
251

0007 -4888/10/1502�0251  © 2010  Springer Science+Business Media, Inc.

Effects of Infant Rat Fostering in Artifi ially Formed Litters 
on the Development of Brain, Adrenals and Gonads
B. Ya. Ryzhavskii, Ye. M. Litvintseva, and R. V. Uchakina

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 150, No. 8, pp. 216-222, August, 2010
Original article submitted August 14, 2009

Morphometric and histochemical properties of neurons in the frontoparietal and parietal lobes 
and CA1 hippocampal area, thickness of the neocortex, histochemical and morphometric 
properties of adrenals and gonads, and concentrations of sex hormones were compared in 
40-day rats fostered in artifi cially formed (experimental group) and natural (control) lit-
ters. Animals of the experimental group had lower body and brain weight, thickness of the 
neocortex in the parietal lobe, sizes of nuclei and cytoplasm of layer 2 and layer 5 neurons 
of the frontoparietal and parietal lobes and in the hippocampus, lower NADPH-dehydro-
genase activity in the hippocampus, and lower NADH- dehydrogenase activity in layer 2 
neurons of the parietal lobe in comparison with control rats. RNA concentration in neuro-
nal cytoplasm in neocortex and hippocampus was higher in rats from experimental group, 
than in animals from the control group. Higher estradiol concentration, higher activity of 
3β-hydroxysteroiddehydrogenase in thecal cells of ovarian follicles were found in females 
from experimental group; decreased testicle weight, reduced diameter of seminiferous tubules, 
reduced activity of 3β-hydroxysteroiddehydrogenase in Leydig’s cells, and trend forward 
lowering of testosterone concentration were found in males from experimental group.
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Conditions of early postnatal period, nutrient supply 
during this period, and stressfulness of environment 
can substantially affect the parameters of higher ner-
vous activity and concentration of some hormones in 
the future periods [4-6,11]. Changes in mother status 
induced by long-term emotional stress and administra-
tion of glucocorticoid hormone derivatives to dams or 
newborn pups are also responsible for similar conse-
quences [7-9]. Fostering in “alien” environment with-
out mother can signifi cantly affect living conditions 
at early stages. Fostering of young rats in alien litters 
was established to affect functional activity of the ad-
renals and predisposition to hereditary hypertension 
[2,3,10].

The objective of this study was to investigate the 
effects of fostering of rat pups in alien litters on func-
tional parameters of their brain, gonads, and adrenals.

MATERIALS AND METHODS

We studied the offspring of 4.5-5.5-month intact mon-
grel albino rats kept simultaneously in the same vi-
varium with food and water ad libitum. The animals 
were divided into two groups. The experimental group 
consisted of 4 artifi cially formed litters (n=47) formed 
1 day after birth from litters of 9-13 pups, from which 
2-6 pups were removed and 4-6 “adopted” pups were 
added; the control group consisted of 2 natural litters 
of 11 and 13 pups. Each litter was kept with mother 
in a standard cage.

At the age of 40 days, the pups were weighted, then 
animals were decapitated, the brain and the right hemi-
sphere, the gonads, and the adrenals were weighed. 
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The left hemispheres were fi xed in Carnoy’s fl uid and 
then sectioned in frontoparietal lobe (FPL) and parietal 
lobe (PL) strictly perpendicular to the longitudinal 
axis and top surface and were embedded into paraffi n. 
The sections of FPL and PL (7 μ) were stained with 
gallocyanine to detect nucleic acids [5]. The thickness 
of FPL and PL cortex was measured using eyepiece 
micrometer MOV-15. Cross-section area of nucleoli, 
nuclei, and cytoplasm of pyramidal neurons of layers 
2 and 4 of FPL and PL and CA1 hippocampal area, as 
well as RNA concentration in neuronal cytoplasm were 
determined by computer morphometry on MEKOS 
apparatus on the gallocyanine-stained preparations 
(λ=530 nm). Twenty-fi ve cells in at least 5 fi elds of 
view were measured in the studied brain areas of each 
animal. The number of neurons per fi eld of view was 
calculated at objective magnifi cation 40 in 5 standard 
fi elds of view in neocortex layers 2 and 5. Immediately 
after decapitation, 20-μ cryostat sections were prepared 
from PL of the right hemisphere. They were used for 
the reaction for NADH- and NADPH-dehydrogenases 
(NADH-d, NADPH-d). The left adrenals, testicles, and 
ovaries were used to prepare 20-μ cryostat sections 
for the reaction for 3β-hydroxysteroiddehydrogenase 
(HSDG). NADH-d, NADPH-d, and HSDG activities 
were evaluated by optical density (λ=530 nm) of the 
reaction products (25 cells of each localization for 
each case) using a MEKOS apparatus. The same prep-
arations were used for measuring the thickness of the 
adrenal cortex, diameters of convoluted seminiferous 
tubules, and of the largest vesicular ovarian follicles 
using eyepiece micrometer MOV-15. Serum concen-
trations of estradiol (in females) and testosterone (in 
males) were measured by ELISA.

The results were processed statistically using Sta-
tistiсa 6.0 software.

RESULTS

Body weight of 40-day-old rat pups from artifi cial lit-
ters (both males and females) was signifi cantly lower 
than in control. In parallel, signifi cant decrease in 
absolute weight of the brain, adrenals, ovaries, and 
particularly testicles was observed in the experimental 
group. The diameter of vesicular ovarian follicles and 
seminiferous tubules and the thickness of the adrenal 
cortex also decreased. Activity of HSDG, the key en-
zyme of steroidogenesis, in adrenocytes of all adrenal 
cortex zones was similar in all groups, while in thecal 
cells of ovarian follicles it was signifi cantly higher 
and in testicular Leydig cells it was lower than in the 
control. Estradiol concentration increased in females 
and trended to a decrease in males (Table 1). Higher 
estradiol concentration and higher HSDG activity in 
thecal cells in ovarian follicles in prepubertal females 

of the experimental group with lower body weight are 
in line with the data that the development of second-
ary sexual characteristics in girls with microsomic and 
micromesosomic types anticipates that in mesomacro-
somic and macrosomic girls [1].

