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CHANGES IN NITRIC OXIDE PRODUCTION AND DEVELOPMENT OF OXIDATIVE
STRESS IN RATS HEART DURING PROLONGED TRIPTORELIN-INDUCED CENTRAL
DEPRIVATION OF LUTEINIZING HORMONE SYNTHESIS
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Disruption of synthesis of luteinizing hormone may lead to testosterone deficiency. And testosterone deficiency leads to
increased risk of cardiovascular mortality and aggravates coronary artery disease. On the 180th day we observed the biggest shift
towards M1 phenotype. This event coincided with the increased SAR production. Since M1 polarized tissue macrophages have
the ability to produce reactive oxygen and nitrogen species we can speculate that highest lipid peroxidation observed in our study
on the 180th day of the experiment is connected with changes in macrophage polarization towards predominance of M1 phenotype.
Therefore, we can conclude, that decrease in oxidative damage to the heart on the 30th day of the experiment can be connected to
lower concentration of luteinizing hormone. On later terms of the experiment activation of xanthine oxidase/uric acid signaling
due to the lack of testosterone causes the development of oxidative stress. Decrease in activity of antioxidant enzymes during peak
production of SAR (180th day) can be explained by exhaustion of these enzymatic systems.
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3MIHU IPOAYKIIi OKCHAY A30TY TA PO3BUTKY OKCHUJIAIIIMHOI'O CTPECY
Y CEPUI IIYPIB ITPU JTIOBI'OTPUBAJIIN HEHTPAJIBHIN AEITPUBALII CUHTE3Y
JIOTEIHI3YIOUOI'O TOPMOHY TPUIITOPEJIIHOM

 TlopymeHns CHHTE3y TOTEiHI3yI0H0r0 TOPMOHY MOYKE PH3BECTH 10 AedilluTy TecTocTepomy. A sedilT TecTocTepOHy
MPU3BOAUTD /10 MiJBUIICHHS PU3UKY CEPLIEBO-CYIHMHHOT CMEPTHOCTI Ta MOCUITIOE imeMiuHy xBopoOy cepus. Ha 180-it nenp mu
crioctepirany HaiOunbinuii 3cyB y Oik ¢enHorunmy MI. s moxist 36irmacst 3i 30inbmenHsM BupoOHHUITBa SAR. OcKinbku
noJisipu3oBani Makpodarn M1 MaroTh 31aTHICTh IPOLYKYBaTH aKTHBHI (JOPMH KUCHIO Ta a30TY, MOKHA IPHITYCTHTH, 1[0 HaiBUIIIE
MePEKNCHE OKUCIICHHS JIIMI/IIB, sSIKE CIIOCTEpiranocs B Hamomy gociimkeHti Ha 180-if 1eHb eKClieprMeHTY, MOB’s3aHe 31 3MIHOIO
nossipu3aiii Makpodaris y 6ik nepeBakanss dpenorury M1. Takum 4rHOM, MOKHA 3pOOHTH BUCHOBOK, 1[0 3HIKEHHSI OKUCHOTO
ypaskeHHs cepiist Ha 30-Ty 100y eKcrieprIMeHTy Moxe OyTH ITOB’ s13aHe i3 3HIDKEHHSIM KOHI[EHTpanii moTeiHizyiogoro ropmony. Ha
OinbLI Mi3HIX TEpMiHAX SKCIICPUMEHTY aKTHBAllis CHIHANi3allii KCAHTHHOKCHIA3H/CEeYOBOi KHCIOTH 4Yepe3 Opak TeCTOCTepOHY
BUKIJIUKA€ PO3BUTOK OKHCHOT'O CTPECY. SHM)KEHHS aKTHBHOCTI aHTHOKCHAAHTHUX (DepMEHTIB mix yac miky npoaykiii SAR (180-a

1100y) MOJKHA MOSICHUTH BUCHAXXCHHAM IIUX QEPMEHTHHUX CHCTEM.
Kiro4oBi cjioBa: okcuz a30Ty, OKUCIIOBAIBHHUI CTpec, ceplie, LypH, JIOTEiHI3yI0Unii TOPMOH, TPUIITOPEIIiH.

