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ROLE OF NITRIC OXIDE IN DEVELOPMENT OF FIBROTIC CHA NGES IN RATS TESTES
AFTER 270 DAY CENTRAL DEPRIVATION OF TESTOSTERONE S YNTHESIS
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Disturbance in production of nitric oxide (NO) miead to various changes in different organs antesys Certain
clinical situations require prolonged usage of liitiors of testosterone synthesis. Scientific litera provides limited information
regarding the influence of prolonged deprivationestosterone synthesis on production of NO andawséopic organization of
rats’ testes. Prolonged central deprivation ofossrone synthesis leads to endothelial dysfunctienelopment of fibrosis,
decreases the nitric oxide production and shifts/antioxidant balance in favor of the pro-oxidamtthout increase in lipid
peroxidation intensity. Central deprivation of testerone synthesis leads to fibrosis with subsectisruption of the structural
organization of the convoluted seminiferous tubutesnodynamic disturbances, endothelial dysfunctiarreased density of the
vascular wall of blood vessels and systemic st@ssreased production of NO from constitutive isofe of NO-synthase plays
major role in development of structural changethainterstitial tissue of testes on the 2y of the experiment.

Keywords: testes; rats; diphereline; oxidative stress; nitric oxide; fibrosis.

The study is a fragment of the research projectp&imental morphological study of cryopreservedcplaa
transplants action diphereline, ethanol and 1% raetjlic acid on the morphofunctional status in aner of internal organs”,
state registration No. 0119U102925.

Disturbance in production of nitric oxide (NO) mlapd to various changes in different organs and
systems. There is evidence that NO produced bycibiuisoform of NO-synthase (EC 1.14.13.39, iNOS)
may lead to liver fibrosis trough increase in perikite (ONOO) formation [1]. Liver is not the only
organ in which excessive iINOS activity leads todtiz changes [2, 4].

Increased INOS activity in rat testes during diabetlso leads to fibrosis and increased lipid
peroxidation [12]. At the same time, decrease ido#imelial NOS activity and testosterone content may
also lead to disruption of erectile function [8héFefore, changes in quantity and source of NOymtioh
are important to testicular tissue metabolism.

Certain clinical situations require prolonged usagetestosterone synthesis inhibitors [7].
Testosterone metabolism is closely related to dmdiali NOS activity, which is especially true dugin
testosterone deficiency [5]. Testosterone synthgsiecessary for suppression of reactive nitrd&GS)
and oxygen species (ROS) formation [10]. A decréasestosterone synthesis, caused by interveirion
autoregulation of its production by interstitiahd®crinocytes, leads to decrease of nitric oxiden&gion
from constitutive isoforms of NOS with simultanealisvation of its production by iNOS [10]. This clge
in the source of NO production in turn causes twivease events. First one is the uncoupling of
constitutional NOS isoforms, which leads to inceghgroduction of ROS from microsomal electron
transport chains. Second event is overproductiorNOGf by INOS. The last event has two major
consequences: increased nitrite accumulation @setult of excessive NO oxidation be oxygen presen
in tissues) and peroxynitrite formation (in reaotlmetween NO and superoxide anion radical). Thegefo
deficiency of testosterone synthesis may causedéwelopment of nitritive and nitrosative stress, in
addition to the oxidative stress.

Scientific literature provides limited informatioagarding the influence of prolonged deprivation
of testosterone synthesis on production of NO aiwdascopic organization of rats’ testes.

The purposeof the study was to the microscopic organization of rééstes, to determine the
sources of nitric oxide production and the intgnesftoxidative stress in the rats’ testes duringesimental
central deprivation of testosterone synthesis ppetieline injection on the 2%@ay of the experiment.

Materials and methods.The experiments were carried out on 10 sexuallyureanale white rats
of the Wistar line. Rats were divided into 2 graufpe control group (5) and the experimental gr(ajp
Animals from the experimental group were injectatbcitaneously with diphereline (Triptorelin
embonate) at a dose of 0.3 mg of the active substaer kg of body weight for 270 days, while tbatcol
group received injection of saline [3]. Animals wésept in standard vivarium conditions of the Ukrain
Medical Stomatological Academy. Experimental ansnakre sacrificed in strict compliance with the
provisions of the “European Convention for the Bectibn of Vertebrate Animals Used for Experimental
and Other Scientific Purposes”; (Strasbourg, 1986)well as with the “General Ethical Principles of
Animal Experiments” adopted by the First Nationah@ress on Bioethics (Kyiv, 2001).
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After an overdose of ketamine, the animals werapi¢ated, the prepared small pieces of the testes
were fixed in a 2.5% glutaraldehyde solution (pH2=7.4). Postfixation of the material was carried ou
with 1% solution of osmium (IV) oxide, followed ldehydration in propylene oxide and a sample was
embedded into the epoxy resins mixture. Ultratleictisns made with an ultramicrotome were contrasted
with a 1% aqueous solution of uranyl acetate anad l&trate according to the Reynolds’ method and
studied with an electron microscope [1].

