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Effect of Emotional Stress Experienced by Female Rats before
Pregnancy on Brain Development in Their Offspring
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Twenty-one- and 40-day-old offspring from female rats exposed to emotional stress for 3
weeks and mated with intact males 10 days later were examined. Intact female offspring
served as the control. The weight of the brain of 21- and 40-day-old experimental rats varied
is a wider range compared to the control. In 40-day-old experimental males, the mean weights
of the brain and hemisphere were lower than in controls. In 21-day-old rats, layer V neuronal
nuclei were enlarged, while the thickness of the parietal cortex tended to decrease. In 40-
day-old animals, morphometric parameters of neurons in the neocortex and hippocampus and
RNA concentration in their cytoplasm did not differ from the control. Thirty-day-old experi-
mental rats demonstrated low exploratory activity in the plus-maze test.
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Stress during pregnancy causes developmental and be-
havioral changes in the offspring. Prenatally stressed
rats are characterized by increased corticotropin con-
tent in the amygdala, decreased number of glucocor-
ticoid receptors in the hippocampus, irregular sexual
cycles, and changes in anxiety, motor activity, and
aggressiveness [1,3,5-9,11,13]. It is possible that the
effects of prenatal stress are realized mainly via mo-
dulation of functional activity of endocrine glands
both in pregnant females and fetuses [5,7]. As was
shown earlier, stress during the third trimester changes
morphometric parameters of the whole brain, neo-
cortex, and hippocampus, behavioral reactions in the
plus-maze test, and histophysiology of the gonads and
adrenal cortex [8]. In the present study we examined
morphometric and histochemical parameters of the
brain, adrenals, and gonads in the offspring of female
rats exposed to long-term emotional stress before
pregnancy.
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MATERIALS AND METHODS

The study was carried out on 21- and 40-day-old rats
from intact females and females subjected to 3-week
emotional stress [2]. The stress was reproduced as
follows: the animals in cages with glass covers were
daily (5 days a week, 6 h per day, from 9.00 to 15.00)
exposed to bright light emitted by 3 luminescent lamps
located 90-cm above the floor.

Twenty-one-day-old offspring from 3 (#=32) and
4 (n=41) litters of control and experimental females,
respectively, and 40-day-old offspring from 4 intact
(n=26) and 5 experimental (n=33) litters were studied.
Before and during pregnancy, the control and experi-
mental rats and their offspring were kept in the same
vivarium. Twenty one- and 40-day-old rats were killed
by decapitation.

In 1-month-old rats, the integral exploratory acti-
vity was tested in an elevated plus maze. The time and
number of acts (sniffing, head dippings, rearings, gro-
oming, movements, and entries into open and closed
arms) were considered [12].

Body weight was determined in 1-day-old animals
and the brains, hemispheres, adrenal glands and gonads
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TABLE 1. Parameters of 21- and 40-Day-Old Offspring from Intact Female Rats and Rats Exposed to Emotional Stress before Pregnancy (Mtm)

21-day-old rats

40-day-old rats

Parameter
control experiment males females control experiment males females

Body weight, g 26.0+1.5 22.3+0.9 23.0+2.3 23.0+2.9 91.7+3.3 82.0+5.4 74+3* 85.0+5.2
Weight of the brain, mg 1284+13 1223+12 1210449 1167+50 1605+18 1551+20 1511£28* 1538+23.6
Weight of the hemisphere, mg 450.0+7.7 436.0+8.8 434+21 447+20 580.0+9.5 553.0+15.4 549.0+£6.6* 561.0+10.6
Weight of the gonad, mg 64.0£2.5 5.9+£0.5 48.0+8.8 4.6+0.4* 481.0£19.6 16.7+1.8 399.0+£17.5* 19.1£1.8
Weight of the adrenal gland, mg 3.60+0.24 4.00+0.22 3.6+0.6 3.4+0.4 11.4+x0.4 11.1£0.5 12.00+0.59 13.0+0.8*
Concentration

