
15. XII. 1963 Brcvi comunieazioni - Brief Reports 645 

Effects  of  T h a l i d o m i d e  in the Rat  F o e t u s  

A l t h o u g h  seve ra l  workers  h a v e  r epo r t ed  t h a t  t he  r a t  is 
n o t  a su i t ab l e  a n i m a l  for t e s t i n g  t he  t e r a toge n i c  ac t ion  of 
t h a l i d o m i d e  ~-a, BmNAMI et  at. 4 f ound  a low f r e q u e n c y  of 
m a l f o r m a t i o n s  in ra ts .  W e  h a v e  car r ied  o u t  e x p e r i m e n t s  
wi th  W i s t a r  a lb ino  r a t s  on doses  of t h a l i d o m i d e  r a n g i n g  
up  to 400 m g  pe r  kg b o d y  weigh t  per  day .  The  r a t s  were 
m a t e d  a n d  t he  ma le  a n i m a l s  r e m o v e d  f rom the  cages  a f t e r  
4 days .  T h e  females  received the  t h a l i d o m i d e - c o n t a i n i n g  
r a t i on  f rom t h a t  d a y  un t i l  p a r t u r i t i on .  The  d ie t  cons i s t ed  
of 52% whole  w h e a t  flour, 30% s k i m m e d  mi lk  powder ,  
9% m a r g a r i n e ,  8 .36% s u g a r - t h a l i d o m i d e  m i x t u r e ,  0 .5% 
cod- l iver  oil a n d  0 .14% sal ts .  

Af t e r  b i r t h  t h e  l i t te rs  were weighed ,  a nd  t he  a n i m a l s  
were e x a m i n e d  for gross  m a l f o r m a t i o n s  a nd  killed by  
e t h e r  i nha la t ion .  T h e  sk in  a n d  all i n t e rna l  o r g a n s  were re- 
m o v e d  and  the  p r e p a r a t i o n s  f ixed in ~a6 °//o e thano l ,  m a d e  
t r a n s p a r e n t  in 1% K O H ,  s t a i n e d  wi th  0 .01% al izar in  red 
in 1% K O H  for 1-2 weeks,  p laced in Mal l ' s  s o l u t i o n - - 1  
K O H ,  20 glycerol,  79 w a t e r  for 1 week  a n d  s tored  in 
glycerol.  W i t h  th i s  p rocedure  m u s c l e s  a n d  o t h e r  sof t  t is-  
sues  become  t r a n s p a r e n t ,  b u t  t he  p r e p a r a t i o n s  r e m a i n  
a n a t o m i c a l l y  in tac t ,  whi l s t  t h e  ske le ton  s t a i n s  b r i g h t  red. 

By  ex t e rna l  i n spec t ion  no m a l f o r m a t i o n s  were seen in 
t h e  n e w - b o r n  ra ts .  I n  all g r o u p s  a few y o u n g  were s t i l lborn  
b u t  t h e r e  were  more  in the  g r o u p  fed 400 m g  t h a l i d o m i d e  
per  kg  b o d y  weigh t .  T h e  a v e r a g e  l i t te r  size dec reased  w i th  
inc reas ing  dose of t h e  d r u g  (Table  I). T h e  n u m b e r  of  im-  
p l a n t a t i o n s  was  n e a r l y  t he  s a m e  in all g roups .  

T h e  ave rage  we igh t  of t he  y o u n g  increased  s o m e w h a t  on 
nc r ea s ing  t he  t h a l i d o m i d e  dose. Th i s  shou ld  be regarded ,  

however ,  as  a n o r m a l  s y m p t o m  of h ighe r  b i r th  we igh t s  of 
y o u n g  in sma l l  l i t t e rs  c o m p a r e d  to large l i t ters .  

The  s t a ined  ske le tons  revea led  no gross  m a l f o r m a t i o n s  ; 
t h e  long l imb bones  were all p r e s e n t  a n d  of n o r m a l  size. 

W i d e  s u t u r e s  in t he  b o n y  skul l  were p r e s e n t  in t h e  
t h M i d o m i d e  g roups  as well as in t h e  con t ro l  g r o u p  a n d  t h e  

p h e n o m e n o n  s eemed  to be re la ted  to  the  l i t ter  size. T h e  
y o u n g  of large l i t t e rs  a re  s o m e w h a t  b e h i n d  in deve lop-  
m e n t  in c o m p a r i s o n  to t hose  of sma l l  l i t ters .  

