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According to clinical observat ions,  alcoholism in parents  may lead to cerebra l  developmental defects in 
the children: oligophrenia and delayed mental development [1, 6]. Experimental  studies have shown that de- 
velopment of the CNS is delayed in the progeny of animals receiving ethanol during pregnancy [5, 8, 9] and that 
abnormal i t ies  of b e h a v i o r -  in motor  activity and in conditioned reflex f o r m a t i o n -  appear in late ontogeny[4, 7]. 

The wr i t e r s  showed previously that one consequence of intrauterine alcoholization in mature  ra t s  is de- 
p r e s s i o n  of protein synthesis in var ious  par t s  of the brain, corresponding to a definite degree to a disturbance 
of condit ioned-reflex activity [2]. On the basis  of these facts it was decided to study p a r a m e t e r s  of protein 
phosphorylation and glycoprotein and phospholipid synthesis  in the neocortex and hippocampus of adult ra ts  
and to compare these findings with the resu l t s  of an investigation of formation and preserva t ion  of defensive 
conditioned reflexes.  One aspect  of the work was to study the pat tern of changes in these metabolic p a r a m e -  
t e r s  in response to s t ress .  

EXPERIMENTAL METHOD 

Noninbred albino ra ts  were given ethanol internally in a daily dose of 5-7 g /kg body weight f rom the 1st 
day of pregnancy unt[l parturit ion. The male progeny of the experimental  and control animals were investi- 
gated on reaching the age of 2 months. During formation of a conditioned passive avoidance reflex (CPAR) the 
ra t s  were placed in the illuminated half of a chamber  and the t ime before c ross ing  into the darkened compar t -  
ment, where they received e lectr ic  shocks, was recorded.  The pa rame te r  of preserva t ion  of CPAR was the 
time f rom being placed in the illuminated compar tment  until c ross ing  into the dark compar tment  of the cham- 
ber,  measured  24 h after conditioning. A conditioned active avoidance reflex (CAAR) was formed in an auto- 
mated shuttle box. Elect r ical  stimulation was applied at the 6th section of action of the conditioned stimulus 
(interrupted light and sound). Fifty combinations of conditioned and unconditioned stimuli were presented.  
P rese rva t ion  of CAAR was tested after  7 days by repeated presentat ion of 50 combinations of conditioned and 
unconditioned stimuli and calculation of the increase in the number of conditioned avoidance responses  f rom 
the f i r s t  experimental  session to the second. For  the biochemical  tests ,  the animals  were lightly anesthetized 
with ether,  fixed in a s tereotaxic  apparatus,  and a mixture of sodium [32p]orthophosphate (Medradiopreparat ,  
USSR) and [3H]fucose (Amersham Corporation,  England), of 0.4 and 1.9 MBq in a volume of 50 ~l respectively,  
was injected into the lateral  cerebra l  ventricle.  Anesthesia continued for 8-12 min. The ra t s  were decap- 
itated 90 rain after  injection of the labeled p r ecu r so r s .  In some experiments,  animals  were subjected to s t r e ss  
for  1 h before sacrif ice,  in the form of vibration and noise in a metal box fixed to a moving platform. After 
removal  of the brain, weighed samples  of ce rebra l  cortex and hippocampus were homogenized in distilled wa- 
ter  at 4~ Water-soluble  and water- insoluble  proteins  were precipi tated with 10% TCA. Llpid. s were ex- 
t racted with a mixture of chloroform and methanol. Prote ins  were freed f r o m  nucleic acids and dissolved in 
0.5 N NaOH. The pooled lipid extract  was t reated with chloroform and 0.1 M KCI. After separation into layers,  
the chloroform layers  were evaporated on a ro ta ry  vaporizer ,  and the lipid residue dissolved in benzene and 

Group for Hadioisotope Investigations, Labora to ry  of Brain Pathology, Moscow Research  Insti tute of Psy-  
chiatry,  Minis t ry  of Health of the RSFSR. Labora to ry  of Neurochemical  Mechanisms of the Conditioned Re- 
flex, Institute of Higher Nervous Activity and Neurophysiology, Academy of Sciences of the USSR, Moscow. 
(Presented by Academician of the Academy of Medical Sciences of the USSR V. S. Rusinov.) Translated f rom 
Byulleten'  ]~ksperimental'noi Biologii i Meditstny, Vol. 99, No. 5, pp. 545-548, May, 1985. Original ar t icle  
submitted July 19, 1984. 

