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Sexual behavior, lipid peroxidation and androgenic
function in adult rats following pubertate stress:
effects of a GABA agonist or vitamin E
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Stress-related hormonal imbalances can negatively affect puberty and reproductive function. The aim of our
study was to investigate whether administration of a GABA agonist (phenibut) or vitamin E during puberty
could prevent long-term effects of chronic immobilization stress on oxidative status and sexual behavior
in adult male rat. Adolescent male rats were subjected to daily 1-hour immobilization from postnatal day
30 to 45. Experimental animals received phenibut (100 mg/kg) or vitamin E (50 mg/kg) per os, 30 min-
utes before each stress session. At six months of age, the animals were assessed for male sexual behavior
in the presence of a receptive ovariectomized female primed with estradiol diacetate and progesterone.
Serum testosterone levels were measured, and malondialdehyde and diene conjugate (DC) contents were
determined in testes as markers of lipid peroxidation (LPO). Stressed rats showed increased sexual activ-
ity and copulative capacity. Phenibut administration normalized the number of intromissions but caused
a twofold reduction in serum testosterone and significantly elevated testicular LPO products. In contrast,
vitamin E reduced the latency to first ejaculation without affecting testosterone levels. Although DC levels
were elevated, overall LPO remained unchanged. In conclusion, the use of a GABA agonist (phenibut)
in adolescent male rat has a moderate preventive effect on stress-induced alterations in sexual behavior,
while vitamin E did not demonstrate such an effect. Additionally, phenibut induced oxidative stress in the
gonads and significantly suppressed serum testosterone levels. These findings highlight long-term effects
of phenibut use and underscore the need for caution when prescribing it to adolescents for the treatment
or prevention of anxiety-neurotic condition.
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INTRODUCTION

The negative effects of stress on the reproduc-
tive system have been the subject of research
for many decades [1-5]. They have certain
characteristics depending on the etiological
factors, age, gender, psychoneurological status
of the individual. Stress can cause disorders of
all components of reproduction: libido, game-
togenesis, ovulation, sexual behavior, fertiliza-
tion, pregnancy and childbirth. Stress during
pregnancy is extremely dangerous for the health
of the fetus, which can manifest itself in distant
periods of life [6].

The realities of today in Ukraine are charac-
terized by a multitude of stress factors of various
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kinds — psycho-emotional, physical, traumatic,
etc. Every fourth child experiences fear and
defenselessness, insomnia, every other —
nightmares, feeling of anger [7-11]. Stressful
conditions during war also arise due to forced
evacuation, emigration, and domestic unrest.
Adolescence is a period of complex neuro-
psychological and neuroendocrine restructur-
ing, when, as a result of the joint coordinated
action of the hypothalamic-pituitary-adrenal
and hypothalamic-pituitary-gonadal systems,
as well as neurotransmitters and neuromodula-
tors, physical development of a teenager occurs,
and cognitive functions, the ability to abstract
thinking, etc. are formed. It is during this period
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that the adolescent’s body is extremely vulner-
able to the effects of stress factors. There is a
lot of clinical and experimental evidence of an
increased risk of stress during puberty in terms
of the development of mental disorders, social
maladjustment, aggressive behavior, increased
anxiety, neuroses, depression, cruelty and even
early manifestation of schizophrenia and bi-
polar disorders [12-17]. The long-term effects
of pubertal stress on the reproductive system,
especially in humans, are much less understood.

It is known that the male body is more vul-
nerable to stress and other harmful factors. The
pathogenesis of the consequences of puberty
stress in males was studied in laboratory rats.
The results of these experiments are extremely
meager and ambiguous. Two weeks of daily
immobilization for 6 h starting from prepu-
bertal age increased sexual activity in young
(55-day-old) males, although the latent period
of the first mating increased twofold, which in-
dicated a weakening of mating motivation [18].
Weakening of the motivational component of
sexual behavior was also observed in sexually
mature male rats subjected to emotional stress
by isolation from other rats [19]. Damage to
spermatogenesis, quantitative and qualitative
pathological changes in the spermogram were
observed in remote periods of the life of stressed
pubertal males [20].

