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Alimentary insufficiency is a widespread environmental factor with a significant effect on growth and de- 
velopment [9]. The brain is especially sensitive to the action of malnutrition [2, 4, 6]. Although many inves- 
tigations have been devoted to the study of the effect of protein-energy deficiency on development of the mam- 
malian brain, some aspects of this still important problem remain unresolved. For instance, there have been 
few studies [5, ii] of the morphogenetic development of the cerebral cortex during restricted food intake during 
the period of embryogenesis. Yet it is in the prenatal period that histogenesis of the mammalian cerebral cor- 
tex takes place: Proliferatiouof cortical neurons has already finished at birth [3]. 

The aim of this investigation was to study histogenesis of the neocortex in mice during malnutrition in the 
period of embryonic development. 

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

Food limitation was created by feeding pregnant mice with a low-protein synthetic diet containing 5% of 
casein. After the first day of pregnancy, control animals received a normal balanced diet containing i0% of 
casein. At the 17th day of pregnancy the mice were given an intraperitoneal injection of [3H]thymidine in a 
dose of 5 #Ci/g body weight. The animals were decapitated i, 2, 4, 6, 8, 12, 16, and 25 h after injection of the 
isotope. The fetal heads were fixed in Carnoy's fluid and embedded in paraffin wax. After standard treatment 
the structure, parameters of cellular proliferation, and death of the cells in the wall of the cerebral vesicle 
were studied in frontal sections cut through the parietal region of the brain anlage. All measurements were 
made in the dorsolateral part of the wall of the lateral ventricle of the embryonic brain. Material obtained from 
23 embryos of the experimental group and 21 of the control group was studied. In another series of experi- 
ments the distribution of intensively labeled nuclei in horizontal layers of the cortex was analyzed in the pa- 
rietal region of the neocortex of 20-day old mice, whose mothers had received [3H]thymidine on the 13th or 17th 
day of pregnancy~ 

E X P E R I M E N T A L  RESULTS 

Under the experimental conditions used a teratogenic effect of malnutrition was observed. The fre- 
quency of resorption of the fetuses of food-deprived mothers reached 60%, whereas in the control it did not 
exceed 10%. 

Histological study of the anlage of the telencephalon in embryos developing under conditions of alimentary 
insufficiency revealed the following distinguishing features (Table I): i) considerable development of the ven- 
trieular zone: it was 1.5 times thicker than normal; 2) weaker development of the subventricular zone, which 
was 2.1 times thinner than in the control; 3) the smaller area of the cortical lamina, which was 73% os the cor- 
responding value in the control embryos. 
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TABLE i. Thickness of Zones in Wall of Lat- 
eral Cerebral Ventricle of 17-Day-Old Mouse 
Embryos 

Zone 

Ventricular 
Subventricular 
Intermediate 

Cortical lamina 
Marginal 

Thickness of zone, p 

control malnutri- 
tion 

63,65= 1,7 97,05=2,4 
113,55=5,2 53,65=2,3 
i27,45=5,7 115,15=5,8 

111,3• 81,0• 
38,2• 31,6• 1,7 

<0,001 
<0,001 

'Not signif- 
, icant 

i <0,01 
<0,05 

TABLE 2. Parameters (in %) of Proliferation 
in Ventrieular Zone of Brain of 17-Day Mouse 
Embryos 

Parameter 

MI 
ILN 
Proliferative 

pool 

Experimental condition 

malnutri- control tion 

2,205=0,13 2,86___0,16 
18,15=1,9 24,85=1,3 

52,8 69,2 

<0,01 
<o,oi 

TABLE 3. Parameters of Mitotic Cycle of 
Ventricular Cells 

Phase of mitotic cycle 

( i) 
t GI+"-~-M 

ts 1M) t(G2+ T 
T 

Duradon, h 

�9 control malnutrition 

9,3 10,9 

6 7,6 

2,2 2,7 

17,5 21,2 

The value of the mi to t ic  index (MI) and index of l abe led  nucle i  (ILN) and the s ize  of the  p r o l i f e r a t i v e  pool 
in the v e n t r i c u l a r  zone of embryos  of the e x p e r i m e n t a l  group were  g r e a t e r  than in the cont ro l  group (Table 2). 

