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Brain weight of  21-day-did rat fetuses positively correlates with the area of  the glomerulosa 
zone, the ratio of  this area to the area of  the fasciculata-reticularis zone, activity of  hyd- 
roxysteroid dehydrogenase in the glomerulosa zone, and the ratio of  its activity in the 
glomerulosa and reticularis zones. In the one-day-old newborns these relationships were 
absent. 
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Hormones are essential factors affecting embryonic 
cerebral organogenesis [5,8-12]. Their effects on this 
process were predominantly studied under experimen- 
tal conditions or pathological processes that consider- 
ably disturbed hormone concentration in the mother- 
placenta-fetus system. At the same time, the depen- 
dence of  brain development  in rat embryos on the 
maternal endocrine status under physiological con- 
ditions received less attention. Our aim was to study 
some features of  this problem. 

MATERIALS AND METHODS 

Eleven 4-5-month-old rat dams and their fetuses (embry- 
onic day 21, n=85) were studied together with 20 female 
rats of the same age taken 1 day after delivery and their 
1-day pups (n=208). The females and litters were de- 
capitated; in females, body weight and weights of ovaries 
and adrenal glands were measured, while in the pups the 
body and brain weights were determined: Immediately 
after decapitation the left adrenal gland and left ovary 
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from dams were used to make cryostat slices crossing 
the central area of the organ. In these slices 313-hyd- 
roxysteroid dehydrogenase (HSDH) was histochemi- 
cally visualized under standard conditions [4] and en- 
zyme activity was determined with the help of  a Lyu- 
mam 1-2 microscope (550 nm) in different zones of the 
adrenal cortex (25 adrenocorticocytes in each zone) 
and in the corpus luteum, atretic tollicles, and theca 
interna of  mature ovarian tbllicles. The ratio of  en- 
zyme activity in the glomerulosa zone (GZ) to that in 
the fasciculata and reticularis zones was calculated. 
The right adrenal glands from females and the brains 
from fetuses (2 male and 2 female from each litter) 
were fixed in Carney fluid and embedded in paraffin. 
Slices of  the adrenals (7 ~tm thick) were stained with 
hematoxylin and eosin and brain slices were stained with 
1% methylene blue. T he  sl ices crossing the central 
area of the adrenals were analyzed morphometrically 
[1]. The determined parameters were cross-section 
areas of the adrenal cortex and medulla, GZ, and the 
fasciculata-reticularis zone (FRZ), since there was no 
clear-cut boundary between the fasciculata and reti- 
cularis zones. In each case the ratio of  GZ to FRZ was 
calculated. The thickness of  the somatosensory cortex 
was measured with an MOB-15 ocular-micrometer; 

0007-4888/99/0003-0303522,00 e1999 Kluwer Academic/Plenum Ptlblishers 



304 Bulletin o[ Experimental Biology and Medicine, N_o 3, 1999 EXPERIMENTAL BIOLOGY 

the neuron density in developing layer V was deter- 
mined. For each litter the mean body weight and mean 
brain weight were determined. These parameters were 
used to search for correlation with morphometric in- 
dices of the adrenals and ovaries of dams. The paired 
and multiple correlation analysis and the cluster ana- 
lysis were performed with the help of a Statistica-5 
soI~ware. 

RESULTS 

The data on 21-day-old embryos agree with the well- 
known tact that brain weight positively correlates with 
fetal body weight [1,7]. The correlation coefficient 
between body weight and brain weight of individual 
fetuses was 0.55, while comparison of the litter-aver- 
aged data yielded r=0.77. In the 1-day-old pups the 
correlation coefficients were 0.81 and 0.89, respec- 
tively. In 21-day-old fetuses the correlation between 
brain weight and morphometric characteristics of the 
cortex was insignificant: r=l 3 for cortex thickness, and 
r=--0.13 tor the number of neurons in a standard vision 
field. In 1-day-old pups these coefficients were 0.52 
and -0.54, respectively; the correlation was significant 
(p<0.05). These findings indicate that at postnatal day 

1 brain growth and the formation of brain cortex are 
coupled more tightly than in the prenatal period. 

The correlation analysis reveal no significant re- 
lationships between fetal brain weight and HSDH ac- 
tivity in the steroid-producing ovarian structures and 
weigh of ovaries in mothers both at pregnancy day 21 
and postnatal day 1 (Table l). It can be explained by 
negligible effect of progesterone and estrogens on fetal 
body and brain weights and by the fact that during 
pregnancy these hormones are produced primarily by 
placenta but not ovaries [5]. In addition, maternal 
milk-supplied ovarian hormones play only a minor 
role during the first postnatal day, 

A significant positive correlation was found be- 
tween HSDH activity in adrenocorticocytes of GZ and 
the litter-averaged brain weight of 21-day-old fetuses. 
A strong positive correlation was found between brain 
weight and the ratio of HSDH activity in GZ to that 
in the reticularis zone (Table 1). Brain weight in letuses 
significantly correlated with GZ cross-section area and 
CZ to FRZ ratio. These cytochemical and morpho- 
metric indices also correlated with the fetal body 
weight (Table 1). 

