
af te r  injection of the oligopeptide abil i ty of the r a t s  to r e m e m b e r  was again maintained at a high level ,  when 
AChE activi ty regained its initial value (Figs.  2 and 3), indicates that  changes in the acetylchol ine s y s t e m  must  
play an essent ia l  role  only in the initial phase  of m e m o r y  f ixat ion.  It is more  l ikely that  the inc rease  in AChE 
act ivi ty under  the influence of oligopeptides a f t e r  30 and 60 rain c r ea t e s  favorable  conditions fo r  effect ive func-  
tioning of the consolidation apparatus  [3]. 
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Many invest igat ions have been devoted to a study of the mechan i sms  of the te ra togenic  action of thal ido-  
mide (T) [2, 16]. Never the less  the p rob lem is st i l l  unsolved a f t e r  more  than 20 y e a r s .  I t  has been postulated 
that  fetal  ma l fo rma t ions  a r e  caused by T i tself  [9, 14]. Yet at the same  t ime  it has been shown that  T can un- 
dergo both aqueous hydrolys is  and b io t ransformat ion  in vivo in m a m m a l s  [8, 12]. It has accordingly been sug-  
g e s t e d t h a t  degradat ion products  of T have a t e ra togen ic  action,  that  they a re  antagonists  of glutamine,  g lu tamate ,  
o r  folic acid [2, 16], that they a r e  toxic a renoxides  [10], and that  they inhibit protocol lagen prol ine  hydroxylase  
and thereby inhibit collagen fo rmat ion  and dis turb  embryonic  l imb development  [12]. The spec i e s - spec i f i c i t y  
of the action of T (mice and ra t s  a re  insensi t ive  to this te ra togen ,  whereas  monkeys ,  man and, to a l e s s e r  de-  
g ree ,  rabbi t s  a r e  sensi t ive)  has been linked with spec ies  d i f ferences  in its me tabo l i sm [15]. The poss ibi l i ty  
cannot be ruled out that  the t a rge t  of T is the connecr ive  t i s sue  of the l imb anlagen [18], an e s sen t i a l  e lement  of 
whose composi t ion  is collagen.  The ra te  of collagen synthes is  is known to depend l a rge ly  on the a sco rb i c  acid 
concentra t ion in the t i s sue  [4]. 

It was accordingly decided to study the effect  of T on the aseorb ic  acid concentra t ion in the organs  of 
guinea pigs which, like p r i m a t e s ,  cannot synthes ize  this v i tamin  [4]. Since induction of enzymes  of the l i ve r  
m i e r o s o m a l  f rac t ion  can sharp ly  i nc r ea s e  the ra te  of ascorb ic  acid me tabo l i sm [7], the action of T on m i c r o -  
soma l  hydroxylase  act ivi ty  f r o m  the l i ve r  of s e v e r a l  spec ies  of m a m m a l s  a lso  was studied in expe r imen t s  ia  
vivo and in v i t ro .  On the bas is  of the r e su l t s  a m e c h a n i s m  of the te ra togenic  act ion of T, capable  of e x p e r i m e n -  
tal  ver i f ica t ion ,  was put forward .  
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Fig.  1. Action of DMSO and T on act ivi ty of aniline p -hydroxy lase  of ME 
f r o m  rabbi t  (a), pig (b), and guinea pig (c) l iver .  1) Normal ,  2) DMSO 
(0.5%); 3) T (100 # g / m l )  and DMSO (0.5%); 4) T (powder); 5) phenobarbi ta l  
(100 p g / m l )  and DMSO (0.5%). 

Fig.  2. Action of DMSO on aniline p -hydroxy lase  act ivi ty  of l ive r  ME 
f r o m  guinea pigs (1), f r o m  guinea pigs rece iv ing  T in t raper i tonea l ly  fo r  
4 days in a dose of 75 m g / k g  daily (2), and f rom pigs (3). 

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on chinchil la rabbi t s  and guinea p igs .  The m i c r o s o m a l  f rac t ion  was i so-  
la ted f r o m  pig l i ve r  as desc r ibed  p rev ious ly  [5]. The ra te  of p-hydroxyla t ion  of aniline was m e a s u r e d  by the 
method in [3], but the reac t ion  was c a r r i e d  out f o r  10 rain. The aseorb ic  acid concentra t ion  was m e a s u r e d  in 
s e v e r a l  organs  of guinea pigs,  a f t e r  homogenizing the t i s sue  in 5% metaphosphor ic  acid, and then t i t ra t ing ex-  
t r a c t s  with 2 ,6-dichlorophenol- indophenol  [4]. In the exper imen t s  with admin is t ra t ion  of T a suspens ion of it  in 
physiological  sal ine was made up immedia te ly  before  use.  

