Reviews on Clinical Pharmacology

ORIGINAL ARTICLES Vol 21(1)2023 and Drug Therapy
DOI: https://doi.org/10.17816/RCF21169-78 ' o.)
Research Article
Check for
updates ’

Chronic mental stress in early ontogenesis increased
risks of development for chemical and non-chemical
forms of addiction

Sarng S. Purveev "2, Mikhail S. Nekrasov 2, Nikolay S. Dedanishvili 2, Albina S. Nekrasova?,
Tatyana V. Brus ?, Andrei A. Lebedev ', Nicanor V. Lavrov "2, Aleksandra V. Podrezova?,

Ruslan I. Glushakov 2, Petr D. Shabanov '

! Institute of Experimental Medicine, St. Petersburg, Russia;
2 St. Petershurg State Medical Pediatric University, St. Petersburg, Russia

BACKGROUND: Exposure to acute or chronic stress contributes to the occurrence of various disorders of the central
nervous system, psycho-emotional sphere, as well as increases the risks of development of various forms of addiction.

AIM: The aim of the study is analyze the influence of maternal deprivation on voluntary alcohol consumption in ado-
lescents and to determine the degree of the signs of compulsive behavior in experimental animals.

MATERIALS AND METHODS: Thirty male Wistar rats were taken in the research. A maternal deprivation model
was carried out from day 2 to day 12 of the postnatal period (MD). Compulsivity (compulsive tendency) was evalua-
ted in the ball burial test. Voluntary alcoholization with 10% ethyl alcohol solution in a two-bottle test was employed.
Level of progesterone in blood plasma was determined by enzyme- immune analyses.

RESULTS: Changes in the level of progesterone in blood plasma in MD and control group of animals were detected.
In the test of two bottles 10% of ethanol solution presented on days 2 and 3, statistically significant differences in con-
sumption were determined in contrast to the control group. In the test of balloon diapering, MD group of animals showed
a statistically proved significant increase in compulsiveness both before the beginning of voluntary alcoholization and
on day 3 from the start.

CONCLUSIONS: The increase in compulsivity and voluntary ethanol consumption was significantly higher in the MD
group, that is comparable to the increased level in blood plasma progesterone samples.
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JlecTBME XPOHMYECKOro NCUXUYECKOro cTpecca
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AkmyaneHocme. Bo3peiicTBue 0CTPOro MM XPOHUYECKOro CTpecca cnocobcTByeT BO3HUKHOBEHMIO PasfiniHbIX HapyLue-
HWW CO CTOPOHBI LIEHTPaNIbHOW HEPBHOM CUCTEMBI, MCUXO3MOLMOHANBHOM Chephl, @ TaKKe NMOBbILIAET PUCKU Pa3BUTUS pas-
JMYHBIX HOPM 3aBUCUMOCTH.

Llene — npoaHanu3upoBaTh BAMSHWUE MaTEPUHCKO AenpuBaLmmu Ha A0bpoBosbHOe NoTpebieHne ankorons NoApocTKa-
MW, a TAKXKE BbISICHUTb CTEMEHb BbIPAXEHHOCTU KOMNYIbCUBHOTO NOBEAEHUS Y SKCMEPUMEHTASIbHbIX UBOTHbIX.

Mamepuansl u Memodel. B pabote bbino ucnonb3osaHo 30 Kpbic-caMLioB IMHUM BucTap. bbina ocyliecTeieHa Mogenb
MaTepUHCKOI AenpuBaLmu co 2-ro no 12-i feHb noctHatanbHoro nepuoga (MD). [poBefeHa oLeHKa KOMMYNbCUMBHOCTH B Te-
CTe 3aKanblBaHUs LWapuKoB. MpuMeHsnn fobposonbHyio ankoronusaumio 10 % pacTBopoM 3TUNOBOro CMMpTa B TecTe «ABYX
ByTbinok». OnpefeneHne ypoBHs NpOrecTepoHa B Naa3Me KpoBW NPOBOAMAM METOLOM MMMyHOMEPMEHTHOIO aHau3a.

Pesynemamel. ObHapyKeHbl M3MEHEHUS YPOBHS MPOrecTepoHa B Mnia3Me KpoBW Y XMBOTHbIX ¢ MD u KoHTponem.
B tecte «aByx byTbinoK» Ha 2-1 u 3-i feHb npefocTaBneHns 10 % pacTBopa 3TaHoma onpefLeneHbl CTaTUCTUYECKM 3HaUMMbIe
OT/IM4MS NOTPeb/IEHNS N0 CPaBHEHMIO C FPYNMOI KOHTpons. B TecTe 3aKanblBaHuMs LWapWKoB XMBOTHbIE rpynmnbl MD nokasanu
CTaTUCTMYECKM JOCTOBEPHOE BO3pacTaHUe KOMMY/bCUBHOCTM KaK A0, TaK W Ha 3-1 AeHb OT Hayana fobpoBosbHOM anKoro-
nm3aumm.

