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INFLUENCE OF AMMONIUM PYRROLIDINEDITHIOCARBAMATE
ADMINISTRATION ON THE DEVELOPMENT OF OXIDATIVE STRESS IN RAT HEART
ON THE BACKGROUND OF METABOLIC SYNDROME MODELING
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Metabolic syndrome, despite being a disease of non-infectious origin, is often accompanied by inflammation induced by
metabolic disorders (meta-inflammation). The purpose of this work is to determine the activity of antioxidant enzymes, the
production of superoxide anion radical, the content of oxidatively modified proteins and the concentration of malondialdehyde in
the heart of rats under conditions of experimental metabolic syndrome and ammonium pyrrolidine dithiocarbamate administration.
The study was conducted on 24 mature male Wistar rats weighing 200-260 g. The animals were divided into 4 groups of 6 animals
each: control group; metabolic syndrome group (metabolic syndrome was reproduced by using a 20 % fructose solution as the
only source of water for 60 days); ammonium pyrrolidinedithiocarbamate administration group (i.p. 76 mg/kg thrice a week for
60 days), and group of ammonium pyrrolidinedithiocarbamate administration on the background of metabolic syndrome modeling.
Metabolic syndrome leads to development of oxidative stress in rat heart, which is characterized by excessive production of
reactive oxygen species and insufficiency of antioxidant defense. Ammonium pyrrolidine dithiocarbamate administration
decreased superoxide production by 55.44 %, increased superoxide dismutase and catalase activity by 156.32 % and 111.44 %,
respectively, and decreased concentration of malondialdehyde by 22.41 %. Administration of blocker of NF-kB activation
(ammonium pyrrolidinedithiocarbamate) during modeling of metabolic syndrome limits excessive production of reactive oxygen
species and intensity of lipid peroxidation, while increasing antioxidant defense of rat heart.

Key words: metabolic syndrome, heart, NF-kB, ammonium pyrrolidinedithiocarbamate, oxidative stress.
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BIIJINB AMOHIIO INIPOJIIIMHAUTIOKAPBAMATY
HA PO3BUTOK OKCUJATUBHOT'O CTPECY VY CEPLI LIYPIB
3A YMOB MOJEJJIIOBAHHA METABOJIIYHOI'O CUHAPOMY

MeraboniYyHUi CHHIPOM, HE3BKAIOYM HAa T€, W0 BiH € 3aXBOPIOBAHHAM HEIH(QEKLIHHOrO IOXOIKEHHs, 4acTo
CYNPOBOJDKYETECS 3allaJICHHSIM, CIIPUYMHEHHMM IOPYIICHHSIM OOMiHy pedoBHH (MeTasamajieHHs). Mera poOOTH — BH3HAYMTH
AKTHBHICTh @aHTHOKCHUIAHTHUX (DEPMEHTIB, NPOAYKIIiIO0 CYEPOKCHIHOTO aHIOH-paUKaia, BMICT OKHCHO-MOAN(IKOBaHNX OLIKIB
Ta KOHI[CHTPALII0 MaJIOHOBOT'O Jialberiay B CepLi IIypiB 3a yMOB eKCIIEPHMEHTAIBHOTO MeTabOIYHOTO CHHAPOMY Ta BBEACHHS
aMOHiI0 miponianHauTIOKapOaMaTy. JlociiKeHHs MPOBOIMIN Ha 24 CTAaTEBO3PIIMX caMIlsIX IIypiB diHii Bictap macoro 200-260 r.
TBapunau Oynu po3noAiieHi Ha 4 TpynH Mo 6 TBAPHH Y KOXKHINA: KOHTPOJIbHA; IPyIa METa0OIIYHOTO CHHAPOMY (MeTabomiuHui
CHHJIPOM BiITBOPIOBABCS HUIAXOM BHKOpHcTaHHs 20 % po3unHy GpyKTO3H 5K €IMHOTO JUKepena BoAX mpoTsroM 60 qHiB); rpyna
BBEJICHHS MIpOTigUHANTIOKapbaMaTy aMoHil0 (B/0 76 MI/Kr 3 pasum Ha TIDKACHB mpoTsroM 60 AHIB) Ta rpyma BBEICHHS
PO AMHANTIOKapOaMaTy aMOHI0 Ha TJIi MOJCTIOBAHHS METabOJIiYHOrO CHHAPOMY. MeTabomiuHui CHHIPOM MPHU3BOAUTH JIO
PO3BUTKY OKCHJIQTUBHOI'O CTPECY B CEpLi LIypiB, KU XapaKTEePU3YEThCS HaJMIPHOIO NMPOIYKII€I0 aKTUBHUX (OpM KUCHIO Ta
HEJOCTATHICTIO aHTUOKCH/IAaHTHOTO 3aXUCTY. BBeIeHHs aMOHII0 MipoJTiAMHANTIOKapOaMaTy 3HU3HIIO MPOIYKLIIO CyNIepOKCHY Ha
55,44 %, migeummno aktuBHicte COJl i xaranasu Ha 156,32 % i 111,44 % BiAmoBigHO, a TaKOX 3HU3WIO KOHLIEHTPALiO
MaJIOHOBOTO miampaeriny Ha 22,41 %. 3acrocyBanHs OmokaTtopa akTtuBanii NF-xB (amomito mipomiguHauTtiokapbamary) mpu
MOJICITIOBAaHHI METAa0ONIYHOTO CHHAPOMY OOMEXYye€ HAIIMIIKOBY NPOAYKLIIO aKTHBHUX (OpM KHUCHIO Ta IHTEHCHBHICTH
HEPEKHCHOT0 OKUCIICHHS JIMIiIiB, OTHOYACHO MiJBULIYFOYN aHTHOKCHIAHTHHI 3aXHCT CEpLs IyPiB.