Data on the effect of pubertal stress on the
profile of sex hormones in the blood are contro-
versial. The hormonal consequences of chronic
immobilization of pubertal male rats [21] or
administration of corticosterone [22] were ex-
pressed as a decrease in plasma testosterone, LH
and FSH levels in combination with an increase
in prolactin and estradiol levels or an increase
in testosterone levels in combination with a
decrease in LH levels [23].

We reported earlier about significant re-
duction of time latency of the mounts, that is
increased the motivational component of male
sexual behavior without changes in testosterone
levels resulting from one-hour daily restriction
of male rats during 30-45 postnatal days. Con-
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comitantly, the contents of MDA and DC were
increased in the testicles of adult animals, which
indicates the conditions of oxidative stress [24].

The aim of this study was to investigate the
possibility of preventing oxidative stress and
the above-mentioned changes in sexual behavior
in adult male rats subjected to chronic restraint
stress during puberty using a GABA agonist
(phenibut) or vitamin E.

METHODS

Ethical approval. The experiments were
carried out in accordance to European Conven-
tion for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific
Purposes (Strasbourg, 18 March 1986), and
Recommendations of the First National Con-
gress on Bioethics Issues (Kyiv, Ukraine, 20
September 2001). The experimental design and
procedures were approved by the Bioethics
Commission of the Institute (Protocol No. 43-KE
from 06.06.2022).

Design of the study. Female white rats
from the local Institute vivarium with a regular
4-5-day estrous cycle were put in the cages one
by one together with sexually active male, and
the day of appearance of spermatozoa in the
vaginal smear was considered the first day of
concept. The experiments were conducted on
males with dated births. At the age of 22 days,
male rats were separated from their mothers
and formed into groups by randomization so
that animals from different litters were in both
the control (intact) and experimental groups.
Animals were housed and treated under stan-
dard conditions until 6 months after birth. Ex-
perimental male offspring were undergone to
everyday strict restriction in plastic tubes for 1
h a day during postnatal days 30-45. Considering
the daily fluctuations of corticosterone levels,
stressing was carried out from 9 to 12 a.m. Some
animals received phenibut (100 mg/kg b.w.,
“Monpharm”, Ukraine) as a tablet suspension in
Dorfman’s gel (0.5 % carboxymethyl cellulose
in 0.9% sodium chloride solution, containing
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Tween-80 and benzyl alcohol) or oil solution
of vitamin E (50 mg/kg b.w., “Multispray”,
Ukraine) by gavage 30 min before the start of
stressing.

At 6 months of age, the males were tested
for the exhibition of male-type sexual behavior.
Some males were promptly decapitated under
light diethyl ether anesthesia, the trunk blood
samples were collected and the testes were
isolated to determine the content of the lipid
peroxidation (LPO) products.

Male-type sexual behavior. To test male-
type sexual behavior using the traditional
method [25, 26], 6 animals delivered by different
mothers were included into each animal group.

The males were kept in the darkness for
4 h, then they were moved to an empty cage
for a 5-minute adaptation. One week before
testing, the partner female was ovariectomized
and injected intramuscularly with 0.1 mg
estradiol diacetate (“Sigma”, USA) 48 h before
the test, then 0.5 mg progesterone oil solution
(“Biopharma”, Ukraine) was introduced 4 h
prior to the test. Then the female was put in the
cage under dim red light with the male. Over
the course of 15 min, the following indices of
copulative behavior were recorded: duration of
latent periods of the first mount, and the first
and second intromissions, the first ejaculation,
post-ejaculatory refractory period, the numbers
of ejaculations, mounts without intromission,
and the total number of intromissions. Male-type
behavior was tested twice at one-week interval
taking into account that after the first test they
gained some sexual experience.

Hormone assay. Blood serum was kept
at -20°C prior be analyzed for testosterone
levels. Hormone assay was carried out with
Testosterone ELISA kit (“LDN”, Germany)
followed by measuring at the immune enzyme
analyzer Stat Fax (USA).