Morphometry of the cortex showed that its thick-
ness in FPL was similar in all groups, while PL thick-
ness was signifi cantly lower in the experimental group 
compared to the control. Moreover, numerical density 
of layer 2 neurons in FTL neocortex in experimental 
males was signifi cantly lower than in controls. In ex-
perimental animals, the size of neuronal cytoplasm, 
nuclei, and nucleoli in the studies areas of the neocor-
tex and hippocampus was lower and RNA concentra-
tion in the cytoplasm of these cells was signifi cantly 
higher that in the control (Table 2). Reduced NADH-d 
activity in PL layer 2 neurons and reduced NADPH-d 
activity in hippocampal neurons were revealed in the 
animals from experimental litters (Table 1).

In artifi cially formed litters we compared all stu-
died parameters between “kin” and “adopted” pups 
(Tables 3 and 4). “Kin” and “adopted” pups were vir-
tually similar in the studied gravimetric parameters 
as well as in morphometric characteristics of adrenals 
and gonads, and estradiol and testosterone blood con-
centrations. In “adopted” pups, the thickness of the 
cortex in FTL was higher and neuronal density PL 
layer 2 was lower than in “kin” animals. Layer 2 neu-
rons in FPL were characterized by smaller nucleoli, 
while in PL they had larger nucleus and cytoplasm; 
PL layer 5 neurons were characterized by larger nu-
clei. In “adopted” animals, NADH-d and NADPH-d 
activities in neurons of all studied areas signifi cantly 
surpassed those in “kin” animals (Table 3), which 
attests to more intense processes of mitochondrial 
and extramitochondrial oxidation in brain neurons 
in “adopted” pups.

Comparison of these data led us to the following 
conclusions: fi rst, fostering conditions in artifi cially 
formed litters differed from that in control litters for 
both “adopted” and “kin” pups giving rise to a number 
of intergroup differences between rat pups from natu-
rally and artifi cially formed litters; second: similar fos-
tering conditions for “kin” and “adopted” pups within 
artifi cially formed litters gave rise for lower number of 
differences in parameters of brain, gonad, and adrenal 
development, although the number of morphometric 
and metabolic characteristics of the cortex and its neu-
rons differed signifi cantly. In general, our fi ndings 
suggest that changes in fostering environment at early 
stages of postnatal ontogeny can substantially affect 
parameters of physical development, histophysiology 
of the gonads and adrenal glands, cortex development, 
and state of neurons in the neocortex and hippocam-
pus.

Bulletin of Experimental Biology and Medicine, Vol. 150, No. 2, 2010 MORPHOLOGY AND PATHOMORPHOLOGY



253
T

A
B

L
E

 1
. 

P
a

ra
m

e
te

rs
 o

f 
th

e
 D

e
v
e

lo
p

m
e

n
t 

o
f 

th
e

 B
ra

in
, 

G
o

n
a

d
s
, 

a
n

d
 A

d
re

n
a

ls
 i

n
 M

a
le

 a
n

d
 F

e
m

a
le

 R
a

ts
 f

ro
m

 C
o

n
tr

o
l 

a
n

d
 E

x
p

e
ri

m
e

n
ta

l 
G

ro
u

p
s
 (

M
±

m
)

P
a

ra
m

e
te

r

C
o

n
tr

o
l 

g
ro

u
p

E
x
p

e
ri

m
e

n
ta

l 
g

ro
u

p

to
ta

l 
(n

=
2

4
)

m
a

le
s
 
(n

=
1

3
)

fe
m

a
le

s
 
(n

=
1

1
)

to
ta

l 
(n

=
4

7
)

m
a

le
s
 
(n

=
2

6
)

fe
m

a
le

s
 
(n

=
2

1
)

W
e

ig
h

t
b

o
d

y,
 g

8
1

±
2

8
2

±
3

7
8

±
3

6
3

±
4

*
6

7
±

5
*

5
9

±
5

*

b
ra

in
, 

m
g

1
4

8
1

±
1

1
1

5
0

3
±

1
6

1
4

5
4

±
1

1
1

4
3

4
±

1
4

*
1

4
5

7
±

1
9

1
4

0
5

±
2

1

h
e

m
is

p
h

e
re

, 
m

g
5

4
7

±
9

5
5

5
±

1
0

5
3

5
±

1
5

5
2

3
±

9
5

3
6

±
1

0
5

0
7

±
1

4

a
d

re
n

a
l,

 m
g

1
0

.4
±

0
.4

*
1

0
.0

±
0

.6
1

1
.0

±
0

.7
9

.0
±

0
.4

9
.0

±
0

.5
9

.0
±

0
.8

*

te
st

ic
le

, 
m

g
4

6
2

±
1

3
2

8
2

±
3

1
*

o
va

ry
, 

m
g

1
9

.0
±

1
.5

1
5

.0
±

0
.8

*

N
A

D
P

H
-d

 a
ct

iv
it

y,
 a

rb
. 