Kurouogi ciioBa: Metaboniunuii cuaapom, cepiie, NF-kB, amoHiii miponinnaanTiokapoaMaT, OKCUIATHBHUN CTpec

This work is a fragment of the initiative research project “High- and low-intensity phenotypes of systemic inflammatory
response: molecular mechanisms and new medical technologies for their prevention and correction”, state registration
No. 0124U000092.

Metabolic syndrome (MetS), despite being a disease of non-infectious origin, is often accompanied
by inflammation induced by metabolic disorders (meta-inflammation). Inflammation caused by metabolic
syndrome development harbors systemic influence and is usually accompanied by increase in blood of
tumor necrosis factor alpha (TNF-a), interleukin 1 (IL-1), interleukin 6 (IL-6) and other inflammatory
mediators [14]. Elevation of abovementioned inflammatory mediators in blood leads to development of
oxidative stress in various organs and tissues [8]. Oxidative stress development caused by MetS is one of
the key pathogenetic mechanisms leading to cardio-vascular complications of MetS [6].
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Expression of cytokine genes is a closely regulated process controlled by several pro- and anti-
inflammatory transcriptional factors like: nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-xB), signal transducer and activator of transcription 3 (STAT 3), activator protein 1 (AP 1) and others.
Transcription factor NF-kB is one of the key players in development of inflammatory response and is
responsible for control over cellular redox homeostasis. NF-kB can increase reactive oxygen (ROS) and
reactive nitrogen (RNS) species formation by directly controlling the expression of such enzymes as
inducible nitric oxide synthase (NOS) and phagocyte NADPH-oxidase. Excessive activation of NF-xB
impairs mitochondrial respiration leading to increase ROS formation and decrease in ATP synthesis.
Scientific literature provides evidence regarding activation of transcription factor NF-xB during MetS [1].
Clinical medicine also provides information that treatment of MetS with drugs influencing NF-xB
activation, such as Metformin, has positive outcomes [12]. However, Metformin is a biguanide and besides
influence on NF-kB activation also has stimulating effect on adenosine mono phosphate kinase (AMPK)
cascade and several others.

It is still under much scientific debate whether selective blockade of activation of transcription
factor NF-xB is a safe therapeutic approach to treatment and prevention of metabolic syndrome
development caused by excessive calorie intake.