Bbigodbl. ToBbileHMe KOMMYNBCMBHOCTM M A0BpOBOMbHOE MOTPebneHne 3TaHoNa 3HAYMTENbHO Bbile Yy rpynnbl MD,
YTO COMOCTaBMUMO C YBEJIMYEHWEM YPOBHS NIa3MEHHOI0 NporecTepoHa.
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BACKGROUND

Exposure to acute and/or chronic stress contributes
to the emergence of various disorders or subclinical
changes in the nervous, endocrine, and immune sys-
tems, which are manifested primarily in the changes in
the psychoemotional sphere, as well as increased risks
of developing various forms of addiction [1]. Presently,
several models of stress effects on the body of new-
born model animals have been proposed [2], of which,
the most interesting are the models of maternal neglect
and deprivation of newborn rats from the mother for a
certain period [3].

Maternal care at an early age affects endocrine func-
tion and the reproductive development by programming
the functions of the hypothalamic-pituitary-gonadal and
hypothalamic-pituitary-adrenal axes [4].

In rodents, maternal care involves several components
that exhibit the following behavioral patterns: licking, feed-
ing, incubating, and retrieving rats [5]. Maternal care also
affects the timing of reproductive maturity in rats [6]. The
opening of the vagina, which is an indicator of female pu-
berty in rats, occurs earlier in females that received low
maternal care relative to those who received high care,
which is most likely related to the maturity of hypotha-
lamic structures responsible for the synthesis of kisspeptin
protein that regulates puberty mechanisms [7]. Consider-
ing that the correlations among reproductive development
programming, endocrine function features in female rats,
and maternal care at an early age have been described
in independent studies, the data on the influence of these
factors on the endocrine functions of males are extremely
scarce. It is also of interest that sensitivity to ethanol is
largely modulated by endogenous steroid levels, including
corticosterone and sex steroids such as testosterone, pro-
gesterone, and its metabolite allopregnanolone [8].

Ethanol-induced hypnotic, anticonvulsant, and seda-
tive effects correlate with ethanol-induced allopregnano-
lone levels in the brain [9, 10]. Both human and rodent
studies have reported that testosterone can influence
sensitivity to ethanol-induced hypnosis and ethanol con-
sumption [11].

Thus, changes in the endogenous levels of male pro-
gesterone, testosterone, and corticosterone may repre-
sent the mechanism through which maternal care modu-
lates sensitivity to ethanol-induced hypnosis.

Early life difficulties, especially during the first few
years of life, have been associated with the early onset
of problematic alcohol use in adolescence and alcohol
dependence in early adulthood [12].

It has been reported that mental disorders associated
with excessive alcohol consumption include chronic, re-
lapsing disorders characterized by compulsive drinking,
loss of control over drinking, and negative emotional
states during abstinence [13-15].
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The neurochemical action mechanism of ethanol and
partial neurosteroids on the central nervous system is
mainly occurs through the potentiation of the functions
of y-aminobutyric acid type A (GABA,) receptors [16]. The
GABAergic system serves as the main mediator of the
rapid inhibition in the central nervous system. The fully
functional GABA-receptor complex is pentameric and in-
cludes five of the 19 known subunits; a (1-6), B (1-3),
y (1=-3), 6, €, p, and B (1-3). The composition of the sub-
units of the GABA-receptor complex can determine vari-
ous characteristics of the receptor, such as its location in
the brain, cellular localization (synaptic or extrasynaptic),
physiological functions (phasic o-r tonic inhibition), and
its kinetic and pharmacological properties (agonist and
antagonist) [17, 18].

The aim was to analyze the effect of maternal de-
privation on voluntary alcohol consumption by sexually
mature offspring and to determine the severity of com-
pulsive behavior in the experimental animals.

MATERIALS AND METHODS

Ethical rules and regulations

This work was conducted in accordance with the ethi-
cal principles established by the European Convention for
the Protection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes (adopted in Strasburg,
18.03.1986 and confirmed in Strasburg, 15.06.2006) and
approved by the local ethical committee. Each animal
group was maintained under the conditions of 4—6 same-
sex individuals per group with free access to water and
ad libitum access to food. The study plan, standardized
operating procedures, and the accompanying documenta-
tion were subjected to ethical review by the local ethical
committee at St. Petershurg State Pediatric Medical Uni-
versity, Ministry of Health Care of the Russian Federation.

