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Morphometric characteristics and free radical oxidation in neurons of the neocortex and hip-
pocampus of male and female rats were studied 1 month after administration of Sustanon-250
in a dose of 8 mg/kg during the pubertal period of ontogeny. The weight of the brain was
shown to decrease in males. In both female and male rats, the width of the anterior parietal
lobe and the numerical density of neocortical and hippocampal neurons decreased. Sex differ-
ences were found in free radical oxidation in the cerebral cortex. The intensity of this process
increased significantly in females, but decreased in males.
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The concentration of sex hormones, including andro-
gens, in the body varies significantly during ontogeny,
sex cycle, pregnancy, and endocrine dysfunction. En-
docrine disorders include the suppressed or increased
production of specific sex hormones, as well as the
reduced or elevated concentration of opposite sex
hormones [15]. For instance, hyperandrogenemia is a
typical symptom of polycystic ovary syndrome (one
of the common gynecological diseases) in women of
various ages, juvenile females, and girls [1]. By con-
trast, blood testosterone level decreases in men of vari-
ous ages and juvenile males with hypogonadism [3,5].
Androgen deficiency requires long-term replacement
therapy with hormones. Hence, endogenous hyperan-
drogenemia can be observed in women with endocrine
dysfunction. Male patients are characterized by the in-
crease in androgen level due to long-term consumption
of testosterone derivatives. These changes can occur
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after the completion of brain maturation (prepubertal
and pubertal periods). It should be emphasized that
male sex hormones produce a strong effect on the
development, metabolism, and function of the brain.
Treatment with these hormones in the critical period of
organogenesis has a modulatory effect on sex differen-
tiation and morphometric characteristics of the organ
during the following periods of ontogeny [6]. Castra-
tion of male rats violates their behavior and content of
neuroactive steroids in various areas of the brain [7].
One of the effects of male sex hormones is their influ-
ence on free radical oxidation (FRO). Administration
of androgens is followed by a decrease in the intensity
of FRO (less significantly than estrogens) [8]. The
degree of oxidative stress and stimulation of apoptosis
in rat brain cells due to ovariectomy were shown to be
less significant after treatment with testosterone [14].

Much attention was paid to clinical, physiologi-
cal, and biochemical changes in the brain under the
influence of androgens in high concentrations. How-
ever, the effect of these substances on morphological
characteristics and FRO in the brain areas that are not
directly related to the regulation of reproduction in
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male and female animals remains unclear. This work
was designed to answer this question.

MATERIALS AND METHODS

Experiments were performed on outbred albino rats.
At the age of 60 days, male and female animals from
4 litters were divided into two groups (treatment and
control). The treatment group consisted of 10 males
and 7 females. The control group consisted of 9 males
and 7 females. No between-group differences existed
in the initial body weight of rats (Table 1). Males and
females of the treatment group received an intramus-
cular injection of Sustanon-250 in a dose of 8 mg/kg
[4]. This agent has a prolonged effect and provides the
supraphysiological concentration of testosterone in the
blood plasma of males [8,9]. Control animals received
an equivalent volume of the solvent (peach oil). Rats
of the control and treatment groups were maintained
in the same vivarium and received water and food ad
libitum. The animals were decapitated at the age of
90 days. We measured the body weight, weight of the
brain, and weight of the sex glands. Cortical segment of
the right cerebral hemisphere were sampled to estimate
the intensity of FRO. The left hemisphere was fixed in
Carnoy’s fluid. The anterior parietal (APL) and parietal
lobes (PL) were embedded into paraffin. Sections (7 W)
were prepared and stained with Einarson’s gallocyanin
for a morphometric study and measurement of nucleic
acid concentration. The width of the cortex in APL and
PL, average diameter of the seminiferous tubule, and
average diameter of the largest ovarian follicle were
evaluated with a MOV-15 ocular micrometer. The nu-
merical density of neurons was measured in 5 standard
fields of view (neocortical layers II and V; and hippo-
campal area I). The size of neurons and RNA concen-
tration in the cytoplasm were estimated by means of
computerized morphometry on a MECOS device. FRO
in the brain was studied by the method of chemilumi-
nescence (CML). CML in homogenates of the right
cerebral cortex from rats was measured on a LS 50B
luminescence spectrometer (Perkin Elmer). Spontane-
ous and Fe*-induced CML was recorded as described
elsewhere [1]. The following parameters were estima-
ted: total luminescence over 1 min of spontaneous CML
(Ssp); maximum flash amplitude (h) of induced CML;
and total luminescence over 4 min of the post-flash
period (Sindl). Kinetic parameters of H,O_ -induced
luminol-dependent CML [12] were evaluated from the
maximum luminescence (H) and total luminescence
over 2 min of CML (Sind2). The intensity of CML was
calculated per 1 g wet tissue (sampled immediately after
decapitation) and expressed in arbitrary units.