The purpose of the study was to determine the activity of antioxidant enzymes, the production of
superoxide anion radical, the content of oxidatively modified proteins and the concentration of
malondialdehyde in the heart of rats under conditions of experimental metabolic syndrome and ammonium
pyrrolidine dithiocarbamate administration.

Materials and methods. The study was conducted on 24 mature male Wistar rats weighing 200—
260 g. The animals were randomly divided into 4 groups of 6 animals each. The first group was a control
group, the animals of this group received manipulations similar to those of the other groups, but instead of
the active substances, they received a 0.9 % solution of sodium chloride. The second group was the
experimental metabolic syndrome group (MetS group). MetS was reproduced by using a 20 % fructose
solution as the only source of water for 60 days [10]. The third group was ammonium
pyrrolidinedithiocarbamate (PDTC) administration group (PDTC group). Rats from this group received
intraperitoneal injection of PDTC at a dose 76 mg/kg thrice a week for 60 days [13]. The fourth group was
the group of the combined effect of PDTC administration and reproduction of MetS (PDTC+MetS group).
Animals of this group received a 20 % fructose solution as the only source of water and were administered
PDTC according to the scheme of group 3. Experiment lasted for 60 days.

Authors received approval from Bioethical Committee of Poltava State Medical University
(Record No. 206 from 24.06.2022) for manipulations with laboratory animals. All manipulations with
laboratory animals were performed in strict accordance with international and local legislation on
Bioethics.

The object of the study was a 10 % homogenate of rat heart. We studied basic SAR production,
SAR production from microsomal electron transport chain (ETC), superoxide anion radical (SAR)
production from mitochondrial ETC using reduced nitroblue tetrazolium method [13]. The activity of
superoxide dismutase (SOD, EC 1.15.1.1) was determined by the rate of inhibition of autoxidation of
adrenaline in the presence of the sample. Catalase activity (EC 1.11.1.6) was determined by the rate of
splitting of hydrogen peroxide in the presence of the sample [13]. The concentration of free
malondialdehyde (MDA) was determined by the formation of a colored reaction product between MDA
and 1-methyl-2-phenylindole [13]. The concentration of oxidatively modified proteins (OMP) was
determined by determining carbonyl groups, which are formed during the interaction of reactive oxygen
species with amino acid residues using 2,4-dinitrophenylhydrazine [13].

The statistical significance of the difference between groups was determined using the non-
parametric Kruskal-Wallis analysis of variance method, followed by pairwise comparisons using the Mann-
Whitney U-test. The difference was considered statistically significant at p<0.05. To avoid multiple
comparisons error we used correction by Bonferroni method. Data was represented in tables as mean +
standard error of mean (M+SE).

Results of the study and their discussion. MetS modelling increased the basic production of SAR,
its production mitochondrial and microsomal ETCs in rat heart compared to the control group of animals,
thus leading to excessive ROS formation (Tab. 1). SOD activity and catalase decreased compared to the
control group of animals, indicating drop in antioxidant protection. The concentration of MDA and the
content of OMP in the heart of rats in the MetS group increased compared to the control group of animals,
evidencing about oxidative damage to cellular membranes and proteins.
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Table 1
Parameters of the pro- and antioxidant balance in the heart of rats under the condition
of modeling the metabolic syndrome and ammonium pyrrolidinedithiocarbamate administration (M=£m)

Groups
Parameters

Control, n=6 MetS, n=6 PDTC, n=6 PDTC+MetS, n=6
SAR production, nmol/s per g
Basic 0.48+0.03 1.93+0.07* 0.66+0.03 */# 0.86+0.05 */#/"
From microsomal ETC 10.57+0.14 12.72+0.36* 10.39+0.29 # 11.50+0.07 */#/~
From mitochondrial ETC 12.11+0.18 15.66+0.06* 11.82+0.17 # 13.16+0.14 */#/~
SOD activity, c.u. 8.28+0.44 5.54+0.37* 9.35+0.32 # 14.20£1.09 */#/~
Catalase activity, pkatal/g 0.84+0.01 0.577+0.001* 0.89+0.01 */# 1.22+0.02 */#/~
Free MDA concentration, pmol/g 9.67+0.21 19.77+0.22* 12.66+0.57 */# 15.34+0.48 */#/"
OMP content, c.u. 0.085+0.001 0.140+0.011* 0.095+0.005 # 0.108+0.008 */#

Note: * - data is statistically significantly different from control group (p<0.05). # - data is statistically significantly different
from MetS group (p<0.05). ~ - data is statistically significantly different from PDTC group (p<0.05).