Using standard methods, the material was imbeddguhiaffin blocks, of which sectionspdn
thick were made and stained with hematoxylin arsiredHistological preparations were examined using
Biorex 3 light microscope with digital microfilterith software adapted for these studies (SeriaH864).

All biochemical studies were carried out in 10% lg®nate of testis tissue using Ulab 101
spectrophotometer. General activity of NO-synth@g¢OS), activity of constitutive isoforms (cNOS),
activity of inducible isoform (iNOS), activity ofrginases and nitrite concentration was determined b
methods described by Yelinska A.M. [11].

Basic production of superoxide anion radidga}™), its production by the mitochondrial electron
transport chain (ETC) and microsomal ETC was datexchby the growth of diformazan concentration,
formed in the reaction db,™ with nitro blue tetrazolium [11]. Superoxide disi@se (SOD) activity was
determined by inhibition of adrenaline autooxidafiwhile catalase activity was determined by theam
of hydrogen peroxide, remained after its catalasgeddent reduction [11]. The concentration of free
malondialdehyde (MDA) was determmed by reactlorh\&rmethyl -2-phenylindole.

3 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
discussionWhen studying semi-thin sections of
the testes on the 270th day of the experiment, we
found changes in the interstitial tissue, which are
very characteristic of fibrosis (figal We also
observed violation of the structural organization
of the convoluted seminiferous tubules.
Disturbances in the microvasculature manifested

F|g 1 . Seminiferous tubules of expenmentalcnatthe 270
day. Mlcr0|mage Stain: hematoxiline and eosine. Le®s:Qcular lens: g ) - )
10. 1. Interstitial space - fibrosis. 2. Blood ws8. Spermatogenic 85 endothelial dysfunction and increase in

epithelium of the tubule. 4. Interstitial cells. Bhe capillary in the dens|ty Of the Vascular Wa"
interstitium.

Rats from the experimental group had an
increase in connective tissue spaces associated
with both the qualitative and quantitative
composition of the altered interstitial cells and
the microvasculature. Structural reorganization
of the interstitial tissue manifested itself as a
guantitative increase in arterioles, venules, and
capillaries. We observed morphological signs of
endothelial dysfunction, hemodynamic
disturbances, perivascular fibrosis with a
decrease in the volume of the microvascular bed
with subsequent fibrosis of the interstitium in
general. We determined vasodilation of arterioles
and venules, tortuosity of precapillaries in the
F|g 1.b. Interstitial space of expenmental rattba 270th day. visual field. Capillaries were enlarged against the

Microimage. Stain: hematoxiline and eosine. Lefis:@cular lens:15. background of general stasis (f|g ]_b)

From the side of interstitial endocrinocytes, theyea tendency to a quantitative decrease in
comparison with the control group. Also, there iaterstitial spaces between the convoluted tubwiés
a complete absence of interstitial endocrinocyfee cells themselves are reduced in size, the naice
heterochromic, in the cytoplasm there is a smathamh of lipid granules (fig. d).
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Fig. 1c. Interstitial space of experimental rat on theth8tay.
Microimage. Stain: hematoxiline and eosine. Len§: ©cular

In addition to interstitial endocrinocytes,
macrophages were detected in the connective tissue,
which had two populations of cells. The first
population of cells were parietal macrophages, they
were flattened and adjoined to the wall of the
convoluted tubules. Second type of cells were
interstitial macrophages located near the blood
vessels. The number of parietal ones prevailed
several times over interstitial (fig.c).-

