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AHHOTAITUA

BBegeHUe. YiydlleHHe KAaUeCTBAa JUATHOCTUKHU U PAaHHEE HAYAJIO JIEUEHHUs 3JI0KaUeCTBEHHBIX HOBOOOPA30BaHUM
IIPUBEJIO K YMEHBIIIEHHIO I0KAa3aTe Il CMEPTHOCTH OT HuX. OJTHAKO TOKCUYHOCTD, CBSI3aHHAs C IPUMEHEHUEeM XHMHUOTepa-
Y, crriocoOHa BBI3BATh MO3JJHUE U JOJITOCPOUYHbIe T060UHbIe 3 dEKTHI, OZHUM U3 KOTOPBIX fABJsAeTcs Oecruionue. Ha
JIAHHBIN MOMEHT HeZIOCTATOUYHO U3Y4IeHbl MEXaHU3MBI ITOBPEXKAEH, BBI3BAHHbIE TOKCUUECKUM JIeHCTBUEM IIPENIapaToB,
IIpeIHa3HAYEHHBIX JIJ1A JIedeHUsA IreM00JI1acTO30B.

Il e 1 b. U3yuurh MOpdhohyHKIIMOHATHPHOE COCTOSHUE SHOKPUHHOTO allaparta CEMEHHUKOB KPbIC TOCJIe BBEJEHUS
XUMHOIIPENapaToB.

MaTepuanxb U MeTOJB5sl . IIpOBEIeHO HUCCIEJOBAHUE TI0 THILY «CIyIai-KOHTPOJIb» Ha 50 KPbICAX JIMHIHI
Wistar B Bo3pacre 3 Mec Maccoii 270—300 T. I'pymiy KOHTPOoJist (n = 10) COCTaBUJIN KPBICHI, HE TIOJIyYaBIIIKe IpernapaThl
JUIs JIEYEeHUs TeM00JIaCTO30B, OMBITHYIO IPYHILY (11 = 40) — KPbIChI, KOTOPHIM BHYTPUOPIOIINHHO BBOAWIN ITUKI0docha-
MUJI, THAPOKCHIAYHOPYOUIINH, OHKOBUHKPUCTHH, IpefHu30yoH (cxema CHOP). BeceM KpbIcaM OIpeZiesisiii yPOBEHB
TECTOCTEPOHA U JIIOTEMHU3UPYIOIIEr0 TOPMOHA HA UMMYHOMEPMEHTHOM aHAIu3aTope. MI3Mepsuii Maccy ¥ paCCUUTHIBATIH
MacCCOBBIHM UH/IEKC CEMEHHUKOB KPBIC, TPOBOIMIIA MOPGhOMETPUIO KJIEeTOK Jlekura.

PesyunbTartsb . Ilociae ABYXKpaTHOTro BBeZeHUs IpernaparoB rpynnsl CHOP Ha 14-e CyTKH y KpBIC ONIBITHOH
IPYIIIBI OTMEYAIOCh CHIDKEHHE MAacChl X MAacCOBOTO MH/IEKCA CEMEHHUKOB. Pe3yspTaThl MOPQOMETPUH CBUETEIBCTBO-
BaJId 00 YMEHBIIEHUH KOJHMYECTBa SHAOKPUHOIIUTOB, KOJIMYEeCTBa KJIeTOK Jleliura cpelHUX U GOJIBIINX Pa3MEPOB U yBe-
JINYEeHUU KoJImdecTBa MaIbIX GOpM 3TUX KieToK. KOHIIeHTpaIus TeCcTOCTepOHA B IIa3Me KPOBH cHUKaznack. K 35-M cyT-
KaM KCCJI€ZIOBAHHbIE IOKA3ATENH Y KPBIC OTBITHON TPYIIIBI COOTBETCTBOBAJIN KOHTPOJIIO.

3axknwueHHUe. JIByXKkpaTHOe NPUMEHEHHE IPOTHBOOIYXOJIEBBIX mpemnaparoB komiiekca CHOP (7-e u 14-e
CYTKH) ¥ KPBIC COITPOBOXK/IAJIOCH CHUKEHUEM MAaCChl CEMEHHUKOB, TUCTPODUUECKUMU U aTPOGUIECKUMU H3MEHEHUAMU B
MHTEPCTUINATIBHBIX OCTPOBKAX, KJIeTKax Jleliura, yMeHbIIeHIeM KOHIIEHTPAINH TECTOCTEPOHA B IIa3Me KpoBU. K 35-M
CyTKaM SKCIIEPHMEHTA Pa3BUBAINCH KOMIIEHCATOPHO-IIPUCIIOCOOUTEIBHBIE PEAKI[UH, XapAaKTEPU3YIOLIHECS BOCCTAHOBIIE-
HHUEM Macchl CEMEHHUKOB, YBeJIMUeHNEM CPeHUX U 00IpINX GopM SHAOKPUHOIIUTOB U YPOBHA TECTOCTEPOHA B IIa3Me
KpPOBH.
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Morphofunctional state of the endocrine apparatus of rat testicles
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ABSTRACT

Introduction. Improvements in the quality of diagnosis and early treatment of malignant neoplasms have led
to a decrease in the mortality rate. However, chemotherapy-induced toxicity can cause late and long-term side effects, one
of which is infertility. At the moment, the mechanisms of damage caused by the toxic effect of drugs designated for the
treatment of hematologic malignancies have not been sufficiently studied.

Aim . Tostudy the morphofunctional state of the endocrine apparatus of rat testicles after the administration of che-
motherapeutic agents.

Materials and methods. Acase-controlstudy on 50 Wistar rats aged 3 months weighing 270-300 g
was performed. The control group (n = 10) consisted of rats which did not receive drugs for the treatment of hematologic
malignancies, the experimental group (n = 40) comprised rats which were intraperitoneally administered cyclophospha-
mide, hydroxydaunorubicin, vincristine, prednisolone (CHOP regimen). Testosterone and luteinizing hormone levels in
rats were measured by enzyme immunoassay. The weight of rat testicles was measured, and the testicular mass index was
calculated, as well as morphometry of Leydig cells was performed.

Results. Afteratwofold administration of chemotherapeutic drugs (CHOP regimen), on the 14th day, the rats of the
experimental group showed a decrease in the weight and mass index of the testicles. Results of morphometry indicated a
decrease in the number of endocrine cells, number of medium- and large-size Leydig cells, and an increase in the number
of small forms of these cells. Concentration of testosterone in blood plasma decreased. By the 35th day, the studied param-
eters in the rats of the experimental group corresponded to the controls.

Conclusion. Atwofoldadministration of chemotherapeutic drugs (CHOP regimen) on 77th and 14th days in rats
was accompanied by a decrease in testicular weight, degenerative and atrophic changes in islets of interstitial (Leydig)
cells, and a decrease in testosterone concentration in blood plasma. By the 35th day of the experiment, compensatory and
adaptive responses were developing, characterized by the restoration of testicular weight, an increase in the number of
medium- and large-size endocrine cells and testosterone level in blood plasma.

Keywords: endocrine cells, Leydig cells, chemotherapy, CHOP, morphometry, rats.
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BBEJIEHHNE INTRODUCTION
3a mocielHUe TOABI OTMEYAeTcs YBeJIHnYeHUe In recent years, there has been an increase in the
YacToThl 3a00JIeBaEMOCTH  3JI0KAYeCTBEHHBIMU incidence of malignant neoplasms. In people under

HOBOOOpa3oBaHUsAMU. B Bo3pacre 70 30 jieT HaHU-
6oJ1ee yacTo BCTpeyaroTest reMo0s1acTo3bl — 32.8 %
[1—3]. CoBpeMeHHBIE IPOTHBOOITYX0JIEBBIE TIpETIa-
paTthl, IpUMeHsieMble JJis JieueHusi remob.J1acTo-
30B, OTJIMYAIOTCS BHICOKOM CTEIIEHBIO aTPECCUBHO-
CTH, TaK KaK OKa3bIBAIOT BO3/IEHCTBHE HE TOJIHKO
Ha aTUNUYHBIE KJIETKH, HO W Ha HOpMAaJbHbIE
TKaHU U KJIeTKU. TOKCUYHOCTD, CBS3aHHAS C MIPU-
MeHEHHeM XHWMHUOTepaluu, CI0COOHAa BBHI3BATH
paHHUe, TO3JHHE W [O0JITOCPOYHBIE ITOGOUHBIE