testosterone, nmol/liter 3.6+1.16 2.5+0.89

estradiol, pmol/liter 108.0%£6.2 80.0+£7.9*
progesterone, pmol/liter 4.40+1.29 5.80+2.06
StDH activity, arb. units.
ZG 345+27 358+29 238+39* 332152 44024 421£37 41533 429+28
ZF 44136 487+22 518+58 41231 692+48 715+60 74038 788+33
ZR 590+34 579+29 600+43 512455 510+£35 499+44 641+£34* 697+26*
ZG/ZF 0.86+0.09 0.78+0.07 0.54+0.13* 0.83+0.15 0.670+0.048 | 0.63.00+0.07| 0.560+0.038 0.55+0.03
ZG/ZR 0.64+0.07 0.62+0.04 0.44+0.09 0.71+£0.14 0.89+0.05 0.9+0.09 0.650+0.043* | 0.620+0.036*

Note. Here and in Table 2: *p<0.05 compared to the control.
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were weighted after sacrifice. Paraffin sections (7-p)
of the parietal cortex of the left hemisphere were stai-
ned with gallocyanine for nucleic acids and analyzed
morphometrically. RNA concentration in the cyto-
plasm of neocortical and hippocampal neurons was
determined [8]. The right hemisphere and the cere-
bellum of 40-day-old rats were used for preparing
25-u cryostat sections, which were stained with sudan
black for evaluation of myelinization.

Activity of 3B-ol-steroid dehydrogenase (StDH)
[4] in the zona glomerulosa (ZG), zona fasciculata
(ZF), and zona reticularis (ZR) of the adrenal cortex
was measured on cryostat sections using a MECOS
computer complex (Medical Computer Systems) and
Morphodensitometry software [8]. In each case, the
ratios of StDH activity in ZG to that in ZF (ZG/ZF)
and ZR (ZG/ZR) were determined. These parameters
reflected the correlation between production of various
steroid hormones in the adrenal cortex. Plasma con-
centrations of testosterone (in males), progesterone,
and estradiol (in females) were determined in 40-day-
old rats by immunoenzyme assay.

The obtained results were processed on a com-
puter using Statistica software.

RESULTS

No significant differences were found in the body weight
of 1-day-old experimental and control rats (5.8+0.2
and 6.0+0.1 g, respectively). However, in the experi-
mental group this parameter varied in a wider range
(3.3-7.6 vs. 4.5-7.1 g in the control).

The weights of male and female gonads in 21-
day-old offspring of stressed rats were lower than in
age-matched controls. The males showed low StDH
activity in ZG adrenocorticocytes; ZG/ZF, and ZG/ZR
ratios also decreased. In 40-day-old male offspring of
stressed females the body weight and weight of the
testis were significantly lower than in controls. In ex-
perimental females the plasma concentration of pro-
gesterone increased and that of estradiol decreased.
Plasma levels of testosterone in experimental and con-
trol males were similar (Table 1). Experimental males
and females showed increased StDH activity in ZG of
the adrenal cortex and decreased ZG/ZF and ZG/ZR
ratios (Table 1). Thus, both 21- and 40-day-old ex-
perimental rats showed changes in the synthesis of
hormones belonging to different corticosteroid groups
and producing different effects. In 40-day-old animals,
these changes were associated with higher weight of
the adrenals (Table 1). These results agree with the
data on changes in the hypothalamic-pituitary-adrenal
system in the offspring of rats exposed to stress during
pregnancy [8,10,13].