568 0007-4888/85/9905-0568 $ 09.50 �9 1985 Plenum th~blishing Corporat ion 



TABLE 1. F o r m a t i o n  of Defensive Conditioned Ref lexes  in Rats  Exposed to Ethanol in u tero  

CPAR CAAR 
Experimental condi- formation number preservation, num- 

lions formation, see preservation, see of ave• ber of avoidanee~ 

Control 9, I.+ 1,07 249-+ 13,4 5,95_+ 1,81 12,3-+-2,8 
Ethanol 13,3.+ 2,41 245,5-+ 12,9 2,9-+ 0,72 * 6,9.+ 1,98 * 

Legend. *P < 0.05, **)Level of s igni f icance  of coeff ic ient  of c o r r e l a t i o n  < 0.05. 
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Fig. 1, Phosphorylation of water-insoluble proteins of cerebral cortex in rats exposed to 
ethanol in utero. 1) Control; 2) control + stress; 3) ethanol; 4) ethanol + stress. Ordinate, 
RSA (- 10-2). 

Fig.  2. Incorpora t ion  of 3H-fucose into w a t e r - s o l u b l e  h ippoeampal  g lyeopro te ins  of r a t s  ex-  
posed to ethanol in utero.  Legend as  in Fig.  1. 

Fig.  3. Changes in incorpora t ion  of a2p-or thophosphate  into bra in  phosphat idylehol ine  of r a t s  
exposed to ethanol in u tero .  A) Cortex;  13) h ippoeampus.  1) Ethanol; 2) ethanol + s t r e s s .  Or -  
dinate,  d i f fe rence  between control  and exposure  to ethanol (in %). 

f rac t iona ted  by t h i n - l a y e r  ch romatography  on Silufol (Czechoslovakia)  p la tes .  Phosphol ip ids  were  identif ied 
with molybdate  reagent .  Radioact iv i ty  of the prote in  d iges t  and l ip ids  was m e a s u r e d  in B r a y ' s  s c in t i l l a to r  on 
a Rack-Be ta  liquid sc in t i l l a t ion  counter  (LKB, Sweden). The re l a t ive  specif ic  ac t iv i ty  (RSA) was ca lcu la ted  as  
the ra t io  of r ad ioac t iv i ty  of the f r ac t ions  to total  r ad ioac t i v i t y  of the co r re spond ing  homogenates .  The s ignif i -  
cance of d i f f e rences  between the r e s u l t s  was de t e rmined  by the W i l c o x o n - M a n n - W h i t n e y  t e s t .  Coefficients of e o r -  
re la t ion  was ca lcu la ted  by S p e a r m a n ' s  method, with Kenda l l ' s  co r r ec t ion  for  t ied ranks .  E x p e r i m e n t s  were  
conducted on 92 ra t s .  

EXPERINENTAL RESULTS 

In t rau te r ine  a lcohol iza t ion  did not affect  CPAR but d i s tu rbed  the format ion  and p r e s e r v a t i o n  of CAAR 
(Table 1). In the ini t ia l  t r a in ing  sess ion  the expe r imen ta l  r a t s  p e r f o r m e d  half  as  many avoidances  as  the con- 
t ro l  an imals ,  whe reas  during tes t ing  of p r e s e r v a t i o n ,  they made 1.8 t i m e s  fewer  than the cont ro ls .  Significant 
c o r r e l a t i o n  between CAAR format ion  and p r e s e r v a t i o n  was obse rved  in the control  r a t s  (r = 0.47, P < 0.05) 
but not in the expe r imen ta l  an imals .  This d i s p a r i t y  between fo rmat ion  and p r e s e r v a t i o n  of the ref lex  in an• 
r ea l s  with inborn b ra in  pathology may  indicate that  d i f ferent  m e c h a n i s m s  ex is t  in the CNS for  the fo rmat ion  
of t e m p o r a r y  connect ions,  and that they may  be se l ec t ive ly  damaged.  