The results were analyzed by Statistica 6.0 soft-
ware (descriptive statistics).
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RESULTS

Administration of Sustanon to 2-month-old rats did
not affect the body weight gain in animals. No be-
tween-group differences were revealed in body weight
of 3-month-old rats. However, the weight of the go-
nads in treated males was much lower than in control
specimens (1203129 and 1385136 mg, respectively;
p<0.05). These data reflect delayed growth of the go-
nads in Sustanon-receiving males. The diameter of the
seminiferous tubule practically did not differ in males
of these groups (354112 and 33818.9 W, respectively).
No significant differences were found in the weight
of the ovaries in females of the treatment and control
groups (4515.7 and 35+4 mg, respectively). However,
the size of the follicles in treated females was lower
than in control specimens (586137 and 789164 u, re-
spectively; p<0.05). Hence, Sustanon treatment had a
modulatory effect on the development of the gonads
in male and female animals.

The weight of the brain in treated males was much
lower than in control specimens. However, Sustanon
injection was followed by the retardation of brain
growth in animals from the 2nd to the 3rd month of
life. No between-group differences were revealed in
the weight of the brain in females (Table 1). These
data illustrate the existence of sex differences in the
effect of testosterone in high concentration on the
growth of the brain in young and sexually mature rats.
Therefore, sex differences in the weight of the brain
that are observed in control animals become statisti-
cally insignificant (Table 1).

As differentiated from sex differences in variations
in the weight of the brain, male and female animals
of the treatment group were characterized by similar
changes in some morphometric parameters. The width
of the APL cortex in treated males and females was
much lower than in control specimens. However, no
between-group differences were found in the width
of PL (Table 1). The numerical density of neurons in
layers II and V of APL and PL in treated males and
females was much lower than in control animals. The
numerical density of hippocampal neurons decreased
significantly in males (Table 1) and tended to decrease
in females (p<0.1). Hence, these changes in the cortex
of males and females had the same directionality and
localization. Together with the data on brain weight
(reduced brain weight in males) and width of the cor-
tex (decrease in the width of the APL cortex in males
and females), these results suggest that Sustanon treat-
ment is followed by a decrease in the total number of
neocortical neurons in rats (particularly in males) as
compared to the control. The observed effect of testos-
terone derivatives on morphometric characteristics of
brain development, neocortex, and hippocampus agree
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TABLE 1. Effect of Sustanon-250 on Various Indexes of Brain Development and FRO in Rats
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Males Females
Parameter
tr((a:iTg)nt control (n=9) tre(a;lltzn;?nt control (n=7)

Body weight, g 2 months 145.0+5.7 151.0+6.9 117.0+£3.7 116+3

3 months 207.0+5.7 211.0+7.8 164.0£7.8 153+5
Weight of the brain, mg 1722+15* 1790+20 1685+38 1632+23
Width of the cortex, p APL 1589+30* 1739134 1604+£17* 1694+36

PL 1124+36 1141+26 1177+44 1194+34
Number of neurons in the standard field of view

APL layer Il 16.3+0.6* 19.70+0.56 14.50%1.03* 19.90+0.55
layer V 8.00+0.43* 10.00£0.43 7.40+0.51* 10.80£0.31

PL layer Il 17.80+0.72* 21.8+0.8 16.40+0.83* 21.90+1.12
layer V 9.0+0.3* 11.3£0.4 8.60+0.58* 11.90£0.49
hippocampus 20.50+0.47* 23.1x0.4 21.30+0.62 23.40+0.79

Sectional area, u?