General design of the experimental study

This study is a two-stage experimental observation,
wherein the first stage involved mating of the laboratory
animals to produce offspring, while the second stage in-
volved reproduction of the maternal deprivation model
on male offspring, followed by testing of the laboratory
animals. After the animals were removed from the ex-
periment, their hormone levels were measured.

Obtaining offspring

At the first stage of the study, 10 sexually mature fe-
male Wistar rats of bodyweight 270 + 20 g were obtained
from the cattery of laboratory animals at the Pushchino
Branch of IBH RAS (Moscow Region). After a two-week
quarantine period, a male was added to the groups of
females during the estrus phase for one day. This pro-
cedure was repeated until spermatozoa were detected
in the vaginal smears; this day was considered as day
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zero (0) of pregnancy. Next, the females were seated in
individual plastic containers with free access to water
and food under inverted light conditions 8:00-20:00 at
22 + 2°C.

Maternal deprivation modeling (MD)

In the second stage of this study, only P1 male off-
spring were included. After their delivery, the rats were
counted, weighed, and sexually differentiated, and the
general condition of the newborns, their mobility, and skin
coloration were evaluated. Thirty male rats were directly
included in the work. The cubs were deprived of their
mother (MD) daily for 3 h from days 2 to 12 postnatal. At
this time, the rats were placed in individual plastic con-
tainers to avoid contact with each other, assigned an in-
dividual number, and applied to the skin of the rats. Upon
completion of the deprivation session, the brood was re-
turned to its home cage [1]. At the end of the deprivation
period, two experimental groups of animals were created:
a control group without MD (Control) and an experimental
group with MD, each with 15 rats (Table 1).

The experimental and control groups were created
through randomization using the closed envelope method
in the ratio of 1:1.

H,0

N\
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The marble test

On day 90 of the postnatal period, the animals were
examined to quantify their status of anxiety, obsessive-
compulsive behavior, or repetitive behavior. A 5-cm layer
of sawdust was placed in into a 20 x 25 x 17-cm cage
and 20, 1-cm-diameter glass beads were placed equidis-
tantly. The rat was placed in the cage for 30 min. After
which, the number of balls covered by sawdust by more
than 2/3 was counted. In this experiment, each animal
was tested thrice [19].

The “two bottles” test

As taste is a predominant component of eating be-
havior, the two-bottle test provides a broad measure of
taste sensitivity, that is, it estimates whether the tested
liquid is preferable to water. In our work, we useda 2 h
test for this purpose.

In the first test, the test animals were administered
a bottle of water and a bottle of 10% ethanol solution.
Each animal was kept individually, with access to the
bottles with liquids. The drinkers were left in place for
2 h, after which their fluid volume was recorded. To avoid
the formation of a preference reaction, the water and al-
cohol drinkers were swapped after 1 h, followed by es-
timating the liquid volume (Fig. 1).

=
| EtOH
10%

Jenss

Fig. 1. Depiction of the “two bottles” test
Puc. 1. Tect «aByx OyTbINOK»

Table. Characteristics of the experimental groups of animals
Tabnuua. XapakTepucT1Ka sKCNepUMEHTANbHBIX FPYMN KUBOTHBIX

Conditional serial Total numb The sex of the

onditional seria otal number offsorin _— .

number of the female of offspring pring Offspring included in further study

Q d

1 1" 5 6 3
2 3 6 3
3 5 3 3
4 10 4 6 3
5 9 2 7 2
6 8 4 4 4
7 10 2 8 2
8 6 1 5 1
9 1" 6 5 4
10 13 6 7 5
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Immunoassay

The blood samples were collected immediately after
decapitation through direct withdrawal from the gaping
vessels of the neck into tubes with ethylenediaminetet-
raacetic acid. Then, blood was centrifuged in a labora-
tory clinical centrifuge.02 (Dastan, Russia) for 15 min at
3000 rpm to obtain the plasma with further freezing in a
freezer at —20°C. The hormone levels were measured by
using an enzyme immunoassay reagent kit (SteroidIFA-
progesterone, AlkorBio, Russia) for quantitative enzyme
immunoassay for prolactin and free thyroxine in the blood
serum.

