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Pe3tome. TydHble KJIETKM SIBJISIIOTCSI BaXKHBIM KOMIIOHEHTOM WMMYHHOTO MUWKPOOKPYKEHUSI OpraHOB
MY>KCKOU PETpOayKTUBHOM CUCTEMBbl M YYaCTBYIOT B MX PErysiliMyd B HOpME U MpU MaToyjiornu. Mopaenu-
poBaHUE TUCPETYJISIUM B BUIE aKTUBALIMY WJIM MHTMOMPOBAHMST TYYHBIX KJIETOK M MCCJIeIOBaHWE BIVSIHUS
JTAaHHOTO HapyIIeHMsT Ha CIIepMaTOreHe3 MOXET ITOMOYb B YCTAHOBJIEHUM TOYHBIX MEXaHU3MOB PEryJIsiiny
JIaHHoro Tporecca. OQHUM M3 aKTUBATOPOB TYYHBIX KJIETOK sIBJsieTcs Tpernapar LlunpodiokcalimH, Ko-
TOPBIA 3apeKOMEeHI0Ba ce0sl B MCCIIeJOBaHUSIX TYUHBIX KJIETOK Ceplla, ONHAKO paHee He MCITOJIb30BajICs
B paboTax Mo u3y4yeHu1o crepMmaToretesa. Llesib 1TaHHOTO McciieIoBaHUsI — OLIEHUTD BJIMSTHUST Pa3HbBIX CXEM
npuema Tipenapara Llunpodiokcalid Ha Ty4HbIe KJIETKU PENPOAYKTUBHBIX OPraHOB CaMIIOB KPbIC U BbI-
OpaTh ONTUMAJIBHYIO 103y U MPOAOKUTEbHOCTH MpUeMa JIJIst CO3AaHus MOJEU, KOTOpasi MO3BOJIUT Mcclie-
JIOBaTh YYaCTHE TyYHBIX KJIIETOK B PETYJISILIMM CliepMaToreHe3a. DKCIIEPUMMEHT IPOBEIeH Ha caMliax JUHUU
Wistar. Mcriofib3oBaiv pa3Hble KOHILIeHTpauu 1unpodokcaimia (200 u 400 Mr/Kr) 1 CpoKu ero npuema.
Ha rucronornyeckux rpenaparax oleH1uBaau MophohyHKIIMOHAIBHBIC ITapaMeTpbl TYYHBIX KJIETOK CEMEH-
HUKOB Y MpUAaTKOB ceMeHHUKOB. [Ipenapat Llunpodrokcaiia MOayIupyeT aKTUBHOCTb TYYHBIX KJIETOK B
3aBMCUMOCTH OT BpeMeHU, 103bl 1 TKaHu. [Tocie mpuema rpemnapara B g03¢ 200 Mr/Kr 7 CyTOK yBeJIMYMBaET-
Cs1 KOJIMYECTBO, CHHTETUYECKAasi aKTUBHOCTD TYYHBIX KJIETOK U IMTPOIIEHT KJIETOK CO 3peJIbIMU I'paHyJIaMM KaK
B CEMEHHMKaX, TaK W B IIpUIaTKaxX HapsiLy ¢ HEM3MEHHOM JeTrpaHyJ/Isiiiueil, YTO yKa3bIBalOT Ha MPOXOXKIe-
HUE «IOJATOTOBUTEIbHOI» (ha3bl, 3aKIJTIOYAIOIIEICS B MUTPALIMM TYYHBIX KJIETOK B PEPOIYKTUBHbBIC OpTraHbl
U HaKOTUIEHUU MMM cekpeta. [locne ciaenyeT Hayano aKTUBHOM AerpaHy/siliuui, KOTopasi COMPOBOXKAAETCS
BO3BpalllEeHUEM KOJMYECTBA TYYHBIX KJIETOK K ITOKa3aTe/l0 MHTAKTHOM TPYMITbl, COXpaHEHWEM ITOBBIIICH-
HOI CUHTETUYECKOW aKTUBHOCTU M MpeobyiafaHueM B CEMEHHUKAaX KJIETOK CO 3peJibiIMU rpaHyjamu. bosee
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BbICOKas mo3a numnpodraokcanHa (400 Mr/Kr) ycKOpsieT akKTUBAIIMIO TYYHBIX KJIETOK, YTO TIPUBOJIUT K 0O-
Jiee paHHel aerpanyasiuuu. KonnyectBo U pyHKIIMOHAbHBIE TTapaMeTPhl TYUYHBIX KJIETOK IO/ AECTBUEM
npenapara U3MEHSIOTCS aHAJIOTUYHO B 000MX KUCCJIEIyeMbIX OpraHax, OHAKO HalaonaeMble MOpGHOMETpU-
YEeCKUE U3MEHEHUS U MToKa3aTesIu CO3PEeBaHUS IPaHyJ/l AEMOHCTPUPYIOT TKaHecnelndruIecKue aarnTuBHbIE
peakunu. [TpoBeneHHOE McCcaenOBaHNE JaeT OCHOBaHUE peKOMeHI0BaTh 103y 400 Mr/Kr B TeueHue 7 nHei
JUUTST aKTUBAIIUM TYYHBIX KJIETOK B PEMPOAYKTUBHBIX OpraHaX CaMIlOB KPbIC M M3YYEHUs CTiepMaTOTeHe3a.
Ho3y 200 MT/KT cleayeT NCoIb30BaTh C EIbI0 TPEABAPUTETbHON CTUMYJISIITUN MUTPAIINU TYYHBIX KIETOK,
MMOBBIIIIEHUST X CHHTETUYECKOUM aKTUBHOCTU U CO3PEBAHMUS TIepe]l TPUMEHEHNEM JPYTroro akTUBaTOpa — NH-
JlyKTopa JerpaHyisiunu. JlaHHas mo3a Takke OyneT MpenrnodYTUTENbHOU U1 6oJiee NTUTEIbHBIX IKCTIEPU-
MEHTOB, YTOOBI CBECTUM K MUHUMYMY MOTEHIIMATbHBIE TTOOOUYHbIE 3(D(EeKThI, CBA3aHHBIE C 00Jiee BHICOKOI
JO3UPOBKOM.