T h e  on ly  n o t e w o r t h y  effect  of t h a l i d o m i d e  was  an in- 
c r eas ing  f r e q u e n c y  of a b n o r m a l  5th  oss i f ica t ion  c e n t r e s  
of t he  s t e r n u m .  A l t h o u g h  th i s  a b n o r m a l i t y  was  no t  com-  
p le te ly  a b s e n t  in the  cont ro ls ,  inc reas ing  doses  of tha l ido-  
mide  caused  a m a r k e d l y  h ighe r  inc idence  a n d  also more  
se r ious  m a l f o r m a t i o n s  of th i s  bone  cent re .  A comple t e  
r ange  f rom n o r m a l  size to smal ler ,  f la t ter ,  wedge - shaped ,  
d u m b - b e l l - s h a p e d ,  anti  va r ious  i r regula r  s h a p e s  to ve ry  
smal l  i r r egu la r  f r a g m e n t s  (aml even  one or two p i n - p o i n t  
size f r a g m e n t s )  was  seen  {Figure 1). Tab le  Ii  g ives  t he  
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Fig. I. Sternum of new-born rats. Six ossifieatim~ ('entrcs. A, nor- 
mal (control); I{ and C, reduction in size of the 5th centre (-1(to nlg 

thalidomide per kg body weight). Magnificatiou, 2 *. 

1 (;.  F. SOMERS, L a n c e t  i, 1962, q.i l '~. 
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Table I. Litter size in rats after administering wwious doses of thalidomide during pn,gnancy 

mg Thalidomide per kg Number of animals Average size of the Average weight of the Awwage number of 
body weight per day litters new-born rats (g) implantations 

n o n e  7 IIL3 5.~) 1 1.0 
'25 15 7.9 5.2 12.2 
50 13 B.5 5.1 9,2 

100 7 6.v; 5.3 10,2 
200 I0  5.2 ~).;l ltLO 
400 9 ,1,9 i).!~ I(L,1 

Table II. Numbers of new-born rats with normal and abnornlal 5th stermd bone centres 

mg Thalidomide Number of 5th ossification centre of the stenntm 
per kg body young 
weight per day Normal Slightly abnornml 

Number % Number % 

Severely abnormal 

Number % 

none 54 52 96 0 0 
25 102 80 78 14 14 
50 84 69 82 l(I 12 

100 41 22 54 12 29 
200 53 25 47 15 2N 
400 32 7 ~2 i~ 2N 

4 
8 8 
5 6 
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d i s t r i b u t i o n  of th i s  pecu l i a r i t y  in  t h e  va r ious  groups .  
F igure  2 shows t h a t  t he re  is c lear  r e l a t i ons h i p  b e t w e e n  
severe  a b n o r m a l i t i e s  of t he  s t e r n a l  cen t r e  a n d  t h e  dosage  
of t ha l i domide .  Th i s  effect  is n o t  l imi t ed  to  ra ts .  V e r y  
s imi la r  a b n o r m a l i t i e s  of t he  5 th  s t e r n a l  cen t r e  were  also 
seen in  mice. 

T h e  2nd  a n d  4 t h  bone  cen t r e s  of  t h e  s t e r n u m  were v e r y  
r a r e ly  found  to  h a v e  a n  a b n o r m a l  shape .  

F u r t h e r  de ta i l s  of t he  ske le tons  of these  a n i m a l s  will be  
s tud ied .  E x p e r i m e n t s  on  t h e  t e r a t o g e n i c  ac t ion  of t ha l i do -  
mide  in  o t h e r  a n i m a l s  a re  in  progress.  

I t  m u s t  be  conc luded  t h a t  t h a l i d o m i d e  ha s  some inf lu-  
ence  on  t h e  oss i f ica t ion  process  in  t h e  r a t ,  a l t h o u g h  gross  
m a l f o r m a t i o n s  were  n o t  seen.  A n  inc reas ing  n u m b e r  of 
foe ta l  r e so rp t ions  was found  w i t h  inc reas ing  t h a l i d o m i d e  
doses.  T h i s  is in  a g r e e m e n t  w i t h  r e p o r t s  b y  o t h e r  worker s  s 
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Fig. ,2. Relationship between severe abnormalities of the 5th sternal 
centre and the dosage of thalidomide. 

Zusammen]ass**ng. 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  s c h w a n -  
gere  R a t t e n  f f ihr te  zu k e i n e n  s c h w e r e n  Ske le t tmissb i l -  
d u n g e n  be i  d e n  N e u g e b u r t e n .  Led ig l i ch  t ier  f i inf te  ]3rust -  
b e i n k e r n  b l i eb  in  d e r  E n t w i c k l u n g  s t a r k  zur t i ck  u n d  
zeigte,  b e s o n d e r s  be i  T ie ren ,  we tche  T h a l i d o m i d  in  h o h e n  
D o s e n  e rh ie l ten ,  b i za r re  For rnen .  Die Zah l  de r  F r u c h t -  
r e s o r p t i o n e n  w a r  be i  d iesen  T i e r e n  e rhSh t .  
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T h e  E f f e c t  o f  S t r e s s  u p o n  t h e  M e t a b o l i s m  o f  

