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The article examines changes in the quantitative index of cells of the monocyte-macrophage lineage in the con-
nective tissue of the testis expressing CD163+ receptors during chemical castration with triptorelin over a one-year
observation period with the addition of quercetin. In our study, we carefully traced the dynamics of the population of
specific CD163+ macrophages in the testicular interstitium under conditions of triptorelin-induced chemical castra-
tion. These findings contribute to a better understanding of how the organ’s immune system responds to profound
hormonal alterations. Based on the performed morphometric and immunohistochemical analysis, it was established
that prolonged administration of triptorelin leads to chronic immunoinflammatory remodeling of the testis. The ac-
cumulation of CD163+ macrophages represents a key link in the mechanism of replacement of the functional tissue
of the organ with connective tissue, which ultimately results in an irreversible decline in reproductive potential in the
experimental model. Administration of triptorelin combined with the addition of quercetin to the diet of experimen-
tal rats results in a stable and progressive increase in the population of CD163+ macrophages in the connective tissue
of the testis throughout the entire one-year period. The dynamics demonstrate a nonlinear pattern, with accelera-
tion observed between the 3rd and 6th months (days 90-180). The total increase in the indicator by day 365 reached

213.41% relative to the baseline level.
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Connection of the publication with planned re-
search works.

The study is a fragment of the research project “Ex-
perimental morphological study of the effects of Di-
phereline and cryopreserved placental transplants on
the morphofunctional state of a number of internal or-
gans,” state registration number 0124U003358.

Introduction.

Macrophages are not merely isolated defensive cells
but rather an extensive homeostatic system integrated
into all mammalian tissues from the embryonic period.
They may be considered a dispersed organ that functions
in parallel with the nervous and endocrine systems. In
addition to classical antimicrobial defense, macrophages
perform critical trophic, regulatory, and regenerative
functions, clearing tissues of apoptotic cells and mod-
ulating metabolic responses, including the regulation of
plasma protein biosynthesis in the liver [1].

Within the context of the male reproductive system,
macrophages act as “guardians of fertility.” Since sper-
matozoa appear only during puberty, the immune sys-
tem may recognize them as foreign entities. Testicular
macrophages form a protective barrier by releasing spe-
cific molecules that restrain aggressive immune respons-
es, thereby maintaining the so-called immune privilege
of the testis [2].

Modern immunology has largely abandoned the sim-
plified classification of macrophages into pro-inflamma-
tory (M1) and anti-inflammatory (M2) types. In testicu-
lar tissue, these cells exist along a continuous functional
spectrum, and the marker CD163+ cannot be consid-
ered an absolute indicator. Its expression density may
vary, yet it often remains relatively stable even when the
functional state of the cell changes [3, 4].

For accurate assessment, extended marker pan-
els should be evaluated, including stimulatory markers
(CD40, CD80, CD86) and inhibitory markers (CD206,

CD204, Argl). In addition, metabolic reprogramming,
particularly the shift from oxidative phosphorylation
to glycolysis, is considered a more reliable indicator of
macrophage activation than the expression of surface
antigens alone [5, 6].

From the earliest stages of life, the human immune
system learns to distinguish self-cells from potentially
pathogenic foreign cells. However, in males, because
spermatozoa appear only during sexual maturation,
certain elements of the immune system may mistaken-
ly identify them as foreign. Testicular macrophages are
specialized immune cells that protect spermatozoa by
releasing regulatory molecules that prevent other im-
mune components from attacking germ cells and enter-
ing the testicular environment [7].

The functional state of macrophages is best defined
by their behavior rather than phenotype alone. One of
the key processes is efferocytosis, the ability to engulf
apoptotic spermatogenic cells without triggering in-
flammation [8]. Another crucial aspect is their interac-
tion with Leydig cells: when macrophages shift toward
a pro-inflammatory state, they begin to suppress testos-
terone synthesis [9]. In chronic pathological conditions,
such as orchitis, a functional drift may occur, in which
resident macrophages start expressing activation mark-
ers (e.g., CD86), thereby promoting the development of
autoimmune damage to the testis.

The traditional view of macrophage phenotype sta-
bility is currently being reconsidered. The decisive factor
is not merely the presence of a specific marker (such as
CD163), but the actual functional behavior of the cell. A
shift of macrophages toward a pro-inflammatory state
is accompanied by a “metabolic burst,” characterized by
a transition from energy-efficient oxidative phosphory-
lation to glycolysis. This biochemical switch represents
a more accurate indicator of aggressive cellular activa-
tion than changes in surface antigens alone. When mac-
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rophages shift toward the pro-inflammatory spectrum,
they begin to exert a negative effect on neighboring Ley-
dig cells. Even with preserved CD163 expression, such
activated macrophages may suppress testosterone bio-
synthesis, thereby creating conditions for the develop-
ment of inflammation-associated hypogonadism [10].

The aim of the study.

To investigate the dynamics of the quantitative index
of cells of the monocyte-macrophage lineage in the con-
nective tissue of the testis expressing CD163+ receptors
following triptorelin administration for one year with the
addition of quercetin.

Object and research methods.

The experiments were conducted on 35 sexually ma-
ture male white rats. The animals were divided into two
groups. The first group (control) consisted of 5 animals
that received subcutaneous injections of 0.9% sodium
chloride solution once every three months throughout
the entire experimental period. The second group (ex-
perimental) consisted of 10 animals in which central
suppression of luteinizing hormone synthesis was mod-
eled [11, 12]. These animals received subcutaneous in-
jections of triptorelin at a dose of 0.3 mg/kg of the active
substance once every three months for one year. In ad-
dition, quercetin solution was administered enterally via
a gastric tube, taking into account the body weight and
weight gain of the animals. All manipulations involving
laboratory animals were performed in strict accordance
with the European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other Scien-
tific Purposes (Strasbourg, 1986). Euthanasia of the an-
imals was carried out by overdose of ether anesthesia.

Small fragments of the testes were fixed according
to standard protocols and embedded in paraffin blocks.
Sections 4 um thick were prepared from these blocks
and stained with hematoxylin and eosin [13] as well as
with the Anti-CD163 antibody (Abcam).