The positive correlation between body and brain 
weights and HSDH activity in GZ cells can be ex- 

TABLE 1. Paired Correlation Coefficients of Brain and Body Weights of 21-Day-Old Fetuses and 1-Day-Old Pups with 
Morphometric Indices of Adrenals and Ovaries in Their Mothers 

Group of rats 

Indices 21-old-day fetuses 1-day-old pups 

brain weight body weight brain weight body weight 

Weight 

adrenal glands 

ovary 

HS DH activity: 

GZ 

fasciculata zone 

reticularis zone 

GZ/fasciculata zone 

GZ/reticularis zone 

corpora luteum 

atretic follicles 

theca interna 

Cross-sectional area 

adrenal cortex 

GZ 

FRZ 

GZ/FRZ 

medulla 

-0.19 

-0.15 

0.66* 

0.33 

-0.28 

0.38 

0.87* 

-0.2 

0,14 

0.28 

-0.18 

0.53* 

-0.29 

0.7* 

-0.3 

-0.51 

-0.41 

0.67* 

0.09 

-0.32 

0.53 

0.94" 

-0.3 

-0,06 

0.09 

-0.47 

0.26 

-0.55" 

0.73* 

-0.37 

0.16 

0.07 

0.02 

-0.2 

-0.13 

0.27 

0.16 

-0.19 

-0.36 

-0.39 

0,28 

-0.07 

-0.34 

0.15 

-0,38 

-0.04 

-0.14 

0.18 

-0.16 

-0.15 

0.36 

0,36 

-0,25 

-0.32 

-0.42 

0.19 

-0.4 

-0.4 

0.12 

-0.26 

Note. *p<O.05. 
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plained by the ability of  aldosterone (hormone of  GZ) 
to stimulate anabolism [5] and directly affect the brain: 
prevention of  neuronal death induced by adrenalec- 
tomy [ 13] and interaction with brain mineralocorticoid 
receptors [8]. When considering the correlation of  
brain and body weights with the ratio of HSDH ac- 
tivity in GZ to that in the reticularis zone, one can use 
the data on the negative correlation between body 
weight of  21-day-old fetuses and the concentrat ion 
of androgens in mother's blood [12] that are partially 
produced in the reticularis zone [2,6]. In addition, it 
should be noted that proportion of  various hormones 
produced in the adrenal cortex depends on its functio- 
nal activity; hormonopoiesis in this gland is strongly 
affected by pregnancy [2,3,6,10]. 

It is noteworthy that the strongest correlations 
were revealed not between individual indices, but be- 
tween their ratios (Table 1), which indicates the im- 
portant role of not only individual hormones, but also 
their interactions. 

Stress stimulation and ACTH injection activate 
hormone production predominantly in the adrenal FRZ 
and induce its hypertrophy, while GZ is less sensitive 
to these interventions [2,6]. In light of  this, the high 
ratios of cross-sectional area of GZ to FRZ, as well as 
the ratio of HSDH activity in GZ to that in the fascicu- 
lata or reticularis zones indicate lower functional activity 
of the pituitary-adrenal system in pregnant rats, which 
correlates with greater fetal brain and body weight. 

Although the studied indices of  the adrenal cortex 
are related not only to brain weight, but also to body 
weight, the effect of  adrenal indices on brain weight 
is not entirely determined by their influence on body 
weight. This tollows from comparison of correlation 
coefficients: r=0.77 between brain and body weights; 
r=-0.87 between brain weight and the ratio of HSDH 
activity in GZ to that in the reticularis zone. In ad- 
dition to paired correlation coefficients we calculated 
the multiple correlation coefficient between the fetal 
brain weight and the ratio of cross-sectional areas of 
GZ to FRZ (R=0.9) and the ratio of  HSDH activity in 
GZ to that in the reticularis zone (R2=0.81). The values 
of brain weight predicted by Statistica-5 software from 
the "adrenal" indices were close to the experimental 
values (Table 2). 

The cluster analysis divided all dams and their 
fetuses into 2 clusters that significantly differed in 
fetal body weight, ratios of  HSDH activity in the spe- 
cified zones and G Z  to FRZ cross-sectional areas. In 
the first cluster (5 litters) the mean values were 210 
mg, 1.7, and 0.295, respectively, while in the second 
cluster (6  l i t ters)the indices were 188 mg, 0.82, and 
0.17 (p<0.01). 

In contrast to 21-day-old fetuses, in 1-day-old 
pups the correlation between brain weight and mor- 

TABLE 2. Comparison of Brain Weight of 21-Day-Old 
Fetuses with Predicted Values Calculated from Histo- 
physiological Parameters of the Adrenal Glands 

Mean brain weight in litter, mg 

predicted measured 

191 

201 

226 

188 

19t 

197 

209 

198 

211 

187 

181 

197 

204 

224 

168 

194 

195 

209 

203 

212 

193 

183 

phometric indices of  mother 's  adrenals was consider- 
ably weaker and statistically insignificant (Table 1). 
This presumably results from the destruction of the 
mother-placenta-fetus system after delivery, consider- 
able decrease of the effect  of  maternal hormones, 
changes in the mother's endocrine status in compm'i- 
son with that at the end of pregnancy [5,10], and the 
effect of  environmental/actors on pups. On the other 
hand, a drastic decrease in the strength of  the studied 
relationships after the first postnatal day may indirect- 
ly indicate a regular character of the relationships ob- 
served in 21-day pregnancy. 

Our findings attest to the essential role of mother's 
adrenal cortex in the regulation of fetal brain develop- 
merit during physiological pregnancy. The mechan- 
isms underlying the revealed relationships require spe- 
cial investigation. 
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