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min  pe r  g t i ssue  (cpm/g) .  W i t h  t h e  14C-histidine used, 1 tag 
x 'C-h i s tamine  fo rmed  co r r e sponded  to  a b o u t  5000 cpm. 

F o r  c o m p a r i s o n  w i t h  t h e  va lues  for bone  marrow,  t he  
h i s t a m i n e - f o r m i n g  capac i t i e s  of seve ra l  a d u l t  r a t  t issues,  
as d e t e r m i n e d  in  t h i s  l a b o r a t o r y ,  are  g iven  in  a p p r o x i m a t e  
f igures (cpm/g) :  l iver  ( embryonic )  150000;  l iver  50; skin 
50; s t o m a c h  30 000; g r a n u l a t i o n  t i ssue  2000; w o u n d  t issue 
1500; l u n g  1000. 

Because  of t h e  v e r y  h i g h  r a t e  of h i s t a m i n e  f o r m a t i o n  
a n d  t h e  g rea t  c o m b i n e d  mass  of t h e  bone  mar row,  a sub-  
s t a n t i a l  p r o p o r t i o n  of t he  t o t a l - b o d y  h i s t a m i n e  fo rma t ion  
resides in  t h i s  t issue.  The  p r e s e n t  s tudy ,  wh ich  so far  has  
no t  i nc luded  a cy to log ica l  e x a m i n a t i o n  of the  n u m b e r  a n d  
t y p e  of cells a c t u a l l y  in  mi tos is ,  s u p p o r t s  p rev ious  evi-  
dence  f r o m  t h i s  l a b o r a t o r y  of a poss ib le  r e l a t ionsh ip  be-  
t w e e n  h i s t a m i n e - f o r m i n g  c a p a c i t y  a n d  ce r t a i n  types  of 
r ap id  t i ssue  g rowth .  I t  r e m a i n s  to  be seen to  w h a t  e x t e n t  

t h e  a c t i v i t y  is conf ined  to  ba soph i l  g ranu locy te s ,  as t he se  
cells h a v e  been  s h o w n  to  c o n t a i n  h i s t id ine  d e c a r b o x y l a s e  
in man 4,6. 

Zusammen[assung. Das  K n o c h e n m a r k  d e r  R a t t e  h a t  
e in  hohes  V e r m 6 g e n  zur  H i s t a m i n b i l d u n g  d u r c h  D e k a r -  
b o x y l i e ru n g  yon  His t id in ,  
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D r u g  I n d u c e d  S k e l e t a l  M a l f o r m a t i o n s  in  the  Rat  

Var ious  a n i m a l  e x p e r i m e n t s  1-1t on  t he  t e ra togen ic  
ac t ion  of t h a l i d o m i d e  h a v c  been  repor ted .  To date ,  
gross m a l f o r m a t i o n s  h a v e  on ly  been  obse rved  in t he  
r a b b i t  ~,3,s,8,8,9 a n d  in  t h e  mouse  6,~°. No pos i t ive  f indings,  
o t h e r  t h a n  increased  m o r t a l i t y  a n d  r e a b s o r p t i o n  sites4, 6, 
or  c o m p a r a t i v e  s tud ies  of  o t h e r  h y p n o t i c  agents ,  h a v e  
b e e n  r e p o r t e d  in  t h e  ra t .  

G r o u p s  of 15 a n d  20 S p r a g u e - D a w l e y  r a t s  (Charles 
R i v e r  B r e e d i n g  Labora to r i e s )  were  p laced  on  a d ie t  
( P u r i n a  L a b o r a t o r y  Chow) c o n t a i n i n g  t h a l i d o m i d e  (1% 
a n d  2%) ,  p h e n o b a r b i t a l  (0.16%),  m e t h a q u a l o n e  (0.8%), 
a n d  g l u t e t h i m i d e  (0 .4%)  for t h r e e  days  pr io r  to  ma t ing .  
B o t h  ma le  a n d  female  a n i m a l s  rece ived  t h e  t e s t  agent .  
W h e n  a b o u t  two  weeks p r e g n a n t ,  t h e  female  a n i m a l s  were 
r e m o v e d  a n d  p e r m i t t e d  to  del iver .  T h e y  received t h e  
t r e a t m e n t s  for  t he  full  g e s t a t i o n  per iod.  S t i l lborn  and  
a n i m a l s  d y i n g  u p  to  seven  d a y s  were carefu l ly  e x a m i n e d  
for  defec ts  a n d  preserved .  The  su rv ivo r s  were weaned.  