Immunocytochemical staining for CD163 was per-
formed using the rabbit Anti-CD163 antibody (ab87099),
previously validated in PMA-treated THP1 cells. Cells
were fixed with 4% paraformaldehyde (10 min) at room
temperature and incubated with PBS containing 10%
goat serum, 0.3 M glycine, 1% BSA, and 0.1% Triton for
1 hour at room temperature to ensure cell permeabili-
zation and to block nonspecific protein-protein inter-
actions. The cells were then incubated with antibody
ab87099 at a concentration of 5 pug/mL and ab7291
diluted 1:1000 overnight at +4°C. Secondary antibodies
included ab150081 (goat anti-rabbit IgG, pre-adsorbed)
and ab150120 (goat polyclonal secondary antibody
against mouse 1gG H&L, pre-adsorbed), both used at
a dilution of 1:1000 for 1 hour at room temperature.
DAPI at a concentration of 1.43 uM was used for nuclear
staining for 1 hour at room temperature.

The study protocol was approved by the Bioethics
Committee of Poltava State Medical University (Protocol
No. 195, dated June 24, 2021).

Comprehensive examination of the histological sam-
ples was performed using a BIOREX-3 light microscope
(No. 5605). Quantitative cell counting was conducted in
microscopic fields by visual assessment using a light mi-
croscope equipped with a digital microfilter and special-
ized software adapted for this study. Microphotography
was carried out using a DCM 900 digital microcamera
with appropriate imaging software.

Statistical processing of the obtained data was per-
formed using Microsoft Excel with the Real Statistics
2019 add-in.

Research results and their discussion.

Examination of semithin sections of rat testes
throughout the one-year experimental period demon-
strated a progressive increase in the population of mac-
rophages expressing CD163+ receptors in the connective
tissue of the testis during the entire duration of triptore-
lin administration (table).

Table — Dynamics of the quantitative index of
cells of the monocyte—-macrophage lineage in the
connective tissue of the testis expressing CD163+

receptors during triptorelin administration with the
addition of quercetin

Period CD 163+ % to control |% to previous period
control 9.02+0.872 - -
30th day | 10.92+1.332 +21.06 +21.06
90th day | 13.33+1.119 +47.78 +22.07
180th day| 18.81+2.129 +108.54 +41.11
270th day| 21.65+2.781 +140.02 +15.10
365th day | 28.27+1.459 +213.41 +30.58

After analyzing the dynamics of CD163+ macrophage
expression in the connective tissue of the testis, struc-
tured according to the observation periods, we identi-
fied three stages in the formation of the immune cell
response during triptorelin-induced chemical castration
(fig., table).

1. Early period (days 30-90 of the experiment). During
the first month of the experiment (day 30), the number
of CD163+-positive cells increased by 21.06% compared
with the control group. By day 90, the upward trend per-
sisted, and the indicator became 47.78% higher than the
control level and 22.07% higher than the previous obser-
vation period.

These findings indicate a gradual involvement of the
monocyte-macrophage system in the pathological pro-
cess. The moderate rate of increase at this stage sug-
gests the initial phase of adaptation of testicular tissues
to hormonal imbalance.

2. Period of active proliferation (days 180-270 of the
experiment). The most pronounced shift in the dynam-
ics was observed on day 180, when the number of cells
increased to 208.54% of the control value. The increase
relative to day 90 was the highest recorded during the
entire observation period, reaching 41.11%.

By day 270, the indicator continued to rise, reaching
140% relative to the control values.

Such a marked increase in the number of M2 phe-
notype macrophages (CD163+) in the middle of the ex-
periment indicates activation of chronic inflammatory
processes and the onset of intensive stromal remodel-
ing of the organ, involving fibroblast-associated cellular
components.

3. Late period (day 365 of the experiment). The
number of positive cells reached its maximum value of
28.27+1.459 per field of view, which is 3.13 times higher
than in intact animals. The increase relative to day 270
remained high (30.58%).
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Figure — Expression of CD163+ cells of the monocyte—-macrophage lineage in the connective tissue of the testis during triptorelin
administration with the addition of quercetin: A — control; B — day 30; C — day 90; D — day 180; E — day 270; F — day 360. Magnification: x400.
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The absence of a plateau in macrophage dynamics
indicates the progressive nature of the observed chang-
es. The testicular tissue remains in a state of profound
structural remodeling, in which macrophages play a key
regulatory role in fibrogenesis.

Macrophages were previously regarded as ordinary
“scavengers” of bacteria (phagocytes). Today, however,
science recognizes them as remarkably plastic cellular
regulators that not only patrol the organism but also
participate in controlling the “life and death” of tissues,
from their embryonic development to processes of aging
and fibrosis [14].

Beyond the traditional M1/M2 classification, mac-
rophages were commonly divided into “harmful” (M1
— pro-inflammatory) and “beneficial” (M2 — reparative)
cells. However, modern studies, particularly those using
transcriptomic analysis, demonstrate that this model
is overly simplified. Macrophages adapt to the specific
microenvironment of each organ. They may originate
either from embryonic progenitor cells or migrate from
the bone marrow in adulthood, performing highly spe-
cialized functions depending on the physiological con-
text [15].

In the context of male reproductive health, macro-
phages play a dual role:

1. Protective regulators. In acute injury, they initiate
protective inflammatory cascades and subsequently ac-
tivate anti-inflammatory pathways that promote tissue
repair and regeneration.

2. Contributors to pathology. When macrophages
remain in a state of chronic activation, normal regener-
ative processes are replaced by fibrosis, characterized
by the substitution of functional tissue with connective
tissue. This process represents a key mechanism in the
development of chronic diseases [16].

Currently, researchers worldwide are exploring ap-
proaches to “reprogram” macrophages through adop-
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tive cellular therapy in order to suppress inflammation
and fibrotic remodeling. This approach is particularly rel-
evant for addressing testosterone deficiency, a condition
that is becoming increasingly prevalent.