E X P E R I M E N T A L  R E S U L T S  

In the expe r imen t s  of s e r i e s  I the effect  of T was studied on the veloci ty  of p-hydroxyla t ion  of aniline, 
ca ta lyzed  by m i c r o s o m a l  enzymes  (ME) including cy tochrome P-450 [3]. React ions  ca ta lyzed  by cy tochrome 
P-450 a re  known to p roceed  mainly  with the par t ic ipa t ion  of NADPH. If T takes  pa r t  in oxidative reac t ions  with 
apprec iab le  veloci ty ,  i ts  addition to the reac t ion  medium ought to lead to additional consumption of NADPH, and 
consequently,  to a r eco rdab le  dec rea se  in the veloci ty  of the ma in  reac t ion  - the p-hydroxyla t ion  of aniline.  
The r e su l t s  of an expe r imen t  c a r r i e d  out on ME f r o m  rabbi t  l i ve r  are  shown in Fig.  l a .  T (final concentra t ion 
100 p g / m l )  was added to the reac t ion  mixture  e i the r  d isso lved  in dimethyl  sulfoxide (DMSO) or  in powder  fo rm.  
In the l a t t e r  case  the T concentrat ion was close to the concentra t ion of its s a tu ra t ed  solution (about 100 p g / m l ) .  
DMSO i tse l f  (0.5%) inhibited the p -hydroxy la se  reac t ion  by 1.4 t imes .  T not only did not reduce the r e c o r d e d  
ra te  of hydroxylat ion of aniline but, on the con t r a ry ,  apprec iab ly  p ro tec ted  ME against  the des t ruc t ive  action of 
DMSO. Moreove r ,  when added to the med ium in powder  fo rm,  T inc rea sed  the reac t ion  veloci ty  compared  with 
the control  (without DMSO) by 1.21 t i m es .  The stabi l izing abili ty of T was exhibited m o r e  s t rongly  st i l l  on pig 
ME (Fig. lb) .  Guinea pig ME were  re la t ive ly  r e s i s t a n t  to the action of DMSO, but neve r the l e s s  in the p re sence  
of T the reac t ion  veloci ty  in med ium with DMSO was higher  by 14.6% than in the absence  of T. 

The e f fec t  of T on hydroxylase  act ivi ty of l i ve r  m i c r o s o m e s  in vivo was studied in expe r imen t s  on guinea 
pigs .  T was injected in t raper i tonea l ly  into f emale  guinea pigs in a dose of 75 m g / k g  daily for  4 days.  The 
an imals  we re  autopsied 4 h a f t e r  the l a s t  injection.  The aniline p -hydroxy lase  act ivi ty in l i ve r  m i c r o s o m e s  of the 
expe r imen ta l  an imals  was  found to be twice as high as in the control .  Incidentally,  ME isola ted  f r o m  the l i ve r  
of pigs rece iv ing  T were  apprec iab ly  more  r e s i s t an t  to DMSO than ME f r o m  control guinea pigs (Fig. 2). In jec -  
t ion of T thus caused  a m a r k e d  i nc r ea s e  in ME act ivi ty ,  probably  la rge ly  due to the abil i ty of T to s tabi l ize  
m i c r o s o m e s .  It can be tenta t ively  sugges ted  that  this act ion of T in rabbi ts  and pigs will be even s t r ong e r  (com- 
p a r e  F igs .  1 and 2). According to our  p r e l i m i n a r y  data,  ME f r o m  human l ive r  a re  s i m i l a r  in s tabi l i ty  to pig 
ME. There  a re  thus grounds fo r  consider ing that T in p r i m a t e s  will i nc r ea se  l i ve r  ME act ivi ty.  

In the expe r imen t s  of s e r i e s  TT the effect  of T on the ascorb ic  acid concentrat ion in the l ive r ,  kidneys, 
spleen,  and adrena ls  of guinea pigs was studied. F o r  compar i son ,  phenobarbi ta l ,  a known ME inducer ,  was used. 
The r e su l t s  a r e  shown in F ig .  3. A n u m b e r  of e s sen t i a l  f ac to r s  mus t  be noted. In t raper i tonea l  injection of T 
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Fig. 3. Action of T and phenobarbital on ME activity 
and ascorbic  acid concentrat ion in severa l  organs of 
guinea pigs. a) T injected by the in t ragas t r ic  route in 
a dose of 120 m g / k g  for  4 days; c) T injected in t ra -  
peri toneally in a dose of 75 m g / k g  for  3 days; d) pheno- 
barbital injected by the in t ragast r ic  route in a dose of 
50 m g / k g  for 4 days. 1) Specific activity of ME p-  
hydroxylase,  2) ascorbic  acid concentrat ion in l iver ,  3) 
the same,  in kidneys, 4) the same,  in spleen, 5) the same,  
in adrenals .  