2 - N a p h t h y l a m i n e  i n  M i c e  

D u r i n g  a n  i n v e s t i g a t i o n  of f ac to r s  i n f l uenc i ng  t he  
m e t a b o l i s m  of 2 - n a p h t h y l a m i n e  in  r o d e n t s  (DEWHURST 1) 
ce r t a in  s t r u c t u r a l  a l t e r a t i o n s  h a d  to  b e  ca r r i ed  o u t  o n  t h e  
bu i ld ing  hous ing  t h e  an imals .  T h i s  bu i l d ing  w o r k  neces-  
s i t a t ed  t h e  exposure  of t h e  a n i m a l s  to  t h e  noise  of p n e u -  
m a t i c  dril ls a n d  t h e  d i s connec t i on  of t h e  h e a t i n g  s y s t e m  
dur ing  a spell  of p a r t i c u l a r l y  cold wea the r .  I t  was  f o u n d  
t h a t  mice, b o t h  ma le  a n d  female,  showed  a s ign i f i can t ly  
ra ised ( P  < 0.01) exc re t ion  of 2 - a m i n o - l - n a p h t h o l  a n d  i ts  
conjugates ,  a f t e r  be ing  dosed  w i t h  2 - n a p h t h y l a m i n e ,  
du r ing  th i s  pe r iod  of s t ress  (see Table) .  

The  an ima l s  used in  t h i s  i n v e s t i g a t i o n  were S t r o n g  A 
s t r a i n  mice aged b e t w e e n  12 a n d  16 weeks.  T h e  a n i m a l s  
were g iven  w a t e r  a n d  c o m m e r c i a l  r a t  cake  ad libitum u p  
to the  t ime  t h e y  were dosed  w i t h  2 - n a p h t h y l a m i n e  (2 m g  
pe r  mouse  of t he  a m i n e  h y d r o c h l o r i d e  e i t h e r  b y  i n t r a -  
pe r i tonea l  (i.p.) i n j ec t ion  as a 0 .2% aqueous  so lu t ion  or  
b y  s t o m a c h  t ube  as a 1% aqueous  solu t ion) .  Af t e r  dosing,  
t he  an ima l s  were p laced  in g roups  of a b o u t  f ive in  m e t a b -  
o l i sm cages a n d  t h e  u r ine  exc re t ed  col lected for 18 h.  
P rev ious  e x p e r i m e n t s  h a d  s h o w n  t h a t  t h e r e  was  l i t t l e  or  
no  exc re t ion  of 2 - a m i n o - l - n a p h t h o l  a n d  i t s  c o n j u g a t e s  in  
t he  faeces or  in  t h e  u r ine  b e y o n d  t he  f i r s t  18 h a f t e r  
dosing.  The  a m o u n t  of 2 - a m i n o - l - n a p h t h o l  a n d  i t s  con ju -  
ga tes  in  t h e  u r ine  was  e s t ima ted  b y  t h e  m e t h o d  of CLAY- 
SON 2, t h e  analyses  be ing  pe r fo rmed  in  dup l i ca t e .  P r o b -  
abi l i t ies  (P) were ca lcu la ted  b y  m e a n s  of ' S t u d e n t s  t 
func t ion ' .  

To inves t iga t e  these  s t ress  effects f u r t h e r  female  mice  
were k e p t  caged,  in  two groups  of a b o u t  t w en t y - f i ve ,  for  
seven  days  in a cold room which  va r i ed  in  t e m p e r a t u r e  
b e t w e e n  --3 a n d  + 9 ° C  as aga i n s t  t h e  n o r m a l  a n i m a l  
r o o m  t e m p e r a t u r e  of +21°C .  These  two  groups  o f  mice  

were  g iven  2 - n a p h t h y l a m i n e  b y  i.p. i n j e c t i o n  a n d  one  
g roup  k e p t  i n  t h e  cold r o o m  a f t e r  i n j ec t i on  wh i l s t  t h e  
o t h e r  g roup  was  t r a n s f e r r e d  to  a r o o m  a t  + 2 1 ° C .  I t  was  
f o u n d  (see T a b l e  below) t h a t  t h e  exc re t ion  of 2 -amino-1-  
n a p h t h o l  a n d  i t s  c o n j u g a t e s  was  r a i sed  to  a b o u t  t h e  s a m e  

The urinary excretion of 2-amino-l-naphthol and its conjugates from 
mice dosed with ,2 mg of ,2-naphthylamine each a 

Conditions under which Number ~g of 2-amino-I- 
the mice were kept and sex naphthol hydro- 

of the mice chloride excreted 
per nmuse 

Building work in progress 25 M 828 4- 154 
Building work in progress 25 F 857 + 268 
Normal (+ 21°C) 63 M 379 4- 116 
Normal (+ 21°C) 44 F 882 4- 93 
Cold room (--3 to + 9°C) 23 F 597 4- 138 
before and after dosing 
Cold room (-- 3 to + 9°C) then 25 F 598 4- 1,25 
normal conditions ( + ,21 ° C) 
after dosing 
Normal, 1 ml of water given 30 F 396 4- 59 
i.p., 1 h before dosing 
Normal, 2-naphthylamine 3"2 F 618 4- 193 
given by stomach tube 

a The 2-naphthylamine (2 mg of the hydrochloride per mouse) was 
given by intraperitoneal injection (i.p.) unless otherwise stated. 

z F. DEWHURST, Naturwiss. 60, 404 (1963); Brit. J. Cancer 17, 365, 
371 (1963). 
D. B. CLAVSON, Bioehem. J. t7, XLVI (1950). 