Determination of LPO products. The
contents of LPO products, malonic dialdehyde
(MDA) and diene conjugates (DC), were deter-
mined in tissue homogenates of testes after cen-
trifugation at 3000 rpm for 15 min and calculated
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per mg of protein [27], the content of which was
measured by the Lowry method.

Statistical analysis. The results were pro-
cessed and compared with those of intact (con-
trol) and stressed animals. They were presented
as mean (M £+ m) or mediana and processed with
Excel computer program by one-way analysis
of independent experiments using the Student’s
t criterion or by the Wilcoxon-Mann-Whitney
non-parametric U criterion. The difference was
set as significant at P < 0.05.

RESULTS

Male-type sexual behavior. The distribution
of quantitative indicators in the control and
experimental groups was non-parametric,
therefore they are presented as medians and
extreme values in the groups (Table 1).

The effect of stress on pubertal males’ sexual
behavior was more pronounced in the second
test. The time intervals between the onset of
contact with the female and intromissions
were significantly reduced. The number of
intromissions increased, as did the number of
animals in which ejaculations were observed.

In the second test, activation of the GABAergic
system of male rats with phenibut before
immobilization sessions normalized the number
of intromissions, leaving other indicators
unchanged compared to stressed rats that did
not receive it.

According to the results of the second test,
the use of vitamin E before stress sessions
reduced the latency periods of the first ejacula-
tion in adult animals in comparison to those in
stressed males (Table 1).

Hormone assay. Stressing pubertal males
and vitamin E administration did not affect basal
serum testosterone levels in adult animals. In
contrast, animals treated with phenibut before
stress sessions showed an almost twofold de-
crease in T content (Table 2).

LPO products. The data presented in Table
2 indicate a decrease in the contents of DC and
total amount of LPC products in the testes of
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Table 1. Indicators of male sexual behavior in 6-month-old male rats exposed to stress during puberty (Me)

and (minimum and maximum values)

. Intact Phenibut Vitamin E
Indicator Stress
(control) and stress and stress
First test
Latency period, s: (n=106) (n=106) (n=106) (n=106)
first mount 44.5 58 22 43.5
(9 -213) (11-310) (10-29) (10-53)
first intromission 66.5 68 41.5 60.5
(19-241) (15-520) (27-58) (29-135)
second intromission 117.5 89 60 80
(72-377) (20-568) (42-72)* (38-165)?
first ejaculation 411 - - -
(411)
Postejaculation refractory period, s: >489 - - -
Number:
mounts without intromission 7 3.5 5 4
(5-9) (3-6)* (3-6)* (3-5)*
intromissions 15 11.5 16.5 14.5
9-21) (10-19) (15-21) (13-20)
ejaculations 0 0 0 0
(0-1)
1/6 0/6 0/6 0/6
Second test
Latency period, s: (n=5) (n=106) (n=106) (n=106)
first mount 63 3 4.5 1
(24-271) (1-39)* (1-45)* (1-9)*
first intromission 141 8 31.5 4.5
(73-363) (3-57)® (3-77)* (2-19)*
second intromission 315 11.5 44 9
(112-427) (5-97)® (4-80)* (3-71)*
first ejaculation 507.5 459.5 465.5 197
(240,775) (260-558) (334, 597) (181-382)**
Postejaculation refractory period, s: >392.5 384.5 >282.5 384
(>125, >660) (201-558) (231, >334) (309-580)
Number:
mounts without intromission 4 1 2 3
(1-7) (1-3)* (1-7) (1-4)
intromissions 15 25.5 15 22.5
(10-20) (19-34)* (10-31)** (15-48)
ejaculations 0 1 0 1
(0-1) (1-1) (0-1) (1-1)
2/5 6/6 2/6 6/6

Note: n — number of animals in the group. *P < 0.05 compared to control. **P < 0.05 compared to stress.

