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INFLUENCE OF BEHAVIORAL PHENOTYPING ON THE DEVELOPMENT
OF PATHOLOGICAL CHANGES IN THE SALIVAL GLANDS OF RATS AGAINST
THE BACKGROUND OF OBESITY AND STRESS
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Pathological changes in rat salivary glands depending on behavioral phenotyping were analyzed in a model of glutamate-
induced obesity and the combined effects of obesity and stress. The study found that under conditions of modeling immobilization
stress and the combined effects of obesity and stress, probable changes in the concentrations of thiobarbituric acid reactants,
oxidative modified proteins and catalase in the salivary glands of stress-resistant and non-stress-resistant rats compared to controls.
A probable difference between the studied parameters in the salivary glands is observed between rats with different stress resistance
only in the content of thiobarbituric acid reactants. Thus, under conditions of glutamate-induced obesity and chronic stress in the
salivary glands of rats with different behavioral phenotyping, a significant increase in the number of thiobarbituric acid reactants,
an increase in oxidative modified proteins and a decrease in catalase activity, indicating a decrease in antioxidant system activity.

Key words: stress resistance, oxidative stress, sodium glutamate.
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BIIJIMB TIOBEJAITHKOBOI'O ®EHOTUITYBAHHS HA PO3BUTOK ITATOJIOTTYHUX 3MIH
Y CJIMHHUX 3AJIO3AX HIYPIB HA TJII O’)KUPIHHSA TA CTPECY

Ha mopzeni riryramMaT-iHyKOBaHOTO OKHPIHHS Ta HOEJHAHOI [if 0XKUPIHHS 1 CTpecy MpoaHaIi30BaHi MaTOJIOTiYHI 3MiHI
y CIMHHUX 3aJ103aX IYpiB B 3aJIeKHOCTI BiJl NOBEAIHKOBOro (heHOTHIYBaHHS. JIOCIiPKEHHS BUSBHIIO, 1110 32 YMOB MOJICJIFOBAHHS
iMMOOLTI3aifHOTO CTpecy Ta CHONy4YeHOi Jil OXKHpIHHA 1 cTpecy Oyyu BUSBIEHI BipOTiIHI 3MIHM KOHIIEHTpALiil pEaKTaHTIB
Tio0apOIiTypoBOi KUCIOTH, OKHUCHO-MOAM(IKOBaHMX OUIKIB Ta KaTala3d y CIMHHHX 3aJ03aX IIypiB CTPECOCTiiiKoro Ta
CTPECOHECTIMKOTO TUILy MOPIBHSIHO 3 KOHTpOJIeM. BiporigHa pi3HUIS MiX JOCITIKyBaHUMH MOKa3HUKAMH y CIMHHHX 3aJ103aX
CIIOCTEpIraeThesl MDK PI3HUMH 3a CTPECOCTIHKICTIO IypaMH JIMIIE 3a BMICTOM peakTaHTiB Tio0apOiTypoBoi kucioTd. Takum
YHHOM, 32 YMOB TJIyTaMaT-iHIyKOBAaHOTO OXXHPIiHHS Ta XPOHIYHOTO CTPECY y CIMHHHX 3aJI03aX IIypiB 3 Pi3HUM MOBEIIHKOBHM
(eHOTUITYBaHHSM BH3HAYCHO IOCTOBIpHE 3POCTAaHHS KINIBKOCTI PEaKTaHTIB Tio0AapOITypOBOi KHCIOTH, MiJBHILUCHHS BMICTY
OKHCHO-MOAN(IKOBaHUX OIIKIB i 3HIDKEHHS aKTHBHOCTI KaTalasH, IIO CBIAYMTH NPO 3HIKEHHS aKTUBHOCTI aHTHOKCHIAHTHOL

CHCTEMH Ta PO3BHTOK OKCHAATHBHOTO CTPECY.
KurouoBi ciioBa: crpecoctiiikictb, OKCHIATHBHHIN CTpeC, MIyTaMaT HaTpilo.