In the present study, we carefully monitored changes
in the population of specific CD163+ macrophages with-
in the testicular interstitium under conditions of trip-
torelin-induced chemical castration. These findings pro-
vide a deeper understanding of how the immune system
of the testis responds to profound hormonal alterations.
Based on the performed morphometric and immunohis-
tochemical analyses, it was established that long-term
administration of triptorelin (up to 365 days) induces
chronic immunoinflammatory remodeling of the testis.
The accumulation of CD163+ macrophages represents a
key mechanism in the replacement of functional testic-
ular tissue with connective tissue, ultimately leading to
an irreversible reduction in reproductive potential in the
experimental model.

Conclusions.

Administration of triptorelin combined with dietary
supplementation of quercetin in experimental rats re-
sults in a stable and progressive increase in the popula-
tion of CD163+ macrophages in the connective tissue of
the testis throughout the one-year experimental period.
The dynamics demonstrate a nonlinear pattern, with
acceleration observed between the 3rd and 6th months
(days 90-180). The total increase in the indicator by day
365 reached 213.41% compared with the baseline level.

Prospects for further research.

Future studies may focus on investigating the interac-
tions between macrophages, cells of the spermatogenic
epithelium, and testosterone production by interstitial
endocrinocytes, which may contribute to the develop-
ment of innovative therapeutic approaches for certain
forms of male infertility.
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OUHAMIKA KIJZIbKOCTI CD 163+ KNITUH MOHOLUWTAPHO-MAKPO®ATA/IbHOIO
PAAY IHTEPCTULIKO CIM’AHUKIB LLYPIB NPU BBEAEHHI TPUNTOPENIHY
3 LOAABAHHAM KBEPLUETUHY NMPOTANOM 1 POKY
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Y cmammi po32na0aemesca 3MiHQ KifnbKiCHO20 MOKA3HUKA KAIMUH MOHOUUMAPHO-MAKpPOgpazanbHo20 pAady
Crosy4Hoi MKaHUHU fA€4Ka 3a peuyenmopamu CD163+ npu ximivyHili kKacmpauyii mpunmopeniHom npomszom 1
POKy criocmepexceHHA 3 000a8aHHAM Ke8epuemuHy. B Hawomy crocmepexeHHi Mu 0emasbHo npocmexcunu, AK
3MIHIEMbCA nonynauis cneyugivHux CD 163+ makpogpazie 8 iHmepcmuyii cimaHUKa 8 ymosax XimiyHoi kacmpayii
mpunmopeniHom. Lli daHi dornomazarome Kpawje 3po3ymimu, AK came iMyHHA cucmemd Op2aHa peaz2ye Ha
21uboKi 20pMOHaAbHI 3MiHU. Ha nidcmasi nposedeHo20 MopghomempuvyHo20 ma iMyHo2icmoxiMmiyHo20 aHani3y
8CMQAHO8/EHO, WO mpusase 88e0eHHA mpunmopesniHy CPUYUHAE XPOHIYHY iMyHO3ananeHy nepebydosy AEYKa.
Arymynayia CD163+ Makpoghazie € Kn4o8um AAHUO20M Y MEXAHI3MI 3aMilyeHHA PYHKUYiOHAAbHOI MKAHUHU 0p2aHa
CMosY4YHO, W0 Npu3800UMb 00 HE380POMHO20 3HUXEHHSA PernpodyKMUBHO20 NomeHyiasy 8 eKcriepuMeHmasnbHil
modesi. BeedeHHs mpunmopesiHy 3 000a80HHA 8 PAYIOH XaP4Yy8AHHA eKCrepuMeHmasnbHUX Wypie KeepuyemuHy
npuzsodums 0o cmabinbHo20, nNpozpecyoyozo 36inbweHHA nonyaayii CD163+ makpogazie y crnony4Hili mMKaHUHI
AIEYKA MPOMA2OM YCb020 PiYHO20 YUKY. JuHAMIKQ MaE€ HeniHiliHul xapakmep i3 NpucKopeHHAM y nepiod mixc 3-m
ma 6-m micauamu (90-180 0obu). CymapHe 36inbWeHHA NOKA3HUKA Ha 365-my 006y cknadae 213,41% eiOHOCHO
BUXIOHO20 piBHA.
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38’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-A0CAIA-
HUMK poboTamu.

Pobota € ¢parmeHtom HAP «EKcnepumeHTanbHO
mopdonoriyHe BUBYEHHA BNAMBY AndepeniHy, KPioKOH-
CepBOBaHMX TPAHCMIAHTATIB NAALEHTU HA MOPDOPYHK-
LiOHaNbHUI CTaH pA4y BHYTPIWHIX OpraHiB», Homep
AeprkaBHoi peecTpayii 0124U003358.

Bcryn.

Makpodaru — e He NPOCTO NMOOAMHOKI 3aXMUCHI KAi-
TUHW, @ PO3rasly)keHa romeocTaTUyHa CUCTEMA, WO iH-
TErpoBaHa B YCi TKAHWHW CCaBLB LLe 3 eMbpioHaNbHOrO
nepiogy. Ix MoxHa po3rnAaaTM AK AMCNEPCHWI opraH,
Wo GYHKLUiOHYE NapanefibHO 3 HEPBOBOK Ta EHAOKPUH-
HOW cnctemamm. OKpiM KIaCMYHOTO 3aXUCTY Big MiKpo-
6iB, BOHM BUKOHYIOTb KPUTMYHI TPpOdiUHIi, perynatopHi Ta
pereHepaTUBHI QYHKLLT, O4MLLYOYM TKAHWHM Bif anonTo-
TUYHUX KAITUH | moayntooum meTabonivHi Bignosiai (Ha-
npuknag, 6iocmHTes 6inKiB nnasmu B nediHui) [1].

B KOHTEKCTi 40N0BiYOi pPenpoayKTUBHOI cUCTEMMU
MaKpodarm BUCTyNatoTb «OXOPOHUAMU GEepPTUIbHOCTI.
OcKinbkK cnepmaTtosoigm 3'asnAtoTbea nuwe B nybep-
TaTi, iIMyHHa cuctema morke igeHTUOIKYBaTH iX AK 4y-
OpigHi 06’ekTN. TecTUKYNsApHIi Makpodaru CTBOpHOHOTb
3axMcHWUn bap’ep, BUBINbHAIOUYM cneundidyHi monekyu,
AKi CTPMMYIOTb arpecuBHi iMyHHI peakLuii, 3abe3neuytoumn
TaK 3BaHUI iMyHHWUI NpuBinei [2].