One  h u n d r e d  a n d  t h r e e  p r e g n a n t  a n i m a l s  were  s tud ied  
a n d  of 233 dead  offspring,  137 were  e x a m i n e d  for skele ta l  
m a l f o r m a t i o n s .  

Of f spr ing  m o r t a l i t y  was  h ighes t  in  the  p h e n o b a r b i t a l  
(78%) a n d  t h a l i d o m i d e  g roups  (29% a n d  42% respec- 
t ive ly)  as  c o m p a r e d  to  t he  con t ro l s  (6%).  Mor ta l i t y  was 
less w i t h  m e t h a q u a l o n e  (23%) a n d  g l u t e t h i m i d e  (18%). 
L i t t e r  size was  decreased  in t h e  p h e n o b a r b i t a l  and  tha l ido-  
mide  t r e a t e d  g roups  sugges t ing  u t e r ine  r eabsorp t ion .  

E x a m i n a t i o n  of t he  a l i za r in  red  s t a i ned  ske le tons  12 
r evea l ed  a b n o r m a l i t i e s  of a k i n d  obse rved  w i t h  o t h e r  
t e r a t o g e n s  In. T h e s e  inc luded  mul t ip l e  occur rence  of 
doub le  v e r t e b r a l  c e n t r a  ( F i g u r e ) . T h i s  was  h ighes t  w i th  
m e t h a q u a l o n e  (9/9), t h a l i d o m i d e  2% (30/48) and  pheno-  
b a r b i t a l  (20/25) a n d  lowest  w i t h  g t u t e t h i m i d e  (4/17). 
E x t r a  r ibs  were  o b s e r v e d  on  t h e  f i r s t  l u m b a r  v e r t e b r a e  
(L 1) in  e igh t  an ima l s  on  m e t h a q u a l o n e  a n d  in two  
an ima l s  each  on  p h e n o b a r b i t a l  a n d  t h a l i d o m i d e  1%. In  
t he  t h a l i d o m i d e  2 % g roup  t h r e e  a n i m a l s  showed  a m a r k e d  
b r a n c h i n g  a n d  fus ion  of t h e  r ibs  (Figure) .  A n o t h e r  com- 
m o n  f ind ing  in t h e  t h a l i d o m i d e  t r e a t e d  an ima l s  was 
' s c r a m b l e d '  s t e r n a b r a e  in 22 in s t ances  (Figure),  SVith 
p h e n o b a r b i t a l ,  5 s imi la r  m a l f o r m a t i o n s  were observed.  
I n  t h e  skull ,  i n h i b i t i o n  of ossif icat ion,  man i f e s t  b y  ab-  
n o r m a l l y  wide  s u t u r e s  b e t w e e n  t h e  c ran ia l  bones,  was  
obse rved .  T h i s  was  c o m m o n  to  al l  t h e  p h e n o b a r b i t a l -  
t r e a t e d  an ima l s  b u t  on ly  occur red  in 2 an ima l s  each  on  

tha l idomide  2% a n d  g lu t e th imide .  Co n t ro l  a n i m a l s  
showed m i n o r  d e v i a t i o n s - - o n e  of fspr ing  h a d  a s ingle ve r -  
t eb ra l  m a l f o r m a t i o n  an d  a n  e x t r a  oss i f ica t ion  cen t r e  o n  
L 1. F u r t h e r  ind ica t ion  of t h e  d r u g  effect  was  o b t a i n e d  
by  e x a m i n a t i o n  of a second l i t t e r  f rom t h e  same  m o t h e r s  
on  a drug-free diet .  M o r t a l i t y  in  the  second  l i t t e r  was  n o t  
d i f ferent  f rom cont ro l s  an d  ske le ta l  m a l f o r m a t i o n s  were  
e i the r  a b s e n t  (e.g. p h e n o b a r b i t a l )  or  m a r k e d l y  r ed u ced  
b o t h  in incidence an d  sever i ty .  These  resu l t s  co n f i rm  t h e  
induc t ion  of ma l fo rma t ions  p roduced  b y  t h e  a g e n t s  t e s t ed .  
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Alizarin red stained skeleton of 1 day oM Sprague-Dawley rats. 
(a) branched and fused ribs, (b) 'scrambled' sternabrae and (c) double 