The study is a fragment of the research project “Features of pathological changes development in the digestive system
under different conditions and the development of methods for their correction”, state registration No. 0120U100502.

The World Health Organization and other international organizations consider obesity a pandemic
of this century. Obesity plays a crucial pathophysiological role in the development of insulin resistance,
dyslipidemia and hypertension, which leads to type 2 diabetes and increased risk of cardiovascular disease,
obstructive sleep apnea, osteoarthropathy and others [7, 8, 11].

New accents of the classical concept of stress, which were proposed at the end of the last century
by Sudakov K.V. argue that the basis of stress syndrome in addition to non-specific mechanisms of its
implementation are specific systemic hormonal and tissue mechanisms. In the works of most researchers
analyzing the various manifestations of stress syndrome are used, as a rule, averaged physiological and
biochemical parameters without taking into account the individual typological characteristics
of the body.

However, back in 1992 Simonov P.V. proved that stress is an indicator of individual-typological
differences. Fedorenko Y.V., Grzegotski M.R. [6] note that the formation of adaptive reactions of the body
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has an individual specificity that correlates with characteristics of the nervous system. Individual properties
of the CNS determine the variety of forms of sensitivity and stress resistance of the body to stressors and
factors, behavior, the nature of the functional activity of body systems, the state of internal organs,
immunobiological reactions etc.

We have previously shown that under conditions of acute and chronic stress, the intensity, direction
and change over time of biochemical parameters of the oral cavity tissues and pancreas depends on
individual typological characteristics of animal behavior [4,5].

One of the main organs and tissues affected by obesity and its consequences are the salivary glands,
which are responsible for the secretion of enzymes, growth factors necessary for oral cavity homeostasis,
as well as for its protection. To date, the results of studies indicate the possible impact of obesity on the
morphology and function of the salivary glands, although it has been reported in relation to oral diseases
such as periodontitis, dental caries and others closely related to saliva and salivary gland function [10].

The pathogenesis of salivary gland damage in obesity is not fully understood, although the effects
of oxidative stress are emphasized. According to the authors [1, 9], it was proved that obesity in adults is
associated with disorders of antioxidant systems and oxidative modification of proteins in saliva. Also, at
present, the question of the effect of the combined action of obesity and stress on the salivary glands
remains open.

The purpose of this study was to study the effect of the combined action of obesity and stress on
the salivary glands of rats depending on behavioral phenotyping.

Materials and methods. Experimental studies were performed on 51 white nonlinear rats of both
genders, which were simulated glutamate-induced obesity and chronic stress. Obesity simulations were
replicated by postnatal subcutaneous administration of sodium glutamate to newborn rats [3] at the dose of
4 mg/g on the 2nd, 4th, 6th, 8th and 10th days after birth. Rats of the control group were administered
subcutaneous saline at the dose of 8 pl/g. For 4 months, the animals were kept on the usual diet of the
vivarium. Weight, BMI, and Lee index were monitored throughout the experiment. Chronic stress was
modeled by G. Selye by immobilizing animals on their backs for 5 hours during the last week before
slaughter. The neuroethological Open Field test and the factor-analytical method were used to study the
behavioral phenotyping of rats. The neuroethological test was performed in a month-old rats at a well-
defined time (10 a.m.) for 6 minutes, analyzing Open Field variables: latency of the first movement, number
of squares crossed, number and time in the center of the field, rearing, grooming and number of boluses.
Stress-resistant rats had a high rate of adaptation, low rates of motor research behavior and autonomic
balance, and stress-unbalanced rats included animals with low adaptation rates, high motor research
behavior and autonomic balance indices [2].

Slaughter of 4-month-old animals was performed 2 hours after immobilization stress under
thiopental anesthesia by bloodletting, removal was performed of salivary glands, stomach, thymus, adrenal
glands and visceral fat.