Knrouesvie cnosa: myunvie kaemku, cnepmamozenes, 0eepanyasayus, akmueayus MyHHsiX KAemoK, UWUnpoDAOKCAUUH, CEMEHHUK,
npuUdamoK cemMeHHUKa

LONG-TERM ACTIVATION OF MAST CELLS AS AN
EXPERIMENTAL MODEL FOR STUDYING THEIR ROLE
IN THE REGULATION OF SPERMATOGENESIS

Sadek Ali*®, Pechenkina M.A.?, Khramtsova Yu.S.

@ B. Yeltsin Ural Federal University, Ekaterinburg, Russian Federation

b Institute of Medical Cell Technologies of the Sverdlovsk Region, Ekaterinburg, Russian Federation

¢ Institute of Immunology and Physiology of the Ural Branch of the Russian Academy of Sciences, Ekaterinburg,
Russian Federation

Abstract. Mast cells are an important component of the immune microenvironment in the male reproductive
system, involved in both physiological regulation and pathological processes via secretion of various bioactive
substances. Modeling dysregulation through activation or inhibition of mast cells, and studying the impact
of this disturbance on spermatogenesis, may help identify the precise regulatory mechanisms by which these
cells influence this process. Ciprofloxacin, an antibiotic known to activate mast cells, has shown efficiency
in cardiac mast cell studies but has not been investigated in spermatogenesis. The aim of this study was to
evaluate the effects of various ciprofloxacin regimens on mast cells in reproductive organs of male Wistar rats
and to determine an optimal dose and duration for developing a model suitable for investigating mast cell
involvement in spermatogenesis. Male Wistar rats were treated with ciprofloxacin at 200 and 400 mg/kg for
different durations. Morphological and functional characteristics of mast cells in the testes and epididymides
were assessed histologically. Ciprofloxacin was shown to modulate the mast cell activity in a time-, dose-,
and tissue- dependent manner. At a dose of 200 mg/kg for 7 days, it caused an increase in mast cell numbers,
enhanced synthetic activity, and raised the proportion of cells with mature granules in both organs, while
degranulation remained unchanged. This indicates a “preparatory” phase involving mast cell migration to
reproductive tissues and granule accumulation. This process was followed by active degranulation after 14 days,
associated with return to baseline cell numbers, sustained high synthetic activity, and a predominance of mast
cells with mature granules, especially in testes. A higher ciprofloxacin dose (400 mg/kg) promoted acceleration
of mast cell activation, leading to earlier degranulation. While functional changes were consistent across both
organs, morphometric parameters and granule maturation showed tissue-specific responses. Notably, testicular
mast cells displayed minimal morphometric changes, possibly due to the immune-privileged nature of the
testes. Based on these findings, a 400 mg/kg dose for 7 days is recommended to induce mast cell activation for
spermatogenesis studies. A 200 mg/kg ciprofloxacin dose is more suitable for pre-stimulation prior to the use
of a degranulation inducer and for long-term studies, in order to minimize possible side effects associated with
higher doses.

Keywords: mast cells, spermatogenesis, degranulation, mast cell activation, ciprofloxacin, testis, testis appendage
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The work was carried out partly within the
framework of the IIF UB RAS themes No.
122020900136-4.

