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MORPHOMETRIC EVALUATION OF SPERMATOGENIC EPITHELIOCYTES
STRUCTURE UNDER THE RUBOMYCIN INFLUENCE IN RATS

M.S. Hnatiuk, *S.0. Konovalenko, L.V. Tatarchuk, O.B. Yasinovsky
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Over the last 20 years, the quality of men’s sperm around the world has deteriorated twice.
The causes are poor environment, stress, sedentary lifestyle, prevalence of sexually transmitted infections, obesity,
alcohol abuse and various stimulants. The structure and function of the testes, when exposed to various drugs
and chemicals, attracts the attention of present researchers.

Objectives. The aim of the research was to study the structural changes of the spermatogenic epithelium
in testicular damage caused by rubomycin hydrochloride.

Methods. The spermatogenic epithelium of the testes of 30 white adult white male rats, which were divided
into 2 groups, was morphometrically examined. The 15t group comprised 15 experimental intact animals, the 2™
- 15 rats, in which testicular damage with rubomycin hydrochloride was simulated. Euthanasia of rats was
performed by bloodletting under thiopental anesthesia one month after the experiment beginning. Quantitative
morphological parameters were statistically processed. In spermatocytes of the 1t P-order, spermatogonia and
spermatids of testes, their height, diameter of nuclei, nuclear-cytoplasmic ratio and relative volumes of damaged
cells of spermatogenic epithelium were evaluated.

Results. It was established that spermatogenic epithelial cells were damaged in the simulated experimental
conditions, which was morphometrically confirmed by changes in nuclear-cytoplasmic relations in the 1, 2
order spermatocytes, spermatogonia and spermatids. The relative volumes of damaged spermatogenic epithelial
cells also increased significantly. The most significant morphometric parameters were altered in spermatids.
Thus, the nuclear-cytoplasmic ratio in the studied cells was statistically significantly (p <0.001) increased by 7.4%
compared with the similar control morphometric parameter. The relative volume of damaged spermatids in these
experimental conditions reached (32.50+0.18) %, which with a high statistically significant difference (p<0.001)
exceeded the same control value in almost 15.8 times. Optically, histological preparations of the testes showed
severe vascular disorders, characterized by dilation and plethora mostly of venous vessels, which pointed to
violation of venous drainage of the studied organs.

Conclusions. According to the attained research results it has been established that nuclear-cytoplasmic
relations are an objective and valuable informative indicator of a functional condition of cells and their structural
changes in pathological conditions. When rubomycin hydrochloride is exposed to experimental animals, the most
significant changes in nuclear-cytoplasmic relations are found in spermatic spermatozoa.
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Introduction

It is established that in the structure of
infertile marriages, the male factor is 20% [2, 4,
8, 12, 17]. The reason for this is a decrease in
spermatogenic and hormonal function of the
testes. Often the reason for this is the effect of
various toxic factors on the body [2, 13, 14, 19].
Inrecentyears, many researchers are interested
in changes in the structure and function of the
testes in different physiological and pathological
conditions [10, 11, 15, 19].

Rubomycin is an antitumor antibiotic of the
anthracycline series with a significant cytostatic
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effect, which when administered to men can
lead to azoospermia (absence of sperm in the
ejaculate) [5]. The effect of rubomycin on the
structure of the spermatogenic epithelium has
been studied insufficiently.

The aim of our study was to investigate the
features of structural changes in the sperma-
togenic epithelium in cases of testicular da-
mage by rubomycin hydrochloride.

Methods

The testicular structures of 30 laboratory
adult white male rats, which were divided into
2 groups, were studied by morphometric me-
thods. The 1stgroup comprised 15 expermental
intact animals, the 2" - 15 rats with simulated
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testicular damage by rubomycin hydrochloride
[18]. One month after the beginning of the
experiment, euthanasia of experimental ani-
mals was performed by bloodletting under
conditions of thiopental-sodium anesthesia.
Pieces were cut from the testes, which were
fixed in 10 % neutral formalin solution, passed
through ethyl alcohols of increasing concent-
ration and placed in paraffin. Microtome sec-
tions 5-6 mcr thick after dewaxing were stained
with hematoxylin-eosin, according to van Gizon,
Mallory, Weigert, toluidine blue [7]. Histological
micropreparations determined the height of
spermatogenic cells, the diameter of their
nuclei, nuclear-cytoplasmic ratios, the relative
volume of damaged epitheliocytes (VODE) [1,
6, 16]. Morphometry of these structures was
performed using a light microscope “Olimpus
BX-2" with a digital video camera and application
package “Video Test 5.0” and “Video size 5.0".
Quantitative values were processed statistically
by STATISTIKA software package. The diffe-
rences between the comparative values were
determined by the Mann-Whitney and Student'’s
tests [9]. The studies were performed according
to national and international regulations on
carrying out experimental tests (“European
Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scien-
tific Purposes” (Strasbourg, 1986), “General
Ethical Principles of Animal Experiments”,
adopted by the First National Congress on Bio-
ethics (Kiev, 2001)) [8], as well as the Law of

Ukraine “On Protection of Animals from Cruel-
ty”, dated February 21, 2006.