The concentration of TBA-active products in the salivary gland homogenate was determined by
the method of I.D. Stalnaya and T.G. Garishvili (1977), catalase activity — by the method of M.A. Korolyuk
et al. (1988) and the content of oxidatively modified proteins (OMB) —by the method of O.Yu. Dubinina.

The obtained results were subjected to statistical processing using Microsoft Office Excel and
extending it to Real Statistics 2019. To determine the statistically significant difference between the groups
the Mann-Whitney test was used.

Results of the study and their discussion. Oxidative stress, defined as an imbalance between the
generation of reactive oxygen species and antioxidant protection in the human body, is a risk factor that
plays a significant pathogenetic role for noncommunicable diseases. Integral indices that reflect its
development include the content of TBA-reactants as secondary products of lipid peroxidation and the
content of oxidatively modified proteins, which reflects the degree of carbonyl stress.

We found that under the conditions of modeling of immobilization stress and the combined effect
of obesity and stress, probable changes in the concentrations of TBA-active products in the salivary glands
of rats were detected compared to the control (table 1).

Under conditions of chronic stress, the number of TBA reactants in the salivary glands of stress-
resistant rats increased by 26 % compared to the control group of animals of the respective type of response.
The content of TBA reactants in the salivary glands of stress-resistant rats under stress against the
background of obesity was significantly higher by 1.2 times compared to the group of stress-resistant rats
under the same conditions. Thus, the activation of lipid peroxidation in the salivary glands of animals under
the combined effects of glutamate-induced obesity and immobilization stress depends on the individual
typological characteristics of the body.
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Table 1
The content of TBA-reactants in the salivary glands of rats, dependingon stress resistance
of the body, pmol/g (M+m)
Groups of animals Stress resistant Stress-unbalanced
1. Control 16.07+1.30 15.48+1.80
(n=5) (n=5)
2. Obesity 16.96+2.32 # 22.13+2.01
(n=8) (n=8)
3. Stress 20.75+2.01 24.77942.34%N
(n=5) (n=5)
4. Obesity+ stress 21.66+3.10 26.77£2.67%A
(n=8) (n=8)

Note: in this and the following tables: * -compared to the stress-resistant type; * - compared to the control of the respective type
of response; # - compared to a group of rats with glutamate-induced obesity and stress.

According to our data in table 1, the amount of TBA reactants in the salivary glands in the group
of stress-resistant rats under obesity and stress was by 20 % higher than in the group of stress-resistant rats,
indicating increased oxidative stress depending on behavioral phenotyping.

Studies by Zalewska A. et al. [14] showed that increased production of free radicals exceeds the
antioxidant system’s abilities of adolescents with obesity and overweight both at the central level and in
the salivary glands, which was observed in increased concentrations of oxidative modification products in
plasma and unstimulated and stimulated saliva. They note that enhanced oxidative modifications show a
tendency in obese adolescents compared to their overweight peers and argue that oxidative damage
occurred in the salivary glands of overweight adolescents and was more pronounced in obese individuals.
According to the authors, this is a disturbing phenomenon that may indicate the beginning of subclinical
ineffectiveness of antioxidant mechanisms, which will lead to increased oxidative damage to the salivary
glands of obese adolescents.

It is known that the earliest sign of the oxidative stress development are the products of oxidative
lipid modification, because the cell membrane and its lipids are the first to be exposed to free radicals. As
the concentration of ROS further increases, the concentration of lipid peroxidation products increases, as
well as proteins that undergo oxidative modification.

According to the data shown in table 2, the content of oxidatively modified proteins in the salivary
glands of rats with glutamate-induced obesity and chronic stress is significantly higher compared to the
group of the control rats. No differences in the content of oxidatively modified proteins in the salivary
glands between the groups of stress-resistant and stress-unbalanced rats were found.

