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Over the past two decades, oxidative stress has been a significant concern among researchers in the field of biology
worldwide. Stress can be defined as a process of altered biochemical homeostasis resulting from psychological, physiological, or
environmental factors. Insufficient amounts of testosterone can worsen liver damage caused by obesity. Oxidative damage is linked
to the cause of many diseases, such as cardiovascular disease, neuronal degeneration, and cancer, and also influences the aging
process. The experiment was conducted on 60 sexually mature male white rats. The animals were divided into 3 groups. Group 1
— control rats injected with saline (10 animals). Group 2 — rats injected subcutaneously with diphereline (triptorelin) at a dose of
0.3 mg of active ingredient per kg of body weight with drug activity for 12 months (25 animals). Group 3 — rats that were
administered a triptorelin solution at the rate of 0.3 mg of active ingredient per kg of body weight to simulate central deprivation
of luteinizing hormone synthesis with the addition of quercetin to the diet using a gastric tube based on the body weight of the
animals three times a week (25 animals). Triptorelin induces oxidative damage to hepatocytes by increasing the production of
reactive oxygen species and decreasing the activity of antioxidant enzymes. Oxidative damage to liver cells begins at the molecular
and cellular levels as early as the 1st month of observation. Additional administration of quercetin reduces manifestations of
oxidative stress by increasing the activity of antioxidant enzymes and reducing the production of reactive oxygen species.
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BIIVIMB TOBI'OTPUBAJIOI'O HEHTPAJIBHOI'O BJIOKYBAHHS PEJIIBIHITTOPMOHY
TPUIITOPEJIHOM HA MAPKEPHY AKTUBHICTb OKUCHOI'O CTPECY
B IIEYIHII IIYPIB

Ipotsirom OCTaHHIX ABOX AECATWIITH OKUCIIOBAIBHME cTpec OyB OIHIEIO 3 HAMroCTpilMX MpoOneM cepen 0ionorivHux
JIOCTITHHKIB y BChOMY CBiTi. CTpec MOXKHa BU3HAUHTH SIK IIPOLIEC 3MIHEHOT0 010XiMITHOTO TOMEOCTa3y, CIIPHYNHEHOTO IICHXOJIOTTIHIMH,
¢izionoriuanME ab0 EKOJNOriYHUMH MprYMHAMH. HemoCTaTHBO KiNbKIiCTh TECTOCTEPOHY MOXKE MOCHIMTH TOLIKOLKCHHS MEYiHKH,
BUKJIMKaHe OXHUPIHHAM. OKHCITIOBANIGHI NOIIKO/DKEHHS TIOB'SI3aHI 3 IPUYMHOIO 0ararboxX 3aXBOPIOBAHb, TAKUX SIK CEPLEBO-CyIHHHI
3aXBOPIOBAaHHS, JETeHEpallisi HEHMPOHIB 1 OHKONOTiS, a TaKOK BIUIMBAIOTh HA TpoLEC CTapiHHsA. ExcriepuMmeHT mpoBeneHo Ha 60
CTaTeBO3PLINX OUIHX Iypax camiuix. TBapuHu Oyiu posnineHi Ha 3 rpym. 1 rpyma — KOHTPOJIBHA, IIypH SIKMM BBOIHUBCS (i3i0JI0TrYHIN
po3unH (10 TBapuH). 2 rpymna — OIypH, KM ITiAKIPHO BBOMWIN Judepeni (TpunTopentid) y 103i 0,3 Mr 1iro4oi pe40BHHHU Ha KT MacH
TiJIa 3 aKTUBHOCTI IIpenapary npoTsroM 12 —tu Micsiis (25 TBapuH). 3 rpyra — Ly pH, SIKUM BBOJIIJIM PO34YMH TPUNITOPEITHY i3 PO3PaXyHKY
0,3 Mr Aif0401 PEYOBMHY Ha KT MacH Tijla JUIS MOZEIIIOBAHHS IIEHTPAIBHOI ASTIPHBALTii CHHTE3Y JIOTETHI3yI040r0 TOPMOHY 3 IOJABAHHIM
KBEpLIETUHY JI0 Xap4yBaHHs 32 JIOIOMOTOI0 IaCTPAJIBHOTO 30H]ly 3 IIEPEpaxyHKy Ha Macy Tijla TBApMH TPUUi Ha TIKIEHb (25 TBapuH).
TpurnropesiH NMPU3BOANTE IO OKUCHOTO MOLIKO/DKECHHS TETIaTOLMTIB 4Yepe3 30UIbLICHHS BHPOOHMIITBA aKTHMBHUX (OpM KHCHIO Ta
3HIDKEHHS aKTUBHOCTI aHTHOKCHAAHTHUX (pepMeHTIB. OKHCITIOBAILHE MOIIKOKEHH KITITHH TIEYiHKH OYNHAETHCS Ha MOJIEKYIAPHOMY
Ta KJIITHHHOMY PIBHSIX BXe Ha 1-i Micsip criocTepexeHHs. JlonaTkoBe BBEACHHS KBEPLETHHY 3MEHIIIYE TPOSIBU OKHCHOIO CTpecy 3a
PaxXyHOK ITiIBUIIEHHAM aKTUBHOCTI aHTHOKCUIAHTHUX (hDePMEHTIB 1 3HIKEHHSIM MPOYKIIii AKTHBHUX ()OPM KHCHIO.