Results

The attained morphometric parameters are
presented in Table 1. Acomprehensive analysis
of the data showed that most of the studied
morphometric parameters of the spermatogenic
epithelium changed significantly. Thus, the
height of spermatocytes of the 1%t order de-
creased slightly by only 0.65% (p<0.05). The
diameters of the nuclei of these cells with a high
statistically significant difference (p<0.001)
increased from (5.25+0.03) ym to (5.76+0.04)
pm, i.e. by 9.7%. Uneven changes in the spatial
characteristics of the nucleus and cytoplasm of
spermatocytes of the 15t order led to violations
of nuclear-cytoplasmic relations in them. This
morphometricindex increased by 3.2% (p<0.05),
which pointed to violation of the studied ele-
ments of structural cellular homeostasis [1].
The relative volume of damaged first-order
spermatocytes under these experimental con-
ditions with a high statistically significant diffe-
rence (p<0.001) increased almost in 9.7 times.

The morphometric parameters of P-order
spermatocytes changed almost similarly under
the influence of rubomycin hydrochloride. The
height of these cells was almost the same as in
the control, the diameters of the nuclei were
statistically significantly (p<0.05) increased by
2.4%, and the nuclear-cytoplasmic ratio - by
4.9% (p<0.01). The relative volume of damaged

Table 1. Morphometric characteristics of cells of spermatogenic epithelium of testes of the
experimental animals (Mtm)

Morphometric parameter

Cells Height, microns Diameter of the | Nuclear-cytoplas- VODE, %
core, microns mic relations
Control group
Spermatocytes of the first 7.65+0.05 5.25+0.03 0.556+0.003 2.20+0.01
order
Spermatocytes of the 5.88+0.04 3.76+0.03 0.410+0.002 2.26+0.02
second order o
Spermatogonia 6.12+0.04 4.80£0.03 0.615+0.004 2.15+0.02 E)J
Spermatids 4.98+0.03 3.07+0.03 0.389+0.002 2.06+0.02 e
Experimental group =
Spermatocytes of the first 7.60+0.05 5.76+0.04*** 0.57410.004* 21.3040.15*** 8
order =
Spermatocytes of the 5.85+0.04 3.85+0.03* 0.430+0.003** 25.60£0,15*** 5
second order —
Spermatogonia 6.05+0.04 4.7940.03 0.628+0.004* 29.8040.15*%** a
Spermatids 4.92+0.03 3.18+0.02* 0.418+0.002*%** | 32.50£0.18*** %
Notes. * - p<0.05; ** - p<0.01; *** - p<0.001. VODE - volume of damaged epitheliocytes. E
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P-order spermatocytes under these experi-
mental conditions was equal to (25.60+0.15)%.
This morphometric parameter with a high
statistically significant (p<0.001) difference
exceeded the similar quantitative morphological
index in 11.3 times.

The height of spermatogonia of the testes
in the experimental animals affected by the
studied drug medium decreased by only 1.1%
(p<0.05), the diameters of their nuclei did not
change significantly, and nuclear-cytoplasmic
ratios increased by 2.1% (p<0.05). The relative
volume of damaged spermatogonia in these
experimental conditions statistically signifi-
cantly (p<0.001) increased in 13.8 times and
reached (29.80+0.15)%.

Analysis of the obtained data revealed that
under the influence of rubomycin hydrochloride
the height of testicular spermatids decreased
by only 1.2% (p<0.05), the diameters of their
nuclei increased by 3.6% (p<0.05). Nuclear-
cytoplasmicratios in the studied cells statistically
significantly (p<0.001) increased by 7.4% com-
pared with the similar control morphometric
parameter. The relative volume of damaged
spermatids under these experimental condi-
tions reached (32.50+0.18) %. This morphometric
parameter with a high statistically significant
difference (p<0.001) exceeded the similar
control value in almost 15.8 times.

Discussion

Analysis of the above morphometric para-
meters proved that the introduction of rubo-
mycin hydrochloride into the body of experi-
mental animals led to structural rearrangement
and damage to cells of spermatogenic epithe-
lium of the testes. The most pronounced
changes were found in spermatids in com-
parison with other studied cells.