u
n

it
s

la
ye

r 
2

0
.4

1
6

±
0

.0
1

4
0

.4
0

6
±

0
.0

2
4

0
.4

2
6

±
0

.0
1

7
0

.3
9

3
±

0
.0

1
6

0
.3

9
4

±
0

.0
2

5
0

.3
9

2
±

0
.0

1
9

la
ye

r 
5

0
.3

9
6

±
0

.0
1

0
0

.3
8

7
±

0
.0

2
2

0
.4

0
5

±
0

.0
0

6
0

.3
8

7
±

0
.0

1
7

0
.3

8
4

±
0

.0
2

5
0

.3
9

2
±

0
.0

2
2

h
ip

p
o

ca
m

p
u

s
0

.4
3

6
±

0
.0

1
8

0
.3

9
8

±
0

.0
2

9
0

.4
7

2
±

0
.0

1
6

0
.3

8
8

±
0

.0
1

0
*

0
.3

8
6

±
0

.0
1

5
0

.3
9

1
±

0
.0

1
4

*

N
A

D
H

-d
 a

c
ti

vi
ty

, 
a

rb
. 

u
n

it
s

la
ye

r 
2

0
.4

4
5

±
0

.0
1

2
0

.4
5

4
±

0
.0

1
7

0
.4

3
7

±
0

.0
1

8
0

.4
0

4
±

0
.0

1
1

*
0

.4
1

6
±

0
.0

1
6

0
.3

9
0

±
0

.0
1

5

la
ye

r 
5

0
.3

8
9

±
0

.0
1

1
0

.4
0

6
±

0
.0

1
5

0
.3

7
5

±
0

.0
1

7
0

.4
0

9
±

0
.0

1
9

0
.3

9
5

±
0

.0
2

3
0

.4
2

8
±

0
.0

3
3

h
ip

p
o

ca
m

p
u

s
0

.4
2

1
±

0
.0

1
5

0
.4

4
0

±
0

.0
2

1
0

.4
0

4
±

0
.0

2
2

0
.4

0
5

±
0

.0
1

8
0

.3
8

0
±

0
.0

1
5

0
.4

3
3

±
0

.0
3

4

H
S

D
G

 a
ct

iv
it

y,
 a

rb
. 

u
n

it
s

a
d

re
n

a
ls

zo
n

a
 g

lo
m

e
ru

lo
sa

0
.5

3
7

±
0

.0
3

6
0

.5
3

5
±

0
.0

5
1

0
.5

3
9

±
0

.0
5

3
0

.5
4

3
±

0
.0

2
0

0
.5

4
9

±
0

.0
2

8
0

.5
3

7
±

0
.0

3
1

zo
n

a
 f

a
sc

ic
u

la
ta

0
.5

5
1

±
0

.0
2

9
0

.5
6

0
±

0
.0

4
6

0
.5

4
4

±
0

.0
3

8
0

.5
5

6
0

±
0

.0
2

1
2

0
.5

7
3

±
0

.0
2

6
0

.5
3

4
±

0
.0

3
5

zo
n

a
 r

e
ti

cu
la

ri
s

0
.5

1
8

±
0

.0
2

8
0

.5
0

4
±

0
.0

4
2

0
.5

3
1

±
0

.0
4

1
0

.5
7

4
±

0
.0

1
8

0
.5

6
9

±
0

.0
2

0
0

.5
8

2
±

0
.0

3
2

te
st

ic
le

s
Le

yd
ig

 c
e

lls
0

.6
0

3
±

0
.0

2
7

0
.4

9
1

±
0

.0
1

8
*

o
va

ri
e

s
fo

lli
c

le
 t

h
e

ca
l 

ce
lls

0
.5

5
8

±
0

.0
0

9
0

.6
2

2
±

0
.0

2
5

*

T
h

ic
kn

e
ss

 o
f 

a
d

re
n

a
l 

c
o

rt
e

x,
 μ

7
9

3
±

1
1

8
1

5
±

2
1

7
7

3
±

9
7

2
5

±
1

2
*

7
3

6
±

1
6

*
7

1
1

±
1

7
*

D
ia

m
e

te
r 

o
f 

th
e

 l
a

rg
e

st
 f

o
lli

cl
e

, 
μ

4
5

6
±

2
0

4
0

4
±

1
2

*

D
ia

m
e

te
r 

o
f 

se
m

in
if

e
ro

u
s 

tu
b

u
le

s,
 μ

2
4

5
±

9
2

0
7

±
9

*

B
lo

o
d

 c
o

n
c

e
n

tr
a

ti
o

n

e
st

ra
d

io
l,

 p
g

/m
l

3
4

.4
±

4
.5

5
7

.4
±

5
.3

*

te
st

o
st

e
ro

n
e

, 
n

m
o

l/
lit

e
r

3
.1

7
±

0
.6

0
2

.1
5

±
0

.3
0

N
o

te
. 

H
e

re
 a

n
d

 i
n

 T
a

b
le

 2
: 

*p
<

0
.0

5
 i

n
 c

o
m

p
a

ri
s
o

n
 w

it
h

 c
o

rr
e

s
p

o
n

d
in

g
 c

o
n

tr
o

l.

B. Ya. Ryzhavskii, Ye. M. Litvintseva, and R. V. Uchakina



254
T

A
B

L
E

 2
. 

