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Testosterone, the production of which is stimulated by the release of luteinizing hormone (LH) has
a remarkable anti-inflammatory and immunomodulatory effect, and in conditions of testosterone deficiency
tissue damage can occur due to excessive differentiation of macrophages into a proinflammatory M1 pheno-
type. The aim of this study was to determine the spread of CD68 receptors as the marker of inflammation on
the cells in the interstitial space and testicular vessels under LH synthesis blockade with tryptorelin. Sexu-
ally mature white male rats were randomly divided into control (10 animals) and experimental (25 animals)
groups. Animals in the experimental group were injected with a tryptorelin acetate solution (0.3 mg/kg).
Immunochemical analysis of CD68+ expression was estimated at Olympus FV10i-LIV laser scanning confo-
cal microscope using fluorescent labeling dye. It was shown that luteinizing hormone deprivation led to an
increase in the distribution of the CD68 receptor in the interstitial space and in the testicular vessels from
day 30 to 180 of the experiment, associated with the increase of inducible NO synthase activity in testis tissue.

Keywords: CD68, testosterone, luteinizing hormone, tryptorelin, testis, macrophage M1 phenotype.

peptide hormone of the anterior pituitary

gland that stimulates the secretion of sex
hormones in both women and men. In turn, LH is a
central regulator that controls the production of the
male sex hormone testosterone through the pituitary-
testicular system by stimulating Leydig cells and im-
pacts the growth and development of testicular cells
and tissues [1].

In conditions of deficiency or complete depriva-
tion of LH due to the administration of chemother-
apy in oncological pathologies, the death of semi-
niferous tubule cells occurs as a result of apoptosis
activation and stress of the spermatogenic cells en-
doplasmic reticulum as well as supporting sustento-
cytes [2, 3].

The rise in testosterone concentration under
the influence of LH is caused by LH-stimulated
proliferation of interstitial endocrinocytes (Leydig

I uteinizing hormone (LH) is a gonadotropic

cells) [4]. Testosterone has a considerable impact
on the functional state of macrophages in the body.
It inhibits the macrophages polarization according
to the proinflammatory phenotype (M1), which is
manifested in a decrease in the production of such
cytokines as interleukin 1B (IL-1 B) and interleukin
6 (IL-6) [5, 6].

On the other hand, testosterone promotes a
change in macrophage polarization towards an anti-
inflammatory (M2) phenotype, even when stimu-
lated with bacterial lipopolysaccharide [7].

Thus, testosterone has a pronounced anti-
inflammatory and immunomodulatory effect, and
in conditions of its deficiency, tissue damage may
develop because of excessive polarization of mac-
rophages by M1 phenotype [8, 9].

The expression of the CD68 receptor on the
surface of a macrophage indicates the polarization
of this cell by the M1 phenotype [10, 11]. In our ear-
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lier work, we have revealed that the expression of
the CD68 receptor on testicular macrophages, under
conditions of central deprivation of LH synthesis by
tryptorelin for 180 days, resulted in hyperproduc-
tion of reactive oxygen and nitrogen species [12, 13].
Currently, the scientific literature provides limited
data on the interrelation between the expression of
the CDG68 receptor on testicular macrophages and the
activity of macrophage polarization marker enzymes
in the case of a prolonged deprivation of luteinizing
hormone synthesis in the experiment.

The aim of this study was to determine the
spread of CD68 receptor expression on cells in the
interstitial space and testicular vessels under condi-
tions of central blockade of LH synthesis by tryp-
torelin acetate solution.

Materials and Methods

The study was performed on 35 sexually ma-
ture white male rats. The animals were randomly
divided into 2 groups: control (10 animals) and ex-
perimental (25 animals). Animals in the experimen-
tal group were injected with a solution of tryptorelin
acetate at the dosage of 0.3 mg of active ingredient
per kg of animal weight to modulate the central dep-
rivation of luteinizing hormone synthesis [14]. Ani-
mals from the experimental group were taken out of
the observation on days 30, 90, 180, 270, and 365 by
an overdose of ether anaesthesia.

Rats in the control group were administered a
saline injection. Animals were held under standard
vivarium conditions of the Poltava State Medical
University. Experimental animals were sacrificed
in strict compliance with the provisions of the “Eu-
ropean Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes”; (Strasbourg, 1986), as well as with the
“General Ethical Principles of Animal Experiments”
adopted by the First National Congress on Bioethics
(Kyiv, 2001).