Statistical processing

The methods of descriptive statistics include the
estimation of the mean (M), the standard error of the
mean (SE), and the standard error of the mean (m).
The data obtained were analyzed using the GraphPad
PRISM 6.0 statistical software package. The differences
in the monoamine metabolism of the brain structures
were assessed by single-factor analysis of variance us-
ing Bonferroni correction for multiple comparisons. The
critical significance of the null statistical hypothesis (the
absence of significant differences or factor influences)
was considered as 0.05.

RESULTS AND DISCUSSION

In accordance with the results of statistical analysis,
the numbers of balls buried more than 2/3 in the ex-
perimental animals was 50% higher than in the control
animals (p < 0.05). The tendency to an increase in the
compulsive behavior in this test was observed on the
third day of voluntary alcoholization, which constituted
100% of the results of the control group of animals,
as also confirmed by the results of statistical analysis
(p < 0.05). No significant statistical differences were
identified between the indicators before and on the third
day of voluntary alcoholization, albeit there was a ten-
dency of an increase in compulsiveness in the behavior
of the animals (Fig. 2).

The ethanol consumption reaction in the “two-bottle”
test reproduces the physiological pathway of alcohol con-
sumption. Our experiment involved two stages: the task
of the first stage was to determine the degree of compul-
siveness in animals who experienced a psychotraumatic
event in early ontogenesis when compared to that in the
intact group of animals. The task of the second stage was
to determine the individual sensitivity of rats to the rein-
forcing effect of the preferred alcohol concentration in the
groups of animals exposed to MD from days 2 to 12 post-
natal and in the animals of the control (intact) group.

The consumption of 10% ethyl alcohol solution in the
two-bottle preference test was performed on days 1, 3,
and 7 of the experiment.
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The results of voluntary alcoholization on day one of
the study indicated no statistically significant differences
in the consumption of 10% ethanol solution and water
between the control and stressed rats.

Furthermore, on the third day of the experiment, we
obtained reliable differences (p < 0.05) in the volume of
fluid consumed. In the group of animals subjected to MD,
the volume of consumed 10% ethanol solution during the
observation was 0.57 + 0.065 mL, which reliably differed
from the voluntary consumption of 10% ethanol solution
by 0.41 + 0.10 mL in animals of the control (intact) group,
p < 0.05 (Fig. 3).

One week later, we noted that the volume of ethanol so-
lution drunk in the MD group was 1.6 + 0.12 mL, whereas

15 1

The number of balls buried

MD 3

Control MD7

Fig. 2. The effect of MD and voluntary alcoholization on compulsive
behavior in the balloon burial test. *p < 0.05 compared with intact
control. MD 3, MD 7, maternal deprivation days 3 and 7; ns, not
significant (p > 0.05)

Puc. 2. BnusHue MatepuHCKOW AenpuBaumu U [ob6poBOsbHOM
askorosn3aLmm Ha KOMNyNbCUBHOE MOBEAEHME B TECTe 3aKarlbl-
BaHWA WapnKoB. *p < 0,05 B cpaBHEHWUM C MHTAKTHBIM KOHTPOJIEM.
MD 3, MD7 — 3-it 1 7-i AHv LenpuBauuu OT MaTepeii; ns — He
pocToBepHo (p > 0,05)

~
o
1

O Control
2 B MD3
B 1.51 R
(3]
S
210 .
:‘3} |
2 0.5 1 s
<C
0 T : . ;
HZO EtOH

Fig. 3. The volume of fluid intake in experimental and control
groups of animals on day 3 of the study. *p < 0.05 compared with
the intact control

Puc. 3. 061bem notpebnsiemMoit MAKOCTM B 3KCNIEPUMEHTASIbHOM
WM KOHTPOJIbHOW TPYMnax YMBOTHbIX Ha 3-i JieHb UCCNeA0BaHMS.
*p < 0,05 B CpaBHEHWUN C UHTAKTHBIM KOHTPOJIEM
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0 Control
B MD7

o o
1 1

o
(3]
1

Average fluid intake, mL

H,0 EtOH

Fig. 4. The volume of fluid intake between the experimental and
control groups of animals on day 7 of the study. *p < 0.05 com-
pared with intact control

Puc. 4. 06beM noTpebnseMon MAKOCTM B 3KCMEPUMEHTA/IbHOM
M KOHTPOJIbHOI Pynnax MBOTHbIX Ha 7-W [eHb UCCNeA0BaHus.
*p < 0,05 B CpaBHEHWM C UHTAKTHBIM KOHTPO/EM

Control MD

Fig. 5. The effect of MD stress on the plasma progesterone level.
*p < 0.05 versus intact control

Puc. 5. BnmsHue ctpecca MaTepuHCKOW AenpuBaLMM Ha KOHLEH-
Tpaumio nporectepoHa B nnasme Kposu. *p < 0,05 B cpaBHeHMM
C MHTaKTHBIM KOHTPOJIEM

that in the control (intact) group was 0.57 + 0.07 mL,
p < 0.05 (Fig. 4).