Cy4acHa imyHonoria BigMmoBMANACA Bif, CNPOLLEHOrO
nodiny makpodaris Ha nposananbHi (M1) Ta npoTusa-
nanbHi (M2). Y TKaHMHax CiMAHMKA Wi KNITUHU iCHYIOTb
y Burnsaai 6esnepepBHoOro cnektpa: mapkep CD163+ He
€ abCONOTHMUM NOKa3HUKOM. MOro WifbHICTb MO3Ke 3Mi-
HIOBATUCA, aNe BiH YacCTO 3a/IMLLIAETLCA CTabiNbHUM Ha-
BiTb NP 3MiHi PyHKLiOHaNbHOrO cTaHy [3, 4].

[ns TOYHOT AiarHOCTUKKM HeobXiAHO OLiHIOBATK PO3-
WwuMpeHi naHeni: ctumyntotodi (CD40, CD80, CD86) Ta iH-
ribytoui (CD206, CD204, Argl) mapkepu. MeTaboniuHui
3cyB: nepexif, KNiTMHMU 3 OKUCHOTo pocdoputoBaHHA Ha
rNiKoNi3 € 3Ha4YHO HaZIMHIWKMM iIHAMKATOPOM aKTUBALLl,
Hi}K NOBEpPXHEBi aHTUreHu [5, 6].

3 camoro no4yaTky XKUTTA iIMyHHa CUCTEMa NIOAMHMN
BUMUTBLCA PO3PI3HATM BAACHI, TOOBTO PigHI KNITWUHK, Big,
iHWMX, NOTEHLiIMHO NAaTOreHHUX KNITUH. Ane y YoNoBIKiB,
OCKiZIbKM CNepmaTto30ian 3’ABAAOTbCA NNWe B nepios,
CTaTeBOro [03pPiBaHHA, MEBHI e1eMeHTU iIMyHHOI cucTe-
MW MOXYTb MOMW/IKOBO CNPUNHATK iX 3@ YyKOPigHi KAi-
TUHK. TeCTUKYNAPHI MaKpodarn — Le cneuianbHi iMyHHiI
KNITUHKW, AKI NOChiWaltTb 3axuatv CnepmaTo3oiaun.
BuinbHAoUM cneundivyHi monekynu, Li oxopoHLi dep-
TUABbHOCTI 3anobiraloTb MOTPANAAHHIO (HWWX areHTiB
iMyHHOI cucTtemu B sieuka [7].

CtaH maKpodarie HalKpalle BM3HAYAETbCA iXHbO
nosefiHKoW, a He nuwe dpeHoTMnom. KaoyoBumu ac-
nekTamu € epepeoLmTos, Lie 34aTHICTb NOFIMHATK 3aru-
61 KNiITUHKU cnepmaTtoreHesy 6e3 NPoBOKaLlii 3ananeHHA
[8]. B3aemogaisi 3 KniTMHamu Jleigira — npu 3mileHHi
MaKpodara y nposanasibHy 30HYy BiH MOYMHAE MPUTHI-
4yyBaTM CUHTE3 TecTocTepoHy [9]. Mpu XpOHiYHMX naTo-
norisix (Hanpuknag, opxitax) cnocrepiraeTbca «pyHKLio-
HaNbHUI Apeind», KOAN pe3naeHTHI KNITUHM NOYMHAOTD
eKcrnpecyBaT MapKepu aktusauii (Hanpuknag, CD86),
LLIO BiAKPMBAE LWAX A0 ayTOIMYHHOIO ypaXKeHHA AEYKa.

TpaguuiiHuMiA nornag Ha cTabinbHicTb deHoTuny
MaKpodaris cborogHi nepernagaetbca. Knwouosum €
He HaABHiCTb MeBHOro mapkepa (Hanpuknag, CD163),
a peanbHa ¢QyHKUiOHaNbHA NOBeAiHKA KAITUHU. 3cyB
MaKpodara y npos3ananbHUi CTaH CYNpPOBOAMKYETHCA
«MeTaboniyHMM BMOYXOM» — Nepexonom Bifg, eHeproe-
deKTUBHOro oKncHoro GpocopuaoBaHHA 4O [iKONI3Yy.
Len 6ioxiMmiyHMIA NnepemmKay € 3HAYHO TOUHILLIMM iH-
OMKATOPOM arpecmMBHOI aKTMBALLT KNITUHM, HIXX NpocTa
3MiHa NOBEPXHEBMX aHTUIEHIB. Mpu 3MileHHI Makpoda-
ray npo3sanasnbHy 30HY CNEKTPa BiH MOYMHAE YNHUTU He-
raTMBHMM BMNANB Ha CYCiaHi KNiTMHKU Nleinaira. HasiTb npwn
36epexeHHi ekcnpecii CD163, Taki aKTMBOBaHi MaKpo-
darv noumHaloTb NpUrHivyBatTh bBiocMHTE3 TecTocTepo-
HY, LLIO CTBOPIOE NiAFPYHTA ANA PO3BUTKY riNOroHaan3my
Ha Thi 3ananeHHa [10].

MeTta gocnigeHHs.

Jocnigutn AMHAMIKy KiNbKiCHOrO MOKa3HMKA KAi-
TUH MOHOLMTAPHO-MaKpodaraibHOro paay CrosyyYHoi
TKaHWHW A€YKa 3a peuentopamu CD163+ npu BBEAEHHI
TpUNTOpeniHy npoTarom 1 poKky 3 fofaBaHHAM KBepLe-
TUHY.

O6’eKT i meTOAU AOCNIAKEHHS.