Basic production of superoxide anion-radical
in the experimental group was increased by 5 times
compared to the control group of animals (tab. 1).
Production of O2” from mitochondrial and
microsomal ETC was elevated by 63.9% and
22.62% respectively. SOD activity was decrdase

by 46.52%, while activity of catalase is was alsxrdased by 40.33%. There were no statistically

significant changes in concentration of free MDA

Table 1
Oxidative stress markers in rats’ testes during 27@ay central testosterone synthesis deprivation (M)
Parameters
Catalase BasicOs" Production Production
Groups SOD activity, activity, production, of Oz from of 02" from Free MDA,
cu nkat/ nmol/s per mithochondrial microsonal umol/g
h alg 'SPerg ETC, nmol/s ETC, nmol/s of tissue
of tissue of tissue . h
per g of tissue | per g of tissue
Control 1.87+0.11 182.0+17.0 0.26+0.01 7.84+0.13 55%90.19 6.64+1.44
Experimental 1.00+0.19* 108.6+9.3* 1.30+0.02* 12+851 3* 11.71+0.11* 9.15+0.26

Note: * - indicates that the difference is statialiiy significant when compared with control graipg0.05)

On the 278 day of the experiment we detected a decrease @Sydktivity by 68.51% (tab. 2).
There were no statistically significant changeadtivity of iINOS in rats’ testes after 270 dayscehtral
deprivation of testosterone synthesis. ActivitycbfOS isoforms dropped by 8.2 times. Arginase agtivi
decreased by 39.92%. Concentration of nitritegsteis lowered by 25.33%.

Table 2
Nitric oxide cycle function during 270-day centraltestosterone synthesis deprivation (Mxm)
Parameters
Groups gNOS activity, iINOS activity, cNOS activity, Arginase activity, NO2
Kmol/min per g Kmol/min per g pmol/min per g pmol/min per g | concentration,
of protein of protein of protein of protein nmol/L
Control 0.54+0.04 0.13+0.02 0.41+0.03 2.48+0.05 3380825
Experimental 0.17+0.02* 0.13+0.02 0.05+0.0003* *aq1* 2.86+0.16*

Note: * - indicates that the difference is statialiiy significant when compared with control graipg0.05)

Nitric oxide is synthetized in lower quantity ancegominantly from inducible isoform of NO-
synthase. Despite increased production of pro-owgdand decreased activity of antioxidant enzyrtes,
intensity of lipid peroxidation is not elevated.

The reason for decreased production of NO is lovarivity of cNOS since activity of iINOS is
within the values of the control group. This sitaatis the direct result of testosterone deficienaysed
by experimental procedure. Also lowered activitychiOS may contribute to the endothelial dysfunction
observed in fig. 1b.

Lowered concentration of nitrites in rats’ testegrinly prolonged central deprivation of
testosterone synthesis can be the result of tireased activity of nitrite reductases, which is ednat
compensation of NO production deficiency.

In our previous study we observed increased iINQBigcand decreased activity of arginase [9].
Since iINOS and arginase can be considered as “mamkeymes” for definition of macrophage
polarization, we can consider that most of the maltcages present in testes on the previous term of
experiment were in M1 (proinflammatory) polarizati®].

The prevalence of parietal macrophages over thesiitial ones still remains on the 378ay of
the experiment. However, we discovered that argireasivity is much greater than iNOS activity imsth

213



| SSN 2079-8334. Ceim meouyunu ma oionozii. 2020. Ne 3 (73)

term of experiment. This fact gives us groundsptecslate that a major part of macrophages, prasent
testes on the 2¥day of experiment, have M2 (anti-inflammatory) gritation.

We observed a peculiar situation, when superoxidenaradical production is increased, while
SOD and catalase activities are decreased, hovipicgiperoxidation is not increased. Since free MDA
levels were not changed after 270-day central dafioin of testosterone synthesis we can concluate th
increased superoxide anion-radical is used for daing of the tissue and it does not cause celladgm
Without oxidative damage to the cell membrane S@D eatalase genes are not expressed hence the
lowered activity of these enzymes. But we must atswsider the possible influence of other antiontda
like glutathione system and non-enzymatic antioxisa

Decreased cNOS activity may be the key factor dmuing to increased production of superoxide
anion from mitochondrial ETC since NO produced fro@uronal isoform of NOS located in mitochondria
has ability to regulate superoxide anion-radicadpiction [13].

Central deprivation of testosterone synthesis l@adibrosis with subsequent disruption of the
structural organization of the convoluted semimiter tubules, hemodynamic disturbances, endothelial
dysfunction, increased density of the vascular veéllblood vessels and systemic stasis. Decreased
production of NO from constitutive isoforms of N®nshase plays a major role in development of
structural changes in the interstitial tissue sfde on the 270day of the experiment.
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POJIb OKCHJIY A30TY B PO3BUTKY
®IBPOTUYHMX 3MIH CIMSIHUKIB L[YPIB MICJISI
270 THIB IEHTPAJIBHOI JENIPUBALI CHHTE3Y

TECTOCTEPOHA

Crenyk €.B., AkimoB O.€., lenitbko K.B.,
Bopyra H.B., I'oibuies A.H.