(75 m g / k g  daily for  3 days) induced mic rosomal  hydroxylases  appreciably more  strongly than administrat ion 
by the in t ragas t r ic  route (120 m g / k g  dailyfor 3-4 days). Administrat ion of T caused a fall in the ascorbic  acid 
concentration in the guinea pigs '  organs by 1.4-3 t imes even when the increase  in ME activity was relat ively 
small .  The amount by which the ascorbic  concentrat ion decreased  cor re la ted  with the degree of increase  in 
ME activity. The effect of T on ascorbic  acid was found to be specific.  To induce a fall in the ascorbic  acid 
level of the same extent as that produced by T with phenobarbital ,  a much g rea t e r  increase  in ME activity was 
required than in the experiments  with T. The ascorbic  acid concentration fell most  sharply in those organs 
in which under normal  conditions its concentrat ion was maximal.  In their  response to ME inducers,  guinea 
pigs, which cannot synthesize ascorbic  acid, differed sharply f rom "rats, which are  capable of endogenous syn-  
thesis  of this vitamin. In ra ts  the principal  react ions of ascorbic  acid synthesis  are  effected by ME [6]. P r o b -  
ably, therefore,  inducers of ME in ra ts  lead to a sharp increase in the rate of ascorb ic  acid synthesis [7], much 
higher than the increase  in the rate of its breakdown. As a result ,  induction of ME in rats  is accompanied by a 
sharp r ise in the concentration of the vitamin in the organs and blood. In guinea pigs inducers of ME, notably T, 
can cause an increase only in the rate of breakdown of ascorbic  acid, with the resul t  that its concentrat ion in 
the t issues  probably falls (Fig. 3). 

The results  are evidence that T can induce a deficit of ascorb ic  acid in female guinea pigs.  On this basis 
we can postulate a mechanism of the teratogenic action of T. Since guinea pig fetuses,  like fully grown females ,  
cannot synthesize ascorbic  acid [13], T creates  a deficit of this vitamin in t issues of the embryos  also. The 
ascorbic  acid deficit leads to marked inhibitions of collagen synthesis [4], which may damage the anlagen of the 
l imbs, in which collagen synthesis normal ly  takes place at a rapid rate .  Ganglia of the nervous sys tem which, 
under normal  conditions, like the adrenals are  s t ruc tu res  very r ich in aseorbic  acid, also need this vitamin. 
It has been shown that T actually damages the nervous ganglia of embryos  [11, 17]. It can be tentatively sug-  
gested that disturbance of the functioning of these ganglia is also the resul t  of a T-induced ascorbic  acid deficit. 
It has been shown [1] that the sensi t ivi ty of rat  embryos  to T increased when the mothers  were fed on a diet 
without folic acid and riboflavin. In ra t s  with a deficiency of these vitamins,  ability to synthesize ascorbic  acid 
is sharply reduced [4]. Probably under these conditions T can create an ascorbic  acid deficit in ra ts  also. 

There  are thus grounds for  considering that the teratogenic action of T is due to its specific induction of 
ME, which, in species unable to synthesize ascorbic  acid (and accordingly sensi t ive to T), leads to a sharp fall 
in the concentration of this vitamin in the organs and blood of pregnant animals,  and also in the fetal t i ssues .  
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That is why an a sco rb ic  acid deficit  in the fetus ,  f i r s t ,  inhibits collagen synthes is  in the developing l imbs  and 
damages  mesenchymal  cel ls  in them,  and second,  damages  the l imb ganglia.  The combined action of these  two 
fac to r s  probably  leads to dis turbance of morphogenes i s  of the l imbs .  
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Q U A N T I T A T I V E  D E T E R M I N A T I O N  OF T H E  I N T E N S I T Y  OF 
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The role of p la te le ts  in the pathogenesis  of t h rombohemor rhag ic  complicat ions  of meningococcal  infection 
has been insufficiently studied.  The role of the g r anu l a r  appara tus  of the pla te le ts  in d is turbances  of the i r  
function has been p a r t i c u l a r  l i t t le studied, e spec ia l ly  in endotoxinemia accompanying the genera l ized  f o r m  of 
meningoeoecal  infection. 

The work  of da P r a d a  et al .  (1965-1978), who used luminescence  mic roscopy  [5], showed that it is poss ib le  
to study the s ta te  of the g ranu la r  appara tus  of p la te le ts  with the aid of a f luorescen t  m a r k e r  (mepacr ine ,  a c r i -  
dine orange - A O ,  etc.) ,  which is se lec t ive ly  taken up by the sero tonin-conta in ing  granules  (5-HT organe l les ,  
dense bodies,  f l -granules ) .  The quantity of m a r k e r  taken up re f lec t s  the functional s tate  of these g ranules ,  
which play an essen t ia l  ro le  in h e m o s t a s i s ,  f o r  they r e l e a s e  serotonin,  ADP, Ca ++, and pla te le t  f ac to r  3 in r e -  
sponse to act ivat ion.  
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