EkcnepumeHTU nposogmnuca Ha 35 crtateBo3pinmx
6innx wypax-camuax. TeapuH po3ginnMan Ha 2 rpynu.
MepLa rpyna 3 5 TBapMH (KOHTPOAbHA) NPOTATOM YCbOTO
EeKCNepMMEeHTaNbHOro nepiogy OTPUMyBasia NiALWKIpHI
iH’eKLiT 0,9% pO34MHy XI0pUAY HaTpPito Pas Ha TPKU mics-
ui. Opyra rpyna 3 10 TBapuH (eKcnepumeHTanbHa), B AKin
MOZeNtoBann UeHTpasbHe 6/0KYBaHHA CUHTE3Y Jio-
TeiHi3ytouoro ropmoHy [11, 12], oTpumyBana nigLWwKipHi
iH’ekuii TpunTopeniHy B A03i 0,3 Mr/Kr aKTUBHOIO KOM-
NMOHEHTY NPOTATOM OHOIO POKY Pa3s B TP MicAL,i. TakoxK
[04aBann eHTepasibHO 33 AOMOMOrol 30HAY PO3YMH
KBEPLETMHY 3 ypaxyBaHHAM Macu Tina Ta MpPUPOCTy
TBapuH. Bci maHinynauii 3 nabopatopHMmM TBapMHamm
NpPoOBOAWINCA B CyBOpilA BigNOBIAHOCTI 4O MONOMKEHb
€BponencbKoi KOHBEHLji NPo 3axMCT XpebeTHMX TBa-
PVH, WO BUKOPWUCTOBYKOTLCA AJ1A €KCNePUMEHTANbHUX
Ta iHWKX HaykoBux winen (Ctpacbypr, 1986). EBTaHasito
TBApWH MPOBOAMAN WNAXOM MNepeno3yBaHHA edipHUM
HapKO30M.

HeBenuKi WMaToOYKkM s€e4yoK ¢ikcyBanu 3a 3arajb-
HOMPUIMNHATO METOAMKOW | 3anvMBann B napadiHoBI
610KKN. 3 UMX BNIOKIB BUTOTOBASAM 3Pi3M TOBLUMHOW 4
MKM i dapbyBann remaTokcuaiHOM Ta eo3nmHom [13], aH-
TmTinom Anti-CD163 — Abcam.

ImyHoumTOXIMiYHE ¢apbyBaHHa CD163 3 BUKOpU-
CTaHHAM Kpons4yoro aHTuTina Anti-CD163 ab87099, 3a-
6apsneHoro B KnituHax THP1, 06pobneHnx PMA. Knitu-
HU ¢ikcyBann 4% napadopmanbgerigom (10 xB) npu
KiMHaTHili Temnepatypi Ta iHKybyBanu 3 PBS, wo mictus
10% Ko3a4oi cuposatku, 0,3 M rniunHy, 1% BSA 1a 0,1%
Triton npoTarom 1 roAvHW NpW KiMHATHIN TemnepaTypi
ONA NPOHUKHEHHA KNITUH Ta 6/10KyBaHHA Hecneundiy-
HUX B3aeMoAin 6inoK-6inok. MoTiMm KNiTUHK iHKRYBYyBann
3 aHTUTINOM ab87099 y KOoHLUeHTpaLi 5 MmKkr/mn i ab7291,
po3seaeHnm y nponopuii 1/1000, npotarom Houi npu
+4°C. BTOPUHHUMM aHTWUTINamun 6ynm ab150081, Ko3a-
ye aHTUTINO A0 Kponsyoro IgG, nonepeaHbo aacopbo-
BaHe, Ta ab150120, Ko3a4Ye MNOJiKNOHA/IbHE BTOPUHHE
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aHTUTINO A0 muwavoro IgG — H&L, nonepeaHbo aaco-
pboBaHe, obuaBa BMKOPUCTOBYBA/IMCA B PO3BEAEHHI
1/1000 npotarom 1 roguHu Npu KiMHaTHIA TemnepaTypi.
Ons dapbyBaHHA saep KNiTUH BUKopuctoByBanu DAPI B
KOHUeHTpauii 1,43 mkM npoTarom 1 roanHu npu KimHaT-
Hili TemnepaTtypi.

JocnigxeHHs 6yno cxBaseHo Ta nNiATBEpPAKEHO
KomiteTom 3 6ioeTnkM MONTaBCbKOTO AEpHKaBHOIO Me-
AndHoro yHisepcuteTy (npotokon Ne 195 Big 24.06.2021
p.).

KomnnekcHe p[JocnigxeHHA TFiCTONOrNYHMX 3pasKiB
NpPOBOAMIOCA 33 AOMOMOrOK CBITIOBOrO MiKpOCKona
BIOREX — 3 Ne 5605. KinbKicHUI nigpaxyHOK KNiTUH Npo-
BOAMBCA B MOAAX 30pY, WAAXOM Bi3yanbHOI OLiHKK, 3a
[0MOMOrOLO CBiT/IOBOFO MiKPOCKOMa 3 UMPPOBUM MiKpO-
dinbTpom Ta nporpamHum 3abesneveHHAM, aganToBa-
HUM 4N1Aa umx gocnigeHb. MikpodoTorpadysaHHA npo-
BOAMIOCA 3@ A4ONOMOroto UndpoBoi mikpodoToHacaaKK
DCM 900, i3 3acTocyBaHHAM Bi4NOBIAHOIO A0 LbOro A0-
CNiAYKeHHA NporpamHoro 3abesneyeHHs.

PesynbtaTv gochnigxeHHs 6ynuM CTaTUCTUMYHO omnpa-
LboBaHi 3a gonomoroto Excel Microsoft Office Ta po3wu-
peHHs Real Statistics 2019.

Pe3ynbTati AocniaKeHHA Ta iXx 06roBopeHHs.

Mpw gocnigKeHHi HaMK HaniBTOHKMX 3pi3iB cim’aHK-
KiB LLypiB NpoTArom 1-ro poKy eKCnepuvmeHTy MOKa3as
nporpecytode 36inbWeHHA nonynauii makpodaris i3 pe-
uentopammn CD163+ y CNoONyYHI TKAaHWHI fieuka Ha TAi
BBEeZEHHA TPMNTOPENiHy MPOTATOM YCbOTO TEPMiHY eKC-
nepumeHTy (Tabn.).