Introduction

Mast cells (MCs) are an important component
of the testicular microenvironment. Under normal
conditions, they play a significant role in maintaining
immune privilege and homeostasis within the testi-
cular microenvironment [3]. This role is largely
attributed to the regulatory effects of MC mediators
on vascular permeability and immunomodulation.
However, when MC function is impaired, these
effects may shift towards a detrimental influence on
spermatogenesis. Such dysregulation can disrupt
the balance of the entire testicular microenvi-
ronment, potentially leading to various patho-
logies [8]. Modeling MC dysregulation, -either
through activation or inhibition, and examining its
impact on spermatogenesis can help eclucidate the
precise mechanisms governing this process. While
immunological factors play a significant role in MC
activation, other various factors, including radiation,
pathogens, proteins, proteolytic enzymes, opioids,
estrogens, androgens, and certain antibiotics, can
also trigger their response. Conversely, MC activity
can be suppressed by low doses of y-ionizing radiation
(< 0.1 Gy), antihistamines, and MC stabilizers such
as ketotifen [2]. Among antibiotics, fluoroquinolones
which are effective against Gram-positive and
Gram-negative bacteria, can also influence MC
activity [6]. McNeil and colleagues reported that
ciprofloxacin — the most used fluoroquinolone — can
activate MCs via the Mas-related G-protein coupled
receptor-X2 (MRGPRX?2) [7], a detailed mechanism
demonstrated by Liu et al. [5]. While ciprofloxacin
has been used experimentally in studies of cardiac
MCs [4], it has not been previously employed in
studies of spermatogenesis, where longer-term
activation is required due to the extended duration of
the spermatogenic cycle.

The aim of this study is to evaluate the effects of
different Ciprofloxacin administration regimens
on MCs in the reproductive organs of male rats and
to determine the optimal dosage and duration for
developing a model to study the role of MCs in the
regulation of spermatogenesis.

Materials and methods

The experimental animals were sexually mature
male Wistar rats, aged 4 months, with a body weight
of 350 — 472 g (n = 24). During the experiment,
the animals were housed under standard vivarium
conditions with a 12-hour light/dark cycle, without a
special diet and with free access to drinking water. The

study was approved by the Ethics Committee of the
ITF UB RAS (No. 10-23, dated 09.10.2023).

All animals were divided into 4 groups: 1) a group
of intact animals (INT), n = 6; 2) a group of animals
receiving ciprofloxacin at a dose of 200 mg/kg/day
for 7 days (C200D7), n = 6; 3) a group of animals
receiving ciprofloxacin at a dose of 200 mg/kg/day
for 14 days (C200D14), n = 6; 4) a group of animals
receiving ciprofloxacin at a dose of 400 mg/kg/day for
7 days (C400D7), n = 6.

The animals were euthanized by ether overdose,
and the testicles and epididymides were collected.
Histological preparations were made and stained with
toluidine blue to assess MC parameters, including
their quantity and functional state. Additionally,
alcian blue-safranin staining was used to evaluate the
degree of MC granule maturity.

Preparation of drug suspension

A ciprofloxacin suspension was prepared by finely
crushing two 250 mg ciprofloxacin tablets (Ozon,
Russia) and dissolving them in 20 mL of water,
resulting in a final concentration of 500 mg/20 mL.
The required doses for each animal were calculated
and administered via oral gavage. The suspension
was thoroughly mixed before each administration to
ensure uniform drug distribution.

Quantification of M Cs density

Scans of prepared tissue sections were obtained
using a Leica DM2500 light microscope (Leica,
Germany) equipped with a Basler acA1920-40um
camera (Basler, Germany) and the MultiMedia
Catalog 2008-2020 software. The number of MCs
was objectively quantified in all scans using QuPath
0.5.0 [1], and their density was calculated as the
number of MCs per 1 mm? of tissue section.

Assessment of M Cs synthetic activity

FIJI ImageJ 1.54f[9] was used to objectively assess
MC synthetic activity. The software was calibrated
using the Rodbard function to convert grayscale
intensity values to optical density (OD). After
calibration, all scans were converted to 8-bit grayscale.
In each scan, the OD of 50 cells was measured; if fewer
than 50 cells were present, all available cells were
analyzed. A higher OD value indicates more intense
MC synthetic activity.

Assessment of MCs functional activity

MCs were classified into four categories: inactive,
weakly degranulating, moderately degranulating, and
actively degranulating.

The degranulation index (DI) of MCs was
calculated using the following formula:

DI = D+1 % 100%,

where D — the number of MCs with clear signs of
degranulation, I — the number of inactive MCs.