Statistical analysis by Wilcoxon-Mann-Whitney U criterion.
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Table 2. Contents of LPO products (nmol/mg protein) and testosterone plasma levels (nmol/l) in 6-month-old rats after
pubertal stress (M + m)

Indicator | Control | Stress | Phenibut and stress | Vitamin E and stress |

Malonic dialdehyde 1.26 £0.16 1.06 £0.10 1.74 £ 0.3 %%** 0.98+0.14
(n=16) (n=16) (n=06) (n=06)

Diene conjugates 1.22 £ 0.07 0.72 £ 0.09%* 1.13 £0.17%%%* 1.19 £ 0.06**
(n=16) (n=06) (n=16) (n=16)

Total (malonic dialdehyde

and diene conjugates) 248 £0.18 1.78 £0.11%* 2.87 £0.42%* 2.17 £ 0.14%%**

Testosterone 21.54+4.37 24.90 + 4.48 11.67 £ 1.92"* 18.52+5.19
n=7) (n=16) n=17) n=7)

Note: n — number of animals in the group. *P < 0.05 compared to control. **P < 0.05 compared to stress.
**%0.05 <P < 0.1 compared to control. ****0.05 <P < 0,1 compared to stress.

rats that underwent prolonged immobilization
stress during the pubertal period, compared with
control values. This finding is inconsistent with
our results obtained earlier under similar study
conditions. The reasons for this discrepancy
require further analysis.

The combination of “phenibut and stress”
caused a tendency to increase individual LPO
products and a significant increase in their total
quantity compared to the group of stressed animals,
i.e. an increase in the process of lipid peroxidation.
The combination “vitamin E and stress” caused an
increase in the formation of DCs compared to the
“stress” group, however, total amount of the LPO
products did not change significantly.

DISCUSSION

In this study, the direction of changes in male
sexual behavior induced by stress in male rats
during puberty indicated its activation, which
is consistent with our earlier findings [24].
Changes were mainly observed in the second
test in the form of a reduction in the latency
periods of the first mount, the first and second
intromissions, and an increase in the number of
intromissions, i.e. after the animals had acquired
sexual experience. During the second test, ejacu-
lation occurred in all stressed males, while in the
control males only in two cases.

Probably, the modification of sexual be-
havior is mainly related to changes in the
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neurotransmitter systems of the brain during
immobilization. In particular, there is a lot of
evidence of the response of the dopaminergic
system of the brain of humans and animals,
including rodents, to stress during puberty [28].
One of the long-term results of stress in golden
hamsters during puberty is an increase in the
activity of tyrosine hydroxylase, a key enzyme
in the biosynthesis of catecholamines, in the
amygdala [12]. In male rats, chronic corticos-
terone exposure throughout adolescent develop-
ment (30-58 days of age) results in reduction of
mRNA expression of NPY 1 and NPY5 receptors
in the ventral medial hypothalamus [22]. It is
reasonable to take into account microstructural
rearrangements in the brain of rats subjected to
peripubertal stress [14].

The normalization of the number of intro-
missions (in the second test) due to its decrease
compared to stressed rats under the influence
of phenibut can be considered as a moderate
preventive, i.e. positive effect (although it is
probably due to a decrease in the level of tes-
tosterone in the circulation).

Testosterone in the regulation of male sexual
behavior in mammals plays the role of a driver
of sexual desire and is a necessary stimulator of
other reflexes, in particular copulatory behavior
and ejaculation [26, 29]. The main producer
of testosterone in males is the seminal glands.
Testosterone levels in stressed males, as in
our earlier study, were normal. In contrast to



Sexual behavior, lipid peroxidation and androgenic function in adult rats following pubertate stress: effects of a GABA agonist or vitamin E

stressed animals, rats that underwent pubertal
stress against the background of GABA receptor
activation with phenibut demonstrated two-fold
decline in the level of testosterone in the blood
plasma.

The study of the content of LPO products in
the animal group “stress and phenybut” showed
a significant increase in their contents in the
testes, which to some extent may explain the de-
crease in testosterone production due to gonads
damage by reactive oxygen species.