M
o

rp
h

o
m

e
tr

ic
 a

n
d

 H
is

to
c
h

e
m

ic
a

l 
P

a
ra

m
e

te
rs

 o
f 

B
ra

in
 D

e
v
e

lo
p

m
e

n
t 

in
 M

a
le

s
 a

n
d

 F
e

m
a

le
s
 f

ro
m

 C
o

n
tr

o
l 

a
n

d
 E

x
p

e
ri

m
e

n
ta

l 
G

ro
u

p
s
 (

M
±

m
)

P
a

re
m

e
te

r

C
o

n
tr

o
l 

g
ro

u
p

E
x
p

e
ri

m
e

n
ta

l 
g

ro
u

p

to
ta

l 
(n

=
2

4
)

m
a

le
s
 
(n

=
1

3
)

fe
m

a
le

s
 
(n

=
1

1
)

to
ta

l 
(n

=
4

7
)

m
a

le
s
 
n

=
2

6
)

fe
m

a
le

s
 
(n

=
2

1
)

C
o

rt
e

x 
th

ic
kn

e
ss

, 
μ

F
P

L
1

5
8

6
±

1
2

1
5

9
5

±
1

9
1

5
7

5
±

1
6

1
5

7
4

±
1

5
1

5
8

2
±

2
2

1
5

6
5

±
2

0

P
L

1
3

6
0

±
1

7
1

3
5

5
±

2
4

1
3

6
7

±
2

4
1

2
0

9
±

1
2

*
1

2
1

4
±

1
7

*
1

2
0

3
±

1
8

*

N
e

u
ro

n
 n

u
m

b
e

r 
in

 t
h

e
 f

ie
ld

 o
f 

vi
e

w

F
T

L
la

ye
r 

2
2

0
.0

0
±

0
.6

8
2

1
.3

±
1

.0
1

8
.5

0
±

0
.5

8
1

8
.8

0
±

0
.2

3
1

8
.6

±
0

.3
*

1
9

.0
±

0
.4

la
ye

r 
5

6
.8

0
±

0
.1

6
6

.7
0

±
0

.2
5

6
.9

0
±

0
.2

1
6

.8
±

0
.1

6
.9

±
0

.2
6

.8
±

0
.1

P
L

la
ye

r 
2

2
0

.8
0

±
0

.5
3

2
1

.2
0

±
0

.7
9

2
0

.2
0

±
0

.7
1

1
9

.8
±

0
.2

1
9

.8
±

0
.3

1
9

.9
±

0
.4

la
ye

r 
5

7
.1

0
±

0
.2

3
7

.4
0

±
0

.3
8

6
.8

0
±

0
.1

9
6

.9
±

0
.1

6
.9

±
0

.1
6

.9
±

0
.1

F
P

L 
la

ye
r 

2

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
n

u
cl

e
o

li,
 μ

2
2

.4
7

±
0

.1
1

2
.5

3
±

0
.1

7
2

.4
0

±
0

.1
6

1
.9

9
±

0
.0

3
*

1
.9

7
±

0
.0

4
*

2
.0

1
±

0
.0

5
*

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
n

u
cl

e
i,

 μ
2

6
1

.3
6

±
1

.3
4

6
0

.5
±

1
.9

6
2

.5
±

1
.8

5
2

.2
8

±
0

.6
6

*
5

1
.8

9
±

0
.9

3
*

5
2

.7
±

0
.9

*

c
ro

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

c
yt

o
p

la
sm

, 
μ

2
4

5
.8

3
±

1
.2

2
4

5
.8

±
1

.6
4

5
.8

±
1

.9
3

8
.3

3
±

0
.9

4
*

3
7

.7
±

1
.1

*
3

9
.0

7
±

1
.6

0
*

R
N

A
 c

o
n

ce
n

tr
a

ti
o

n
 i

n
 n

e
u

ro
n

a
l 

c
yt

o
p

la
sm

, 
a

rb
. 

u
n

it
s

0
.2

5
9

±
0

.0
1

3
0

.2
7

7
±

0
.0

2
0

0
.2

3
7

±
0

.0
1

5
0

.3
4

9
±

0
.0

1
8

*
0

.3
4

8
±

0
.0

2
3

*
0

.3
5

1
±

0
.0

2
9

*

F
P

L 
la

ye
r 

5

c
ro

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

c
le

o
li,

 μ
2

4
.7

7
±

0
.1

1
4

.9
0

±
0

.1
7

4
.6

3
±

0
.1

4
4

.5
±

0
.1

4
.6

6
±

0
.0

8
4

.3
±

0
.2

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
n

u
cl

e
i,

 μ
2

1
0

5
±

2
1

0
5

.5
±

3
.4

1
0

4
.4

±
3

.6
9

6
.5

3
±

1
.2

3
*

9
6

.9
±

1
.5

*
9

5
.9

±
2

.1
*

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

cy
to

p
la

sm
, 

μ
2

8
8

.7
±

2
.4

8
8

.6
±

3
.2

8
8

.8
±

3
.9

8
0

.5
±

2
.5

*
8

0
.9

±
3

.2
7

9
.9

±
3

.9

R
N

A
 c

o
n

c
e

n
tr

a
ti

o
n

 i
n

 n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
a

rb
. 

u
n

it
s

0
.3

1
2

±
0

.0
1

7
0

.3
0

9
±

0
.0

2
4

0
.3

1
6

±
0

.0
2

4
0

.4
0

0
±

0
.0

1
8

*
0

.3
9

4
±

0
.0

2
2

*
0

.4
0

8
±

0
.0

3
1

*

P
L 

la
ye

r 
2

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

cl
e

o
li,

 μ
2

2
.5

6
±

0
.1

7
2

.7
6

±
0

.2
3

2
.3

2
±

0
.2

5
1

.9
6

±
0

.0
3

*
1

.9
3

±
0

.0
3

*
2

.0
0

±
0

.0
6

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
n

u
cl

e
i,

 μ
2

6
0

.0
±

1
.5

5
8

.9
±

1
.7

6
1

.5
±

2
.8

5
0

.0
2

±
0

.6
3

*
4

9
.1

±
0

.8
*

5
1

.0
7

±
0

.9
2

*

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

cy
to

p
la

sm
, 

μ
2

4
5

.3
±

1
.3

4
6

.8
±

1
.8

4
3

.4
±

1
.6

3
7

.1
7

±
0

.9
5

*
3

7
.3

±
1

.3
*

3
7

.0
1

±
1

.4
0

*

R
N

A
 c

o
n

c
e

n
tr

a
ti

o
n

 i
n

 n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
a

rb
. 