In PDTC group basic production of SAR in rat heart increased by 37.50 % compared to the control
group. SAR production from mitochondrial and miscrosomal ETCs in the heart of rats in the PDTC group
of animals did not change compared to the control group of animals. SOD activity in rat heart in the PDTC
group did not change, while catalase activity increased by 5.95 % compared to the control group of animals.
The concentration of MDA in rat heart in the PDTC group increased by 30.92 %, while the content of OMP
did not change compared to the control group. Basic production of SAR in rat heart in PDTC group
decreased by 65.80 %, from microsomal ETC by 18.32 %, from mitochondrial ETC by 24.52 % compared
to the MetS group. SOD activity in rat heart in PDTC group increased by 68.77 %, catalase activity by
54.25 % compared to the MetS group. MDA and OMP concentration in rat heart decreased by 35.96 % and
32.14 %, respectively, compared to MetS group.

Administration of PDTC against the background of MetS modelling led to an increase in the basic
production of SAR in rat heart by 79.17 % when compared with the control group of animals. SAR
production from microsomal ETC in rat heart in PDTC+MetS group increased by 8.80 %, from
mitochondrial ETC by 8.67 % compared to the control group of animals. The activity of SOD in rat heart
in PDTC+MetS group increased by 71.50 %, the activity of catalase increased by 45.24 % compared to the
control group of animals. The concentration of MDA in rat heart in PDTC+MetS group increased by
58.63 %, and the content of OMP increased by 27.06 % compared to the control group of animals.

In PDTC+MetS group basic production of SAR in rat heart decreased by 55.44 %, SAR production
from microsomal ETC decreased by 9.59 %, from mitochondrial ETC it decreased by 15.96 % compared
to the MetS group. The activity of SOD in rat heart in PDTC+MetS group increased by 156.32 % and the
activity of catalase by 111.44 % compared to the MetS group. The concentration of MDA in rat heart in
PDTC+MetS group decreased by 22.41 %, and the content of OMP decreased by 22.86 % compared to the
MetS group.

The basic production of SAR in rat heart in PDTC+MetS group increased by 30.30 % compared
to PDTC group. The production of SAR from microsomal and mitochondrial ETCs increased by 10.68 %
and 11.34 %, respectively, compared to the PDTC group. The activity of SOD in rat heart in PDTC+MetS
group increased by 51.87 % and catalase activity increased by 37.08 % compared to the PDTC group. The
concentration of MDA in rat heart in the PDTC+MetS group increased by 21.17 %, and the OMP content
did not change compared to the PDTC group.

Development of oxidative stress in various organs and tissues during metabolic syndrome is one
of the hallmarks of its progression and its development may indicate the possibility of aggravation of
metabolic syndrome by type 2 diabetes mellitus. Several mechanisms of oxidative stress development
during MetS were proposed [11, 15]. Among them special notion should be given to activation of
nicotinamide adenine dinucleotide phosphate oxidases (EC 1.6.3.1, NOX), a group of oxidases consisting
from several iso-enzymes. These enzymes convert high energy containing substrate (reduced nicotinamide
adenine dinucleotide phosphate, NADPh+H) to superoxide (O,"), which is then usually used for oxidation
of metabolic substrates or antibacterial action of phagocytes [11]. Overactivation of second isoform of
NOX (NOX-2) is responsible for adverse effects on mitochondria caused by MetS, because NOX-2
depletes nicotinamide adenine dinucleotide supply and causes excessive SAR formation [11]. Credibility
of such mechanism in our research is supported by increased SAR production from mitochondrial ETC.
Another possible mechanism of increased ROS production during MetS is development of endoplasmic
reticulum stress (ER-stress) [11]. Increased production of SAR due to ER-stress is supported by increase
of SAR production from microsomal ETC observed in our study. Most of abovementioned mechanisms of
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increased ROS production during MetS development are closely regulated by activation of transcription
factor NF-kB [2]. A decrease in activity of antioxidant enzymes observed in our study can be connected to
competition for the DNA binding site between NF-xB and nuclear factor erythroid 2-related factor 2 (Nrf-
2), under direct transcriptional control of which are enzymes like SOD and catalase studied in our research
[7]. An increase in lipid peroxidation, evidenced by elevated MDA concentration observed in our study,
and heightened intensity of protein damage are a logical result of the increased ROS production and
inadequate antioxidant protection caused by MetS modelling.