No significant differences in the brain weight were
noted in experimental 21-day-old males and females
(Table 1). However, this parameter in experimental
animals varied in a wider range than in the control
group: 920-1410 and 100-1470 mg in males and fe-
males, respectively, compared to 1200-1410 and 1110-
1320 mg in control males and females, respectively.
Thus, experimental group included animals with extre-
mely low brain weight and high brain weight sur-
passing the maximum value of the control group. In

TABLE 2. Morphometric Parameters of Brain in 21- and 40-Day-Old Rats from Mothers Exposed to Emotional Stress before

Pregnancy (Mtm)

21-day-old rats 40-day-old rats
Parameter
control experiment control experiment

Thickness of the cortex, p 85152 758%35 1113%13 110017
Area of neuronal cytoplasm, p?

layer V 108.0x4.4 109.0+8.8 108.0£5.4 121+6

layer Il 60.0£5.4 64.0%4.1 70.0%£3.2 70.0+2.8

hippocampus 76.0x4.4 82.0+5.4 104.0+6.6 107.0£7.1
Area of neuronal nuclei, 2

layer V 89.0+2.6 103+3* 121.0+4.2 120.0%4.1

layer Il 68.0%4.1 68.0%2.1 95.0+3.4 90.0+£3.9

hippocampus 88.0+2.6 103.0+9.3 126.0t4 .4 128.0+4.6
RNA concentration in neuronal
cytoplasm, arb. units.

layer V 223.0+8.3 233.0+11.2 223.0+8.4 222.0£7.7

layer Il 296x14 288.0+12.3 197.0£9.5 210.0+5.6
hippocampus 267.0+23.4 268.0+23.3 224.0+6.1 218.0+8.6
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40-day-old experimental males, the weight of the brain
was significantly decreased (Table 1). Similarly to 21-
day-old rats, variability of this parameter was higher
in the experimental group: the differences between the
minimum and maximum values were 380 and 400 mg
in females and males, respectively, compared to 230
and 260 mg in control females and males, respec-
tively. It should be noted that in 40-day-old experi-
mental animals the minimum values were lower and
the maximum values were higher than in the control
rats. Experimental animals showed higher brain
weight variability in the same litter and between lit-
ters. This suggests that the consequences of stress
could not be adequately characterized by differences
between means.

Morphometric parameters of the brain cortex sho-
wed no significant sexual differences in the experi-
mental and control groups and, therefore, the data
were united. Lower thickness of the parietal cortex
was noted in 21-day-old experimental rats, however,
this difference was insignificant. Neurons of layer V
parietal cortex and their nuclei were enlarged in 21-
day-old experimental animals. In 40-day-old experi-
mental and control animals, the sizes of neurons, their
cytoplasm, and nuclei in layers Il and V of the parietal
cortex and hippocampus were similar. RNA concen-
tration in these cells did not differ significantly (Table
2). The intensity of sudan black staining was lower in
experimental animals in the white matter of both hemi-
spheres (344+18 vs. 386£22 arb. units in the control)
and cerebellum (469+20 vs. 683428 arb. units in the
control, p<0.05). This can be interpreted as a decrea-
sed rate of myelinazation in the offspring of stressed
females.

Plus-maze experiments revealed significant inter-
group differences: the number of rearings and snif-
fings in the experimental group was 2.9-fold and by
15.3% lower than in control. These differences were
equally pronounced in males and females and attested
to decreased exploratory activity in experimental rats
by the end of suckling period. These changes were
opposite to those observed in the offspring of rats
exposed to stress during the third trimester of pre-
gnancy [8]. This discrepancy was associated with dif-
ferent changes in morphometric parameters of the neo-
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cortex and hippocampus, which were numerous and
highly pronounced in the prenatally stressed rats and
were practically absent in the offspring of rats stressed
before pregnancy.

In the whole, the obtained data suggest that long-
term emotional stress before pregnancy causes chan-
ges in the offspring manifested in changes in the mor-
phological and functional parameters of the brain, and
histophysiology of the gonads and adrenal cortex. The
increased variability of the brain weight and the ap-
pearance of animals with significant deviations from
the mean value deserve special attention. These fin-
dings suggest that changes in the offspring of animals
exposed to stress during [8] and before pregnancy are
not identical. At the same time, in both cases, stress-
induced consequences were stable and persisted at the
end of suckling period and in the prepuberty. These
changes involved important parameters of the brain,
gonads, and adrenal cortex.
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