Statistically significant differences (p < 0.05) were
detected in the results of the enzyme immunoassay of
animal blood. We observed significant effects of MD
on the increase in the progesterone concentration in
the plasma in relation to that in the control animals
(Fig. 5).

The present results suggest that, initially, the animals
that survived the action of a psychotraumatic event in
early ontogeny exhibited a more anxious and compulsive
behavior in the balloon burial test, which was before the
onset of voluntary alcoholization.

In the present study, we demonstrated how stress
due to MD leads to an increase in the levels of plasma
progesterone and to increased compulsive behavior in
model animals and also how early stress can influence
increased voluntary consumption of a 10% ethanol solu-
tion in rats.

Accordingly, we hypothesized that low levels of
maternal care can increase the behavior of voluntary
ethanol consumption in adolescents, which may be
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related to the differences in the plasma gonadal hor-
mone levels and GABA, receptor subunit expression as
they are affected by maternal care in the early neonatal
period [20].

Consequently, when the baseline plasma levels of
progesterone were measured in the animals partici-
pating in the experiment, higher levels of progesterone
were recorded, which possibly affected the expression
of the GABA, subunit in the brain tissues, contributing
to the sensitivity to the depressogenic effect of ethanol.
A key feature of the endocrine stress response is the
increased secretion of corticosterone from the adrenal
cortex into the bloodstream. In the absence of stress,
the concentration of circulating progesterone is high-
er in women than in men. However, after exposure to
stress, the circulating progesterone concentrations were
found to increase in both the sexes, with a significantly
greater response in females. Stress can also increase
the levels of progesterone in both the sexes, as specifi-
cally recorded in the brain structures of the experimental
animals [21].

Several studies have reported a positive correlation
between the circulating blood progesterone levels and
the progesterone levels in the brain structures, which
possibly indicates that the source of neuroprogester-
one in the brain is adrenal progesterone from the pe-
riphery [22]. Progesterone mediates rapid nongenomic
effects indirectly through its downstream neuroactive
metabolites, such as allopregnanolone, which acts as
an allosteric modulator of the GABA, receptor activity to
enhance inhibitory GABA neurotransmission.

Chronic maternal separation stress at an early age
has been associated with changes in the development
and formation of several neurotransmitter systems in-
volved in the stress response. Thus, several studies have
demonstrated that MD can significantly affect the devel-
opment of the dopaminergic, serotoninergic, and gluta-
matergic systems, which are known to be involved in the
effects of alcohol and vulnerability [23].

Literature evidence suggests impairment in the en-
dogenous cannabinoid system due to exposure to chronic
stress during active neurogenesis of the brain structures.
Particularly, the endocannabinoid system is of interest in
the present context as it has been proposed as one of the
main mechanisms of alcohol use and abuse and, more
recently, as a putative candidate for the propensity to
drink observed in animals subjected to certain maternal
separation protocols [24, 25].

According to the literature on the effects of ontoge-
netic changes on brain functions, incomplete maturation
of the neural systems that regulate the emotional and
inhibitory behavior reflects the behavioral phenotype on
reaching adolescence [26]. Decades of research have
demonstrated the impact of impaired neonatal care in
rodents in terms of the behavioral and neurobiological
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outcomes in adulthood. A better understanding of the
changes in specific genes or neuroendocrine targets is
thus needed.

We thereby demonstrated that periodicity in the provi-
sion of alcohol corresponds to an increase in compulsive
behavior and hence an increase in the voluntary ethanol
consumption during the following sessions. These data
together illustrate a compulsive consumption response
in ethanol-drinking rats, which was not observed in the
control animals [27].

CONCLUSION

In the present study, we noted that exposure to chronic
stress deprivation from maternity from days 2 to 12 post-
natal promoted increased compulsive behavior in the bal-
loon burial test relative to that in the control animals.
These experimental animals showed increased plasma
progesterone content, which may indicate a stress-pro-
tective effect of progesterone neurometabolites, such as
allopregnanolone, which contributes to an increase in
the plasticity of the brain structures. A correlation was
thereby recorded with an increase in compulsivity in the
behavior of animals that experienced a psychotraumatic
event during early ontogenesis and voluntary consumption
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