u
n

it
s

0
.2

4
3

±
0

.0
1

5
0

.2
4

1
±

0
.0

2
3

0
.2

4
5

±
0

.0
1

8
0

.3
3

8
±

0
.0

1
5

*
0

.3
2

5
±

0
.0

2
2

*
0

.3
5

3
±

0
.0

2
2

*

P
L 

la
ye

r 
5

 

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

cl
e

o
li,

 μ
2

4
.3

5
±

0
.0

8
4

.5
0

±
0

.1
1

4
.1

9
±

0
.1

0
4

.4
8

±
0

.0
8

4
.4

5
±

0
.0

9
4

.5
2

±
0

.1
5

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
n

u
cl

e
i,

 μ
2

9
5

.0
±

2
.4

9
3

.2
±

3
.7

9
7

.1
±

2
.9

9
1

.5
0

±
1

.0
4

9
1

.5
±

1
.4

9
1

.5
±

1
.5

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

cy
to

p
la

sm
, 

μ
2

8
2

.0
±

1
.9

8
2

.1
±

2
.3

8
1

.9
±

3
.3

7
5

.3
±

2
.8

*
7

3
.9

±
3

.6
7

7
.0

1
±

4
.4

5

R
N

A
 c

o
n

c
e

n
tr

a
ti

o
n

 i
n

 n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
a

rb
. 

u
n

it
s

0
.3

0
7

±
0

.0
1

7
0

.3
1

1
±

0
.0

2
0

0
.3

0
2

±
0

.0
3

1
0

.3
8

6
±

0
.0

1
8

*
0

.3
7

7
±

0
.0

2
4

*
0

.3
9

6
±

0
.0

2
9

*

H
ip

p
o

c
a

m
p

u
s

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

cl
e

o
li,

 μ
2

2
.9

4
±

0
.2

0
2

.8
0

±
0

.2
3

3
.0

±
0

.3
2

.2
6

±
0

.0
4

*
2

.2
1

±
0

.0
5

*
2

.3
1

±
0

.0
7

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
n

u
cl

e
i,

 μ
2

7
3

.8
±

1
.9

7
2

.4
±

3
.1

7
5

.4
±

1
.9

6
3

.7
±

1
.4

*
6

4
.3

0
±

1
.0

1
*

6
3

.0
3

±
2

.9
0

*

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

cy
to

p
la

sm
, 

μ
2

5
0

.5
0

±
2

.0
6

5
1

.2
±

3
.1

4
9

.7
±

2
.7

3
9

.7
±

0
.7

*
3

9
.2

±
0

.9
*

4
0

.4
±

1
.0

3
*

R
N

A
 c

o
n

ce
n

tr
a

ti
o

n
 i

n
 n

e
u

ro
n

a
l 

c
yt

o
p

la
sm

, 
a

rb
. 

u
n

it
s

0
.2

5
5

±
0

.0
1

9
0

.2
5

2
±

0
.0

2
1

0
.2

5
9

±
0

.0
3

4
0

.3
7

3
±

0
.0

2
0

*
0

.3
7

0
±

0
.0

2
4

*
0

.3
7

7
±

0
.0

3
4

*

Bulletin of Experimental Biology and Medicine, Vol. 150, No. 2, 2010 MORPHOLOGY AND PATHOMORPHOLOGY



255
T

A
B

L
E

 3
. 

P
a

ra
m

e
te

rs
 o

f 
B

ra
in

, 
G

o
n

a
d

, 
a

n
d

 A
d

re
n

a
l 

D
e

v
e

lo
p

m
e

n
t 

in
 “

K
in

” 
a

n
d

 “
A

d
o

p
te

d
” 

R
a

ts
 f

ro
m

 E
x
p

e
ri

m
e

n
ta

l 
G

ro
u

p
 (

M
±

m
)

P
a

ra
m

e
te

r

“K
in

” 
ra

ts
“A

d
o

p
te

d
” 

ra
ts

to
ta

l 
(n

=
2

9
)

m
a

le
s
 
(n

=
1

7
)

fe
m

a
le

s
 
(n

=
1

2
)

to
ta

l 
(n

=
1

8
)

m
a

le
s
 
(n

=
9

)
fe

m
a

le
s
 
(n

=
9

)