APL Layer I nucleoli 2.28+0.04 2.40+0.07 2.700+0.068* 3.10+0.16
nuclei 54.00+0.89 57.0+0.7 55.00£3.62 56.00£1.06
cytoplasm 46.0+1.3 48.00%1.43 54.00£2.41 55.00£1.07

Layer V nucleoli 6.60+0.24 6.60+0.25 6.3+0.2* 7.20+0.25
nuclei 109.0+3.8 113.00£2.43 99.00+4.07 102.00+3.38
cytoplasm 142.0+7.8 148.00+£3.95 | 143.00%8.23 152.00+7.13

PL Layer Il nucleoli 2.20+0.06* 2.40+0.07 2.40+1.14 2.700+0.105
nuclei 51.00+£1.05* 55.00+£0.9 54.00+0.79 52.00£0.74
cytoplasm 44.00+1.87 46.00%£0.95 48.00+2.16 48.00+0.41

Layer V nucleoli 5.10+0.27* 5.80+0.15 5.60+0.29 5.80+0.26
nuclei 85.0%4.2* 96.00+2.7 86.00+3.73 92.00£3.59
cytoplasm 105+7.6 118+5.6 113+7.48 129+7.57

Hippocampus nucleoli 2.70%£0.08* 3.00%+0.12 2.800%0.079* 3.50%+0.14
nuclei 65.00+£1.34 68.00+£0.75 67.00+1.88 67.00£1.17
cytoplasm 46.0%£0.6 47.00+1.14 46.60+1.97 51.00%0.85

RNA concentration in the cell cytoplasm, arb. units

APL layer Il 0.640+0.017 0.620+0.019 | 0.566+0.022 0.571+0.011
layer V 0.60+0.03 0.600+0.027 | 0.545+0.026 0.535+0.024

PL layer Il 0.64+0.02 0.600+0.015 | 0.607+0.025 0.550+0.021
layer V 0.620+0.023 0.590+0.016 | 0.580+0.027 0.540+0.031
hippocampus 0.690+0.035 0.710+£0.027 | 0.682+0.034 0.618+0.033

CML, arb. units Scp 0.0910+0.0023* | 0.125*0.008 | 0.152+0.003 0.119+0.005
h 0.5560+0.0227* | 0.734+0.035 | 1.116+0.034* | 0.794+0.031
Sind1 0.7520+0.0223* | 1.109+0.072 | 1.601+0.064* | 1.109+0.026
H 1.154+0.043* 1.756+£0.059 | 2.223+0.061* | 1.627+0.039
Sind2 2.680+0.078* 3.194£0.093 | 3.732+0.177* | 2.963+0.059

Note. *p<0.05 in comparison with the control.
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well with published data. It was reported that salivary
testosterone level in students from gifted child schools
is lower than in those from common schools [14].
Previous studies revealed some specific features of
cerebral cortex growth in children with extraordinary
intellectual capacity [16].

A histological examination of samples from ani-
mals of the treatment group did not reveal destructive
changes in study areas of the brain. A morphometric
study showed that treated males are characterized by a
significant decrease in the size of neuronal nuclei (lay-
er II of APL; and layers II and V of PL) and nucleoli
(layers II and V of PL; and hippocampus). Variations
in the size of cells in females were less pronounced
than in males. They were manifested in a decrease
in the sectional area of neuronal nucleoli in layers II
and V of APL and hippocampus. The observed dif-
ferences between males and females of the treatment
and control groups were not very significant (Table
1). RNA concentration in the cytoplasm of neocortical
and hippocampal neurons in treated males and females
practically did not differ from the control.

A study of FRO in the cerebral cortex showed that
CML practically does not differ in males and females
of the control group. We showed that morphomet-
ric characteristics of the cortex in males and females
change similarly after Sustanon administration. How-
ever, this agent had the opposite effects on FRO in
the brain of animals. All parameters of CML were
reduced in Sustanon-receiving males (as compared
to the control). We revealed a decrease in the inten-
sity of free radical processes (Ssp), concentration of
lipid hydroperoxides (h), and formation of peroxide
radicals (Sindl). The resistance to peroxidation was
elevated under these conditions (H and Sind2). Ssp, h,
and Sind]1 significantly increased, while H and Sind2
decreased in females after Sustanon treatment.