After an overdose of ether anaesthesia, the ani-
mals were decapitated and the prepared small pieces
of testes were fixed in a 2.5% glutaraldehyde solu-
tion (pH=7.2-7.4). The material was postfixed in a
1% solution of osmium (IV) oxide, dehydrated in
propylene oxide and embedded in epoxy resin. Ul-
trathin sections were prepared on an ultramicrotome,
contrasted with a 1% aqueous solution of uranyl
acetate and lead citrate according to the Reynolds
method, and examined by electron microscopy [15].
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Using standard methods, the material was em-
bedded in paraffin blocks, sectioned at 4 um thick-
ness and stained with hematoxylin and eosin. Histo-
logical preparations were examined using a Biorex
3 light microscope with digital microfilter and soft-
ware adapted for these studies (serial no. 5604).

To provide an immunohistochemical examina-
tion of testicular macrophages for CD68 receptors,
we deparaffinized the sections after making paraffin
blocks and then demasked the antigens. This proce-
dure is designed to restore the original structure of
the protein, which can be reconstructed using en-
zymes (trypsin) or in a microwave oven.

Protocol for processing in a microwave oven.
1. Demasking in PBS (phosphate buffer), pH 6.0,
then for 7 min at 700W in a microwave oven, add
the buffer solution. Next, 20 min at 350W in a mi-
crowave oven. 2. Leave in PBS, pH 6.0 for 15 min.
3. Remove the PBS, pH 6.0, add PBS, pH 7.4, and
incubate 2 times for 5 min. 4. Then add the first an-
tibody 1:150, conjugated to MAb 1435. Anti-Mac-
rophages/Antibody, clone ED-1 (Chemicon) for 1 h.
5. Wash with PBS, pH 7.4, 2 times for 5 min. 6. Ad-
dition of the second antibody 1:100 Goat anti-Mouse
(Murine) 1gG (Heave & Light Chain), (Whole Mole-
cule) Hilyte Flour 488 — 30 min in the dark. 7. Wash
with PBS, pH 7.4, 2 times for 5 min. Embedding in
glycerol with PBS 1:1 under glass.

Prior to the confocal examination, we stained
the cell nuclei using a nuclear DNA complex with
DRAQ5 (Chemicon). To each sample, 50 pl of
DRAQS5 solution (5 uM, Abcam, ab108410) was
added and incubated for 15 minutes in the dark. Af-
ter incubation, the sections were washed twice with
Hanks’ solution.

For a more detailed study of CD68+ expression,
an Olympus FV10i-L1V laser scanning confocal mi-
croscope, Olympus cell Sens Dimension software,
Olympus 10x NA 0.4 objective, 2.0 confocal aper-
ture, phase contrast and fluorescence detection were
used.

Testes tissues were homogenized with tris-
buffered solution (pH 7.4) to produce a 10% homoge-
nate, which was used for further biochemical studies
on an Ulab 101 spectrophotometer.

The activity of inducible NO synthase (iNOS)
and arginase (Arg) was determined in 10% of the
testicular homogenate [16]. The ratio of iNOS and
Arg activities was also determined by the formu-
la: iNOS activity (umol/min per g of protein)/Arg
activity (umol/min per g of protein)x100%.
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The quantitative index of CD68 receptor dis-
tribution in the interstitial space of the testes was
calculated as follows: the number of cells with CD68
receptor detected and localized in the interstitial tis-
sue was counted in 10 fields of view in each rat.

Statistical processing of the study results was
performed using Microsoft Office Excel and its ex-
tension Real Statistics 2019. The non-parametric
Mann-Whitney test was used to determine the sta-
tistical significance of between-group differences,
which was considered statistically significant at
P <0.05.

Results

Our study of testicular microscopic specimens
on the 30" day of observation revealed a fairly uni-
form distribution of macrophage CD68 receptor ex-
pression both in the interstitial space and within the
intravascular space (Fig. 1).

The 90™ day of observation was marked by cor-
responding changes in both the vascular and intersti-
tial components of the testes with a predominance of
intravascular macrophages. Interstitial macrophages
were located singly or in groups of 1-3 in the field
of view near the blood vessel, they were active, had
large electron-dense nuclei with a prevalence of
heterochromatin. The nuclei are mainly rounded,
the karyoplasm is transparent, and the nucleolus is

mostly single. The nuclear envelope is dense, two-
layered, with pores, without stratification. In most
cells, the nuclei are light. Inflammasomes were
clearly visualised near the nucleus (Fig. 2).

The cytoplasm of the cells was small in size
with a well-developed endoplasmic reticulum, which
was formed by numerous branching tubes filled with
fine-grained substance. The membranes were dense
with a large number of ribosomes. Mitochondria
were small, oval, sometimes round, with an osmo-
philic matrix and a low number of cristae (Fig. 2).
In addition, a large number of lysosomes of different
sizes and electron density were determined in the
cytoplasm of the cells. Lysosomes had clear contours
and were compact in size. Lipid content was detected
in phagosomes. Externally, a small amount of pseu-
dopodia and invaginations were observed on the cell
surface.