W
e

ig
h

t
b

o
d

y,
 g

6
2

±
5

6
7

±
6

5
5

±
7

6
5

±
5

6
6

±
8

6
4

±
8

b
ra

in
, 

m
g

1
4

1
8

±
2

0
1

4
4

2
±

2
5

1
3

8
3

±
3

1
1

4
5

9
±

1
9

1
4

8
5

±
2

5
1

4
3

4
±

2
6

h
e

m
is

p
h

e
re

, 
m

g
5

1
3

±
1

2
5

3
1

±
1

5
4

8
7

±
1

6
5

4
0

±
1

1
5

4
7

±
9

5
3

3
±

2
1

a
d

re
n

a
l,

 m
g

9
.0

±
0

.6
9

.2
±

0
.7

8
.4

±
1

.0
1

0
.0

±
0

.7
9

.4
±

0
.8

1
0

.4
±

1
.2

te
st

ic
le

, 
m

g
2

8
3

±
3

9
2

8
1

±
5

1

o
va

ry
, 

m
g

1
5

±
1

1
4

.4
±

1
.3

N
A

D
P

H
-d

 a
c

ti
vi

ty
, 

a
rb

. 
u

n
it

s

la
ye

r 
2

0
.3

3
0

±
0

.0
1

3
0

.3
1

7
±

0
.0

1
7

0
.3

4
8

±
0

.0
2

0
0

.4
8

3
±

0
.0

1
6

*
0

.5
0

8
±

0
.0

2
0

*
0

.4
5

0
±

0
.0

2
1

*

la
ye

r 
5

0
.3

2
3

±
0

.0
1

3
0

.3
1

2
±

0
.0

1
5

0
.3

3
9

±
0

.0
2

3
0

.4
7

9
±

0
.0

2
0

*
0

.4
9

1
±

0
.0

3
3

*
0

.4
6

2
±

0
.0

1
8

*

h
ip

p
o

c
a

m
p

u
s

0
.3

5
6

±
0

.0
1

2
0

.3
4

8
±

0
.0

1
5

0
.3

6
8

±
0

.2
0

0
0

.4
3

4
±

0
.0

1
1

*
0

.4
4

3
±

0
.0

1
8

*
0

.4
2

2
±

0
.0

0
8

*

N
A

D
H

-d
 a

c
ti

vi
ty

, 
a

rb
. 

u
n

it
s

la
ye

r 
2

0
.3

6
5

±
0

.0
1

3
0

.3
7

2
±

0
.0

1
8

0
.3

5
5

±
0

.0
2

0
0

.4
5

7
±

0
.0

1
0

*
0

.4
8

1
±

0
.0

1
0

*
0

.4
3

0
±

0
.0

1
4

*

la
ye

r 
5

0
.3

5
3

±
0

.0
1

6
0

.3
5

1
±

0
.0

2
4

0
.3

5
7

±
0

.0
2

0
0

.4
7

9
±

0
.0

3
1

*
0

.4
6

1
±

0
.0

3
5

*
0

.4
9

8
±

0
.0

5
3

*

h
ip

p
o

c
a

m
p

u
s

0
.3

4
3

±
0

.0
1

1
0

.3
3

9
±

0
.0

1
3

0
.3

4
8

±
0

.0
1

9
0

.4
7

4
±

0
.0

2
8

*
0

.4
3

5
±

0
.0

1
9

*
0

.5
0

9
±

0
.0

5
0

*

H
S

D
G

 a
c

ti
vi

ty
, 

a
rb

. 
u

n
it

s

a
d

re
n

a
ls

zo
n

a
 g

lo
m

e
ru

lo
sa

0
.5

6
6

±
0

.0
3

3
0

.5
4

9
±

0
.0

4
3

0
.5

9
0

±
0

.0
5

7
0

.5
1

9
±

0
.0

2
2

0
.5

4
8

±
0

.0
3

7
0

.4
8

9
±

0
.0

2
2

zo
n

a
 f

a
sc

ic
u

la
ta

0
.5

6
5

±
0

.0
3

4
0

.5
6

0
±

0
.0

4
2

0
.5

7
3

±
0

.0
6

2
0

.5
4

6
±

0
.0

2
4

0
.5

9
2

±
0

.0
2

4
0

.5
0

0
±

0
.0

3
7

zo
n

a
 r

e
ti

cu
la

ri
s

0
.5

5
1

±
0

.0
1

7
0

.5
5

0
±

0
.0

1
7

0
.5

5
2

±
0

.0
3

6
0

.6
0

4
±

0
.0

3
3

0
.5

9
7

±
0

.0
4

3
0

.6
1

1
±

0
.0

5
4

te
st

ic
le

s

Le
yd

ig
 c

e
lls

0
.4

8
1

±
0

.0
3

0
0

.5
0

4
±

0
.0

1
6

o
va

ri
e

s

fo
lli

cl
e

 t
h

e
ca

l 
ce

lls
0

.6
2

4
±

0
.0

4
2

0
.6

2
0

±
0

.0
3

3

T
h

ic
kn

e
ss

 o
f 

a
d

re
n

a
l 

co
rt

e
x,

 μ
7

1
3

±
1

6
7

2
6

±
1

8
6

9
1

±
3

1
7

3
8

±
1

7
7

5
1

±
3

0
7

2
6

±
1

9

D
ia

m
e

te
r 

o
f 

th
e

 l
a

rg
e

st
 f

o
lli

cl
e

, 
μ

4
2

0
±

1
7

3
8

9
±

1
5

D
ia

m
e

te
r 

o
f 

se
m

in
if

e
ro

u
s 

tu
b

u
le

, 
μ

2
1

0
±

1
2

2
0

3
±

1
2

B
lo

o
d

 c
o

n
ce

n
tr

a
ti

o
n

e
st

ra
d

io
l,

 p
g

/m
l

5
5

.7
±

7
.0

5
9

.6
±

8
.4

te
st

o
st

e
ro

n
e

, 
n

m
o

l/
lit

e
r

2
.3

2
±

0
.4

3
1

.8
4

±
0

.2
8

N
o

te
. 

H
e

re
 a

n
d

 i
n

 T
a

b
le

 4
: 

*p
<

0
.0

5
 i

n
 c

o
m

p
a

ri
s
o

n
 w

it
h

 c
o

rr
e

s
p

o
n

d
in

g
 p

a
ra

m
e

te
r 

in
 “

k
in

” 
ra

ts
.

B. Ya. Ryzhavskii, Ye. M. Litvintseva, and R. V. Uchakina



256
T

A
B

L
E

 4
. 