PDTC is a potent blocker of activation of transcription factor NF-xB, which was evidenced by
several researches [9, 13]. A decrease in ROS production may be connected to absence of stimulating
influence of activation of transcription factor NF-kB on abovementioned mechanisms of its production.
This suggestion is supported by our research results, which show a decrease in ROS production from
microsomal and mitochondrial ETCs in PDTC+MetS group compared to MetS group. An increased activity
of antioxidant enzymes may be caused by reduction of competition between NF-kB and Nrf-2 for the DNA
binding site due to blockade of NF-kB activation by PDTC administration [7]. Therefore, blockade of NF-
kB activation by PDTC administration is the main mechanism, which leads to decrease in lipid peroxidation
and intensity of protein damage observed in PDTC+MetS group compared to MetS group.

An increase in basic superoxide production caused PDTC administration to animals without dietary
changes necessary for metabolic syndrome development may be connected not to the PDTC’s ability to
influence NF-«kB activation, but with PDTC’s chemical properties. Ammonium pyrrolidinedithiocarbamate
is a potent chelator agent in regards of Cu®* and Zn*" ions [5]. It should be mentioned, that both Cu*" and Zn**
ions have a pathogenetic connection to MetS and type 2 diabetes. For instance, Zn** ions can prolong insulin
action and increase insulin sensitivity, while excessive amount of copper ions can cause oxidative stress
development [3]. On the other hand, copper deficiency can impair antioxidant defense due to chelation of
Cu”" ions in superoxide dismutase 1 (SOD1), thus lowering its activity [4]. Interestingly, in our research we
discovered, that in PDTC group total SOD activity was not different compared to control group, but we
observed increase in lipid peroxidation and catalase activity. Further studies are necessary to evaluate possible
mechanisms of PDTC toxicity before it can be considered a safe treatment option for MetS.
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Metabolic syndrome leads to development of oxidative stress in rat heart, which is characterized
by excessive production of reactive oxygen species and insufficiency of antioxidant defense.

Administration of blocker of NF-kB activation (ammonium pyrrolidinedithiocarbamate) during
modeling of metabolic syndrome limits excessive production of reactive oxygen species and intensity of
lipid peroxidation, while increasing antioxidant defense of rat heart.
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MORPHOLOGICAL CHARACTERISTICS OF RAT BRONCHI AGAINST
THE BACKGROUND OF POST-TRAUMATIC STRESS DISORDER
AND AFTER QUERCETIN CORRECTION

e-mail: s.bilash@pdmu.edu.ua

War affects the daily lives of the vast majority of Ukrainians. Therefore, post-traumatic stress disorder has become one
of the most pressing medical and social problems in Ukraine today. It is characterised by a complex pathogenesis and comorbidity
with many other diseases. Studying models of post-traumatic stress disorder in rats, its impact on various organs and systems, as
well as finding ways to correct it are crucial for restoring the health of victims. The work presents the results of a morphological
study of the effect of post-traumatic stress disorder on the rat bronchi and its correction with quercetin. It has been established that
this disorder causes significant destructive changes in the large bronchi of rats, in particular, desquamation of epithelial cells with
the formation of cellular detritus in the bronchial lumen, hyperhydration and leukocyte infiltration of the mucosa and submucosa,
and haemomicrocirculation disorders. Intraperitoneal injection of water-soluble quercetin complex once a day for seven days in
rats significantly reduced the damage to the large bronchi against the background of post-stress disorder, indicating this agent's
effectiveness as a stress protector.