Table 2

The content of oxidatively modified proteins in the salivary glands
of rats depending on behavioral phenotyping, RU (M+m)

Groups of animals Stress resistant Stress-unbalanced
1. Control 0.129+ 0.003 0.155+0.011*
(n=5) (n=5)
2.0besity 0.206+0.031 0.221+0.028~
(n=8) (n=8)
3.Stress 0.173+0.0077 0.222+0.0377
(n=5) (n=5)
4. Obesity + stress 0.221+0.020" 0.234+0.030"
(n=8) (n=8)

Analyzing the baseline level of oxidatively modified proteins in the salivary glands of the control
animals, we found probable changes in this index between stress-resistant and stress-unbalanced rats, which
indicates individual typological features of redox balance.

Assessing the antiradical protection of salivary glands by catalase activity, we found that in the
group of stress-resistant rats under glutamate-induced obesity and stress, catalase activity decreased by
38 % compared to the control group of rats of this type (fig. 1).

Under the comorbidity of obesity and stress factors, catalase activity in the salivary glands of stress-
resistant rats decreased by 37 % compared to the control group of rats of the respective type, indicating a
decrease in antioxidant protection. Thus, the activity of antiradical protection in the tissues of the salivary
glands under the combined action of obesity and stress is not affected by individual-typological features of
the rats’ behavior.
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& Increased reactive oxygen
species in the salivary glands and
their cytopathological consequences
are associated with the onset and
development of periodontal tissue,
precancerous conditions of the oral
cavity, as well as diabetes, insulin
resistance and obesity [9].

A high-calorie, high-fat diet
causes mitochondrial dysfunction in
the salivary glands of animals,
increasing ROS production and
reducing antiradical protection [15].

Interestingly, in our modern

i . . society, the obesity pandemic

C — control group of rats; O — group of rats with glutamate-induced obesity; incid ith . in f
S — group of rats exposed to stress; O+S is a group of glutamate-induced obese stress- coincides with an increase in factors
unbalanced rats. Note: * compared to the control of stress-resistant rats; » - compared ~ that enhance cortisol production,

to the control of stress-unbalanced rats. such as chronic stress, consumption
of foods with a high glycemic index and decreased sleep. This indicates a vicious circle where the
strengthening of glucocorticoids, obesity and stress interact and enhance each other [12]. This hypothesis
is supported by recent studies showing a significant correlation between obesity and long-term cortisol
levels measured in hair in both adults and children [13].

Coidnsd58))))))7

Thus, under conditions of glutamate-induced obesity and chronic stress in the salivary glands of
rats with different behavioral phenotyping, a significant increase in the number of thiobarbituric acid
reactants, increased content of oxidatively modified proteins and decreased catalase activity were revealed,
indicating reduced antioxidant activity. The probable difference between the studied parameters in the
animals’ salivary glands under stress against the background of obesity is observed between rats with
different stress resistance only in the content of TBA reactants, i.e., intensification of lipid peroxidation
more depends on behavioral phenotyping than on carbonyl stress and antioxidant defence.
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ULTRASTRUCTURAL CHANGES OF THE ADENOGIPOPHYSIS INTERMEDIATE
PART UNDER LONG-TERM ACTION OF NITRATES AND MEANS OF CORRECTION
BY METHYLENE BLUE

e-mail: youngmykolayiv@gmail.com

The perpose of the work was to study the ultrastructural changes of melanotropic cells in the intermediate part of the
adenohypophysis in 14-, 45- and 90-day-old rats under the action of nitrates and correction with methylene blue. The results of the
study showed that the simultaneous action of nitrates and methylene blue had a positive effect on the structure and function of
melanotropic cells of the intermediate lobe of the adenohypophysis in all periods of the study. Methylene blue mitigated their toxic
effect on melanotropics of the adenohypophysis intermediate and was a kind of protector of nitrates, reducing the manifestation of
the depletion stage of the general adaptation syndrome and helping to restore hormonal balance in the intermediate
adenohypophysis. The obtained results open the prospect of further study of structural and functional changes patterns in the
endocrine glands under nitrate intoxication and provide a basis for developing effective and safe preventive measures to correct
endocrine disorders in humans as a result of professional activities.

