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Previous studies of the effect of preliminary neurosensitization of female rats on the 
state of the cortical neurons of their offspring revealed changes in ultrastructure of the 
nucleus and cytoplasm of the nerve cells, a decrease in size of the layer V neurons and in 
the thickness of the sensomotor cortex, and delay of protein accumulation in the nucleus and 
cytoplasm compared with the control [2-4]. 

It was accordingly decided to study to what extent neurosensitization of females is re- 
flected in the CNS of the second-generation offspring. 

It is stated in the literature that pathogenic factors acting on the mother can induce 
a reaction in second-generation animals. This has been shown, for example, in protein depriv- 
ation [ii] and after removal of the thyroid gland. However, in relation to the nervous system 
no investigations of this kind have been undertaken. 

The discovery of morphological changes in the CNS of the second generation offspring of 
neurosensitized females may facilitate our understanding of an inborn predisposition to nerv- 
ous and mental diseases. 

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred albino rats. Females were given an intraperi- 
toneal injection of a 20% saline solution of cortical antigen in a dose of 0.3 mg/200 g body 
weight three times at intervals of 24 h; the blood antibody titer was determined by the cold 
version of the complement fixation test. The rats were mated with healthy males 21 days after 
the first injection. Female offspring born as a result, on reaching sexual maturity (2 months, 
weight about 200 g) were mated with intact males, and the sensomotor cortex of the offspring 
of these females was studied at different times after birth -- from 2 to 90 days. Intact ani- 
mals of the same age served as the control. 

The ordinary techniques of embedding and staining of the material were used for the elec- 
tron-microscopic investigation. Preparations were photographed under the Tesla-540 electron 
microscope. The technique of the cytointerferometric investigation was described in detail 

previously [4]. 

EXPERIMENTAL RESULTS 

Neurons with a loosely textured nucleus and with numerous vacuoles, both small and large, 
in it were found quite frequently in the cortex of young rats 2 days old. The mitochondria 
of the cytoplasm exhibited great variability -- from completely intact to swollen, with de- 
stroyed cristaeo Single ribosomes were often seen against the background of rosettes of poly- 

somes. 

The nuclei of some neurons in rats aged i0 days and 2 weeks contained vacuoles surround- 
ed by one or several layers of membranes, often with wavy outlines. Neurons with increased 

lability of their nuclear membranes were often found (Fig. 1). 
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Fig. i. Neuron of sensomotor cortex of 10-day-old rat, sec- 
ond-generation offspring of neurosensitized females. N) Nu- 
cleus, NM) nuclear membrane, ENM) evagination of nuclear mem- 
brane, VB) vesicular bodies; P) polysomes; Np) neuropil. 
20,O00x. 

Fig. 2. Sensomotor cortical neuron of rat aged 30 days, sec- 
ond-generation offspring of neurosensitized females. NV) nu- 
clear vacuoles. Magnification 20,000• Remainder of legend 
the same as to Fig. i. 

In rats aged 1 month, besides many intact cells there were neurons with varied degrees 
of vacuolation of the nuclei and lability of the nuclear membranes. The cytoplasm of some 
neurons contained swollen mitochondria, an increased number of vesicular bodies and free ribo- 
somes, as well as dilated tubules of the endoplasmic reticulum. 

The ultrastructure of cortical neurons of rats aged 2 months had the same features as 
previously (Fig. 2), but the number of intact cells was even greater. 

A characteristic feature of the cerebral cortex of the rats of these offspring at all 
times of the investigation was a large number of neurons with dense dark cytoplasm and nucle- 

us (Fig. 3). 

In animals aged 3 months the ultrastructure of most cortical neurons was indistinguish- 
able from the control. Often cells with a loose, vacuolated nucleus and swollen mitochondria 

were seen. 