30 years of age, hematologic malignancies are most
common — 32.8% [1—3]. Modern anti-tumor drugs
for the treatment of hematologic malignancies are
highly aggressive, as they affect not only atypical
cells, but also normal tissues and cells. The chemo-
therapy-related toxicity can cause early, late and
long-term side effects [4]. Diseases and pathological
conditions caused by the use of cytostatic drugs, as a
rule, develop in a long-term period and are charac-
terized by a chronic course [5]. Frequent manifesta-
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addexTsl [4]. 3abosieBaHUS W TATOJOTHYECKUE
COCTOsIHMA, 00YCIOBJIEHHBIE TPUMEHEHUEM IIHTO-
CTAaTUYECKUX MPenapaToB, pa3BUBAIOTCSA, KaK Ipa-
BUJIO, B OT/IaJIEHHBIN IEPUOJ M XapaKTEPU3YIOTCS
XPOHHYECKUM TeueHueM [5]. YacThIMu mposiBIie-
HUSAMH OT/JAJIEHHBIX IOCJIEACTBUN NPUMEHEHU
IUTOCTATUYECKUX MPENapaToB SABJISIOTCSI IOBTOP-
Hble OHKoJiornyeckue 3abosieBaHus, 3abosieBa-
HUS CepJIEYHO-COCY/IUCTOU CHUCTEMBI, HEPBHOU
CUCTEMBI, SHJIOKPHUHOIIATHH, IIATOJIOTUS TIJIa3,
JKEHCKOe U MYysKCcKoe Oecrtozue u ap. [6, 7]. Puck
JIETAJIbHBIX UCXOJ0B Yy JAHHOHN KaTEerOPUH MallleH-
TOB BBIIIIE B 9—11 Pa3 B CPAaBHEHHU C OOIIEH IOIry-
JIANMEH, IIPYU 3TOM 4yTh O0JIee IOJIOBUHBI CMepTel
(62.2 %) cBsA3aHBI C PENUAUBAMH IEPBUYHOTO
OIIyXOJIEBOTO IIPOIIECCA, A 22.4 % SIBJIAIOTCA CJIEA-
CTBUEM TIPOBOJUBIIETOCS IIPOTHBOOIYX0JIEBOTO
JiedeHUs (BTOPBIE OITyXOJIH, CEP/IE€YHO-COCYUCTHIE
3a00ieBaHUsA W IMpOYMe IO3HUE STPOTEHHBIE
addexrsr) [8].

B Poccuwn 06111€€ KOJTUYECTBO MY?KUHH C OECILIO-
ZIMeM YBEJIMYHIIIOCH 32 IEPUO/T ¢ 2000 110 2018 roZ[bI
B 2.1 pasa, MpU 3TOM UMEIOTCs PeTHOHAIbHbIE Pa3-
auuus. Tak, B [JlaapHEeBOoCTOUHOM denepaabHOM
OKpyTe caMble HU3KHE IOKas3aTesu 3aboJjieBaeMo-
CTH MYyKCKHUM OecrutogueM B Poccun. IIpuynHb
Pa3BUTUS MYKCKOTO OeCcIUiofus pa3zHOOOpPa3HBI:
BPOXKJIEHHBIE U IPHUOOpETEeHHblE AHOMAJIMU Opra-
HOB MOYEII0JIOBOH CHCTEMBI, HH(PEKITUU MOYEBBIX U
[IOJIOBBIX IIyTe€H, TIIOBBIIIEHWE TEMIIEPAaTyphl B
MOIIIOHKe (BapHUKoIlese), SHIOKPUHHBIE Hapylle-
HUS, TeHETUYeCKNe aHOMAUIMU U UMMYHOJIOTHYe-
ckue paktopsl. OHAKO B 40—60 % ciiyuyaeB uMe-
€TCs eJIMHCTBEHHAs aHOMAJIUS — IATOJIOTHYecKas
criepMorpamMma, a mpu o0beKTUBHOM H J1abopaTop-
HOM HCCJIEIOBAaHUY JIDYTUX aHOMAJIUU He OIpefe-
nsiercs. «HeoObssicHUMBIE» (HOPMBI MYKCKOTO Oec-
ILJIOJTUSA MOTYT OBITH BBI3BAHBI TAKUMH (paKTOpaMU,
KaK XpOHUYECKHUH CTpecc, SHIOKPUHHbBIE HapyIle-
HUS BCJIEJICTBHE 3arpsI3HEHUs  OKPYIKaoIIei
cpenpl, TeHETUYECKHEe aHOMaJnu U Ap. [9, 10].
Cpeny TpPUYHH Pas3BUTHA MYMKCKOTO OecIyiofus
MOKeT OBITh IPUEM JIEKAaPCTBEHHBIX INPENapaTos,
0COOEHHO ITPOTHBOOIIYXOJIEBBIX CPEACTB U AHTH-
OHOTHKOB [11].

BmecTe ¢ TeM MeXaHU3MBI IIOBPEXK/IEHUS II0JIO0-
BBIX JKejie3 Y MYKUYUH, BBI3BAaHHBIE TOKCHYECKUM
JIEICTBUEM IIpPernapaToB, IPeJHA3HAUYEHHBIX JJIS
JledeHus reMo0s1acTo30B: IuKIodochamuaa [12],
THAPOKCU/IayHOPYyOuInHa [13], BuHKpUcTHHA [14] 1
npenuusosiona [15] (mo cxeme CHOP) — ocratorest
HEZIOCTATOYHO N3YUEeHHBIMU.

tions of the late effects of the use of cytostatic drugs
are recurrent cancers, diseases of the cardiovascular
and nervous systems, endocrinopathies, ophthalmic
pathology, female and male infertility, etc. [6, 7]. The
risk of fatal outcome in this category of patients is
9—11 times higher compared to the general popula-
tion, while a little over the half of deaths (62.2%) are
associated with relapses of primary neoplastic pro-
cess, and 22.4% are consequences of the anti-tumor
treatment (second tumors, cardiovascular diseases
and other late iatrogenic effects) [8].

In Russia, the total number of men with infertility
increased by 2.1 times between 2000 and 2018, with
regional differences. Thus, the Far Eastern Federal
District has the lowest incidence of male infertility in
Russia. The causes of male infertility are diverse:
congenital and acquired genitourinary system abnor-
malities, urinary and genital tract infections, scrotal
temperature rise (varicocele), endocrine disorders,
genetic abnormalities and immunological factors.
However, in 40-60% of cases there is a single anom-
aly — an abnormal spermogram, and no other abnor-
malities are revealed during clinical examination
and lab tests. Unidentified forms of male infertility
can be caused by such factors as chronic stress, endo-
crine disorders because of environmental pollution,
genetic abnormalities, etc. [9, 10]. Among the causes
of male infertility may be medication, especially use
of anti-tumor drugs and antibiotics [11].

At the same time, the mechanisms of damage to
male gonads because of the toxicity of drugs intended
for the treatment of hematologic malignancies
(cyclophosphamide [12], hydroxydaunorubicin [13],
vincristine [14] and prednisolone [15] — CHOP regi-
men) remain insufficiently studied.

AIM OF THE RESEARCH

To study the effect of chemotherapeutic agents on
the morphological and functional state of the endo-
crine apparatus of testicles in experiment.

MATERIALS AND METHODS

A case-control study was performed on 50 male
Wistar rats aged 3 months and weighing 270—-300 g.
The animals were divided into 2 groups: group 1
included rats that did not receive chemotherapeutic
agents (control group, n = 10); group 2 (experimen-
tal) included rats, which received chemotherapeutic
agents (CHOP regimen) for the treatment of hemato-
logic malignancies (n = 40). Group 2 rats received
chemotherapeutic agents twice — on the 1st and 77th
day [16]: cyclophosphamide (Cyclophosphamide,
Baxter Oncology GmbH, Germany) — 21 mg/kg,
hydroxydaunorubicin  (Doxorubicin, Veropharm

104

Journal homepage: http://jsms.ngmu.ru



Abramkin E.E. et al. / Journal of Siberian Medical Sciences Vol. 8, No. 3 (2024)

IIEJIb UCCJIEJOBAHUA
N3yueHue BIUAHUS XUMHUOIIPENIapaTOB HA MOP-
dodyHKIIMOHATIPHOE COCTOSHHWE SHIOKPUHHOTO

alrapara CEMEHHUKOB B O9KCIIEDUMEHTE.