Iopymenuss BupoOHuirrBa okcuay aszory (NO) moxe
MIPU3BOAUTH 10 Pi3HHUX 3MiH B PI3HHX OpraHax i cucTemax.
IeBni  kimiHIYHI ~ cHTyamii  BUMAararoTb  TPHBAJIOTO
BUKOPUCTAaHHS 1HTIOITOpPIB CHHTE3y TECTOCTEpPOHY. Y
HAYKOBIil JiTepaTypi € oOMexeHa iH(pOpMAIlisl Mpo BIUIKUB
TPUBAJOr0 MO30aBJICHHS CHHTE3y TECTOCTEPOHY Ha
mpoxaykiito NO i MIiKpOCKOMIYHY OpraHi3alilo CiM'SHUKIB
mypiB. TpuBasa LeHTpaqbHA  JIENpUBALis  CHUHTE3Y

POJIb OKCHJA A3OTA B PABBUTUU
®UBPOTUYECKHAX U3SMEHEHH B TECTAX KPBIC
HOCJIE 270 THEMA IIEHTPAJIbHOM JENPUBAIIUUA
CHUHTE3A TECTOCTEPOHA
Crenyk E.B., Akumos O.E., llenutbko K.B.,
Bopyra H.B., T'oibues A.H.

Hapymenne mpoumssoactBa okcuga asora (NO) moxer
NPUBOAUTE K PAa3IMYHBIM M3MEHEHUSIM B PasHBIX OpraHax u
cucremax. OnpeleneHHble KIMHAYECKHE CHTyallH TpeOyIoT
JUIMTEJBHOTO  WCIIOJB30BaHUS ~ MHTHOMTOPOB — CHHTE3a
TECTOCTEepOHa. B Hay4HO JIHTepaType UMeeTcs: OrpaHuYeHHas
nHpopManysg O BIMSHAM JUIMTEIHHOTO JIMIICHUS CHHTE3a
tecrocrepoHa Ha mpoxykunio NO U MHKPOCKOITHYECKYIO
OpraHu3alUI0 CEMEHHHMKOB KpbIC. J[IUTeNbHAsT LEHTpaibHas
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TECTOCTEPOHY NPH3BOIUTH IO EHIOTENianbHOI TUCHYHKIIT,
po3BUTKY (iOpo3y, 3HMKYE BHUPOOJICHHS OKCHIY a30Ty Ta
3pyurye npo- |/ aHTHOKCHMIAHTHHMIl OallaHC Ha KOPHCTh
MPOOKCUAAHTIB O3 301/1bIIeHHs] IHTEHCUBHOCTI IEPEKUCHOTO
OKHCIeHHs JimifiB. IleHTpanmbHa JempuBailisi CHHTE3Y
TECTOCTEPOHY MPHU3BOAUTH 10 (iOpo3y 3 MOAANBLUINM
MOPYLICHHSIM CTPYKTYPHOI OpraHizaiii 3BUBHCTUX CIM'SIHUX
KaHAIBIIB, TMOPYIICHh T'EMOJUHAMIKH, CHIOTCIIANBHOL
micyHkmii, 30UTBIICHHA MIUIBHOCTI CYIOHHHOI CTIHKH
KPOBOHOCHUX CYIMH 1 CHCTEMHOMY 3aCTON0. 3HWKCHHS
nponykuii NO 3 konctutyTHBHEHX i30popm NO-cuHTaszn
BiZirpa€ OCHOBHY pOJIb y PO3BUTKY CTPYKTYpHHX 3MiH
IHTepCTUIiaNbHOT TKAaHUHU ciM'sHUKIB Ha 2704 1eHb
CKCIICPUMEHTY .

Kaouosi CJIOBA. CIMSTHHKH, IHTepCTUIIaTbHI
eHpokpinonuty, cycrenrouutd, NO-cunrasa, iINOS, cNOS,
L-apriniH, cynepokcuaaucMyTasa, Iypu.

Crarrs Hagiiina 22.09.2019.