KirodoBi cjioBa: nediHka, renaTolUT, OKCHIATUBHHH CTPEC, TECTOCTEPOH, JIIOTETHI3yIOYMH TOPMOH, KBEpLETHH,
TPUITOPEIIH.

The study is a fragment of the research project “Experimental and morphological study of the influence of diphereline,
cryopreserved placenta transplants on the morphofunctional state of a number of internal organs”, state registration
No. 0124U003358.

Prostate cancer is the leading cause of cancer death among men in Northern and Western Europe,
ranking first and second in their respective regions. It is the most common cancer among men in Europe,
with serious consequences for the healthcare system. Every year, around 450,000 European men are
diagnosed with prostate cancer [2]. Delayed diagnosis may lead to higher rates of disease metastasis, which
is a morbid condition that coincides with high mortality rates and long-term negative impacts on quality of
life [5, 8]. Organized re-screening has been shown to lead to early detection, which can reduce suffering
and death from prostate cancer. Modern tools and strategies can optimize the process of detecting cancer
when it poses a threat to the patient [7]. Therefore, the treatment and diagnosis of prostate cancer is a
pressing problem in modern medical science.

One approach to treating prostate cancer is either chemical or surgical castration with drugs aimed
at blocking the releasing hormone, which in turn blocks testosterone synthesis. It is considered a key risk
factor for prostate cancer progression [15]. However, recent scientific discoveries have provided grounds
for revising this paradigm [11].
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The reason for this change in views is damage to organs and tissues in testosterone deficiency
against the background of the simultaneous influence of external and internal pathogenic factors.
Testosterone deficiency makes brain tissue vulnerable to oxidative damage caused by the stress response
[13]. Therefore, oxidative stress can be considered an imbalance between the body's prooxidants and
antioxidants. Over the past two decades, oxidative stress has been one of the most pressing concerns among
biological researchers worldwide. Stress can be defined as a process of altered biochemical homeostasis
caused by psychological, physiological, or environmental causes.

Insufficient testosterone can exacerbate liver damage caused by obesity [8]. In both situations
(stress response and obesity), increased reactive oxygen species formation and decreased antioxidant
defense play a leading role in pathogenesis. The cause of increased tissue damage during testosterone
deficiency may also be reduced activity of antioxidant enzymes such as superoxide dismutase isoforms [2].
Oxidative damage is linked to the cause of many diseases, such as cardiovascular disease, neuronal
degeneration, and cancer, and also influences the aging process. At the same time, it has been shown in the
scientific literature that increased testosterone concentration leads to prostatic hyperplasia through the
activation of redox transcription factors and oxidative damage [6, 10].

The purpose of the study was to identify biochemical markers of damage to rat liver cells at the tissue
and cellular levels, specifically to investigate the processes of reactive oxygen species production and the
intensity of lipid peroxidation during prolonged triptorelin-induced central blockade of releasing hormone.

Materials and methods. The experiment was conducted on 60 sexually mature white male rats
weighing 140-160 g. Liver tissues were used as the material for the study. The animals were divided into
3 groups. Group 1 — control rats injected with saline (10 animals). Group 2 — rats injected subcutaneously
with diphereline (triptorelin) [4] at a dose of 0.3 mg of active ingredient per kg of body weight with drug
activity for 365 days (25 animals). Group 3 — rats that were administered a triptorelin solution at the rate
of 0.3 mg of active ingredient per kg of body weight to simulate central deprivation of luteinizing hormone
synthesis with the addition of quercetin to the diet using a gastric tube based on the body weight of the
animals three times a week (25 animals). Animals were sacrificed after 1, 3, 6, 9, and 12 months by
overdose of ether anesthesia. The animals were kept under standard conditions in the vivarium of Poltava
State Medical University.

All research and euthanasia of experimental animals were conducted by 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).