Key words: post-traumatic stress disorder, bronchi, lungs, histological changes, morphological changes, correction.
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MOP®OJOI'TYHA XAPAKTEPUCTHUKA BEJIMKUX BPOHXIB LI1YPIB
HA T/ HOCTTPABMATHYHOI'O CTPECOBOI'O PO3JIALY
TA HICJIA KOPEKIII KBEPHETHUHOM

BiifHa BrIMBa€e Ha MOBCAKICHHE JKUTTS a0COMIOTHOI OinbnocTi ykpaiHuiB. ToMy HHHI B YKpaiHi MOCTTpaBMaTHYHUI
CTPECOBUI pO3Jaj] CTaB OJHICI0 3 HaWaKTyaJbHIIINX MEIHKO-COLaJbHUX HpobieM. BiH XapakTepu3yeTbecst CKIIaJHUM
[aTOreHe30M Ta KOMOPOIIHICTIO 3 OaraTbMa iHIIMMH 3aXBOPIOBAHHSIMH. BHBUeHHS Mopenell MOCTTpaBMAaTHYHOTO CTPECOBOTO
po3nany Ha IIypax, HOro BIUTUBY HA Pi3HI OPraHM Ta CHCTEMH, a TAaKOX IMOUTYK MUIAXiB KOPEKIii MalOTh BUPIIIaTbHE 3HAYCHHS
JUISL BIZTHOBJIGHHS 3/I0pPOB’Sl NOCTpaKJaiux. Y poOOTi NpeicTaBieHi pe3yabTaTH MOP(OJIOridYHOro NOCIIDKEHHS BIUIUBY
MOCTTPAaBMAaTHYHOTO CTPECOBOTO pO3Jady Ha OpOHXM IIypa Ta HOro KOpekKIil KBepLeTHHOM. BcranoBieHo, mo mei posmaz
BUKJIMKA€ CYTT€BI IECTPYKTHBHI 3MiHHM y BEIHKHX OpOHXaX OIypiB, 30KpeMa, IECKBaMAlil0 CMITETIONHTIB 3 YTBOPEHHAM Yy
MPOCBiTaX OPOHXIB KIITHHHOTO JACTPHUTY, TilEPriapaTailito Ta JCHKONUTAPHY IHPIIBTPAI0 CIHM30BOT 000JIOHKH Ta MiJCIH30BOT
OCHOBH, PO3JIal TeMOMIKPOIUPKYJISLii. BHyTpilmHb0OUYepeBHHHE BBEACHHS BOJOPO3IMHHOTO KOMIUICKCY KBepIeTHHY 1 pa3 3a
o0y mpoTsroM 7-Mu Ai0 mIypam, 3HAYHO HiBEIIOE YpayKeHHS BEJIMKUX OPOHXIB Ha TJIi IIOCTCTPECOBOTO PO3JIAY, IO CBIAYUTE PO
e(eKTHBHICTb I[LOTO 3aC00Y K CTPECIIPOTEKTOPA.

Kunio4oBi c10Ba: mocTTpaBMaTUYHMI CTPECOBHIT po3iaz, OPOHXH, JIETeHI, TiCTOIOTIYHI 3MiHH, MOP(OJIOTIYHI 3MiHH,
KOPEKIIisl.

The work is a fragment of the research project “Regularities of the morphogenesis of organs, tissues and vascular and
nervous formations in normal, pathological and under the influence of exogenous factors”, state registration No. 0118U004457.

The Russian invasion of Ukraine has affected the daily life of all segments of the population of our
country [10]. Both members of the Armed Forces of Ukraine and civilians are exposed to constant chronic
stress. Military personnel experience combat stress as a result of operating in extreme conditions, which is
accompanied by potent external and internal stressors. They threaten a person's life, adversely affect their
health, reduce performance or lead to disruption. Combat stress can lead to acute psychological reactions
and the development of stress disorders [9]. Combat stress is an integral part of the psychological trauma
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