On the 180™ day of observation, an increase in
the distribution of CD 68+ macrophage expression
outside the vascular system was detected. The cells
were mostly located in clusters of 3-4 in the field of
view. Cell nuclei were enlarged, dark, polymorphic,
with a large number of invaginations. The karyo-
lemma in some cases did not have a clear contour,
with elements of stratification. The cytoplasm was
enlarged due to various inclusions that differed in
size and density. A large number of lipid granules

Fig. 1. Day 30 of observation. Expression of CD68 on cells in the interstitial space and in the testicular vessels
in different stains. A — Cell nuclei staining using Chemicon nuclear DNA complex with DRAQ5. B — No staining
of cell nuclei with nuclear DNA complexes with DRAQ5 by Chemicon

77



ISSN 2409-4943. Ukr. Biochem. J., 2023, Vol. 95, N 2

Fig. 2. 90" day of observation. A — Expression of CD68 on cells in the interstitial space and testicular ves-
sels. Green — CD68; Blue — DRAQ5. The scale is 50 microns. B — Electron micrograph of an interstitial mac-

rophage

Fig. 3. 180 days of observation. A — Expression of CD68 on cells in the interstitial space and testicular ves-
sels. Green — CD68; Blue — DRAQ5. The scale is 100 microns. B — Electron micrograph of an interstitial

macrophage

were present. Phagosomes are observed, varying in
size, shape and density. Mitochondria were enlarged
in size, rounded, light (Fig. 3).

The 270" day of observation was described by
a decrease in the population of macrophages both in
the vessels and in the extravascular space. The cells
were enlarged in size by the nucleus. The nucleus
was polymorphic, with a large number of invagina-
tions, the karyolemma and its structural components
(pores) were not clearly visualized. The karyoplasm
is mostly homogeneous, sometimes sparse. The cy-
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toplasm contains a large number of small inclusions
of varying density. There are a large number of pseu-
dopodia (Fig. 4).

When we analyzed histological specimens
on the 365" day of observation, the findings were
characterized by a single expression of CD68 on
macrophages in the extravascular space, sometimes
with a complete absence of such cells in the inter-
stitial space. Interstitial macrophages were clearly
visualized on electron micrographs. The cell nuclei
were mostly rounded, the karyolemma was clear,
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Fig. 4. Day 270 of observation. A — Expression of CD68 on cells in the interstitial space and testicular ves-
sels. Green — CD68+; Blue — DRAQS5. The scale is 100 microns. B — Electron micrograph of an interstitial

macrophage

Fig. 5. Day 365 of observation. A — Expression of CD68 on cells in the interstitial space and in the testicular
vessels. Green - CD68+; Blue — DRAQ5. The scale is 100 microns. B — Electron micrograph of an interstitial

macrophage

and the pores were visible. The cytoplasm was light,
transparent, with a moderate number of inclusions.
Mitochondria were mostly rounded. There were sin-
gle pseudopodia (Fig. 5).

On day 30 of central deprivation of LH syn-
thesis by tryptorelin, the INOS/Arg ratio increased
significantly compared with the control group
(Fig. 6). On day 90, the growth of the iINOS/Arg ra-
tio continued and reached its peak. On day 180 of the
experiment, the INOS/Arg ratio decreased compared
to day 90, but remained higher than the iNOS/Arg

ratio in the control group of animals. On day 270
of the experiment, the iNOS/Arg ratio decreased to
the level of control animals, and on day 365, a new
elevation of the iINOS/Arg ratio was observed.

An increase in the iNOS/Arg ratio against the
background of increased CD68 expression on cells
in the interstitial space and in the testicular vessels
may indicate a change in the prevailing polarization
of macrophages in the testes from an anti-inflam-
matory (M2) phenotype to a proinflammatory (MI)
phenotype.
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Fig. 6. Variations in the iNOS/Arg ratio at different time points of the experiment. *The difference is statisti-
cally significant when compared with the control group (P < 0.05); **The difference is statistically significant
when compared with the previous term of the experiment (P < 0.05).

Discussion

The reason for the polarization change of
testicular macrophages towards the predominance
of the proinflammatory phenotype may be a de-
crease in the inhibitory effect of testosterone on the
macrophages of the testes [17]. Another explanation
for the shift in the polarization of testicular mac-
rophages toward the predominance of the M1 phe-
notype may be the demasking of sperm antigens due
to the development of oxidative tissue damage, as
described in our previous work [18].