Therefore, based on changes in plasma
testosterone levels and oxidative stress in the
seminal glands, it can be considered that the use
of a GABA agonist during the pubertal period of
individual development before stressing males
has a negative effect on these indicators related
to reproductive function. This fact may serve as
a caution in the use of phenibut in adolescents
to prevent anxiety states associated with stress-
ful situations.

Given the essential role of LPO in the patho-
genesis of the damaging effect of stress on per-
oxidation process in the cell membranes, in this
work an attempt was made to use vitamin E as a
protective agent. Vitamin E, or alpha-tocopherol,
is one of the most powerful antioxidants that
neutralize active forms of oxygen which oxidize
sulthydryl groups of membrane proteins and
disrupt the lipid layer of cell membranes. In this
study, vitamin E strengthened the influence of
pubertal stress on sexual behavior in terms of the
motivational component, which was expressed
in the second testing in a significant reduction
of the latent period of the first ejaculation of
stressed rats against the background of its lack
of influence on the level of testosterone in the
blood plasma in comparison with both intact and
stressed animals.

As for the state of pro-antioxidant balance
in adult experimental rats stressed against
the background of vitamin E administration,
it turned out to be shifted towards increased
formation of DC in the testes in comparison to
that of stressed animals, however, total amount
of the LPO products did not change.
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CONCLUSIONS

1.Stressing male rats by daily one-hour immo-
bilization during puberty (30-45 days of
postnatal life) enhances the motivational
component of male sexual behavior and copula-
tory ability in contact with a receptive female
in adulthood against the background of normal
serum testosterone levels.

2. Activation of the GABAergic system of
pubertal male rats with phenibut before stress
sessions did not prevent in adult animals the
enhancement of the motivational component
of male sexual behavior and at the same time
normalized copulatory ability, despite a halving
of serum testosterone levels.

3. The combination “phenibut and stress”
caused an increase in the amount of LPO prod-
ucts in the testes compared to the group of
stressed animals, which, together with a reduced
levels of serum testosterone, may indicate a
risk of hypofertility in adolescents when us-
ing phenibut to prevent stressful and anxiety-
neurotic states.

4. The use of vitamin E before stress sessions
did not prevent modification of the sexual be-
havior of stressed animals. Moreover, it caused a
reduction in the latency period of the first ejacu-
lation in comparison to those in stressed males.

5. Oral administration of vitamin E before
stress sessions in pubertal rats did not affect se-
rum testosterone levels in adult males and caused
an increase in DC formation in the testes com-
pared to the group of stressed animals, however,
total amount of the LPO products did not change.

This study was supported by the National
Academy of Medical Sciences of Ukraine (grant
No. 546/2023-2025).