The study is a fragment of the research project “Experimental morphological study of cryopreserved placenta
transplants action diphereline, ethanol and 1 % methacrylic acid on the morphofunctional status in a number of internal organs”,
state registration No. 0119U102925.

Luteinizing hormone controls the fertility of male organisms by regulating the production of
testosterone. Disruption of synthesis of luteinizing hormone may lead to testosterone deficiency. Such
disruption may be the result of treatment of prostate cancer by triptorelin-based drugs, which can be
considered as the “golden standard” for such disease [12]. Therefore, prolonged treatment by triptorelin
may cause testosterone deficiency.

Testosterone plays several important roles in the functioning of the cardiovascular system. And
testosterone deficiency leads to an increased risk of cardiovascular mortality and aggravates coronary artery
disease. Testosterone replacement therapy can be used as an effective remedy to correct these changes in
the heart, albeit it works partially and not in all clinical cases [13]. The cause of such partial effectiveness
may lie in the absence of data about molecular mechanisms of changes, which take place heart during
testosterone deficiency.

Testosterone is involved in the regulation of the activity of proteins, responsible for the handling
of Ca?*-ions in the heart. Some authors provide evidence, that testosterone deficiency improves the state of
the heart after myocardial infarction [6]. Testosterone deficiency also prevents the development of
myocardial hypertrophy at later stages after myocardial infarction [3]. At the same time, testosterone
deficiency may cause the development of oxidative stress and propagate endothelial dysfunction by
intruding into nitric oxide production [8]. Testosterone can influence the polarization of tissue
macrophages. In physiological concentrations of testosterone, tissue macrophages tend to retain their anti-
inflammatory polarization (M2 phenotype) [5]. In the situation where there is a deficiency in testosterone
production of macrophages may transit to their pro-inflammatory polarization (M1 phenotype).
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Therefore, the effects of prolonged deficiency of testosterone caused by central deprivation of
luteinizing hormone synthesis may lead to controversial changes in heart oxidative metabolism and they
demand study in detail.

The purpose of the study was to establish the changes in inducible and constitutive NO-synthase
isoforms activities, arginase activity, production of superoxide anion radical, superoxide dismutase and
catalase activities and concentration of malondialdehyde in rat heart during prolonged central deprivation
of luteinizing hormone synthesis by triptorelin injection.

Materials and methods. The experiments were carried out on 60 sexually mature male white rats
of the Wistar line weighing 140-160 g. Rats were divided into 2 groups: the control group (10) and the
experimental group (25). Animals from the experimental group were injected subcutaneously with
diphereline (Triptorelin embonate) at a dose of 0.3 mg of the active substance per kg of body weight for
365 days, while the control group received an injection of saline [2]. Animals were kept in standard
vivarium conditions of the Poltava State Medical University. Experimental animals were sacrificed in strict
compliance with the provisions of the “European Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes”; (Strasbourg, 1986), as well as with the “General
Ethical Principles of Animal Experiments” adopted by the First National Congress on Bioethics (Kyiv,
2001). Animals from the experimental group were removed from the experiment on the 30" day (n=>5), on
the 90" day (n=>5), on the 180" day, on the 270" day and on the 365" day of modelling of central deprivation
of luteinizing hormone synthesis.

All biochemical studies were carried out in 10 % homogenate of the heart using Ulab 101
spectrophotometer.