According to present researchers, nuclear-
cytoplasmic relations are a valuable morpho-
metric indicator that adequately reflects the
peculiarities of cell function and metabolism,
degree of disturbances of cellular structural
homeostasis [1, 6, 16]. The nucleus and cyto-
plasm of cells are separated from each other,
but at the same time they are closely inter-
connected and integrated and form a single
structural and functional system. It follows that
the isolated study of quantitative morphological
parameters of only the cytoplasm of the cell or
only its nucleus allows getting a one-sided idea
of these structural components of the cell. The
study of nuclear-cytoplasmic relationships
makes it possible to obtain more adequate,

objective and in-depth information on the
relationship between the nucleus and cytoplasm
of cellsand their changes in various physiological
and pathological conditions. Nuclear-cyto-
plasmic relations can change at hyperfunction
of bodies as well as hypofunction, and also in
cases of their damage. It is established that
nuclear-cytoplasmic ratios depend on cell diffe-
rentiation. The specified morphometric para-
meter decreases in case of maturation of cells
and their differentiation that is caused to some
extent by increase in cytoplasm and its hyper-
plasia of specific functioning organelles. The
relationship between the spatial characteristics
of the nucleus and cytoplasm of the cell can
also change with cell division, growth, diploidy
[6, 16].

In the optical examination of testicular
micro preparations, significant vascular disor-
ders were evidenced, which were characterized
by dilation and plethora of mainly venous
vessels, which pointed to violation of venous
drainage from the studied organs (Fig. 1) [3].

A severe edema of the stroma, foci of
dystrophically, necrobiotically altered sperma-
togenic epitheliocytes, stromal structures, local
cellular infiltrates, sclerotic processes, desqua-
mation and proliferation of vascular endothelial
cells was present (Pic. 2). The latter pointed to
the presence of hypoxia. Foci of vascular endo-
thelial cell edema, permeation of their memb-
rane with plasma proteins were also present.
Foci of fibrinoid swelling and necrosis in some
vessels were evidenced that indicated their
severe damage. Among spermatogenic epithe-
liocytes in the studied conditions of the expe-
riment, spermatids were the most morpholo-
gically altered, in which the degree of disorders

Fig. 1. Stromal edema, partial reduction of layers and
damage of spermatogenic epithelial cells, their des-
guamation, thickening of the membranes of the
tortuous seminal tubules of the testis of a white rat
under the influence of rubomycin hydrochloride.
Hematoxylin-eosin staining. x140.
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Fig. 2. Structural changes in the vessel wall, perivasal
sclerosis, dystrophy, edema, desquamation of sper-
matogenic epitheliocytes in the tortuous seminal
tubules of the testis of experimental animals under

the influence of rubomycin hydrochloride. Hematox-
ylin-eosin staining. x140.

of nuclear-cytoplasmic relations and the rela-
tive volume of damaged cells were the largest.
It points to the fact that the studied mor-
phometric parameter also reflects the severity
and depth of cell damage.

Conclusions

Nuclear-cytoplasmic relations are an objec-
tive and significant informative indicator of
functional state of the cells and their structural
changes in pathological conditions. When rubo-
mycin hydrochloride is exposed to experimental
animals, the most significant changes in nu-
clear-cytoplasmic relations are found in sper-
matic spermatozoa.
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MOP®OMETPHUYHA OITHKA CTPYKTYPHOI ITEPERY/IOBH KJIITUH
CIIEPMATOI'EHHHUX EIIITEJIIONUTIB CIM'SSHHUKIB EKCIIEPUMEHTAJIBHHUX
TBAPHH IIIJA BINDIMBOM PYBOMIIINHY I'TIPOX/IOPUAY

M.C. F'HaTioK, C.O. KoHoBasneHko, J1.B. TaTapuyk, O.B. AiciHoBCbKUiA
TEPHOITLIbCbKNV HAUIOHANIbHUN MEAVNYHUN YHIBEPCUTET IMEHI 1.A.MOPBAYEBCHKOIO,
TEPHOI1/1b, YKPAIHA

Betyn. 3a ocmaHHi 20 pokie AKicme cnepmu 40/108iKig y 8cboMy ceimi nozipwiuaacs y 2 pasu. [IpuduHu:
nozaHa ekos0z2isi, cmpecu, Maaopyxausull cnoci6 Xumms, nowupeHicms cmamegux iHPekyil, oXupiHHS,
3/108XCUBAHHS A/KO20/1eM | Pi3HUMU cmuMyasmopamu. Cmpykmypa ma QyHKyis cim'ssHuKie npu ii Ha op2aHi3m
Pi3HUX MEOUKOMEHMO3HUX CepedHUKI8 ma XiMiYHUX pe408UH NPUBEPMAE y8a2y Cy4aCHUX 00CAIOHUKIB.

MeTa. Bugyumu 0cobueocmi cmpyKmypHUX 3MiH CnepMamo2eHH020 enimeito NPpu yUwKoOXCeHHi CiM’aHUKI8
pybomiyuHomM 2i0poxnopudy.