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or
financial relations, relations with organizations
and/or individuals who may have been related to
the study, and interrelations of co-authors of the
article.
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CTATEBA ITOBEJIIHKA, TIEPEKHCHE
OKHCHEHHS JIIILAIB I AHAPOI'EHHA
OYHKUIA Y JOPOCJIMX HIYPIB ITICJIA
IIYBEPTATHOI'O CTPECY HA TJII
3ACTOCYBAHHS AT'OHICTA TAMK
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Topmonanpauil AECOanaHc, OB’ SI3aHUN 31 CTPECOM, MOXKE
HETaTUBHO BIUIMHYTH Ha CTAaTeBE IO3PIBAHHS Ta PEIpo-
JIYKTHBHY (yHKIi0. MeTa HaIoro 10CIiKeHH — BUBYUTH
MOYKJIUBICTB 3aII00iraHHs OKCHIATUBHOMY CTPECY Ta 3MiHaM
CcTaTeBOl MOBEAIHKU y NOPOCIHUX INYypiB-caMIiB, SKHX
Ti1aBay XpOHIYHOMY IMMOO1ITI3alliifTHOMY CTpecy B Mepioz
CTaTeBOro J03piBaHH:, 3a JomoMoror aronicta AMK
(¢penibyty) abo BiTaminy E. Ilig yac crareBoro no3piBaHHs
nrypiB iMmMo06ini3yBanmu no 1 rox Ha 100y mpotsrom 3045
JIHIB ITOCTHATAJIBHOTO JKUTTA. JIesIKi TBapMHM OTPUMYBAIH
BcepeanHy nutyHka ¢enioyrt (100 mr/kr) abo Biramin E (50
Mr/kr) 3a 30 XB 10 ceaHcy cTpecy. Y Billi 6 Mic JOCIIIKYBaIH
CTaTeBY MOBEAIHKY CaMI[iB, BU3HAYAIH BMICT TECTOCTEPOHY
B CHPOBATII KPOBi, @ TAKOK BMICT MaJIOHOBOTO JiaJIbJICTi Ty
(MJA) i nienoBux kon’toratiB (1K) y ronanax. Pesynsraru
MOPIBHIOBAJH 3 MOKa3HUKAMU IHTAKTHUX (KOHTPOJIBHUX)
i cTpecoBanux mypiB. CTpecoBaHi OIypu PO3BHHYIHU
MiABUIICHY CTaTEeBY aKTHBHICTH i KOMYJSTHBHY 3[JaTHICTh
y MPUCYTHOCTI PEUENTHUBHOI CaMHIIl HIiCJIsl OBapieKTOMii,
sIKa OTPUMYyBalla €CTPAIioNy JialeraT i MporecTepoH. 3a-
cToCyBaHHS (eHiOyTy mepea CTpecyBaHHSAM CIPUUNHHIIO
HOpMaJIi3alilo KITbKOCTI IHTPOMICIi, ABOpa30BE 3HIKCHHS
BMICTY TECTOCTEPOHY Ta 301JIbIICHHS CyMapHOTO yTBOPEHHS
MPOIYKTIB MEPEKUCHOTO OKUCHEHHs mimigiB — MJIA ta JIK
y cim’siHukax. Beenenns Biraminy E mepen crtpec-ceanca-
MH CHPHYHHWIO CKOPOYEHHS JIATEHTHOTO TIepiofy MepIoi
eSAKYJSMIl MOPIBHSIHO 3 CTPECOBAHUMH caMIIMU. Bmict
TECTOCTEPOHY B CHPOBATLi KpoBi He 3MiHUBCs. Bwmict JIK y
TOHA/IaX 301IBIINBCS MMOPIBHSHO 31 3HAYCHHSMH Yy TBapHH,
SIKI TIEPEXWIN cTpec, ane cymapuuid Bmict MJIA ta JIK He
3MIHHMBCS TIOPIBHSIHO 31 CTPECOBAHUMH CaMIsIMHU. TakuMm
4iHOM 3actocyBaHHs aroHicta TAMK (¢eniOyTy) y camiis
OIypiB my0epTaTHOTO BiKy Ma€ MOMipHHN NPEBEHTUBHUN
edexT momo Momudikamii cTaTeBOi NOBEIIHKU B IOPOCIOMY
Billi, HATOMICTh BiTaMiH E He IeMOHCTpYBaB Takoro eqeKTy.
DeHiOyT BUKINKAB OKCHIATUBHUH CTPEC Y CTATEBHX 3a1033X,
OKpIM TOTO, TBOKPATHE 3HIKCHHS BMICTY TECTOCTEPOHY B
cUpoBaTIi KpoBi. BpaxoByroun BignaneHi edexru, ciig 3
00epeKHICTIO TPU3HAYaTH PEeHIOYT MiITITKAM JUIs JTIKyBaHHS
200 MpOQUIAKTHUKHI TPUBOKHO-HEBPOTUYHUX CTaHIB.
KirouoBi croBa: cTpec; crareBe J03piBaHHS; CaMIli LIypiB;
CTaTeBa MOBEJIHKA; NEPEKHCHE OKMCHEHHS JIIi/iB; TEeCTO-
cTepoH; (eHioyT; BitamiH E.
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