MATEPUAJIBI 1 METO/IbI

[TpoBeieHO HCCIEIOBAaHUE [0 THILY «CIIydai-
KOHTPOJIb» Ha 50 KpbIcax-camiax juHuu Wistar B
BO3pacTe 3 Mec Maccoi 270—300 r. JKHBOTHBIX pa3-
JIEJTIFUTA Ha 2 TPYIIIBL: B 1-I0 TPYIIILY BOILLIH KPBICHI,
He niosryvyaBimrie CHOP (rpymma KoHTposiA, n = 10);
BO 2-10 (OIBITHYIO) TPYIIY — KPBICHI, IIOJyYaBIIIHE
KOMILIeKC xumuonpenaparos rpynnsl CHOP, npes-
Ha3HAYEHHBIX JIJIS1 JIEUEHHsA TeM00J1acT030B (1 = 40).
Kpeicam 2-# TpymIbI XMMHUONIPENapaThl BBOIUIIN
JIBQXK/IbI — HA 1-€ U 7-€ CyTKHU [16]: nukiodochamu/g
(Cyclophosphamide, «Bakcrep Oukosoruss I'm6X»,
lepmaHusi) — 21 MT/KT, THIPOKCUAAYHOPYOUIIMH
(Doxorubicin, AO «Bepodapm», Poccus) -
2.1 mr/kr, BuHKpHcTUH (Vero-vincristine, AO «Bepo-
dapm», Poceust) — 0.04 Mr/Kr u nipegau3osioH (Poc-
cusi) — 2.1 MI'/KT.

Pa6oTa C KMBOTHBIMH OCYIIECTBJISTIACH B COOT-
BerctBun ¢ I'OCT 33216-2014 «PykoBOACTBO IO
COZIEPIKAHUIO U YXOAY 32 JJaOOPATOPHBIMH KHUBOT-
veiMu. [IpaBmia cozep:kaHus U yxoza 3a jabopa-
TOPHBIMU TPHI3yHAMH U KpPOJIUKaMu». JKUBOTHBIE
00erx TPy COAEPIKATUCH B OJTUHAKOBBIX YCIIOBUAX
BUBapus AMYpPCKOH TOCYZJapCTBEHHON MeIUIIIH-
CKOH aKaZieMUH IIPU TeMItepaType 22—24 °C u BIax-
HOCTH 50—65 %.

OBTaHA3WA JKUBOTHBIX IIPOBOAIJIACH METO/IOM
JIEKAIUTAINK [10]T aHECTE3HEH ¢ COOII0/IEHNEeM ATH-
yecKuxX HOpM. [IpOTOKOJI SKCIIEpUMEHTa HCCIIe/I0Ba-
HUsS Ha 3Tamnax Co/IepKaHUs, MOJEJIUPOBAHUA U
BBIBE/IEHUS JKUBOTHBIX U3 HKCIEPUMEHTA COOTBET-
CTBOBAJI IIPUHITUIIAM OHMOJIOTHYECKOH STHUKU, U3JI0-
JKeHHBIM B «MeXAyHApOIHBIX PEKOMEHAAUAX 10
IIPOBEIEHUI0 MEIUKO-OMOJIOTUUECKIX HCCIIeI0BA-
HUM C MCIOJb30BaHUEM KUBOTHBIX» (CIOMS,
CrpacOypr, 1985), «EBpomeickoil KOHBEHIIUH O
3alUTE TIO3BOHOUHBIX KUBOTHBIX, HCIIOJIB3YEMbIX
JUTs. DKCIIEPUMEHTOB WJIM B MHBIX HAYUYHBIX IIEJISX»
(Coset EBpormbl, Ctpachypr, 1986), mpukazy MuHu-
crepcTBa 37paBooxpaHeHus PO oT 19.06.2003
N2 267 «O0 yTBEp:KIAEHUH IPaBUJ JIaOOPATOPHOU
MIPAKTUKU».

VY JKUBOTHBIX 2-U OIBITHOH I'PYIIIBI 32a00p KPOBU
U CEMEHHHUKOB IPOBOJWIN Ha 7-¢ (n = 10), 14-e
(n=10), 21-e (n =10) 1 35-€ (n = 10) cyTku. O6pas1bI
KpOBH OBLIH IIOMEIEHBI B BaKyyMHbIE ITPOOHUPKU
(Kuraii). [Ina uMMyHO(pEPMEHTHBIX UCCIIEOBAHUN
HCIIOJIb30BAIM IVIA3MY KDPOBH, IOJIYUEHHYIO I€H-

JSC, Russia) — 2.1 mg/kg, vincristine (Vero-vincris-
tine, Veropharm JSC, Russia) — 0.04 mg/kg and
prednisolone (Russia) — 2.1 mg/kg.

The experiment was carried out in accordance
with the GOST 33216-2014 “Guidelines for the main-
tenance and care of laboratory animals. Rules for the
maintenance and care of laboratory rodents and rab-
bits”. The animals of both groups were kept in the
same conditions of the vivarium of the Amur State
Medical Academy at a temperature of 22—24°C and
humidity of 50-65%.

Euthanasia of animals was performed by decapi-
tation under anesthesia in compliance with ethical
standards. The study protocol at the stages of keep-
ing, modeling and removing animals from the
experiment corresponded to the principles of bio-
logical ethics of the International Ethical Guide-
lines for Biomedical research involving animals
(CIOMS, Strasbourg, 1985), European Convention
for the Protection of Vertebrate Animals used for
Experimental or for Other Scientific Purposes
(Council of Europe, Strasbourg, 1986), Order of the
Ministry of Health of the Russian Federation
No. 267 dated 06/19/2003 “On approval of the
Rules of Laboratory Practice”.

In animals of the 2nd group, the sampling of
blood and testicles was performed on the 7th (n = 10),
14th (n = 10), 21st (n = 10) and 35th (n = 10) days.
Blood samples were placed in vacuum tubes (China).
For enzyme immunoassay, blood plasma was centri-
fuged for 10 minutes at 1300 g. All blood plasma
samples were stored at —20°C before the tests. Con-
centrations of luteinizing hormone and testosterone
were measured in blood plasma (CHEMA LLC, Rus-
sia). The study was performed on an Immuno-
chem-2100 (USA) microplate reader as specified by
manufacturer.

The prepared testicles (right and left separately)
were weighed on a torsion balance. Next, the mass
index (relative weight of testicles) was determined
which is the ratio of the weight of the organ to the
body weight of the animal expressed as a percentage.

Testicular samples were fixed in 10% neutral for-
malin, dehydrated in alcohols of increasing concen-
tration (up to 100%). The material obtained was
embedded being oriented in paraffin blocks in paral-
lel to the section plane. The blocks were cut on a His-
toSafe MicroCut-SA rotary microtome (China). Sec-
tions of 5 um thickness were stained with hematoxy-
lin and eosin according to the conventional technique.
Then the material was examined on a Biomed 6
microscope (Russia) at magnifications x100 and
x400. The images were processed in the Aperio
ImageScope x64 program (Switzerland).
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TpuQYrUpoOBaHNEM B TeUeHHE 10 MHUH IPH 1300 g.
Bce 00pasmpl mia3Mbl KpOBH XpaHWIN IpU —20 °C
10 TIPOBE/IEHUS aHAJIN30B. B m1a3zmMe KpoBU ompesie-
JISITI TIOKA3aTeJd JIIOTENHU3UPYIOIIEr0 TOPMOHA U
tectocrepoHa (OO0 «XEMA», Poccus). Ucenenosa-
HUe TPOBOAUIN Ha UMMYyHO(DEPMEHTHOM aHAIU3a-
tope Immunochem-2100 (CIIIA) B COOTBETCTBUU C
TpebOOBaHUAMU IPOU3BOIUTEIA.

OTnpenapupoBaHHbIe CEMEHHUKU (10 OTIETHHO-
CTH IIPABBIH U JIEBBIH) B3BEIINBAIN HA TOPCUOHHBIX
Becax. Jlajyiee onpeiesIsiyIi MacCOBBIN MHJIEKC (OTHO-
CUTEIFHYIO MACCy MY»KCKHUX ITOJIOBBIX JKeJie3), KOTO-
PpBIi TpezicTaBIIsIeT COOOU OTHOIIIEHHE MAcChl OpraHa
K Macce TeJia JKUBOTHOT'O, BRIDAYKEHHOE B IIPOIEHTAX.