The process of euthanasia of animals was carried out by overdose of ether anesthesia. Small liver
fragments were fixed according to standard techniques and embedded in paraffin blocks. Sections 4 pm
thick were made from these blocks and stained with hematoxylin and eosin [1]. A comprehensive study of
histological preparations was performed on a BIOREX-3#5605 light microscope. Quantitative counting of
microcirculatory vessels was performed in the fields of view by visual assessment using a light microscope
with a digital microfilter and software adapted for these studies. Photography was performed using a DCM
900 digital micrograph attachment using special software for these studies.

All biochemical studies were carried out in 10 % homogenate of testis tissue using Ulab 101
spectrophotometer. 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 [12]. Superoxide dismutase
(SOD) activity was determined by inhibition of adrenaline autooxidation, while catalase activity was determined
by the amount of hydrogen peroxide, remained after its catalase-dependent reduction [12]. The free
malondialdehyde (MDA) concentration was determined by reaction with 1-methyl-2-phenylindole [12].
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. When we studied markers of oxidative stress over 12
months, we found that the production of superoxide anion radical fell sharply in the first month of
observation compared to the control group of animals and amounted to 1.04+0.015 nmol/s on g in tissue at
p<0.01, which is 41 % less than in the control group. A sharp increase characterized the 3rd month of
observation, the indicator being only 23 % higher than the control indicators, and as much as 108 % higher
than the indicator of the 1st month. The 6th month of observation of the superoxide anion radical index
was characterized by an increase in the index by 52 % compared to the control group and by 24 % from
the index of the previous stage of the experiment. 9th month — the indicator was 2.21+0.008 nmol/s on g
in tissue at p<0.05, which is 26 % higher than the control indicators but 18 % lower than the previous
period of the experiment. The 12th month showed a tendency for the indicator to return to the control
figures, but the difference between them was small, amounting to only 4 % and 17 % lower than the
previous values (Table 1).
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Table 1

Changes in markers of oxidative stress in the liver during central triptorelin blockade with
the addition of quercetin (M+m)

Production of SAR, Activity Activity of catalase, Concentration
nmol/s on g of tissue of SOD, c.u. ukat/g of tissue of free MDA, umol/g of tissue
Control group 1.76+0.050 10.12+1.540 0.379+0.001 14.04+0.201
I m 1.04+0.015%* 3.12+40.192%* 0.194+0.002** 14.39+0.205
3m 2.16+0.019* 5.23+0.065 0.21£0.031** 15.81£0.139*
6 m 2.68+0.031** 4.62+0.249** 0.214£0.003** 19.54+0.098**
9m 2.2140.008** 5.94+0.358* 0.28+0.001* 18.27+0.046**
12m 1.83+£0.011* 7.86+0.463* 0.30+0.001* 17.02+0.059*

Note: * — indicates that data is statistically significantly different as compared to the control group (p<0.05), ** — indicates that
data is statistically significantly different compared to control group (p<0.01).

SOD activity in liver tissue showed a sharp decline in the index in the 1st month of observation and was
3.1240.192 c.u., at p<0.01, which is 69 % of the control values. In the 3rd month, the activity of the indicator
gradually begins to recover and is 52 % of the control values, which is a 68 % increase from the previous values
(1st month). In the 6th month, there was a slight decrease in the indicator from the control and previous values
by 54 % and 12 %, respectively. The activity in the 9th month was 5.9440.358 c.u., at p<0.05, 41 %, and 29 %,
respectively, compared to the control and 6th month of observation values. The 12th month of observation
shows a tendency to restore the indicator to the control values, but its amount is 22 % less.

The lowest catalase activity was observed in the 1st month of the experiment, which was 50 %
lower than the control group — 0.194+0.002 pkat/g in tissue at p<0.01. Starting from the 3rd month, the
indicator recovers to control values, but gradually by 45 % (3rd), 45 % (6th), 25 % (9th), and 21 % (12th),
which corresponds to an increase in catalase activity over time.

The MDA concentration increased by 2 % (1st), 13 % (3rd), and 39 % (6th) from the control value
and gradually decreased by 6 % (9th) and 7 % (12th) during the observation months compared to the
previous periods.