Key words: nitrate intoxication, simultaneous exposure, melanotropic cells, ultrastructural changes, protective effect.
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VIBTPACTPYKTYPHI 3MIHU ITPOMIKHOI YHACTKH AJTEHOT TIIO®I3A
3A YMOB TPUBAJIOI JIIf HITPATIB TA 3ACOBIB KOPEKIIIi METUJIEHOBUM CUHIM

Meroto pmocmimKeHHS OyJi0 BUBUYECHHS YIBTPACTPYKTYPHHX 3MIiH MEJIAHOTPONHHUX KIITUH MPOMDKHOI YacTKH
azenorinodiza y urypis 14-, 45- 1 90- 1o60BoOro0 BiKy MiJ Ai€f0 HITPATIB Ta KOPEKIIil METUIICHOBUM CUHIM. Pe3ynbTaTi 10CiIKeHHS
MOKa3aJId, 10 OJAHOYACHA JIisl HITPATIB 1| METUJICHOBOTO CHHBOTO TIO3UTHUBHO BIUTMBAJIA HA CTPYKTYPY 1 (GYHKLIIO MENaHOTPOITHUX
KJTITHH MPOMDKHOI YacTKU ajieHorinodiza B yci nepioan aociipKeHHs. MeTuieHoBui cuHiii Ha (OHI HAIXO/PKSHHS B OpraHi3m
HITpATIB 3M’IKIIYBaB IX TOKCHYHHI e(eKT Ha MEIAHOTPOIH MPOMIDKHOI YaCTKH ajieHoTinodi3a Ta OyB CBOEPIJHUM MPOTEKTOPOM
Oil HITpaTiB, 3HWXKYIOUHM TIPOSIB CTafil BHCHAXEHHS 3arajJbHOrO AaNalTallifHOTO CHHIPOMY 1 CIPHSIOUH BiJHOBIICHHIO
TOPMOHAJIBHOI PIBHOBAaru B MPOMDXHIN dacTni ajneHorinodiza. OTpuMaHi pe3yibTaTH BiAKPHBAIOTH IIEPCIIEKTHBY MOIAIBIIOTO
BUBUCHHSI 3aKOHOMIPHOCTEH CTPYKTypHO-(QYHKIIOHAIBHUX 3MiH 3aJ03 BHYTPIIIHBOI cekpemii B yMmMoBax [il HITpaTHOI
IHTOKCHKAI1 Ta MPEeCTABIISIOTE MIAIPYHTS IS pO3pOOKH e(heKTUBHUX Ta Oe3NeYHNX NPO(DUIAKTHIHHIX 3aX0iB KOPEKIil ypaxeHb
SHJOKPUHHOI CHCTEMH, [II0 BUHUKAIOTH Y JIOJCH y pe3ysibTaTi npodeciitHol AisnbHOCTI.

KuirouoBi ciioBa: HiTpaTHa IHTOKCHKALsl, OAHOYACHWI BIUIMB, MEJIAHOTPOIHI KIITHHH, YJIBTPACTPYKTYPHI 3MiHH,
MPOTEKTOPHA Misl.

The study is a fragment of a research project “Histophysiological state of the endocrine system under the influence of
adverse environmental factors”, state registration No. 0120U002026.

Currently, in various regions of Ukraine there is significant contamination of soils, groundwater,
which in combination with inflated levels of pesticides, radionuclides and other substances poses a real
threat to all parts of the ecosystem [4, 8]. However, unlike other xenobiotics, the danger of nitrates on the
homeostasis of humans and animals is still not fully understood by society today.

The effects of nitrates are complex and multifaceted. They are manifested in acute poisoning,
malignant neoplasms, congenital malformations, infant mortality. This diverse action of nitrates causes
significant structural and functional changes in various organs and systems of the body and especially in
the endocrine glands, which are known to provide a complex set of compensatory-adaptive processes in
the body under any extreme effects [11, 15].

It is known that the pathogenetic basis of eco-dependent diseases are violations in the process of
the organism adaptation [14]. The main mechanism of damaging action of nitrates is free radical oxidation
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