The study of phosphory la t ion  of b ra in  p r o t e i n s  showed (Fig. 1) that  incorpora t ion  of [32F]orthophosphate 
into the f rac t ion  of w a t e r - s o l u b l e  neocor t i ca l  p r o t e i n s  was reduced  by 20% (P < 0.05) in r a t s  exposed to ethanol 
in utero.  S t r e s s  evoked an i nc rea se  in the in tens i ty  of phosphoryla t ion  of w a t e r - i n s o l ub l e  p r o t e i n s  in these  
an ima l s  c o m p a r e d  to the ini t ia l  level ,  whe rea s  in intact  a n i m a l s  exposed  to s t r e s s  incorpora t ion  of the indica-  
t o r  was inhibited by 30% (P < 0.05). Di f fe rences  in tiSA between the cont ro l  and expe r imen t  in th is  case  in- 
c r e a s e d  to 48% (p < 0.05). In the ini t ia l  e x p e r i m e n t  no changes  were  found in phosphoryla t ion  of w a t e r - i n s o l -  
uble h ippocampal  p r o t e i n s  in the expe r imen t a l  r a t s ,  w he r e a s  under  the influence of s t r e s s  some degree  of 
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activation was observed,  although it was l e s s  marked  than in the neocortex.  Incorpora t ion  of [32P]orthophos- 
phate into pro te ins  of the wa te r - so lub le  fract ion of the ce r eb ra l  cor tex  and hippocampus of the exper imen ta l  
an imals  was not significantly changed compared  with the control  e i ther  in the original  expe r imen t s  or  under 
the influence of s t r e s s .  

Data on incorporat ion of 3H-fucose into glycoprote ins  ex t rac ted  in the wa te r - so lub le  f ract ion of hippo- 
campal  pro te ins  a re  given in Fig. 2. Some increase  in synthes is  of wa te r - so lub le  g lycoprote ins  was found in 
the progeny of r a t s  rece iv ing  ethanol during pregnancy.  Exposure  to s t r e s s  e~used opposite changes in the 
groups  studied: synthes is  was increased  by 22% in the control an imals  but reduced by 30% (P < 0.05) in the 
exper imenta l  ra ts .  As a resu l t  of this the d i f ferences  between the exper imen ta l  and control  s e r i e s  amounted 
to 36% (P < 0.05). No significant changes in synthesis  in the exper imenta l  an imals  compared  with the contro ls  
could be found in the other  glycoprote in  f rac t ions  studied (water- insoluble  cor t ica l  and hippocampal  glyco-  
pro te ins ,  wa te r - so lub le  cor t ica l  glycoproteins) .  S t re s s  did not affect  incorporat ion of fucose into these  
f rac t ions .  

The study of brain  phospholipid syn thes i s  showed (Fig. 3) that incorporat ion of [32p]orthophosphate into 
phosphatidylcholine was increased  by 17% in the ce r eb ra l  cor tex  of r a t s  exposed to alcohol in utero,  but r e -  
duced by 23% in the h ippocampus  (P < 0.05). Unde r  the influence of s t r e s s  an inc rease  in phosphatidylcholine 
synthesis  in the cor tex  by 55% (P < 0]05) and in the hippocampus by 25% was obse rved  compared  with intact  
r a t s  exposed to equal s t r e s s .  

The use of s t r e s s  thus brought  metabol ic  d i f fe rences  between the bra in  of the exper imenta l  and control  
r a t s  more  c l ea r ly  to light. 

Consider ing data on the poss ib le  role  of g lycoprote ins  in the m e c h a n i s m s  of t e m p o r a r y  connection con- 
solidation [10], coeff ic ients  of cor re la t ion  were  calculated between p a r a m e t e r s  of glycoprotein synthesis ,  on 
the one hand, and of fo rmat ion  and p re se rva t ion  of active avoidance, on the o ther  hand. Stat is t ical ly  significant 
co r re la t ion  was found in the control  an imals  between incorporat ion of 3H-fucose into wa te r - so lub le  cor t i ca l  
(r = 0.77, P < 0.05) and hippocampaI  g lycoprote ins  (r = -0 .88,  P < 0.05) and p r e s e r v a t i o n  of CAAR (number 
of avoidances).  No significant values  of the coefficient of cor re la t ion  were  obtained in the exper imen ta l  group. 
This sugges ts  that d is turbance  of glycoprotein synthesis  in r a t s  exposed to alcohol in utero can be r ega rded  
as  the probable  cause of the shor t e r  p re se rva t ion  of CAAR. These expe r imen t s  conf i rmed prev ious  findings 
[3] showing that exposure  to ethanol in  utero cause s  dis turbance of condi t ioned-ref lex  act ivi ty in r a t s  in late 
ontogeny; more  complex f o r m s  of learning a re  affected the most .  The exper imenta l  r e su l t s  indicate a definite 
role of d i s tu rbances  of phosphorylat ion of individual groups  of p ro te ins  and of glycoprote in  and phospholipid 
synthes is  in the development  of c e r e b r a l  pathology due to antenatal  alcoholization. These changes may  be an 
important  fac tor  in the m e c h a n i s m s  of injury to higher  integrat ive bra in  functions. 
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