An elevated prevalence of CD68 in the testes
was observed on days 30, 90, and 180 of central dep-
rivation of LH synthesis by tryptorelin (Table). This
corresponds chronologically with the increase in the
iINOS/Arg index observed at the same time. This
may indicate the predominance of both morpho-
logical and functional polarization of macrophages
according to the M1 phenotype during this period.
On day 30 of the experiment, interstitial CD68 ex-
pression increased by 4.14 times and intravascular
expression by 3.22 times compared to the control
group. On day 90, interstitial expression of CD68
rose by 3.0 times and intravascular expression by
4.0 times when compared to the control group. On
day 180, interstitial CD68 expression is 2.86 times
higher and intravascular expression is 3.33 times
higher compared to the control group.
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Table. Distribution of interstitial and intravascu-
lar expression of CD68 receptors in rat testicular
macrophages under long-term administration of
tryptorelin

Days Interstitium Vessels
Control 0.70 £0.15 0.90 £0.18
30 2.90 £0.28' 2.90 £0.31"
90 210 +£0.28" 3.6 +0,31™
180 2.00 £ 0.33" 3.00 £ 0.26"*
270 130+0.21 0.90 £ 0.18*
365 0.09 £ 0.28 2.20 £ 0.29"

Note: *The difference is statistically significant when
compared with the previous term of the experiment
(P < 0.05); *The difference is statistically significant
when compared between the amount of CD68 on intersti-
tial cells and intravascular cells at the same time point of
the experiment; "The difference is statistically significant
when compared with the control group, (M £ m, n = 5)

It is interesting to note that on days 90 and 180,
there is a significant predominance of intravascu-
lar expression of CD68 over interstitial expression,
which may indicate the active involvement of mac-
rophages of bone marrow origin in the process in
the testes. This may be due to an elevated level of
proinflammatory cytokines (IL-1, TNF-a, etc.) in the
blood with a reduced level of testosterone production
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by Leydig cells [19]. Proinflammatory cytokines, in
turn, have a stimulating effect on the production of
macrophages in the bone marrow and promote their
migration to the site of cytokine production.

Conclusions. Central deprivation of the luteini-
zing hormone synthesis by tryptorelin leads to an in-
crease in the distribution of the CD68 receptor in the
interstitial space and in the testicular vessels from
day 30 to 180 of the experiment, associated with a
shift in the functional activity of L-arginine-depend-
ent enzymes towards the predominance of inducible
NO synthase activity.
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TecTtocTepoH, BUPOOJIEHHSI SKOTO CTHMY-
JIOETbCA BUBUIPHEHHSAM JIIOTEIHI3yIOUOro Trop-
Mony (JII'), Mae 3HayHy mnpoTH3amalbHy Ta
IMyHOMOAYJIOIOUY [i10, a B H1Oro yMmoBax neQiuuty
MOXXE BHHUKHYTH MOLIKOJKCHHSI TKaHUH 4Yepes
HaaAMipHY audepeHmianiro Makpodaris y mnposa-
najapHui penorun M1. MeToro po6otu Oyino Bu3Ha-
YeHHs MOLIMpPEHHs excrnpecii peuentopa CD68 sk
MapKepa 3amnajeHHs Ha KJIIITHHU IHTepCTULiaIbHOTO

IPOCTOPY Ta CYIMH siedKa y pa3i OJoKaau CHHTE3Y
JIT" rpuntopeninoM. CTaTeBO3pinux OIKX IIYpiB-
CaMIIiB BUIAIKOBUM YHHOM PO3MOIIJISAIN HA 2 I'Py-
nu: koHTponbHY (10 TBapwH) i mociigHy (25 TBa-
puH). TBapuHaM A0CIIIHOT IPyIH BBOAMIN PO3UHH
tpunrtopeniny aneratry (0,3 Mr/kr). ImyHOXiMidHII
anani3 exkcripecii CD68+ oriHIOBay Ha JT1a3epHOMY
koH(oKkampHOMY Mikpockori Olympus FV10i-LIV i3
BUKOPHUCTaHHSM (PIIyOPECIIEHTHOTO MideHOTo O6apB-
Huka. [lokazaHo, 0 fenpuBaLis JHOTETHI3yI0UOr0
TOPMOHY TPHU3BOIAUTH A0 30UTBIIEHHS PO3IONLITY
penenitopa CD68 B iHTEepCTUIIIaTFHOMY IIPOCTOPI
Ta B cyauHax siedok 3 30-i mo 180-y no0y ekcriepu-
MEHTY 1 IIe TIOB’3aHO 3i 30iJbIIEHHSIM aKTHBHOCTI
iHnynnoenpHoi NO CHHTa31 B TKaHHWHI S€4Ka.

Knmouosi cmoma: CD68, TecrtocTepos,
JIOTEHI3yI0UMi TOPMOH, TPUIITOPEIiH, sI€UKOo, (he-
HoTHI Makpogara M1.
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