vertebral eentra. Scale in cm. 
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Othe r  exper iments  h a v e  conf i rmed the  observa t ion  of  
ma l fo rmat ions  p roduced  in t he  r abb i t  b y  tha l ido-  
mide 1,~,~,~,~. We have  no t  demons t r a t ed  a n y  gross defects 
following g lu te th imide  t r e a t m e n t  in this species. 

Whi le  our  f indings are concerned w i t h  skeleta l  mal-  
formations,  i t  does no t  seem l ikely t h a t  the  defects ob- 
se rved  were t he  sole cause of  the  increased mor ta l i ty .  I t  
m u s t  be fu r the r  emphas ized  t h a t  these  resul ts  do not 
necessari ly suggest  t h a t  the  same compounds  are  te ra to-  
genic in the  human .  

Rdsumd. Des mal fo rmat ions  sque le t t iques :  dyssym-  
physes sternales,  des anomal ies  ver tgbrales ,  cr~.niennes 
et  costales on t  ~t6 observ6es, chez des re je tons  de  rates 
de souche Sprague-Dawley ,  t ra i t6es  avec  de la  tha l ido-  
mide,  du ph6nobarbi ta l ,  de la m4thaqua lone  e t  du glut6- 
th imide  pendan t  tou te  la  p6riode de gestat ion.  
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L'effet de la b a s s e  t e m p e r a t u r e  sur  l ' incorpora-  
t ion de pr6curseurs  des  acides  nuclSiques  et des  
prot6 ines  dans  les  ce l lules  du m S r i s t ~ m e  rad icu-  

laire  de Vicia]aba 
Nous  avons  comparS,  pa r  au toradiographie ,  I ' incorpo-  

ra t ion  de la thymidine-~H dans I 'ADN,  de l'ad6nine-8-1*C 
dans  I ' A R N  et  I ' A D N  (digestion ~ la ribonucl6ase) e t  de la 
phSnylalanine-2-~aC dans les protSines des cellules du 
mSrist~me radiculaire  de Vi~ia/aba. Les racines on t  6t6 
fixSes dans  un  mSlange alcool absolu-acide acSt ique 
glacial  (3:1). Les coupes ~ la paraff ine  ou les f rot t is  on t  
6t6 recouver t s  d 'Smuls ion I l ford  G 5 , in  gel form~> d 'apr~s 
F lCgL 

Les plantes  soumises ~t Fact ion de la basse t empSra tu re  
(4°C) p endan t  1, 2, 3 et 4 jours on t  6t6 incubSes avec des 
solut ions aqueuses  de prScurseurs radioact i fs  ( thymidine-  
SH 0,66 p~C et  0,013 ~.M/ml, t emps  d 'expos i t ion  5 jours,  
ad6nine-~C 0,13 vC et  0,024 ~M/ml,  t emps  d 'expos i t ion  
2 jours,  phSnylalanine-t~C 0,155 ~C e t  0,06 ~M/ml ,  t emps  
d ' expos i t ion  4 jours) d u r a n t  24 h, 5. la m~me tempSrature .  
Le matSriel  tSmoin  a 6t6 incub6 pendan t  24 h avec  les 
mSmes prScurseurs,  ~ 18~C. Dans  le cytoplasme,  Fin- 
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Influence de la basse fempfrature sur l'incorporaiion d'adSnine-UC 
et de phfnylalanine-X4C darts Ies ceilules du mSrist~me radiculaize de 
Viola [aba. Ordonn~e: le changement de Ia radioactivit6; Ie nombre 
de traces dans le matSrieI tSmoin est pris comme I00. Abscisse: la 
durSe de traitement ~ 4 °. (1) l'incorporation de l'adSnine-X4C dans 
le nuclSole et dans le noyau. (~) l'incorporation de l'adfnine-l~C dans 
le eytoplasme. (3) l'incorporation de la phSnylalanine-X4C dans le 
nuelSole et dans le noyau. (4) l'incorporation de ]a phSnylalanine-**C 

darts le eytoplasme. 