O6pa3upl ceMEHHUKOB QUKCUPOBAIH B 10% HEN-
TpaJibHOM (opManHe, 00e3BOKUBAIIM B CIUPTaX
BOCXOJIAIIIER KOHIeHTparuu (70 100 %). Ilomyden-
HBIII MaTepuas 3aIMBAJIM B IapaduHOBBIE OJIOKH,
OpUEeHTHPYS (PparMeHTHl MMAPAJIIESIBHO IIOCKOCTH
cpesa. IIpousBoguiau pe3Ky TOTOBBIX OJIOKOB Ha
poranimonHoMm MukporoMme HistoSafe MicroCut-SA
(Kuraii). Cpesbl TOJNIIWHOH 5 MKM OKpaIllUBaIU
reMaTOKCHJIMHOM K 503WHOM IO OOIIENmpUHATON
MeTO/IMKe. 3aTeM MaTepHaJs UCCIEA0BAIN HA MUKPO-
ckorre «buomes 6» (Poccust), Ipu yBETUUEHUU X100
U x400. [TosryaeHHbIe M300pasKeHUsT 0OpabaThIBAIN
B mporpamMe Aperio ImageScope x64 (IlIBeii-
napwus).

O COCTOAHMY SH/IOKPUHHOTO alapaTa CeMeHHU-
KOB CYJWJIA HAa OCHOBAaHUU aHAIN3a UHTEPCTUIIU-
JIBHBIX SHJIOKPUHOIUTOB. [IpowsBoguiu moacueT
CYMMAapHOTO co/iepKaHus KieTok Jleiinura, pacro-
JIO’KEHHBIX B MEXKKAHAJIbIIEBOH COEIUHUTEIHHOU
TKaHU, B 3aBUCUMOCTHU OT UX MOPHODYHKIIMOHATE-
HBIX TUIIOB, B TOM YHCJIE JIOJIH aKTUBHBIX (OOIBIIIX
U cpeHUX (OPM) ¥ HEAKTUBHBIX (MaJIbIX) S9HIOKPHU-
HonuTOB. Onpeaensyiu 00beM KireTok Jletiaura (Vn)
1o (popMyJie U BBIPAIKATN B MKM3:

Vn=0.52xd?>xd,,

r7ie d, — AuaMeTp 1o KOPOTKOM OCH, MKM;
d, — Amamerp 1o AJTMHHOM OCH, MKM.
Beruucnsiiim  koaddunueHtT MopdodyHKIHO-
HaJIbHOI aKTUBHOCTH KJ1eToK Jletiaura (Ka) mo ¢op-
MyJte, ipegyoxennon 1.1O. MakapoBbIM, KOTOPBIH
[IOKa3bIBaeT OTHOLIEHHE (PYHKIIMOHAIBHO AaKTHB-
HBIX KJIETOK JIeHiura K HEeaKTHBHBIM:

Ka=(B+C)/M,

rae b — nporeHT 60bIHUX KIeToK Jlehaura;
C — mpOIIeHT CpeHUX KIeTOK Jlehaura;
M — mpoleHT MaJbIX KJIeToK Jleiaura.
CTaTHCTUYECKUN aHAIU3 Pe3yJIbTaTOB UCCIIEN0-
BaHUs IPOBOAWIN IIPH IIOMOIIKM CTAHJAPTHOTO

The state of the endocrine apparatus of testicles
was assessed based on the analysis of interstitial
endocrine cells (Leydig cells). We counted the total
content of Leydig cells located in the intertubular
connective tissue depending on their morphofunc-
tional types, including the proportion of active
(large- and medium-sized) and inactive (small-size)
endocrine cells. The volume of Leydig cells (Vn) was
determined using the formula and expressed in ums:

Vn=o0.52xd?xd,

where d — diameter along the short axis, um;

d, - diameter along the long axis, um.

The coefficient of morphofunctional activity of
Leydig cells (Ka) which shows the ratio of function-
ally active Leydig cells to inactive cells was calculated
according to the formula proposed by I.Yu. Makarov:

Ka=(L+M)/S,

where L — percentage of large-size Leydig cells;

M — percentage of medium-size Leydig cells;

S — percentage of small-size Leydig cells.

Statistical analysis of the study results was per-
formed using Statistica 13.3 for Windows (StatSoft,
USA) and Excel 2021. Given the small sample size
and the lack of normal distribution of variables, the
results are presented as median (Me) and upper and
lower quartiles (Q1; Q3). Quantitative data were
compared using the Mann-Whitney test. Differences
were considered statistically significant at p < 0.01,
p < 0.05.

RESULTS AND DISCUSSION

On the 7th day after a single administration of
chemotherapeutic agents, in rats of the 2nd (experi-
mental) group, the weight of testicles decreased
compared with the same indicator in rats of the 1st
(control) group by 2.32%; the difference in testicular
weight between rats of the 2nd (experimental) group
on the 7th and 14th days was 15.97%. Repeated
administration of chemotherapeutic agents led to a
significant testicular weight loss, which remained
until the 21st day, while from the 21st day, an increase
in their weight was observed. On day 35th, the weight
of testicles in rats of the 2nd (experimental) group
was 3.67% lower compared to the same indicator in
rats of this group on the 21st day of the experiment
(Table 1).

On histological examination of rats’ testicles after
a single administration of chemotherapeutic agents,
the thickening of the membrane of proteins, conges-
tion and edema of the stroma, thickening of blood
vessel walls, frequently destruction of the elastic
layer, edema of the interstitial cell islets, and diffuse
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makera Statistica 13.3 for Windows (StatSoft, CIITIA)
u Excel 2021. YuuTsiBast He60IbIIONH pa3Mmep BbIOO-
POK M OTCYTCTBHE HOPMAJIBHOCTH pacCIpe/iesIeHUs
IIPU3HAKOB, PE3YJIbTATHI MIPEICTABIEHBl KaK MeIu-
a"a (Me) u BepxHuil 1 HKHUHA kBapTuiu (Q1; Q3).
CpaBHEHNE KOJIMYECTBEHHBIX TAHHBIX ITPOBOUIIN C
HCIOJIb30BaHUEM KpuTepusa MaHHa — YutHu. Pas-
JIMYHUA CYUTATU CTATHUCTUYECKH 3HAYUMBIMU IIpU
p < 0.01,p < 0.05.

PE3YJ/IBTATDBI 1 OBCY KAEHUE

VY kpbic BO 2-1 (OIBITHOM) I'PYIIIE IOCTE OJTHO-
KPaTHOTO BBeJIEHHs XHMHOIIPENApaToB Macca
CEMEHHUKOB CHHU?KAJIACh HA 7-€ CYyTKU 10 CPAaBHEHUIO
C QHAJIOTUYHBIM II0KAa3aTeJIeM Y KPBIC 1-U TPYIIIIBI
(xoHTpOJIB) HA 2.32 %; Pa3HUIIA B Macce CEMEHHU-
KOB MeK/Iy KpbICaMHU 2-1 (OIIBITHOI) TPYIIIIBI HA 7-€
U 14-€ CyTKHU cocTaBmia 15.97 %. [IoBTOpHOE BBEsIE-
HU€e XUMHOIIPENapaToB IPHUBEJIO K 3HAYNUTETHHOU
IoTepe B Macce CEeMEHHHUKOB, COXpaHUBIIeHcs
BIUIOTH /IO 21-X CyTOK, a C 21-X CYTOK HabJII0/1aJI0Ch
yBeJIMueHUe X Macchl. Ha 35-e CyTKu Macca ceMeH-
HUKOB Y KPBIC 2-1 (OIIBITHO¥) TPYIIIIBI B CDABHEHUH C
aHAJIOTUYHBIM ITOKA3aTeJIEM Y KPBIC BTOM K€ TPYIIIIBI
Ha 21-e CYyTKM DKCIEpUMeHTa ObLia MEHBIIeH Ha
3.67 % (tabi. 1).

IIpy THCTOJIOTUYECKOM HCCIIEZJOBAHUU CEMEH-
HHUKOB KPBIC TIOCJIE OTHOKPATHOTO BBEJIEHUA KOM-
IUIEKCa XUMHUOIIPEeNapaToB HabJII01aI0Ch YTOJIIIe-
HUue 0eJIOUHOW O00OJIOUKH, IMOJIHOKPOBHE U OTEK
CTPOMBI, YTOJIIIEHUE CTEHOK KPOBEHOCHBIX COCY-
JIOB, DJIACTUYECKUH CJIOU YaCTO MOJ[BepTajics pas-
pylIeHuo, HAGIANCA OTEK B MHTEPCTUI[UAIIH-

connective tissue overgrowth were observed. In the
interstitium, endocrine cells (Leydig cells) in the
form of clusters comprising 8—24 cells of various
morphofunctional types (small-, medium-, large-
size, among which small-size Leydig cells predomi-
nated) were identified (Fig. 1, 2). According to the
literature, medium- and large-size Leydig cells are
actively involved in steroid hormone production,
whereas small-size cells represent an involutive and
inactive form in relation to hormone production
[17,18].