Cytointerferometric investigation of the cortical cells of rats aged 1 month showed a 
decrease in the protein content in the nucleus and, in particular, in the cytoplasm compared 
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Fig. 3. Sensomotor cortical neuron of rat aged 2 months, sec- 
ond-generation offspring of neurosensitized females. N) Nucleus 
(dense); No) nucleolus; C) cytoplasm (dark); M) mitochondria; ER) 
endopolasmic recticulum; R) ribosomes (free); MB) myelin-like 
body; GA) Golgi apparatus. 15.000• Remainder of legend as to 

Fig. i. 

with normal (Table i): 38 pg in the nucleus and 118 pg in the cytoplasm, whereas normally the 
corresponding values are 56.6 and 166.6 pg. In rats aged 3 months the protein content in the 
nucleus and cytoplasm was increased to 68 pg in the nucleus and 178.3 pg in the cytoplasm. 
However, these values were lower than in the control (77.5 and 202.7 pg, respectively). 

The first point to note during analysis of these results is the milder degree of ultra- 
structural changes in cortical neurons of the second-generation than of the first-generation 
offspring. One sign of this is the large number of cells with unchanged ultrastructure, an- 
other the absence of membranous inclusions of such a diversity of shapes in cortical neurons 
of the second generation as were found in animals of the first generation [i, 3]. 

The main distinguishing feature was a tendency for the subcellular organization to be 
restored in animals of the second generation in the late postnatal period (2 months and, in 
particular, 3 months), which was not observed in the first-generation offspring of the neuro- 
sensitized females. 

A characteristic response of neurons of the second generation of rats was the large num- 
ber of dark cells with a dense nucleus and cytoplasm. It is difficult to explain why this 
large number of hyperchromic neurons should appear. It has been shown that the level of met- 
abolism in such cells is depressed in both nucleus and cytoplasm [5, 6, 9]. The presence of 
numerous free ribosomes in their cytoplasm is evidence of lowering of the level of protein 
synthesis and of neuronal activity [5, 7, 8]. Many hyperchromic cells have been observed in 
hypoxia, ischemia, and swelling of the brain [I, i0], under the influence of neuroleptics [6], 
and during procedures inhibiting neuronal function [5]. It is possible that in the present 
experiment the dark cells, saturated with free ribosomes, may have a lowered level of activ- 
ity, as reflected in the low protein content in the nucleus and cytoplasm (Table !)" 

The mechanisms of many of the phenomenadiscovered are unknown. For example, membranous 
inclusions, undergoing structural transformation during growth of the animal, were found in 
the nuclei of cortical neurons of the first-generation offspring [2]. Virtually no such com- 
plex formations were present in the nuclei of neurons of the second generation. Vacuolation of 
nuclei of some neurons was observed in the second generation at all times of investigation 
during postnatal development. This phenomenon may be the result of the effect of pathological 
changes in the nuclear structure of cortical neurons of the parental generation: It is possi- 
ble that the mothers produced antibodies against nuclear components, and these could have af- 
fected the process of formation of nuclear structures of the neurons of the offspring while 
still in the intrauterine period. 

By the age of 3 months the ultrastructure of the neurons was mainly back to normal: The 
number of dark cells was reduced and the protein index showed a tendency to recover and re- 
turned approximately to normal. 
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TABLE i. Changes in Content of Solids (in 
pg) in Nucleus and Cytoplasm of Large Neur- 
ons in Layer V of Sensomotor Cortex of Sec- 
ond-Generation Offspring, Aged 30 and i00 
Days, of Neurosensitized Female Rats (M • 
m) 

Mean content of solids in nucleus and cyto- 
Time af- plasm of cortical  neurons 

ter  birth, control, experiment,  % of control. 
days offspring ofl second-ge- ~ak~ n as  100 - neration 

i n t a c t  rats ] offspring 

85,0 0,001 30 

I00 

56,5_____1,6 48~0~+1,3 
166,44-4,2 138,3+___2,0 
77,5-+-3,9 68,0_____2,5 

202,7+___3,9 178,3_____7,6 

83,t 0,00! 
87,7 0,005 

8 8 , 0  0,005 

Legend. Numbers above line indicate con- 
tent of solids in nucleus ; below line, in 
cytoplasm. 

Neurosensitization of females before pregnancy thus affects the morphological and~func- 
tional state of the cortex of offspring not only of the first, but also of the second genera- 
tion. Changes in the animals of the second generation were less marked than in the first, 
and by contrast with the first, they exhibit a compensatory trend with age. 
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