corpora t ion  d iminue  ~. mesure  q u ' o n  prolonge le t ra i te-  
m e n t  ~ 4 ° (Figure). Apr~s 4 jours  A cet te  temp6ra ture ,  Fin- 
corpora t ion  de l 'ad6nine est r6duite  15 lois, celle de la 
ph6nylalanine  22 iois. Dans  les noyaux,  l ' incorpora t ion  de 
la t h y m i d i n e  e t  de l 'ad6nine dans I ' A D N  dev ian t  p resque  
nulle,  l ' incorpora t ion  de  la ph6nyla lanine  d iminue  10 lois, 
mais  l ' ineorpora t ion  de l 'ad6nine darts I ' A R N  nucl6aire 
n ' e s t  r6dui te  qua  3 fois. 

Dans  les n o y a u x  des plantes  pr6trai t6es 1 e t  2 jours 
4 °, l ' incorpora t ion  de la t hymid ine  et  de la ph6nyl-  

a lanine  d iminue  eonsid4rablement ,  tandis  qua l ' incorpo-  
ra t ion  de l 'ad6nine est  plus intense (Figure). Le  r appor t  
de rad ioac t iv i t6  en t re  le noyau  e t  te cy top lasme  a u g m e n t e  
en f aveur  du  noyau ;  il  rappel le  celui du mat6r ie l  t6moin  
incub6 seu lement  15 min  avec  l'ad6nine-14C 2. 

Le marquage  intense de I ' A R N  nucl6aire est  caract6-  
r i s t ique  des incubat ions  cour tes  avee les pr6curseurs radio-  
actifs de I ' A R N  et  prfc~de le t r ans fe r t  de I ' A R N  radio-  
act i f  au  cytoplasme2-1°;  il pa r a i t  qua l ' accumula t ion  de 
I ' A R N  dans  les n o y a u x  des p lantes  soumises 5. Fac t ion  de  
la basse t emp6ra tu re  puisse 6tre li6e 5. l ' inhib i t ion  du 
t ransfe r t  de  ~messenger RNA~.  Afin  de  eons ta te r  le com-  
p o r t e m e n t  de I ' A R N  nucl6aire 5. la t emp6ra tu re  normale ,  
nous avons  d6termin6 la local isat ion des t races  darts les 
racines des plantes  marqu6es  par  un  s6jour dans l 'ad6- 
nine-14C ~ 4 °, puis plac6es dans  un  mil ieu non rad ioac t i f  5. 
18 °. Nous  n ' a v o n s  ob tenu  de r6suItats  sat isfaisants  (pas 
d ' a u g m e n t a t i o n  consid6rable de la  rad ioac t iv i t6  to ta le)  
que  dans  l 'exp6rience su ivan te :  Ies p lantes  pr6trai t6es 
3 jours A 4 ° on t  6t6 incub4es p e n d a n t  2 h avee  l 'ad6nine-  
14C (1,3 tzC et  0,25 ~M/ml)  5. la m~me t emp6ra tu re  e t  en- 
suite plac6es au milieu non radioact if ,  5. 4 °. Au b o u t  du 
4e jour  ~ 4 °, quelques  racines  ont  6t6 fix6es ( temps 0, 
Tableau) ,  les aut res  o n t  6t6 transf6r6es 5. 18 ° e t  fix6es 
apr~s 1, 3 e t  5 h ;  les au to rad iog rammes  on t  4t4 d6ve- 
lopp4s apr~s 24 h d 'exposi t ion .  An eours de Ia premiere  
heure  ~ 18 °, la r6serve d ' a d 4 n i n e J t C  est  6puis6e e t  la radio-  
ac t iv i t4  to ta le  demeure  au n iveau  cons tan t  pendan t  plu- 
sieures heures. La  r4par t i t ion  du mat6r ie l  rad ioac t i I  
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