Lipofuscin inclusions in individual Leydig cells
were observed (Fig. 3), which confirmed the pres-
ence of atrophic changes in cells and could indicate
inhibition of their functional activity.

Dynamic changes in the concentration of testos-
terone and luteinizing hormone in blood plasma of
rats of the 1st (control) and 2nd (experimental)
groups are presented in Table 2.

During the experiment, on the 7th day in rats of
the 2nd (experimental) group after administration of
chemotherapeutic drugs, a decrease in the total
number of Leydig cells, in the diameter of their
nucleus and their volume, and the accumulation of
lipofuscin were registered, which correlated with an
increase in the population of small-size cells by 4%.
On the contrary, the number of functionally active
medium- and large-size cells was reduced (Fig. 2).

After repeated administration of chemotherapeu-
tic agents on the 14th day, a decrease in the number
of medium-size Leydig cells by 5%, an increase in
small-size cells by 4% and large-size cells — by 1%
was revealed in rats of the 2nd (experimental) group

Ta6suna 1. Macca moJioBbIX JKeJie3 KPbIC [0C/Ie BBeIEHHUS TPOTHBOOMYXO0JIEBBIX TpenapaToB B AuHaMuke (Me)
Table 1. Weight of male gonads of rats after the administration of anti-tumor drugs in dynamics (Me)

I'pynna 2 (onbiTHasA) / Group 2 (experimental) I'pynma 1
Iloka3aTesb (xoHTpOJIB)
Indicator 7-e CyTKU 14-e cyTKH 21-e cyTKu 35-e cyTKu Group 1 Pi2,3,4,12
7th day 14th day 21st day 35th day (control)
Pazmep BbIGOpKHU (1) 10 10 10 10 10
Sample size (n)
Macca »KMBOTHBIX (T) 276.5 272 274.5 277 286 <0.01
Animal weight (g) (274.5; 280.5) (269.25; 274) (271.25; 275.75) (275.25;281.75) (284.25; 297.25)
Macca cemeHHUKOB (T) 1.685 1.55 1.6 1.625 1.74 <0,01
Testicular weight (r) ~ (1.672; 1.697) (1532; 1.587)  (1.582; 1.63) (1.582; 1.655)  (1.72; 1.76)
Maccosbiit ungekc (%) 0.609 0.570 0.590 0.577 0.599 <0,01

Mass index (%) (0.608; 0.610) (0.569;0.579) (0.584;0.593)  (0.574;0.585)  (0.583; 0.623)

lpumeyvaHnune. p,., ,ip,—AOCTOBEPHOCTb Pas/IMiui MEXKAY BEJININHAMM [I0KAa3aTeJIeH y KPbIC 2-H IPYIIIbI HA 7-€ CyTKH U KPbIC
1-i rpynnel; p, - y KpbIC 2-1 Ipynnbl Ha 14-e CyTKU U KPbIC 1-H TPyNIbL; p,~ Y KPbIC 2-# Ykl HA 21-€ CyTKU U KPbIC 1-1 Ipynnbl; p, - y KPbIC
2-f rpynmnbl Ha 35-€ CyTKHU U KpbIC 1-H Ipynmbl; p, , ~ 3HAYUMOCTh PasiIuIMi MeX/ly BeIMIMHAMH T0Ka3aTeslel KpPbIC 2-¥ TPyNIbl HA 7-€ 1
14-e cyTKM.

Note. p,,,,, P, significance of differences between the values of the 2nd group on the 7th day and the 1st group; p, - between the 2nd
group on the 14th day and the 1st group; p, - between the 2nd group on the 21st day and group 1; p, - between the 2nd group on the 35th day
and the 1st group; p, , - significance of differences between the values of the 2nd group on the 7th and 14th days.
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Puc. 1. CeMeHHUKHY KPBIC 2-1 (OIIBITHO) TPYIIIBI HA 7-€ CYTKU. BBIpaXKEeHHBIN OTEK CTPOMBI, OTCJIOEHHE 000JIOUKU
KaHAJIBIIEB OT CLIEPMATOTEHHOTO SIIUTENIHNA, PA3PhIXJIEHNE U NCTOHYEHUE CIIEPMATOTEHHOTO DIIUTEIHS.
VYMeHbIIIeHNE KOJIMUECTBA KJIETOK JIefi/ira, COpoBOXK/aoIIeecs: KAPHOIUKHO30M.

OKpacKka reMaTOKCHJIMHOM M 303UHOM. YBEJIMUEHUE X 50
Fig. 1. Testicles of rats of the 2nd (experimental) group on the 7th day. Pronounced edema of the stroma,
detachment of the tubular membrane from the seminiferous epithelium, loosening and thinning of the seminiferous
epithelium. A decrease in the number of Leydig cells, accompanied by karyopycnosis. Stained with hematoxylin and eosin.
Magnification x50

HBIX OCTPOBKaX, IuPPy3HOE pazpacTaHue coegu-
HUTEJIbHON TKAaHU. B HMHTEpCTUIIUH OIpeJesisin
SHJIOKpUHOIUTHI (KeTku Jle#ura) B BU/E CKO-
TJIEHUH, COCTOAIINX U3 8—24 KJIETOK, Pa3JIMUHbBIX
MopdOodYHKIIMOHAJBHBIX TUIIOB: MaJjble, Cpea-
Hue, OOJIbIIME, CPeIN KOTOPBIX Ipeobsafanu
kiaeTku Jledaura Maibsix pasMmepoB (puc. 1, 2).
CorsylacHO JIUTEPATYpPHBIM JAaHHBIM, KJIeTKH Jlei-
JIUTA CPeIHUX U KPYMHBIX pa3MepoB MPHUHUMAIOT

60

(Fig. 2). However, on the 21st day of the experiment,
rats of the 2nd (experimental) group showed an
increase in the number of medium- and large-size
cells by 2%, compared with animals of the 2nd
(experimental) group after repeated administration
of chemotherapeutic drugs on the 14th day. On the
35th day of the experiment, in comparison with the
21st day, in rats of the 2nd (experimental) group, the
number of small-size Leydig cells decreased by 9%,

B Masie / Small-size
O Cpenuue / Medium-size
[0 Bonsmme / Large-size

Kontpons
Control

7-e cyTKn
7th day

14-e cytkn
14th day

LLLL

21-e cyTku
21st day

35-e cyTku
35th day

Puc. 2. /[uHaMuKa U3MeHeHUH KoyirmdecTBa MOpPoPpyHKITMOHAIBHBIX popM Ki1eTok Jleiaura (%)
Fig. 2. Dynamics of changes in the number of morphofunctional forms of Leydig cells (%)

108

Journal homepage: http://jsms.ngmu.ru



Abramkin E.E. et al. / Journal of Siberian Medical Sciences Vol. 8, No. 3 (2024)

Ta6smmua 2. /[uHaMyKa U3MeHeHUs] KOHLEHTPALMH [10JI0BBIX TOPMOHOB B KPOBH Y KPbIC T10CJ/I€ BBEJIeHUS
IPOTUBOOITYXO0JIEBBIX NpenapaTos (Me)

Table 2. Dynamics of changes in the concentration of reproductive hormones in blood of rats after the administration of anti-
tumor drugs (Me)

I'pynna 2 (onbiTHasA) / Group 2 (experimental) I'pynma 1

Iloka3saTesb (xoHTpOJIB)

Indicator 7-€ CyTKH 14-ecytkum  21-e cyTKH 35-e cyTKH Group 1 Pi234,12
7th day 14th day 21st day 35th day (control)

Pa3zmep BbI6GOPKH (1) 10 10 10 10 10

Sample size (n)

JII0TEeMHU3UPYIOLIUH 16.692 14.029 5.633 5.979 22.346 <0.01

ropmoH (ME/xn) (15.458; (12.041; (4.226;7.041) (4.874;7.083) (20.825;23.867)

Luteinizing hormone (IU/I) 17.926) 16.017)

TectocTepoH (HMoab/1)  4.340 2.714 3.196 3.971 9.116 <0.01

Testosterone (nmol/l) ~ (4.192; 4.344) (2.385;2.942) (2.491;4.051) (3.008;4.934) (8.146;9.801)

lpumeuwanue. p,., P —/AOCTOBEPHOCTb PasIMiMi MEXKAY BEJMIMHAMM I0Ka3aTe el y KpbIC 2-H IPYNIbl Ha 7-€ CyTKH U KPbIC
1-A rpynnbl; p, - y KpbIC 2-1 TPyNbl Ha 14-e CyTKU U KpbIC 1-d rpynnbl; p, -y KPbIC 2-1 IpyNNbl Ha 21- CyTKU U KPbIC 1-i TpyNmbl; p, - Y KPbIC
2-i rpynnbl Ha 35-€ CyTKU U KpbIC 1-# Ipynmel; p, ,~ 3HAYMMOCTb PA3/IMYMN MeX/ly BeJIMYMHAMU MOKasaTeJled KpbIC 2-U TpyNibl Ha 7-e U
14-e cyTKH.