The activity of inducible NO-synthase (iNOS) and constitutive isoforms of NO-synthase (cNOS)
were determined by an increase of nitrite (NO2") concentration after incubation in Trys-buffer solution
(pH=7.4) containing 320 mM L-arfinine, 8 mM NADPH and specific iNOS inhibitor (aminoguanidine)
[9]. The activity of arginase (ARG) was evaluated by an increase of L-ornithine concentration in the
phosphate buffer solution (pH=7.0) containing 0.2 ml of 10 % tissue homogenate and 0.3 ml 24 mM
solution of L-arginine [14]. Basic production of superoxide anion radical (SAR) was determined by the
growth of diformazan concentration, formed in the reaction of SAR with nitro blue tetrazolium [16].
Superoxide dismutase (SOD) activity was determined by inhibition of adrenaline autooxidation, while
catalase activity was determined by the amount of hydrogen peroxide, which remained after its catalase-
dependent reduction [9]. The concentration of free malondialdehyde (MDA) was determined by reaction
with 1-methyl-2-phenylindole [7].

Statistical processing of the study results was carried out using the Microsoft Office Excel software
and the Real Statistics 2019 extension to it. The nonparametric Mann-Whitney test was used to determine
the statistical significance of differences between the groups. The difference was considered statistically
significant at p<0.05.

Results of the study and their discussion. Influence of prolonged triptorelin administration on
nitric oxide cycle. Prolonged central deprivation of luteinizing hormone synthesis by triptorelin injection
caused a sharp decline in iNOS activity (decreased by 58.21 % compared to the control group) on the 30™
day of the experiment (table 1).

On the 90" day, the iNOS activity remained decreased by 40.30 % compared to the control group
but was elevated by 42.86 % compared to the 30" day of the experiment. On the 180" day of the
experiment iNOS activity increased by 72.39 % compared to the control group and by 188.75 %
compared to the 90" day of the experiment. On the 270" day of the experiment iNOS activity decreased
by 26.84 % compared to the 180™ day, but remained by 26.12 % higher than in the control group. On the
365" day the iNOS activity was higher than in the control group by 21.64% and statistically did not differ
from the 270" day.

There were no changes in the activity of cNOS compared to the control group on 30", 180" and
270™ day of the experiment. However, we observed an increase in cNOS activity on the 90" and 365" days
of the experiment compared to the control by 6.17 % and 3.30 % respectively. It is worth mentioning that
cNOS activity decreased on the 180" day by 7.43 % compared to the 90 day.

The ARG activity increased on the 30" day by 7.05 %. On the 90" day, ARG activity decreased
by 22.41 % compared to the control group and by 27.52 % compared to the 30" day. The ARG activity
was decreased on the 180" by 37.34 % compared to the control group and by 19.25 % compared to the 90™
day. On the 270" day of the experiment, the ARG activity increased by 25.83 % compared to the 180" day
but was still by 21.16 % lower than in the control group. On the 365™ day of the experiment ARG activity
was by 15.77 % lower than in the control group, but increased by 6.84 % compared to the 270" day.
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Table 1

Activity of nitric oxide cycle enzymes and biochemical parameters of oxidative stress in rat heart during
prolonged central deprivation luteinizing hormone synthesis (M+m).

Biochemical Experimental group

parameters Control group 30™ day 90™ day 180" day 270" day 365" day
iNOS activity, 1.34+0.03 0.56+0.06 0.80+0.04 2.31+0.07 1.69+0.09 1.63+0.07
pumol/min. per g * Wk ko k[ *
of protein
cNOS activity, 0.0583+0.0005 | 0.0598+0.0005 | 0.0619+0.0005 | 0.0573+0.0008 | 0.0583+0.0002 | 0.0602+0.0003
pmol/min. per g Wk ok ko
of protein
ARG activity, 2.4140.03 2.58+0.03 1.87+0.02 1.51+0.03 1.90+0.03 2.03+0.03
pumol/min. per g * Wk ko k[ k[
of protein
SAR 1.37£0.01 1.25+0.02 1.62+0.02 1.95+0.01 1.82+0.01 1.67+0.01
prOduCtiOn, * */** */** */** */**
nmol/s per g
of tissue
SOD activity, 1.93+0.14 2.81+0.18%* 1.96+0.04** 1.32+0.09%/** 1.71+0.13 1.56+0.14
c.u.
Catalase 0.292+0.003 0.333+0.001* 0.277+0.002 0.210+0.001 0.241+0.002 0.261+0.001
activity, ukat/g *[EE k[ k[ k[
of tissue
MDA 10.33+0.04 8.85+0.08 12.74+0.08*/** 16.90+0.12 14.40+0.06 13.49+0.06
concentration, * L ol L ol L ol
pumol/g of tissue
NO» 7.84+0.11 4.99+0.28 9.48+0.11 8.88+0.18 7.78+0.16 7.11+0.16
concentration, * H[EE *[HE *k *[kE
nmol/L