JenpuBalUs ~ CHHTE3a  TECTOCTEPOHA  IPUBOAUT K
SHJIOTENNANbHON AUCYHKIMH, pa3BUTHIO (HHOpPO3a, CHIDKAET
BBIPa0OTKY OKCHZA a30Ta U CIIBUTAET MPO- / aHTHOKCHAAHTHBIN
OamaHc B MONB3Y IPOOKCHIAHTOB 0€3  yBEIMYECHUS
WHTCHCHUBHOCTH  IIEPEKHCHOTO  OKHCJICHHS  JIMIIHJOB.
LleHTpasbHas JeNpHUBALs CHHTE3a TECTOCTEPOHA MPUBOJUT K
¢ubpo3y ¢ IOCHENYIONMM HApYIICHHEM CTPYKTYypPHOM
OpraHu3alliy W3BUTBIX CEMEHHBIX KaHAJBIEB, HapYIICHHUSIM
TeMOJIMHAMHKH, SHIOTEIHANBHON AUCHYHKIHHN, YBEIHYCHHIO
IUVIOTHOCTH COCYIMCTOI CTEHKH KPOBEHOCHBIX COCYIOB H
cucreMHoMy 3actoro. CHmwkenue mnpoxykumu NO  wu3
KOHCTUTYTHBHBIX m30(opM NO-cHHTa3bl UrpaeT OCHOBHYIO
POJIb B Pa3BUTHHU CTPYKTYPHBIX H3MEHCHUH HHTEPCTULHAIBHON
TKaHU CEMCHHHUKOB Ha 27041 IeHb 9KCIICPUMEHTA.

KiloueBble €JI0Ba: CEMECHHUKH, HHTEPCTULHUAIBHBIC
SHIOKpHHOLUTHI, cycreHToruThl, NO-<cunTasa, iINOS, cNOS,
L-apruHuH, CynepoKCHIIICMYTa3a, KPBICHL.
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MORPHOMETRIC ASSESSMENT OF STRUCTURAL CHANGES IN TH E DUODENAL WALL
OF RATS CAUSED BY SKIN BURN INJURY UNDER CONDITIONS

OF EXPERIMENTAL DIABETES
e-mail: iryna.tymoshenko@i.ua

This work is devoted to the morphometric assesméstructural changes in the duodenal wall of veith skin burn
injury under conditions of experimental diabetedlitns. The control group included 21 intact anismalithout any signs of
somatic pathology, experimental group | consistePllorats with experimental skin burn injury, exipgental group Il consisted
of 21 rats without skin burns but with experimelytaimulated diabetes mellitus, and experimentalgrlll consisted of 21 rats
with both skin burn injury and experimentally simtgdd diabetes mellitus. The following morphomepé&ameters have been
studied: mucosal thickness, villi height and thie&s, crypt depth and width, thickness of laminaaulasis of mucosa, submucosa
thickness, muscular layer thickness, serosa thigkreeight of the epitheliocytes in the middle mduthe villi, mitotic index of
columnar epitheliocytes. The obtained data confirenprogredient course of changes characteristicatsetic enteropathy, which
gradually worsen after 7, 14 and 21 days of thearpent.

Key words: skin burn injury, streptozotocin-induced diabeteslitus, duodenal wall, morphometric assessment.

The work is a fragment of the research project “lgloological features and changes of the digestigéesy organs in
experimental skin burn injury”, state registratidééo. 0119U101618.

Burn injuries and related complications are becgmmrore common in the current conditions of
widespread use of thermal energy in productioneaedyday life [10, 11]. Pathogenesis of diabeteliton
and related pathology of the digestive system laeatopical issue for present day medicine f4hbuld
be noted that in the global breakdown of genejatiis [12, 15] skin burn injuries accompanied hgreges
in the internal organs prevail [5, 1], and are shbject of current experimental studies [2, 3,,49]6In
general, severe burns cause burn disease, witbtidi@nteropathy being its component manifestisgjfiis
intestinal dysfunction [6, 7]. However, the morpheirit study of the structural features of the dunadevall
in skin burns in terms of its association withbdites has not been the subject of special studlies.s

The purposeof the study was to perform morphometric assesswfestructural changes in the
duodenal wall of rats with skin burns in the coiwdis of experimental streptozotocin-induced diabete
mellitus.

Materials and methods.The study was performed on 84 laboratory whitauallx mature male
rats weighing 180-210 g. The control group was fmnof 21 intact animals without signs of somatic
pathology, experimental group | consisted of 2% maith experimentally simulated skin burn injury,
experimental group Il - of 21 rats without skin bsiwvith experimentally simulated diabetes mellitus
experimental group Il - of 21 rats with skin burasd experimentally simulated diabetes mellituse Th
keeping of rats and all manipulations with them everarried out in full compliance with the
recommendations of the European Convention for Rhaetection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Strasial986); the provisions of the European Council
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