Note. p,,,,,, P, -significance of differences between the values of the 2nd group on the 7th day and the 1st group; p, - between the 2nd
group on the 14th day and the 1st group; p, - between the 2nd group on the 21st day and group 1; p, - between the 2nd group on the 35th day
and the 1st group; p, , - significance of differences between the values of the 2nd group on the 7th and 14th days.

aKTUBHOE ydJacTHe B MPOJAYIMPOBAHUU CTEPOU/I-
HBIX TOPMOHOB, TOT/Ia KaK KJIETKH MaJIbIX pazMme-
POB TIPEACTaBIAIOT CcOOOW HWHBOJIIOIMOHHYIO |
MaJIOAKTUBHYI0 (POPMY B OTHOIIIEHUH TPOJYKIIUHU
TOpMOHOB [17, 18].

B orzmenpHBIX KiaeTkax Jlepaura oTMedasnch
BKparwieHus sunodyciuHa (puc. 3), 4To MOATBEPIK-
JlaJio HaTH4Yre aTpoPUUIeCKUX N3MEHEHU KIETOK U

medium- and large-size increased by 2 and 7%,
respectively (Fig. 2).

The results of the morphometric study showed
that in Leydig cells in rats of the 2nd (experimental)
group on the 7th day of the experiment cell volume
decreased by 18.96% in comparison with the same
indicator in rats of the 1st (control) group, while the
nucleus diameter decreased by 1.92% (Table 3). The

Puc. 3. CeMeHHUKH KpbIC 2-11 (ONBITHOI) IPYIIIBI HA 21-€ CYTKU 9KCIIEPUMEHTA. VIHTEPCTUINATIBHBIA OCTPOBOK IIPEJI-
cTaBJieH KieTkaMu Jledura MajibIx U 601bIInx GopM ¢ KAPHOIMKHO30M, MAaCCUBHBIMU OTJIOKEHUAMHE JHIOYCI{HA.
Oxpacka reMaTOKCUJIMHOM U 303UHOM. YBEJTUUEHHE X400
Fig. 3. Testicles of rats of the 2nd (experimental) group on the 21st day of the experiment.

The interstitial islet is represented by small and large Leydig cells with karyopycnosis, massive deposits of lipofuscin.
Stained with hematoxylin and eosin. Magnification x400
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MOIJIO VKa3bIBaTh HA yTHETEHUE UX (PYHKIMOHAIb-
HOU aKTUBHOCTHU.

JluHaMIyecKrue U3MEeHEeHUs COMIEPKAHUS TeCTO-
CTepOHAa U JIIOTEMHU3UPYIOIIEro TOPMOHA B IIA3Me
KPOBH KPBIC B 1-i (KOHTPOJIbHOH) U 2-H (OMBITHOMH)
IpyIIax MpeJICTaBIEHbI B Ta0JI. 2.

B xoze skcnepuMeHTa Ha 7-€ CYyTKU Y KpbIC 2-U
(OTIBITHO¥) TPYIIBI IOCJIE BBEAEHUs KOMILIEKCA
XUMUOIIPENapaToB ObLJIO OTMEUYEHO CHIDKEHUeE
00IIIero KoIM4JecTBa KJIETOK Jleiura, yMeHbIIeHe
JiiaMeTpa uX siipa 1 00beMa, HaKoIIeHHe Tunodyc-
[IMHA, YTO KOPPEJIUPOBAJIO C YBEJIUUYEHNEM IOITyJIs-
U KJIETOK MaJbIX popM Ha 4 %. Uuciao GyHKIMO-
HAJIPHO aKTUBHBIX KJIETOK CPEJHUX U OOJIBIINX pas-
MepOB, HA000POT, OBLIO CHIKEHO (CM. PHC. 2).

ITocsie OBTOPHOTO BBE/IEHUS XUMHIOIIPENIapATOB
Ha 14-€ CyTKH Y KPBbIC 2-H (OIBITHO) TPYIIIIBI OBLIO
BBISIBJIEHO YMEHBIIIEHUE KOJIMYeCTBA KJIETOK Jle-
JIUTa CPeTHUX pa3MepoB Ha 5 %, yBeJIMUeHIe MaJIbIX
pa3MepoB — Ha 4 % u 6osbIuX hopm — Ha 1 % (cM.
puc. 2). OnHAKO Ha 21-€ CYTKU 9KCIIEPUMEHTA Y KPBIC
2-i1 (OIBITHOM) TPYIIBI OTMEYAJIOCHh YBEJIMYEHUE
KOJINYECTBA KJIETOK CPEIHUX U OOJIBIIUX Pa3MepOB
Ha 2 % B CPaBHEHUMU C KUBOTHBIMH 2-U (OIIBITHOMN)
IPYIIIBI IIOC/IE TIOBTOPHOTO BBEJIEHUS XUMUOIIPena-
paroB Ha 14-e cyTku. Ha 35-€ CyTKU SKCIIepUMEHTa B
CPaBHEHUH C 21-MHU CYTKAMH Y KPbIC 2-H (OIBITHOM)
IPYIIIBI KOJIMYECTBO MaIBIX hopM KiieTok Jlefimura
YMEHBINAIOCh Ha 9 %, cpeHUX U OOJIBIINX pa3Me-
POB YBEJTMIHBAJIOCH COOTBETCTBEHHO Ha 2 U 7 % (CM.
puc. 2).

PesysbTaThl MOP(OMETPUUECKOTO HCCIIEA0BA-
HUA [I0Ka3aJjId, 4TO B KJIeTkax Jleiaura y Kpbic 2-i
(OmBITHOM) TpyIIBI HA 7-€ CYTKH SKCIIEPUMEHTA
YMEHBIIUIICA 00beM KJIeTKH Ha 18.96 % B cpaBHe-
HUY C aHAJIOTUYHBIM IOKa3aTesIeM Y KPbIC 1-i KOH-
TPOJIBHOU TPYHIIIBI, IPH YMEHBIIEHUHU JuamMeTrpa
si7Ipa Ha 1.92 % (Tabut1. 3). Ob11iee KOIUUECTBO KIETOK
Jleliiura CHIKAIIOCH Ha 4.7 %, UTO COMMPOBOK/IAJIOCH
CHIDKEHMEM KOHIIEHTPAIlNH TECTOCTEPOHA Ha 52.4 %
(cMm. Tabi. 2), UTO KOPPEIUPOBAJIO CO CHHKEHHEM
k03 duIleHTa aKTUBHOCTH (cM. TabI1. 3).

Ha 14-e cyTku y KpbIC 2-1 (OIIBITHOW) TPYTIIBI IHa-
MeTp SAApa yMEHbIIAJICSI Ha 2.09 %, 00beM KIIETKU —
Ha 19.97 %, a KOHIIEHTPAIIUSA TECTOCTEPOHA B IIJIa3Me
KpoBH — Ha 28.77 %, 4TO OBLIO 3HAYUTEIHLHO MEHB-
IIIUM B CPAaBHEHUU C BEJIMYUHOM IIOKA3aTeNsA y KPBIC
1-#1 (KOHTpOJIbHOM) rpymmbl. Koadduimuent akTus-
HOCTH KJ1eTOK Jletura 6601 cHuKeH. [1o mepe Hapac-
TaHUA JUCTPODUIECKUX HAPYIIIEHUH B KIeTKax Jlew-
JIUTa TIPOWCXOMAWIO CHIDKEHHE YPOBHS TECTOCTe-
pOHa — BIUIOTH JI0 2.385 HMOJIb/JI (cM. TabJ1. 2). CTouT
OTMETHUTH, YTO HA (POHE PE3KOTO CHIKEHUS YPOBHS
TECTOCTEPOHA MTOKA3aTe b JIIOTEMHU3UPYIOIIETO TOP-

total number of Leydig cells decreased by 4.7%,
accompanied by a 52.4% decrease in testosterone
concentration (Table 2), which correlated with a
decrease in the coefficient of Leydig cell activity
(Table 3).