MeToaun. MopgpomempuyHo docnidxeHo cnepmamozeHHuUl enimenili cim'aHukie 30 6inux cmamegospinux
6inux wypie-camyie, AKi 6ynu 6yau nodineHi Ha 2-i 2pynu. 1-a 2pyna ekaroyana 15 0oCiOHUX IHMAKMHUX MBAPUH,
2-a - 15 wypis, y AKUX MOOeH08ANU YWKOONEHHS CiM'IHUKIg py6oMiyuHoM 2idpoxnopudom. EemaHasito wypis
30ilicH08A/IU KPOBONYCKOHHAM 8 yMOBAX MiONeHMa/108020 HAPKO3y Yepe3 MicAyb 8i0 noyamky docnidy. KinekicHi
MOpP®0/102iYHIi NOKA3HUKU 06p06151U Cmamucmu4Ho. ¥ cnepmamoyumax 1-20. [1-20 nopsAdkis, cnepmMamo2oHisx
ma cnepmMamudax cim'aHuKie suMiproganu ix aucomy, diamemp adep, A0epHO-4umonaa3MamuYHi 8iOHOWEHHS
ma 8i0HOCHI 06'eMU NOWKOOHEHUX KAIMUH CNepMamo2eHHO20 enimenito.

Pe3ynbTaTn. BcmaH08/1€eHO, W0 y 3M00e/1b08AHUX eKCNepUMEHMAAbHUX YMOBAX NOWKOONCY8AAUCH KAIMUHU
cnepMamo2eHHO020 enimenitro, Ujo MopPoMempuYHO NidmMeepo*y8anoCs 3MiHaMU S0ePHO-YUMONAG3MaMUYHUX
gidHOWeHb y cnepmamoyumax 1-20, 2-20 nopAdKie, CnepMamo2oHisix ma cnepmamudax. BupaxceHo 3pocmanu
MAKOXC 8IOHOCHI 06'€EMU NOWKOOXEeHUX 8KA3AHUX KAIMUH CnepMamozeHH020 enimesito. Halibinew supaxceHo
MopdomempuYHi napamempu 8USBUAUCS 3MiHeHUMU y cnepmamudax. Tak, 0epHO-yumonaa3smMamuyHi
8iOHOWeHHS y 00CNIOHYBAHUX KAIMUHAX CMamMucmMu4Ho 00CmosipHo (p<0,001) 36inbwiunucs Ha 7,4 % nopieHAHO
3 GHA/102{YHUM KOHMPOA6HUM MOPGHOMEMPUYHUM napamempom. BidHocHuUl 06'em nowkooxceHUx cnepmamud
Yy 0aHux ymoeax ekcnepumeHmy docsizae (32,50+0,18) %, wjo 3 8UPAHEHO CMAMUCMUYHO O0CMOBIPHO
pizHuyero (p<0,001) nepesuujysas aHaA02i4Hy KOHMPOALHY 8eauyuHy maiixce y 15,8 pasu. C8imaoonmuyHo
HQ 2iCMo/102iYHUX npenapamax CiM'aHUKI8 Cnocmepi2anucs 8UpaxceHi CyOUHHI po3/a1a0u, U0 XapaKkmepu3syeanucs

BIOMEDICAL SCIENCES

ISSN 2413-6077. JMMR 2020 Vol. 6 Issue 1 M.S. Hnatiuk et al.

~

1



PO3WUPEHHAM MA NOBHOKPOB'SM NEPEBUHCHO 8EHO3HUX CYOUH, UjO C8I0YU0 NPO NOPYUIEHHS 8eHO3HO20 OPeHaXy
8i0 00CNiOHCYBAHUX Op2aHiB.

BucHoBKW. Ha ocHosi npogedeHuUx 00C/1idxeHb Ma 0mpUMaHUX pe3ya6Lmamis 8CMaHO8/1EHO, U0 A0epHO-
yumonaaIMamu4Hi 8i0HOWeHHs € 06'€EKMUBHUM MA YiHHUM iHYOPMAMUBHUM NOKA3HUKOM QYHKUiIOHANbHO20
CMaHy KAIMUH ma ix cmpykmypHUX 3MiH 8 namMos102iYHUX ymosax. Mpu dii Ha op2aHi3m 0CNIOHUX MEAPUH
py6omiyuHy 2idopoxnopudy HaleupaxceHiwi 3MiHU A0epHO-4uMonaa3MamuyHUX 8i0HOWeHb BUSBAEHI y
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cnepmamudax cim'siHUKi8.

K/TKOYOBI C/IOBA: py6omiuuH rigpoxnopup, CiMm'AHNKK, cnepMmaToreHHUA enitenii, 6ini wypi,

mMopdomeTpis.
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