Tabnuua — JMHamiKa KifibKiCHOro noKasHuKa KAiTUH
MOHOLMTAapPHO-MaKpogarazibHOro pagy cnoayyHoi
TKaHWHU cim’AHUKa 3a peuentopamu CD163+ npu

BBEeAEHHI TpUNTOpeniHy 3 40AaBaHHAM KBEepPLETUHY

TepmiHun CD 163+ Ko:f,rp.q:mo % Ao r_':;:‘:zze"boro
KOHTpONb 9,02+0,872 - -
30-tagoba | 10,92+1,332| +21,06 +21,06
90-T1a poba | 13,33+1,119 +47,78 +22,07
180-ta poba | 18,81+2,129 | +108,54 +41,11
270-ta poba | 21,65+2,781 | +140,02 +15,10
365-ta goba | 28,27+1,459 | +213,41 +30,58

MpoaHani3yBaBLIM NOKA3HMKM 3MiH B AMHaMILi eKc-
npecii CD163+ makpodaris y CnonyyHii TKAHWHI AEYKa,
CTPYKTYpPOBaHUI 33 TEePMiHAMM CMNOCTEPEXKEHHA MU
BUAINMAM TpU eTanu B GOpMyBaHHI BiAnoBiAj iMmyHOaK-
TUBHUX KAITUH MPW XiMiYHIMA KacTpauii TpunTopeniHom
(puc.) Ta Tabnuuya.

1. PanHili nepiod (30-90 gobu ekcrnepumeHTty). Y
nepwunin micaub ekcnepumeHTy (30-Ta goba) KinbKicTb
CD163+-N03UTUBHMX KAITUH 3pOCTaE o Ha 21,06% ne-
pPeBULLYE NOKA3HUKMU KOHTPOAbLHOI rpynu. Ha 90-Ty aoby
TEHAEHLiA [0 3pOCTaHHA 36epiraeTbca, a NOKa3HMUK CTaE
Ha 47,78% BULWLMM 3a KOHTPOAb i BignosigHo 22,07% 3
nonepegHim TepMiHOM.

Lle cBigunTb NpO NOCTYNOBeE 3a/y4eHHA MOHOLMUTAP-
HO-MaKpodaranbHOi CMCTEMM A0 NATONOFYHOrO Npoue-
cy. MomipHWM TeMn NPUPOCTY Ha LbOMY eTani BKa3ye Ha
noyaTtkoBy ¢asy aganTauii TKAHWH ciM’AHKKA A0 ropmo-
HanbHoOro gucbanaHcy.

2. lMepiod akmueHoi nponigepayii (180-270 pobwu
eKkcrnepumeHTy.) Hanbinblu BMpaXKeHU nepenom y am-
Hamiui cnocTepiraeTbea Ha 180-Ty fo6y. KinbKicTb KAITUH
3pocTtae go 208,54% Big, KoHTponto. MpupicT BiAHOCHO
90-i 406K € MaKCMMaNbHUM 3a BeCb Nepiod A0CNiAKeH-
HA —41,11%.

Ha 270-Ty o6y NOKasHWK NpOAOBIKYE 3pOCTaTh A0
140% BigHOCHO KOHTPONAbHMX MOKA3HMKIB.

Take cTpimKe 36inbleHHA KiNbKOCTI makpodaris
M2-dpeHotnny (CD163+) y cepeauHi ekcnepumeHTy CBig-
YMTb NPO aKTMBALLiIO MPOLLECIB XPOHIYHOIO 3aMaseHHA Ta
NnoYyaToK iHTEHCMBHOI NepebyfoBM CTPOMM OpraHa 3 3a-
NydeHHAM $ibpo6aaCcTUYHOIO OcepeaKy KAITUH.

3. [li3Hil nepiod (365-Ta poba eKcnepumeHTy).
KinbKicTb NO3UTUBHUX KAITUH CAra€ CBOrO MaKCUMyMy
28,27%1,459 B noni 30py. LUe y 3,13 pasa nepesuLLye pi-
BEHb IHTAKTHUX TBApWH. Mpupict BigHocHO 270-i nobwu
3a/1MWAETbCA BUCOKUM (30,58%).

BigcyTHicTb nnaTo B AMHaMIiLi MaKkpodaranabHUX KAi-
TUH CBiAYMTb NPO NPOrpecyroymii xapaktep 3miH. TKaHuU-
Ha ciM’'AHMKA nepebyBa€ y CTaHi MUBOKOT CTPYKTypHOI
nepebynosu, Ae makpodaru BigirpatoTb Posb KAOHOBUX
perynatopis ¢pibporeHesy.

PaHiwe mu cnpuimann makpodarn fK 3BMYANHMUX
«nornnHavie» 6akTepin (dbarountie). CbOrofHi ¥ HayKa
6a4nTb Yy HUX HEMMOBIPHO MAACTUYHMX FPaBLiB, AKi He
NPOCTO NaTPY/tOOTb OpPraHiam, a ByKBanbHO KepyloTb
CKUTTAM | CMepTIoO» TKaHWH: Bif, iXHbOrO 3apPOAKEHHA B
embpioHi 0 npoueciB cTapiHHA Ta ¢pibposy [14].

Mo3a mexamun M1 ta M2 mMmu 3BUKAN AiIANTM MAKpO-
darm Ha «3aux» (M1 — 3ananeHHs) Ta «4obpux» (M2 —
BiAHOBNEHHA). MpoTe cyyacHi gocnigrKeHHs (3oKpema
TPaHCKPUNTOMIKa) A0BOAATb: yce HabaraTo CKAagHi-
we. Makpodarv aganTytoTbCA A0 KOHKPETHOro opraHa.
BOHM MOXYTb NOXOAUTU AK i3 KNITUH-NONEPeaHUKIB Lie
3 nepiogy embpioreHesy, TaK i «NpubyBaTM» 3 KiCTKOBO-
ro MO3KyY BXe y JI0pOC/IOMY BiLli, BUKOHYIOYM By3bKOCe-
uianisoBaHi 3aBgaHHA [15].

Y KOHTEKCTi 40N10BiYOro penpoayKTMBHOIO 340pP0B’A
MaKkpodarm BUCTyNatoTb Y A BOX POAX:

1. PATyBaNbHMKM — NpU FOCTPUX TPaBMax BOHW 3a-
NyCcKaloTb 3aXMCHIi 3ananbHi Kackaau, a 3rogom — yepes
NPOTM3anasbHi WAAXU — N1aTakOTb MNOLIKOANKEHHA Ta CTU-
MY/IIOIOTb pereHepaLiito.