On the 14th day in rats of the 2nd (experimental)
group the nucleus diameter decreased by 2.09 %, cell
volume — by 19.97 %, and the testosterone concen-
tration in blood plasma — by 28.77 %, which was sig-
nificantly lower in comparison with the value of the
1st (control) group. The coefficient of Leydig cell
activity was reduced. As the degenerative impair-
ments in Leydig cells increased, the testosterone
level reduced to 2.385 nmol/I (Table 2). It should be
noted that amid a sharp decrease in the testosterone
level, the luteinizing hormone level value was also
decreased by 37.21%, which could indicate degenera-
tive processes in the endocrine apparatus of the tes-
ticles.

In the animals of the 2nd (experimental) group, on
the 21st day there was a gradual increase in the vol-
ume and diameter of Leydig cells, thereby, the differ-
ence between the rats of the 1st and the 2nd groups on
the 21st day was 9.28 ums3. Despite the insignificant
difference in the size of Leydig cells between the ani-
mals of the 1st and 2nd groups on the 21st day, the
difference in the testosterone values was significant
and amounted to 65.1%, luteinizing hormone -
74.78%, which can be associated with a 21.3% decrease
in the total number of Leydig cells and an increase in
small-size Leydig cells. At the same time, the coeffi-
cient of Leydig cell activity amounted to 1.04.

On the 35th day, in rats of the 2th (experimental)
group we had the following figures: the volume and
nucleus diameter of Leydig cells increased by
9.392 um3, however, it should be noted that with the
increase in the nucleus diameter and volume of
endocrine cells, simultaneously, a decrease in the
total number of Leydig cells by 25% takes place. In
animals of the 2nd (experimental) group, on the
35th day compared to the 21st day, there was an
increase in the testosterone level. The coefficient of
Leydig cell activity amounted to 1.136, which corre-
lated with higher testosterone levels during this
period (3.971 nmol/1) (Table 2). Thus, the difference
of the testosterone concentration between 21st and
35th days in the 2nd (experimental) group was
24.4%, on the 35th day, in rats of the 2nd (experi-
mental) group and animals of the 1st (control) group
the difference was 56.4%.

During the morphofunctional study of the endo-
crine apparatus of the rat testicles, it was found that
the severity of degenerative and atrophic processes
increases with the growth of the chemotherapeutic
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Ta6smmua 3. Pe3ynbraThl MOPPOMETPUUECKOTO UCC/IeL0BAHUA KIeTOK Jleiura ceMEHHUKOB KPbIC IPY TPUMEHEHUH

MPOTHUBOOMNYX0JIeBOH XuMuoTepanuu (Me)

Table 3. Results of morphometric study of testicular Leydig cells after the administration of anti-tumor drugs (Me)

I'pynna 2 (onbiTHaA) / Group 2 (experimental) I'pynna 1
IlokasaTesb (xoHTpOJIB)
Indicator 7-e CyTKHU 14-e cyTku 21-e cyTKH 35-e cyTKH Group 1 p

7th day 14th day 21st day 35th day (control)
Pasmep BbIGOpKY (Nn) 10 10 10 10 10
Sample size (n)
[JuameTp sapa kietkn  6.115 6.08 6.16 6.235 6.21 p,<0.01
Jlelizura (MKM) (6.082; 6.142) (6.035;6.127) (6.122;6.177) (6.185;6.295) (6.182 6.285) p,<0.01
Leydig cell nucleus p,<0.01
diameter (um)
06beM kaeTku Jleiigura 38.349 37.685 38.035 47.427 47.315 p,<0.01
(MxM?) (31.783; (31.012; 40.4) (33.345;41.43) (40.584; (46.905; 48.818) p,<0.01
Leydig cell volume (um?) 39.082) 53.107) p,<0.01
OTHOCUTEJIbHOE 10.3(9.7;10.6) 10.8 8.5(8.1;8.8) 8.1(7.7;8.8) 10.8 (10.4; 11.2) p,<0.05
KOJINYECTBO KJIETOK (10.4;11.2) p,<0.01
Jletinura (n) p,<0,01
Relative number of p,,<0.01
Leydig cells (n)
Koapoununenr 1.043 1.015 1.091 1.136 1.189 p,<0.01
aKTUBHOCTH KJIETOK (1.015;1.102)  (1.012;1.037) (1.047;1.118) (1.113;1,21) (1.171;1.215) p,<0.01
Jlepijura p,<0.01
Coefficient of Leydig cell
activity

MOHA TaK:Ke ObLI CHIIKEH Ha 37.21 %, UTO MOTIJIO CBU-
JleTeJIbCTBOBATh O JUCTPOMHUYECKUX IIpoIeccax B
SHJIOKPUHHOM ammapare ceMeHHUKOB.

Y ’KUBOTHBIX 2-H ONIBITHOU TPYNIIBI HA 21-€ CYTKU
OTMEYaJIOCh IOCTEIIEHHOE YBeJMUeHue obbeMa U
IraMeTpa KiieTok Jleiiiura, BCjIeZICTBHE Uero pas-
HHUI]A MEXAY KpblcaMH 1-H ¥ 2-U Tpynmnsl Ha 21-€
CYTKU cocTaBuia 9.28 Mkm3. HecMoTps Ha He3HAUH-
TeJIbHYI0O pasHUIly B pas3Mepe KieTok Jleinura
MEK/Ty KUBOTHBIMU 1-H U 2-1 TPYIIIBI HA 21-€ CYTKH,
pa3HHIlA B IOKA3aTeJIAX TECTOCTEpOHA ObLyIa 3HAYN-
TEJIPHOU U cocTaBmwia 65.1 %, JTIOTEMHU3HUPYIOIIETO
ropMoHa — 74.78 %, 4TO MOKHO CBSA3aTh C YMEHbIIIEe-
HHeM O0O0IIero KoaudyecTBa KieTok Jlediaura Ha
21.3 % u yBesmueHUEeM KJeToK Jleliura masoro
pasmepa. [Ipu sTom K03 GUITIEHT aKTUBHOCTH KJle-
TOK Jleliura cocTaBuI 1.04.

Ha 35-e cyTku y KpbIC 2-i (OIBITHOM) TPYIIIIBI
OTMeuaeTcsi CJEAyIolnas KapThHa: OO0BbeM KJIETOK
Jlefigura u JuaMeTp f7pa yBeJIWYUBAJICA Ha
9.392 MKM3, OJHAKO CTOUT OTMETUTb, UTO OJHOBpPE-
MEHHO C YBeJIMUEHHeM JuaMerpa sjiep u obbema
SHIIOKPUHOITUTOB ITPOUCXOIUT YMEHBIIIEHHE 00IIETO
KoJimuecTBa KiaeTok Jledaura Ha 25 %. Y >KMBOTHBIX
2-11 OIBITHOM T'PYIIIBI HA 35-€ CYTKH B CDAaBHEHUH C
21-MH CyTKaMH OTMeYasioch yBeJM4YeHUE YPOBHA
TecrocTepoHa. KoadduimeHT aKTUBHOCTU KJIETOK
Jleliura cocTaBmI 1.136, YTO COOTHOCHIIOCH ¢ GoJtee
BBICOKMMHU IIOKa3aTeJsAMU TeCTOCTepOHA B 3TOU

agent concentration in the body, which unequivo-
cally indicates the depression of hormone-produc-
ing function of these cells. The toxic effect of the
chemotherapeutic drugs (CHOP regimen) led to
pathomorphological changes (atrophic processes)
in the clusters of Leidig cells, a decrease in the size
of nuclei and volume of endocrine cells, as well as a
decrease in the total number of cells already on the
7th day after administration of chemotherapeutic
agents, which correlated with a decrease in the tes-
tosterone concentration in blood plasma. From the
21st day on, the compensatory and adaptive changes
occur in the endocrine apparatus of the testicles —
an increase in the number of large-size endocrine
cells with the persisting high number of small-size
ones, which, in our opinion, leads to an increase in
the coefficient of Leydig cell activity and gradual
restoration of hormone-producing function, there-
fore, an increase in the testosterone concentration,
despite the reduced relative number of Leydig cells,
as well as the remaining small size of the nuclei and
the cell volume. On the 35th day, changes in the
form of accumulation of lipofuscin in endocrine
cells were observed, which could occur because of
hypoxia due to the vascular wall thickening and the
luminal occlusion of the vessels of the microcircula-
tory bed. On the 35" day, there was a decrease in
the number of small-size Leydig cells and an
increase in medium- and large-size endocrine cells,
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riepuot Haboienus (3.971 HMoJib/J1) (M. TabI. 2).
Taxkum 06pazomM, pa3HHUIIA YPOBHS KOHIIEHTPAIIU
TECTOCTEpOHA MEXKIY 21-MU CyTKaMU U 35-MH CyT-
KaMH BO 2-U OIBITHOH IpyIiie cocTaBuia 24.4 %, K
35-M CyTKaM pa3HHIA MeXJTy KpblcaMH 2-H (OIbIT-
HO¥) TPYIIIBI U JKUBOTHBIMH 1-H I'PYyIIIBI (KOHTPOJIB)
pasHuIa cocraBuia 56.4 %.

