i e s  m i g h t  
be  poss ible  as well, b u t  t h i s  c a n n o t  be  i n v e s t i g a t e d  a t  t h e  
s a m e  t i m e  as  t h e  ske l e ton  s t a in ing .  

Conclusion. I t  h a s  to  be  c o n c l u d e d  t h a t  n o t  on ly  
anoma l i e s  are  i n d u c e d  b y  t he  d r u g  g i v e n  b u t  t h a t  also 
fa i r ly  wide  v a r i a t i o n s  a r o u n d  t he  n o r m a l  or  aver£ge  occur  
t h a t  a re  n o t  r e l a t ed  to  t he  d r u g  given.  F r o m  the  d a t a  of 
t h e  con t ro l  a n i m a l s  i t  a p p e a r s  t h a t  those  bones  t h a t  show 
a l r eady  m a n y  v a r i a t i o n s  u n d e r  n o r m a l  c i r c u m s t a n c e s  a re  
t h e  m o s t  su scep t i b l e  to  t h i s  drug .  F o r  f u t u r e  i n v e s t i g a -  
t ions  i t  is i m p o r t a n t  to  k n o w  t h a t  m o r e  a b n o r m a l i t i e s  
m i g h t  be  found  w h e n  g iv ing  smal l  doses  t h a n  g iv ing  large 
doses, s ince in  t h e  l a t t e r  too  m a n y  y o u n g  will n o t  su rv ive  
u n t i l  b i r th* .  

Zusammen/assung. N a c h  T h a l i d o m i d v e r a b r e i c h u n g  a n  
t r~icht igen Rat- ten  f a n d e n  wir  F r u c h t r e s o r p t i o n  u n d  Ano-  
m a l i e n  a m  f t in f ten  B r u s t b e i n k e r n  d e r  F 6 t e n ,  W e i t e r e  
ergAnzende S k e l e t t u n t e r s u c h u n g e n  e rgaben ,  besonde r s  
be i  m i t t e l g r o s s e n  T h a l i d o m i d g a b e n ,  V e r k n 6 c h e r u n g s -  
s tS rungen  a n  den  Halswirbelk~Srpern,  Ande re  Ske le t te i l e  
ze ig ten  he ine  T h a l i d o m i d - a b h i i n g i g e n  E n t w i c k l u n g s -  
v a r i a t i o n e n .  
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Effec t  o f  H i s t a m i n e  o n  t h e  D i a m e t e r  o f  S k e l e t a l  

M u s c l e  F i b e r s  in  M i c e  1 

The  occur rence  of a b n o r m a l l y  large n u m b e r s  of t i ssue  
m a s t  cells in  sk in  of mice  w i t h  h e r e d i t a r y  m u s c u l a r  
d y s t r o p h y  ~ a n d  t h e  a s soc ia t ion  of these  cells w i t h  t i ssue  
c o n t e n t  of h i s t a m i n e  8 ~nd  5 - h y d r o x y t r y p t a m i n e  4 sug-  
gests  a possible  i n t e r r e l a t i o n s h i p  b e t w e e n  t h e s e  two sub-  
s tances  a n d  t he  muscle  a b n o r m a l i t y .  R e p o r t s  in  t he  l i t e ra -  
t u r e  do n o t  i n d i c a t e  t h a t  e i t he r  c o m p o u n d  affects  ske le ta l  
musc le  of a n y  species. Th i s  s t u d y  was u n d e r t a k e n  to  de-  
t e r m i n e  if r epea t ed  in jec t ions  of d i f fe ren t  c o n c e n t r a t i o n s  
of h i s t a m i n e  would  m o d i f y  t h e  ske le ta l  musc le  f ibers  of 
mice.  Selec t ion of specific doses of t h e  d r u g  h a s  b e e n  
based  on  biological  assays  of h i s t a m i n e  in  n o r m a l  mouse  
sk in  a n d  in  skin  f rom mice  w i t h  h e r e d i t a r y  m u s c u l a r  
d y s t r o p h y  5. I n  add i t ion ,  t he  effect  of i n j ec t i ng  a n  ex- 
t r e m e l y  h i g h  c o n c e n t r a t i o n  of h i s t a m i n e  h a s  been  in-  
c luded.  

blaterials and Methods. E x p e r i m e n t a l  g roups  of mice  
were g iven  i n t r a p e r i t o n e a l  in j ec t ions  of h i s t a m i n e  d ihy-  

d roch lor ide  (Calbiochem.)  in  0,25 m l  phys io log ica l  sa l ine  
twice  da i ly  for  21 days .  Con t ro l  a n i m a l s  were  i n j ec t ed  
w i t h  equa l  vo lumes  of sa l ine  on  t h e  s ame  schedule .  All 
mice were weighed  dai ly .  A t  28 days  a f t e r  t he  in i t i a l  in-  
j ec t ion  t h e  mice were a n e s t h e t i z e d  w i t h  e t h e r  a n d  fixed 
in toto in  He l ly ' s  or B o u i n ' s  so lu t ion  for 24 h.  F i x a t i o n  b y  
t h i s  m e t h o d  con t ro l l ed  t h e  degree  of musc le  c o n t r a c t i o n  
in e a c h  an imal .  Af te r  f i xa t i on  t h e  t i ssues  were  washed ,  
a n d  t h e  g a s t r o c n e m i u s  a n d  gracit is  m a j o r  musc les  were 
r emoved ,  e m b c d d e d ,  a n d  sec t ioned  a t  7 ~z. Sect ions  were 
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