2. BMHyBaTLj naTonorii. AKWO Makpodaru «3aumnKknto-
IOTbCA» Y CTaHi XPOHIYHOI aKTMBaLii, 3aMiCcTb HOpMab-
HOrO BiAHOBNAEHHA MOYMHAETbCA $iBPO3 — 3aMilLeHHA
bYHKLiOHaNbHOI TKAHMHKM cnosyyHoto. Lle npamuit wnsax
00 XPOHIYHMX 3axBOpoBaHb [16].

CboroaHi BYEHi BCbOTrO CBITY LIyKalOTb CNOcobu «ne-
penporpamyBaTi» Li KAITUHU (aZONTMBHA KNITUHHA Te-
panis), wob 3ynMHUTK 3ananeHHnA Ta ¢ibpos. e KpuTtnu-
HO Ba)KNMBO A/1A 60poTbbU 3 AediLUTOM TECTOCTEPOHY
— npobaemoto, WO CTaEe AeAani NOWMPEHILLOH.

Y HawoMmy CnocTepexeHHi MU AeTasibHO NPOCTEXMU-
N, AK 3MIHIOETbCA nonynauia cneuneiyHnx CD 163+
Makpodaris B iHTEPCTULIT A€YKa B YMOBAX XiMiYHOI Ka-
cTpauii TpunTopeniHom. Lli gaHi gonomaratoTb Kpalte
3p03yMiTH, AK CaMe iMyHHa cucTema OpraHa pearye Ha
rnMboKi ropmoHanbHi 3miHWM. Ha niactasi nposeaeHo-
ro MoppOMETPUYHOro Ta iIMYHOriCTOXIMIYHOrO aHani-
3y BCTaHOB/eHO, wo TpuBane (oo 365 aib) BBEeAeHHA
TPUNTOPENiHY CMNPUYUHAE XPOHIYHY iMyHO3ananbHy
nepebyposy Aeyka. Akymynauia CD163+ makpodaris €
KNHOYOBUM JTAHLIOTOM Y MEXaHi3Mi 3aMileHHA PyHKLL-
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PucyHok — Ekcnpecia knitud CD163+ MoHOUUTapHO-MaKpodarasbHOro pAAy CNoy4YHOi TKAHMHU AEYKA NPU BBEAEHHI TpUNTOopeniHa 3 AoAa-
BaHHAM KBepLeTuHy: A — KOHTposb, b — 30-Ta ao6a, B —90-ta gob6a, I — 180-ta ao6a, [, — 270-ta #0643, E — 360-Ta goba. 36inbweHHA: x400.
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OHa/IbHOI TKAHWHW OpraHa CnoJly4YHoo, O NPU3BOAUTD
[0 HEe3BOPOTHOIO 3HUXKEHHA PenpoayKTMBHOIO NOTEH-
Liany B eKcnepuMeHTanbHili mogeni.

BucHoBKM.

BBegeHHa TpunTopeniHy 3 A04aBaHHA B PaLLiOH Xap-
YYBAHHA eKCNepuMeHTaNbHUX LLYpPiB KBEPLETUHY Npu-
3BOAUTbL A0 CTabifibHOro, nporpecytoyoro 36inbleHHn
nonynauii CD163+ maKkpodaris y CMOAYYHIA TKaHWHI

3-m Ta 6-m micayamum (90-180 pobu). CymapHe 36inb-
LUEeHHs NOoKa3HUKa Ha 365-Ty noby cknapae 213,41% Big-
HOCHO BUXigHOTO PiBHA.

MepcneKkTMBM NOAANBLUNX AOCNIAMKEHD.

Modanblwi AOCNiAMKEHHA MOXKYTb BYyTM CnpsmoBaHi
Ha B33aEMO3B’A30K MixK Makpodaramu, KniTMHamu cnep-
MaTOreHHOro eniTenito Ta BUPOBNEHHAM TECTOCTEPOHY
IHTEPCTULIMHUMUN eHOOKPUHOLUTAMM, WO MOXKE Mpu-

3BECTM [0 iHHOBALiMHUX METOAIB B JliKyBaHHI MEBHUX
BMAiB YosioBivoro 6esnnigas.

AEYKA NMPOTArOM YCbOro PIYHOro UMKAY. [IuHamika mae
HeniHIMHWIM xapaKTep i3 NPUCKOPEHHAM Yy nepios Mix
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AOUHAMIKA KIZIbKOCTI CD 163+ KNITUH MOHOUUTAPHO-MAKPO®ATA/IbHOIO PAAY IHTEPCTULLIIO CIM’A-
HUKIB LWYPIB NP BBEAEHHI TPUNTOPENIHY 3 AOOABAHHAM KBEPLETUHY MPOTATOM 1 POKY

Creuyk €. B., LWWenitbKo B. ., binaw C. M., bopyTa H. B., Binbxosa O. B., /lucaueHko O. [l., BonowwuHa O. B.