[Ipu MopdoPyHKIIMOHATBHOM HCCII€/IOBAaHUN
SHIIOKPUHHOTO allllapaTa CEMEHHUKOB KPbIC OBLIO
YCTaHOBJIEHO, UTO CTelleHb BBIPAXKEHHOCTU JUCTPO-
¢puueckux u aTpodUUECKUX ITPOIIECCOB YCUINBAETCS
C TIOBBIIIIEHNEM KOHIIEHTPAIIUU XUMHUOIIPENapaToB B
OpraHu3Me, 4TO OJHO3HAYHO yKa3bIBaeT HA yrHeTe-
HUe TOPMOHIIPOAYUUPYIOMeH (GYHKIIUU 5TUX KIe-
ToK. TokcHueckoe JieficTBIE KOMILJIeKca ITpernapaToB
CHOP npuBoauio k naToMopdOoI0TUIecKUM U3Me-
HEHUSM B WHTEPCTUIIMAJIBHBIX OCTPOBKaxX B BUJE
aTpoduyeckux IMPOIECCOB, YMEHbBIIEHUS pa3Mepa
saxep u 00’beMa SHIOKPUHOIIUTOB, a TAKKE K YMEHb-
IIEHUI0 OOIIero KOJIMYecTBAa KJIETOK yKe Ha 7-€
CYTKU TIOCJIE BBEJIEHUS XMMUOIPerapaToB, UTO, B
CBOIO Ouepe/lb, KOPPEJIMPOBAJIO C yMeHbIIeHHEeM
KOHIIEHTPAIIUH TEeCTOCTEPOHA B IIIa3Me KpOBH.
Hauunasi ¢ 21-X CYTOK B SHIOKPHUHHOM alIapare
CEMEHHUKOB BO3HHUKAIOT KOMIIEHCATOPHO-IIPHUCIIO-
coOuTeTbHbIE U3MEHEHU B BU/Ie YBEeJIMUEeHUA KOJTH-
yecTBa 0OJBIINX (GOPM 3HIOKPUHOIUTOB Ha (oHE
BBICOKOI'O IIOKa3aTesis KOJIMYecTBA MaJIbIX (opwm,
YTO, IO HAIlleMy MHEHUIO, IPUBOJIUT K ITOBBIIIIEHUIO
ko3dduIeHTa aKTUBHOCTH KJeTok Jledjnura wu
IIOCTENIEHHOMY BOCCTaHOBJIEHHIO T'OPMOHIIPOAYLIU-
pymomeil GYHKIIUY ¢ YBeJIUYeHHeM KOHIIEHTPAIuu
TECTOCTEPOHA B IJIa3Me KPOBH, HECMOTPS Ha CHU-
JKEHHOE OTHOCUTEJIbHOE KOJIMYECTBO KJIETOK Jleii-
JIATA, & TAK)KE COXPAHSAIOIIUNACS MaJIbIH pa3Mep sA7iep
U CHIDKEHHBIN 00beM KiieTok. Ha 35-e cyTKu oTMe-
YaJInCh U3MEHEHUS B BU/Ie HAKOIUIEHUS B SHOKPHU-
HOITUTaX JUMOQYCINHA, YTO MOTJI0O BOBHUKHYTh Ha
(onHe THUIOKCHUY, BO3HUKIIEN BCJIEJCTBHE YTOJIIIIE-
HUSI CTEHKM M YMEHBIIEHHS IIPOCBETa COCYZOB
MUKPOIIUPKYJIATOPHOTO pycsia. Ha 35-e cyTku mpo-
HCXOJMJIO YMEHbBIIIEHHE KOJIMYecTBa KJIeTOK Jleit-
ZIUTa MaJIbIX (POPM U yBeJHMYEHUE CPETHUX U 0OJIb-
mux GopM 3HAOKPUHOIIUTOB, YTO, B CBOIO OUEPEb,
KOpPPEJINPOBAJIO C YBEJIMYEHUEM YPOBHS TECTOCTE-
pOHa B IJIa3Me KPOBU.

Pe3ynbTaThl 9KCIIEPUMEHTAIHHOTO HCCJIEZIOBA-
HUsI, TIOJIyYeHHbIE B X0/le U3yUeHUs: MopdoMeTpuye-
CKUX TTOKa3aTesel KieTok Jleiura u ypoBHSI TOPMO-
HOB, HEe IIPOTHUBOPEYAT JAaHHBIM HCCIEI0BAaHUU [10,
19]. lasibHeli1Iee U3yUeHNe BIUSHNS XUMUOTEPATIAN
OTKPBIBAET NEPCIEKTUBHI JJISI CIIOCOO0B KOPPEKIIIH
rocJieZicTBUU mpenaparoB rpynnsl CHOP Ha opra-
HU3M, B YACTHOCTH, HA PEMIPOAYKTUBHYIO (QYHKITHUIO.

which in turn correlated with an increase in serum
testosterone levels.

The results of the experiment obtained during
the study of morphometric parameters of Leydig
cells and hormone levels do not contradict the pre-
vious research data [10, 19]. Further study of the
effect of chemotherapy opens up prospects for ways
to correct the negative influence of CHOP chemo-
therapy on the body, in particular, on reproductive
function.

CONCLUSION

The performed study allows us to draw the fol-
lowing conclusions:

1. A twofold administration of anti-tumor drugs
in the CHOP regimen (7th and 14th days) in rats was
accompanied by a decrease in testicular weight,
degenerative and atrophic changes in islets of inter-
stitial (Leydig) cells, and a decrease in the testoster-
one concentration in blood plasma.

2. By the 35th day of the experiment, rats of the
experimental group developed compensatory and
adaptive reactions characterized by a relative resto-
ration of testicular weight, an increase in medium-
and large-size Leydig cells and the testosterone level
in blood plasma.
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3AK/IIOYEHUE

IIpoBesieHHOE HCCIeIOBAHIE TTO3BOJISIET CIEIATh
CJIE/TYIOIIAE BBIBOJTBI:

1. /IByXKpaTHOe NpUMEHEHUE ITPOTHUBOOIIYXO0JIe-
BbIX mpemnapartoB komiviekca CHOP (7-e u 14-e
CYTKH) Y KPBIC COITPOBOK/IAJIOCH CHUYKEHUEM MaCChl
CeMEHHUKOB, INCTPODUUECKUMU U aTPOPUUECKUMU
U3MEHEHUSMHU B OCTPOBKAX HHTEPCTUIIHUATBHBIX
kinetok (Jlefiaura), yMeHbIIIEHHEM KOHIIEHTPAIUHU
TECTOCTEPOHA B IIJIA3M€E KPOBU.

2. K 35-M cyTKaM 5KCIIEpUMEHTa Y KPBIC OIIbIT-
HOU T'PYIIIBI Pa3BUBAJIUCh KOMIIEHCATOPHO-IIPHCITO-
coOUTEIbHBIE PEAKITUH, XaPAKTEPUIYIOIINECS OTHO-
CHUTEJIbHBIM BOCCTAHOBJIEHHEM MAaCChl CEMEHHHKOB,
yBeJINYEHUEM CPeTHUX U OOIBITUX (OPM SHIOKPHU-
HOIUTOB (KJIeTOK Jlelura) U ypoBHs TECTOCTEPOHA
B IUIa3Me KPOBH.

KoH}KT nHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUHU KOH(JIMKTA UHTEPECOB.
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