M
o

rp
h

o
m

e
tr

ic
 a

n
d

 H
is

to
c
h

e
m

ic
a

l 
P

a
ra

m
e

te
rs

 o
f 

B
ra

in
 D

e
v
e

lo
p

m
e

n
t 

in
 “

K
in

” 
a

n
d

 “
A

d
o

p
te

d
” 

R
a

ts
 f

ro
m

 E
x
p

e
ri

m
e

n
ta

l 
G

ro
u

p
 (

M
±

m
)

P
a

ra
m

e
te

r

“K
in

” 
ra

ts
“A

d
o

p
te

d
” 

ra
ts

to
ta

l 
(n

=
2

9
)

m
a

le
s
 
(n

=
1

7
)

fe
m

a
le

s
 
(n

=
1

2
)

to
ta

l 
(n

=
1

8
)

m
a

le
s
 
(n

=
9

)
fe

m
a

le
s
 
(n

=
9

)

C
o

rt
e

x 
th

ic
kn

e
ss

, 
μ

F
P

L
1

5
3

0
±

1
6

1
5

3
7

±
2

2
1

5
1

9
±

2
3

1
6

4
6

±
2

0
*

1
6

6
7

±
3

2
*

1
6

2
6

±
2

5
*

P
L

1
1

6
7

±
1

6
1

1
6

7
±

2
3

1
1

6
7

±
2

1
1

1
7

6
±

2
1

1
1

7
2

±
2

6
1

1
8

0
±

3
5

N
e

u
ro

n
 n

u
m

b
e

r 
p

e
r 

fi
e

ld
 o

f 
vi

e
w

F
P

L
la

ye
r 

2
1

9
.0

±
0

.3
1

8
.8

±
0

.4
1

9
.2

±
0

.6
1

8
.4

±
0

.3
1

8
.0

±
0

.4
1

8
.7

±
0

.5

la
ye

r 
5

6
.8

±
0

.1
6

.8
±

0
.2

6
.8

±
0

.2
6

.9
±

0
.1

7
.0

±
0

.3
6

.8
±

0
.1

P
L

la
ye

r 
2

2
0

.3
±

0
.3

2
0

.2
±

0
.4

2
0

.5
±

0
.4

1
9

.0
±

0
.3

1
8

.9
±

0
.3

*
1

9
.0

±
0

.7

la
ye

r 
5

6
.9

±
0

.1
7

.1
±

0
.1

6
.8

±
0

.2
6

.9
±

0
.1

6
.7

±
0

.3
7

.1
±

0
.2

F
P

L 
la

ye
r 

2

c
ro

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
n

u
c

le
o

li,
 μ

2
2

.0
3

±
0

.0
4

2
.0

2
±

0
.0

5
2

.0
5

±
0

.0
8

1
.9

2
±

0
.0

3
*

1
.8

7
±

0
.0

5
*

1
.9

7
±

0
.0

5

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

cl
e

i,
 μ

2
5

2
.3

2
±

0
.9

5
5

1
.4

5
±

1
.2

3
5

3
.5

6
±

1
.4

8
5

2
.2

2
±

0
.8

7
5

2
.7

3
±

1
.4

2
5

1
.7

1
±

1
.0

8

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
μ

2
3

7
.9

±
1

.3
3

7
.1

5
±

1
.4

8
3

8
.9

9
±

2
.4

6
3

9
.0

0
±

1
.2

6
3

8
.8

1
±

1
.6

7
3

9
.1

8
±

1
.9

8

R
N

A
 c

o
n

ce
n

tr
a

ti
o

n
 i

n
 n

e
u

ro
n

a
l 

c
yt

o
p

la
sm

, 
a

rb
. 

u
n

it
s

0
.3

4
4

±
0

.0
2

4
0

.3
4

7
±

0
.0

2
9

0
.3

3
9

±
0

.0
4

6
0

.3
5

8
±

0
.0

2
7

0
.3

4
9

±
0

.0
4

2
0

.3
6

7
±

0
.0

3
7

F
P

L 
la

ye
r 

5

c
ro

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

c
le

o
li,

 μ
2

4
.5

7
±

0
.0

9
4

.7
±

0
.1

4
.4

0
±

0
.1

7
4

.3
7

±
0

.2
2

4
.5

8
±

0
.1

5
4

.1
5

±
0

.4
1

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

cl
e

i,
 μ

2
9

6
.5

5
±

1
.6

4
9

7
.9

2
±

1
.6

7
9

4
.6

1
±

3
.2

1
9

6
.5

±
1

.8
9

5
.2

2
±

2
.8

6
9

7
.7

8
±

2
.5

3

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
μ

2
7

8
.4

4
±

3
.3

4
8

0
.3

±
4

.4
7

5
.8

±
5

.2
8

3
.8

±
3

.6
8

2
.0

8
±

4
.4

6
8

5
.5

3
±

6
.0

0

R
N

A
 c

o
n

c
e

n
tr

a
ti

o
n

 i
n

 n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
a

rb
. 

u
n

it
s

0
.4

0
5

±
0

.0
2

7
0

.4
0

7
±

0
.0

3
1

0
.4

0
3

±
0

.0
4

7
0

.3
9

2
±

0
.0

2
4

0
.3

6
9

±
0

.0
2

8
0

.4
1

6
±

0
.0

3
9

P
L 

la
ye

r 
2

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
n

u
cl

e
o

li,
 μ

2
1

.9
7

±
0

.0
3

1
.9

8
±

0
.0

4
1

.9
5

±
0

.0
5

1
.9

6
±

0
.0

7
1

.8
4

±
0

.0
5

*
2

.0
7

±
0

.1
2

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

cl
e

i,
 μ

2
4

8
.8

8
±

0
.8

6
4

7
.4

4
±

0
.5

0
5

0
.9

2
±

1
.4

3
5

1
.8

6
±

0
.7

3
*

5
2

.4
5

±
1

.0
0

*
5

1
.2

6
±

1
.1

0

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
μ

2
3

5
.6

±
1

.0
3

5
.8

±
1

.5
3

5
.4

5
±

1
.3

4
3

9
.6

2
±

1
.7

9
*

4
0

.1
±

2
.4

3
9

.0
8

±
2

.8
0

R
N

A
 c

o
n

ce
n

tr
a

ti
o

n
 i

n
 n

e
u

ro
n

a
l 

c
yt

o
p

la
sm

, 
a

rb
. 