Pestome. Makpodaru — e He NPOCTO NOOANHOKI 3aXUCHI KNITUHM, @ po3ranyKeHa romeocTaTuyHa CMCTeMa, Lo
iHTerpoBaHa B yCi TKAHWMHM CcaBLiB Le 3 embpioHaNbHOro nepiody. Ix MoXHa po3rAAaTH AK AUCNEPCHUI OpraH, Lo
bYHKLiOHYE NapanenbHO 3 HEPBOBOK Ta EHAOKPUHHOKW cucTemamn. MeTor AoCNiAKeHHA ByN0 BU3HAYEHHA Au-
HaMiKM 3MiH KiZIbKICHOrO MOKa3HMKa KAITUH MOHOUMUTAaPHO-MaKpodaraibHOro pagy Croay4yHoi TKAaHUHWU CIMAHMKIB
wypis 3a peuentopamm CD163+ npm XiMmiyHil KacTpauii TpuntTopeniHom npoTtarom 1 poKy 3 AoAaBaHHAM KBepue-
TUHY. EKcnepumeHT npoBegeHuii Ha 35 cTtaTeBO3pinux 6innx Lypax-camuax. TBapuH 6yno posaineHo Ha 2 rpynu.
Mepwa rpyna 3 10 TBapuH (KOHTPONbHA) OTPUMYyBana NiAWKIPHI iH eKLii 0,9% PO3UMHY X10pMAY HATPIO NPOTArOM
yCbOro nepiofy ekcnepumeHTy. Jpyra rpyna 3 25 TBapuH (ZocnigHa), y AKin mogentoBanu LeHTpasibHe 610KYBaHHA
CUHTE3Y /IIOTEIHI3YI040ro ropMoHy, OTPMMYBana NiAWKipHI iH €KLl TpunTopeniHy 8 A03i 0,3 Mr/Kr + AoaaBanmn eHTe-
PaNbHO KBEPLETUH TPUYi Ha TUKAEHDb. A iIHOrCTOXIMIYHOrO AOCNIAKEHHA BUKOPUCTOBYBaAM aHTUTIIA Anti-CD163
Bif KomnaHii Abcam. B Hawomy cnoctepexkeHHi My AeTa/ibHO MPOCTEXKMUN, AK 3MIHIOETLCA NONYAALIA cneumndivyHmx
CD 163+ makpodariB B iHTepCTUL,ii CiMAHMKA B yMOBaXxX XiMi4yHOI KacTpauii TpunTopeniHom. Lli gaHi gonomaratoTtb
Kpalle 3p0o3yMiTh, AK came iMyHHa CMCTeMa OpraHa pearye Ha MMBOoKi ropmoHanbHi 3miHM. Ha niacrasi npose-
AeHOro MopdOMETPUYHOrO Ta iIMYHOFICTOXIMIYHOTO aHani3y BCTAHOBAEHO, LLO TPMBANE BBEAEHHA TPUMNTOPENiHy
CNPUYMNHAE XPOHIYHY iMyHO3ananbHy nepebynoBy Aedyka. Akymynsauis CD163+ makpodaris € KNHOYOBMM IAHLLIOTOM
Yy MexaHi3Mi 3amileHHA GYyHKLiOHaNbHOT TKAHMHM OpraHa CMo/lyYHOO, L0 NPU3BOAUTL A0 HE3BOPOTHOIO 3HUMKEH-
HA PenpoAyKTUBHOIO NOTEHLiaNly B eKCNepMMeHTanbHilM mogeni. BBeaeHHs TpuntopeniHy 3 AoAaBaHHA B paLioH
XapuyBaHHA eKCNepuMMEHTaIbHUX LLYPiB KBEPLETUHY NPU3BOAUTb A0 CTabisibHOro, Nporpecytoyoro 36ifblweHHA no-
nynsuii CD163+ makpodariB y CnonyyHin TKAHUHI AEYKA NPOTATOM YCbOTO PiYHOro UMKAY. [AMHAMIKa Ma€ HeNiHIMHUI
XapaKTep i3 NPUCKOPEHHAM Y NMepiog Mix 3-m Ta 6-m micayamm (90-180 go6bu). CymapHe 36inblUeHHS NOKa3HMKa Ha
365-Ty fo6Yy cknapae 213,41% BigHOCHO BUXigHOIO pPiBHA.

458

ISSN 2077-4214. BicHuk npo6nem 6ionorii i meguumunm — 2026 — Bun. 1(180) / Bulletin of problems in biology and medicine — 2026 — Issue 1(180)
https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



MOP®»ONO0rIf / MORPHOLOGY

Kntouosi cnoBa: 4onoBiYa cTaTeBa cMCTEMA, CiM AHUKM, Makpodarn, CD163+, M1/M2, MiKpocKoniyHi 3miHu, imy-
HOTiICTOXiMIYHI JOCNIAMKEHHSA, TPUNTOPENiH, KBEPLLETUH, $ibpos.

DYNAMICS OF CD163+ MONOCYTE-MACROPHAGE CELLS IN THE RAT TESTICULAR INTERSTITIUM DURING ONE-
YEAR ADMINISTRATION OF TRIPTORELIN WITH QUERCETIN

Stetsuk Ye. V., Shepitko V. I., Bilash S. M., Boruta N. V., Vilkhova O. V., Lysachenko O. D., Voloshyna O. V.

Abstract. Macrophages are not merely isolated defensive cells but rather an extensive homeostatic system
integrated into all mammalian tissues from the embryonic period. They may be regarded as a dispersed organ
functioning in parallel with the nervous and endocrine systems. The aim of the study was to determine the dynamics
of changes in the quantitative index of monocyte-macrophage lineage cells in the connective tissue of the rat testes
identified by CD163+ receptors during chemical castration with triptorelin for 1 year with the addition of quercetin.
The experiment was conducted on 35 sexually mature white male rats. The animals were divided into two groups.
The first group of 10 animals (control) received subcutaneous injections of 0.9% sodium chloride solution throughout
the entire experimental period. The second group of 25 animals (experimental), in which central blockade of
luteinizing hormone synthesis was modeled, received subcutaneous injections of triptorelin at a dose of 0.3 mg/
kg, with quercetin additionally administered enterally three times per week. For the immunohistochemical study,
Anti-CD163 antibodies from Abcam were used. In our observation, we traced in detail how the population of specific
CD163+ macrophages in the testicular interstitium changes under conditions of chemical castration with triptorelin.
These data help to better understand how the immune system of the organ responds to profound hormonal changes.
Based on the performed morphometric and immunohistochemical analysis, it was established that prolonged
administration of triptorelin causes chronic immunoinflammatory remodeling of the testis. The accumulation of
CD163+ macrophages represents a key link in the mechanism of replacement of the functional tissue of the organ
with connective tissue, leading to an irreversible decrease in reproductive potential in the experimental model.
Administration of triptorelin in combination with dietary quercetin supplementation in experimental rats results
in a stable, progressive increase in the population of CD163+ macrophages in the connective tissue of the testis
throughout the entire annual cycle. The dynamics are nonlinear, with acceleration in the period between the 3rd
and 6th months (days 90-180). The total increase of the parameter on day 365 amounts to 213.41% relative to the
baseline level.

Key words: male reproductive system, testes, macrophages, CD163+, M1/M2, microscopic changes,
immunohistochemical analysis, triptorelin, quercetin, fibrosis.
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