The dura t ion  of the gene ra t ive  cycle  of ~he v e n t r i c u l a r  c e l l s ,  ca lcu la ted  f rom the curve  of l abe led  mi to se s ,  
i n c r e a s e d  a p p r e c i a b l y  on a low p ro t e in  diet ,  up to 21.2 h, which i s  21% longer  than no rma l  (Table 3). All  phases  
of the ce l l  cycle  we re  lengthened,  but the dura t ion  of the synthet ic  pe r iod  was lengthened the m o s t  (by 27%). 

The number  of ce l l s  with pycnotic  nucle i  in the  anlage of the  te lencephalon  i s  no rma l ly  ve ry  smal l :  The 
h ighes t  value  of the pycnot ic  index obse rved  in the subven t r i cu l a r  zone was 0.09%, and in the  v e n t r i c u l a r  zone 
0.06%. In the r ema in ing  zones  no ce l l s  with pycnot ic  nucle i  could be found. The pycnot ic  index in embryos  d e -  
veloping under  condit ions of ma lnu t r i t ion  was 2.5 t i m e s  h igher  than no rma l ly .  On the whole the l eve l  of d y s -  
t roph ic  changes in th is  case  r ema ined  low: The pycno t i c index  did not exceed 0.17%. In view of the fac t  that  
pycnos i s  of the  nucle i  t akes  p lace  immed ia t e ly  a f t e r  the ce l l  was pa s sed  through m i t o s i s  [8], and cons ider ing  
da ta  in  the l i t e r a t u r e  on the t ime  of ex i s tence  of pycnos i s  [7], the m o r t a l i t y  r a t e  among the newly fo rmed  ce l l s  
can be ca lcu la ted .  In the malnu t r i t ion  expe r ime n t  not  m o r e  than 1.3% of newly fo rmed  ce l l s  in the v e n t r i c u l a r  
zone were  found to have died,  w h e r e a s  in the subven t r i cu l a r  zone the inc idence  of dys t roph ic  changes did not 
exceed 1.8%. 
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It can be concluded from these experimental results that keeping pregnant mice on a low protein diet 
leads to delayed development of the anlage of the telencephalon of their fetuses. The structure of the wall of 
the cerebral ventricle in 17-day embryos developing under conditions of malnutrition was retarded in its de- 
gree of maturity compared with normal and corresponded to earlier stages of embryogenesis. This was shown 
by the considerable development of the ventricular zone with a higher value of MI and with a larger proliferative 
pool than normal, the weak development of the subventricular zone, and the thinner cortical lamina. From the 
13th to the 20th day of embryonic development of rodents MI in the matrix zones of the brain is known to fall, 
the proliferative pool becomes smaller, the area of the ventricular zone contracts, whereas the subventricu/ar 
zone appears and develops considerably, and the thickness of the cortical lamina increases [i, I0, 12]. 

It is possible that delayed development of the embryonic brain observed under conditions of malnutrition 
is the result of a decrease in the rate of cell proliferation, due to lengthening cf the mitotic cycle of f~he ventric- 
ular cells. The conclusion regarding delayed development of the neocortex following exposure of the fetus to 
alimentary insufficiency is confirmed by analysis of the distribution of intensively labeled nuclei, of neurons in 
the parietal cortex of 20-<lay-old mice developing under conditions of malnutrition in the prenatal period, after 
injection of [3H]thymidine on the 13th or the 17th day of embryonic life, Data on the distribution of intensively 
labeled nuclei in the layers of the cortex can be used to judge the time of formation of neurons in the corre- 
sponding neocortical layers. The results of analysis show that under normal conditions mainly the neurons of 
neocortical layer V are produced in the germinative zones of the brain on the 13th day of embryogenesis, where- 
as under conditions of malnutrition neurons of the deep sublayer of layer VI of the cortex begin to be formed at 
this time. Onthe 17th day of prenatal development under normal conditions the future neurons of layer II are 
formed in the ventricular zone. Under the influence of malnutrition mainly neurons of deeper layers of the neo- 
cortex (III and IV) are formed at these same times. 

Protein-energy deficiency, acting during embryonic development, thus reduces the rate of proliferation 
of the ventricular cells, with consequent delay of development of the cerebral cortex of the mice. 
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