u
n

it
s

0
.3

3
1

±
0

.0
2

1
0

.3
1

4
±

0
.0

3
1

0
.3

5
6

±
0

.0
2

8
0

.3
4

8
±

0
.0

2
2

0
.3

4
7

±
0

.0
2

4
0

.3
4

9
±

0
.0

3
7

P
L 

la
ye

r 
5

c
ro

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

c
le

o
li,

 μ
2

4
.3

8
±

0
.0

6
4

.3
5

±
0

.0
7

4
.4

2
±

0
.1

0
4

.6
5

±
0

.1
9

4
.6

3
±

0
.2

1
4

.6
6

±
0

.3
3

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

cl
e

i,
 μ

2
8

9
.5

1
±

1
.1

8
8

9
.6

1
±

1
.5

6
8

9
.3

7
±

1
.8

8
9

4
.7

5
±

1
.7

2
*

9
5

.1
2

±
2

.5
9

9
4

.3
7

±
2

.4
3

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
μ

2
7

3
.2

4
±

1
.6

2
7

4
.2

±
2

.1
7

1
.8

9
±

2
.5

3
7

8
.7

±
6

.8
7

3
.5

7
±

9
.9

3
8

3
.8

3
±

9
.6

7

R
N

A
 c

o
n

c
e

n
tr

a
ti

o
n

 i
n

 n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
a

rb
. 

u
n

it
s

0
.3

8
1

±
0

.0
2

3
0

.3
6

3
±

0
.0

2
8

0
.4

0
7

±
0

.0
4

0
0

.3
9

3
±

0
.0

3
2

0
.4

0
4

±
0

.0
4

7
0

.3
8

2
±

0
.0

4
5

H
ip

p
o

ca
m

p
u

s

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
n

u
cl

e
o

li,
 μ

2
2

.2
6

±
0

.0
3

2
.2

2
±

0
.0

4
2

.3
1

±
0

.0
6

2
.2

5
0

±
0

.0
9

1
2

.2
1

±
0

.1
0

2
.3

0
±

0
.1

5

cr
o

ss
-s

e
ct

io
n

 a
re

a
 o

f 
n

e
u

ro
n

a
l 

n
u

cl
e

i,
 μ

2
6

2
.7

7
±

2
.0

9
6

4
.0

4
±

0
.9

0
6

0
.9

8
±

4
.9

3
6

5
.3

6
±

1
.4

7
6

4
.9

5
±

2
.3

5
6

5
.7

±
1

.9

cr
o

ss
-s

e
c

ti
o

n
 a

re
a

 o
f 

n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
μ

2
3

8
.9

7
±

0
.7

3
3

8
.5

7
±

1
.0

4
3

9
.5

5
±

1
.0

1
4

0
.9

5
±

1
.3

2
4

0
.4

2
±

1
.8

2
4

1
.4

7
±

2
.0

1

R
N

A
 c

o
n

c
e

n
tr

a
ti

o
n

 i
n

 n
e

u
ro

n
a

l 
cy

to
p

la
sm

, 
a

rb
. 

u
n

it
s

0
.3

8
0

±
0

.0
2

4
0

.3
8

1
±

0
.0

2
8

0
.3

8
0

±
0

.0
4

4
0

.3
6

1
±

0
.0

3
7

0
.3

5
0

±
0

.0
4

9
0

.3
7

2
±

0
.0

5
8

Bulletin of Experimental Biology and Medicine, Vol. 150, No. 2, 2010 MORPHOLOGY AND PATHOMORPHOLOGY



257

REFERENCES

 1. V. A. Alekseeva, P. G. Petrova, and L. V. Sindeeva, Yakut. Med. 
Zhurn., No. 2, 161-162 (2009).

 2. S. Ya. Amstislavskii, A. L. Markel and G. S. Yakobson, Ros. 
Fiziol. Zhurn., 85, No. 12, 1496-1502 (1999).

 3. V. A. Lazarev, G. S. Yakobson, S. Ya. Markel, et al., Mor-
fologiya, 128, No. 4, 85-90 (2005).

 4. O. K. Netrebenko, Pediatriya, No. 3, 96-103 (2008).
 5. N. E. Ordyan, S. G. Pivina, V. K. Akulova, et al., Ros. Fiziol. 

Zhurn., 92, No. 9, 1100-1110 (2006).

 6. B. Ya. Ryzhavskii, Brain Development: Long-Term Effects of 
Uncomfortable Сonditions [in Russian], Khabarovsk (2006).

 7. B. Ya. Ryzhavskii, I. V. Nikolaeva, Dal’nevost. Med. Zhurn., 
No. 3, 92-94 (2008).

 8. B. Ya. Ryzhavskii, T. V. Sokolova, R. V. Uchakina, et al., Bull. 
Eksper. Biol., 134, No. 8, 146-150 (2002).

 9. H. Ishiwata, T. Shiga, and N. Okago, J. Neurosci., 133, No. 4, 
893-901 (2005).

10. M. Vallee, W. Mayo, F. Dellu, et al., Ibid., 17, No. 7, 2626-
2632 (1997).

11. L. A. M. Welberg and J. R. Seck, J. Neuroendocrinol., 13, No. 
1, 113-128 (2001).

B. Ya. Ryzhavskii, Ye. M. Litvintseva, and R. V. Uchakina


	Abstract
	MATERIALS AND METHODS
	RESULTS
	REFERENCES