Note: * — indicates that data is statistically significantly different from the control group; ** — indicates that data is statistically
significantly different from the previous term of the experiment

The nitrite concentration in rat hearts decreased by 36.35 % on the 30™ day of the experiment
compared to the control group. On the 90" day, it increased compared to the control group and to the 30™
day of an experiment by 20.92 % and 47.36 % respectively. On the 180" day, nitrite concentration
increased by 13.27 % compared to the control and decreased by 6.33 % compared to the 90" day. On the
270™ day of the experiment, there were no statistically significant changes in nitrite concentration compared
to the control group, but nitrite concentration was decreased compared to the 180" day by 12.39 %. On the
365" day of the experiment, nitrite concentration decreased by 9.31 % compared to the control group and
by 8.61 % compared to the 270" day.

Analyzing changes in nitric oxide cycle during prolonged triptorelin-induced luteinizing hormone
synthesis deprivation we should note the following:

1. The lowest activity of ARG and the highest activity of iNOS was observed the on 180" day of
the experiment.

2. The highest nitrite concentration was observed on the 90" day of the experiment.

3. The cNOS activity increased on the 90" day against the background of decreased iNOS activity.

Oxidative stress development in rat heart during prolonged central deprivation of luteinizing
hormone synthesis by triptorelin.

On the 30™ day of the experiment, SAR production decreased by 8.76 %. On the 90™ day, SAR
production increased by 18.25 % compared to the control group and by 29.60 % compared to the 30" day.
Production of SAR on the 180" day in rat heart increased by 42.34 % compared to the control and by
20.37 % compared to the 90™ day. On the 270" day of the experiment, SAR production increased by
32.85 % compared to the control and decreased by 6.67 % compared to the 180™ day. On the 365" day of
the experiment, SAR production increased by 21.90 % compared to the control and decreased by 8.24 %
compared to the 270" day.

The SOD activity statistically significantly increased on the 30" day of the experiment by 45.60 %
and decreased by 31.61 % on the 180" day. It is worth mentioning that SOD activity decreased by 30.25 %
on the 90™ day compared to the 30" day. SOD activity also decreased by 32.65 % on the 180" day compared
to the 90™ day.

Catalase activity increased by 14.04 % on the 30" day of the experiment compared to the control
group. On the 90" day of the experiment, catalase activity decreased by 5.14 % compared to the control
and by 16.82 % compared to the 30" day. On the 180™ day of the experiment, catalase activity decreased
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by 28.08 % compared to the control and by 24.19 % compared to the 90™ day. On the 270" day of the
experiment, catalase activity decreased by 17.47 % compared to the control and increased by 14.76 %
compared to the 180™ day. On the 365" day of the experiment, catalase activity decreased by 10.62 %
compared to the control and increased by 8.30 % compared to the 270" day.