Under physiological conditions, the Luteinizing hormone stimulates interstitial endocrinocytes of
the testicles to produce testosterone. Therefore, under conditions of blockade of luteinizing hormone
production, a sharp decrease in testosterone levels in the body will occur, which is the predominant goal
when using triptorelin [13]. Thus, we noted a clear trend towards increased lipid peroxidation processes in
the liver of rats with prolonged blocking of releasing hormone to luteinizing hormone production, which
in turn leads to a decrease in testosterone production. Any change in homeostasis, and our case, a decrease
in testosterone, leads to an increase in the production of free radicals, significantly exceeding local tissues'
detoxification capacity. These excess free radicals then interact with other molecules within cells and cause
oxidative damage to proteins, membranes, and genes. In the process, even more free radicals are often
formed, causing a chain of destruction. Oxidative damage is linked to the cause of many diseases, such as
cardiovascular disease, neuronal degeneration, and cancer, and also influences the aging process.

The development of oxidative stress in liver tissues may be associated with a decrease in testosterone
concentration under the influence of triptorelin. Testosterone has the property of reducing the number of
macrophages polarized by the pro-inflammatory phenotype (M1) and increasing the number of macrophages
polarized by the anti-inflammatory phenotype (M2) [10, 11]. Thus, decreased testosterone concentration may
lead to increased production of reactive oxygen species by liver macrophages. Testosterone can also reduce
the production of reactive oxygen species by mitochondria [4]. Systemic testosterone deficiency in the body
may be an etiological factor in the increased production of reactive oxygen species (ROS) in the liver [10]. It
is worth noting that testosterone deficiency leads to increased ROS formation in the testes of rats and in
remote organs, such as the heart [11]. The administration of testosterone in case of its deficiency helps reduce
the production of ROS and enhances the antioxidant protection of tissues [3].

Since the structural structure of the liver did not change in the first stages of the experiment (1st
and 3rd months of observation), it can be stated that changes in the liver during this period occur mainly at
the cellular and subcellular levels. This statement is supported by the increased level of lipid peroxidation
and increased production of SAR against the background of a decrease in the volume and area of the
hepatocyte nucleus. The highest intensity of lipid peroxidation and SAR production was observed in the
6th month of the experiment, coinciding with the first signs of structural changes at the tissue level. A
decrease in the activity of constitutive isoforms of NO-synthases may lead to their uncoupling and cause
the increased production of SAR observed in our study. As it is known that testosterone can positively
modulate the activity of endothelial and neuronal nitric oxide synthases, testosterone deficiency can reduce
their activity [14]. Testosterone deficiency also affects the functional state of mitochondria, leading to
increased production of SAR from the mitochondrial electron transport chain (mtETC) [3]. Exogenous
testosterone administration to the body leads to improved mitochondrial function and reduced SAR
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formation from mtETL [9]. The main mechanisms of the positive effect of testosterone on mitochondria
are the activation of the Nrf-2/ARE and AMPK transcriptional cascades [3]. Testosterone-induced
activation of the Nrf-2/ARE cascade contributes to enhanced mitochondrial antioxidant defense and
reduces mitochondrial membrane damage caused by excessive production of SAR from mtETC [3]. As
already noted above, under conditions of prolonged blockade of luteinizing hormone synthesis with
triptorelin, fatty liver disease develops, which may be a consequence of a decrease in AMPK activity,
which activates lipolysis and enhances the utilization of energy metabolites to increase ATP formation [9].
Thus, the increase in the production of superoxide anion radical in the liver of rats may be due to the lack
of inhibitory effect of testosterone on liver mitochondria, which is accompanied by depletion of antioxidant
enzymes and the development of oxidative stress, which can be compensated by the administration of
bioflavonoids, namely quercetin, which is a potent antioxidant.

Further studies are needed to assess the role of the inducible NF-kB isoform of NO-synthase and
to identify the sources of SAR production in developing morphological and metabolic changes in the liver
during prolonged central deprivation of testosterone synthesis.

Conclusion

Blockade of luteinizing hormone synthesis with triptorelin from the 1st to the 12th month leads to
oxidative damage to rat liver tissues at all studied periods due to increased production of reactive oxygen
species and decreased antioxidant protection. Oxidative damage to liver cells begins at the molecular and
cellular levels as early as the 1st month of observation. SOD activity in liver tissue showed a sharp decline
in the indicator in the 1st month of observation, with a gradual recovery in the 3rd month. The indicator
activity gradually recovers to control values by the 12th month of observations. The lowest catalase activity
was observed in the 1st month of the experiment, which was 50 % lower than the control group. Startlng
from the 3rd month, the indicator returns to control values, but gradually, corresponding to an increase in
catalase activity over time. MDA concentration increased from the 1st to the 6th month of observation,
with a gradual recovery to the control value by the 12th month. Additional administration of quercetin
reduces manifestations of oxidative stress by increasing the activity of antioxidant enzymes and reducing
the production of reactive oxygen species.
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