Our results indicate that the intensity of FRO de-
creases in males, but increases in females after admin-
istration of testosterone derivatives. The inhibition of
FRO in males can be related to the ability of andro-
gens to suppress these processes [10]. It should be
emphasized that the intensity of FRO in rats decreases
in the period between the 10th and 90th day of life
[2]. Administration of Sustanon to 2-month-old males
probably accelerates the age-related decrease in FRO.
This explanation agrees well with the data that brain
weight gain, which occurs in maturing animals under
normal conditions [6], is less pronounced in males of
the treatment group. When considering the increase of
FRO in females, it is necessary to take into account
that estrogens (e.g., estradiol) have very high antiradi-
cal or antioxidant activity [13]. It can be suggested that
administration of testosterone derivatives impairs the
synthesis of estrogens in the ovaries, which contributes
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to activation of FRO in the brain. A decrease in the
size of abdominal follicles (main source of estrogens)
in the ovaries of treated females (Table 1) illustrates
the influence of Sustanon on histophysiological char-
acteristics of the ovaries. We conclude that the effect
of Sustanon on FRO in the brain of treated females
can be mediated by this mechanism.

Our results indicate that Sustanon affects the ma-
jor morphological parameters of brain development
in young and sexually mature animals (width of the
cortex and numerical density of cortical neurons).
We revealed that this hormone has various effects on
morphometric characteristics of functionally different
zones of the neocortex (APL and PL). Sex differences
were found in the brain response to administration
of testosterone derivatives. It should be emphasized
that treatment of males and females with testoster-
one agents of prolonged action during the pubertal
period did not cause necrotic or atrophic changes in
the neocortex and hippocampus. Cytophysiological
characteristics of neurons (size of the cytoplasm and
cytoplasmic RNA level) remained unchanged under
these conditions. These data illustrate the ability of
cortical neurons to develop and function at a vary-
ing concentration of sex hormones in the blood (i.e.,
significant changes in the content of these hormones)
due to the age, functional state of steroid-producing
organs, and pathological processes.

REFERENCES

1. Yu. A. Vladimirov, O. A. Azizova, A. 1. Deev, et al., Free Radi-
cals in Living Systems, lfogi Nauki Tekhniki. Ser. Biofizika,
Moscow (1991), Vol. 29.

2. 0. V. Galkina, F. E. Putilina, A. A. Romanova, and N. D.
Eshchenko, Neirokhimiya, 26, No. 2, 111-116 (2009).

3. N.P. Goncharov, G. V. Katsiya, and N. A. Chagina, Vestn. Ros.
Akad. Med. Nauk, No. 7, 20-26 (2009).

4. N. V. Klyasheva, N. V. Stepanova, and R. 1. Klyasheva, Prob-
lemy Reproduktsii, No. 4, 25-26 (2001).

5. G. L. Kozlov and B. Yu. Slonimskii, Problemy Endokrinol., 42,
No. 5, 30-32 (1996).

6. B. Ya. Ryzhavskii, Development of the Brain: Delayed Con-
sequences of Uncomfortable Conditions [in Russian], Kha-
barovsk (2009).

7. V. A. Sashkov, N. B. Sel’verova, E. D. Morenkov, et al., Nei-
rokhimiya, 26, No. 1, 42-50 (2009).

8. Vidal Manual. Medical Products in Russia [in Russian], Mos-
cow (1995).

9. S. A. Chukaev and A. N. Karachentsev, Byull. Eksp. Biol.
Med., 124, No. 7, 73-76 (1997).

10. C. Borras, J. Sastre, D. Garcia-Sala, et al., Free Radic. Biol.
Res., 34, No. 5, 143-162 (2003).

11. C. M. Farquhar, M. Birdsall, P. Manning, et al., Aust. N. Z. J.
Obstet. Gynaecol., 34, No. 1, 67-72 (1994).

12. M. Hermes-Lima, B. Pereira, and E. Bechara, Xenobiotica, 21,
No. 8, 1085-1090 (1991).



B. Ya. Ryzhavskii, O. V. Zadvornaya, and O. A. Lebed'ko 907

13. B. Moosman and C. Behl, Proc. Natl. Acad. Sci. USA, 96, No. 15. R. Rupprecht, Psychoneuroendocrinology, 28, No. 2, 139-168

16, 8867-8872 (1999). (2003).
14. D. Ostatnikova, M. Dohnanyiova, A. Mataseje, et al., Bratisl. 16. P. Shaw, D. Greenstein, J. Lerch, et al., Nature, 440, 676-679

Lek. Listy, 101, No. 8, 470-473 (2000). (2006).




	ABSTRACT

	MATERIALS AND METHODS
	RESULTS
	REFERENCES