The MDA concentration decreased by 14.33 % on the 30™ day of the experiment compared to the
control group. On the 90™ day of the experiment, MDA concentration increased by 23.33 % compared to
the control and by 43.95 % compared to the 30" day. On the 180" day of the experiment, MDA
concentration increased by 63.60 % compared to the control and by 32.65 % compared to the 90" day. On
the 270" day of the experiment, MDA concentration increased by 39.40 % compared to the control and
decreased by 14.79 % compared to the 180" day. On the 365" day of the experiment, MDA concentration
increased by 30.59 % compared to the control and decreased by 6.32 % compared to the 270" day of the
experiment.

Analyzing the changes in oxidative-antioxidative balance, it is worth noting the following:

1. On the 180™ day of the experiment, we observed the highest intensity of lipid peroxidation and
SAR production together with the lowest activity of antioxidant enzymes.

2. On the 30" day of the experiment, we established that oxidative damage to the heart was the
lowest and activity of antioxidant enzymes was the highest.

3. There was a tendency to decrease in oxidative damage to the heart starting from the 180" day of
the experiment.

The activity of iNOS may be used as a marker of polarization of macrophages according to M1
phenotype, while ARG activity is a clear marker of M2 phenotype. This is due to the fact that these enzymes
are expressed by macrophages polarized by specific phenotype and they cannot be expressed together [4].
We can state that at the end of the experiment polarization of macrophages of the heart shifts towards
prevalence of M1 phenotype. On the 180" day, we observed the biggest shift towards the M1 phenotype.
This event coincided with the increased SAR production. Since M1 polarized tissue macrophages have the
ability to produce reactive oxygen and nitrogen species we can speculate that the highest lipid peroxidation
observed in our study on the 180™ day of the experiment is connected with changes in macrophage
polarization towards the predominance of M1 phenotype.

Testosterone has a complex and controversial influence on iNOS. There is evidence that
testosterone can inhibit iNOS activity and ameliorate inflammation caused by neuroglia [1]. On the other
hand, testosterone promotes the expression of iNOS genes in the prostate and stimulates inflammation
[10]. The rapid decrease in iNOS activity on the 30" day of the experiment probably resulted in a reduced
amount of nitric oxide in the heart. This event, on the background of reduced testosterone level, can
activate xanthine oxidase/uric acid signalling [11]. Activation of this signalling pathway enables the
formation of nitric oxide from nitrate-nitrite reduction. This can explain the low quantity of nitrites in
the heart, observed on the 30" day and their peak concentration on the 90™ day. As evidence of
insufficient nitric oxide production by oxidative pathway (NO-synthase-dependent) in the heart, we can
count the increase in cNOS activity, since the only possible mechanism of increase of endothelial and
neuronal NO-synthase activity is elevated transcription and translation of their respective genes. Our
findings do not contradict the information about the ability of testosterone to promote endothelial NO-
synthase activity since we blocked luteinizing hormone rather testosterone. In addition, decreased
luteinizing hormone can elevate cNOS activity [9]. Therefore, we can conclude, that decrease in
oxidative damage to the heart on the 30™ day of the experiment can be connected to a lower concentration
of the luteinizing hormone. In later terms of the experiment activation of xanthine oxidase/uric acid
signalling due to a decrease of testosterone causes the development of oxidative stress. Decrease in
activity of antioxidant enzymes during peak production of SAR (180" day) can be explained by
exhaustion of these enzymatic systems. Their further increase in activity is caused by activation of redox-
sensitive transcription factors such as nuclear factor kappa B (NF-xB) in response to increased reactive
oxygen species production and testosterone deficiency [15].

Central deprivation of luteinizing hormone synthesis for 365 days leads to the development of
oxidative stress in rat hearts. The peak of oxidative damage to the heart under these conditions happens on
the 180™ day of the central deprivation of luteinizing hormone synthesis.

Production of nitric oxide during central deprivation of luteinizing hormone synthesis undergoes
complex changes from an initial decrease of NO-synthase-dependent nitric oxide production on the 30
and 90" day to overproduction of nitric oxide from NO-synthases on the 365" day of the experiment.
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