Assessment of MCs granule maturity

Using Alcian blue-safranin staining, MCs were
classified into three groups:
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— MCs with immature granules, stained blue due
to the affinity of their components for Alcian blue
alone (Alc+ granules);

— MCs with granules of intermediate maturity,
stained purple due to the affinity of their components
for both Alcian blue and safranin (Alc+ granules and
Saf+ granules);

— MCs with mature granules, stained red due to the
high content of heparin, a sulfated glycosaminoglycan
with a strong affinity for safranin (Saf+ granules).

Evaluation of M Cs morphometric parameters

Using FIJI ImageJ 1.54f, the area and perimeter of
50 cells were measured in each preparation. If fewer
than 50 cells were present, all available cells were
analyzed. The software was calibrated by capturing
images of an objective micrometer with a known scale.
The number of microns per pixel was determined by
measuring the distance between marked divisions
on the micrometer and inputting this value into the
software to ensure accurate morphometric analysis.

Statistical analysis of the obtained data

All data were analyzed using GraphPad Prism
9.5.1. The Kruskal—Wallis test was used to compare
the number of MCs, DI, and granule maturity between
groups. Dunn’s test for pairwise comparisons, with
subsequent correction using the two-stage stepwise
method of Benjamini, Krieger, and Yekutieli, was
applied to accurately determine differences between
independent groups.

One-way ANOVA was used to compare OD and
morphometric parameters of MCs among three or
more groups, followed by the Games—Howell post-
hoc test to determine intergroup differences.

Differences were considered statistically significant
at p < 0.05. Data in the tables are presented as M*SE,
Me, and the 95% CI of the median.

Results and discussion

During the experiment, different dosages and
administration durations of the drug were tested.
Administration of ciprofloxacin at 200 mg/kg for 7 days
led to an increase in the number of MCs in the testes
and epididymides of rats, with most cells containing
mature granules. An increase in their synthetic activity
was observed, while functional activity remained
unchanged (Table 1). These findings suggest that
during the first week of administration, ciprofloxacin
stimulates the migration of MCs to the reproductive
organs, enhances their synthesis of bioactive
substances, and promotes granule maturation.
However, it does not affect MCs degranulation, which
remains at the same level as intact animals.

After 14 days of ciprofloxacin administration
at 200 mg/kg, the number of MCs in the testes and
epididymides returns to normal. However, their
synthetic activity remains elevated compared to
MC s in intact animals. Unlike the first week, MCs

degranulation in both the testes and epididymides
increases significantly compared to the intact group
and the C200D7 group (Table 1).

Administration of ciprofloxacin at 400 mg/kg for 7
days produces a combined effect similar to that of 200
mg/kg administered for 7 and 14 days. The number
of MCs in the testes and epididymides increases
significantly, accompanied by an increase in both
synthetic and functional activity compared to the
intact group (Table 1). In the testes, a large number
of cells with mature granules are observed, whereas
in the epididymis, there is only a tendency toward an
increase in their number.

When comparing MCs parameters in the testes
and epididymides, it was found that the number and
functional activity of MCs changed similarly in both
reproductive organs. However, synthetic activity,
which generally increased with drug administration,
and the distribution of cells based on granule maturity
exhibited significant organ specificity. In the testes,
synthetic activity showed a dose-dependent increase.
In contrast, in the epididymides, synthetic activity
decreased after two weeks of drug administration
or when a higher dose of ciprofloxacin was used.
This may suggest that testicular MCs replenish their
granules more rapidly than epididymal MCs following
degranulation. Additionally, in the testes, granule
maturation was activated regardless of dose or duration
of administration, whereas in the epididymides, this
effect was observed only in the C200D7 group.

Morphometric  characteristics of  testicular
MCs indicate greater resistance to the effects of
ciprofloxacin, as their areca remains unchanged
compared to the intact group. A small, but significant,
increase in their perimeter was observed after the
administration of 200 mg/kg ciprofloxacin for two
weeks and 400 mg/kg for one week, compared to
the C200D7 group but remained at the same level
as in the intact group. In contrast, epididymal MCs
demonstrate a significant decrease in both area and
perimeter following ciprofloxacin administration,
regardless of the dose or duration.

The choice of drug doses in this study is based
on the intravenous ciprofloxacin concentration of
150 mg/kg, which has been used in studies of cardiac
MCs [4], where stable activation of these cells was
demonstrated. According to the Northern Health
(Canada) clinical guideline “Intravenous to oral
conversion for antimicrobials” the ciprofloxacin
conversion factor is 1.25. Therefore, an oral dose of
200 mg/kg was used in this study to activate MCs.
To study the effect of an increased dose, a 400 mg/kg
dosage (double the initial dose) was administered.

The results of this study demonstrate that
ciprofloxacin modulates MCs activity in a time-,
dose-, and tissue-dependent manner (Figure ).
The increase in the number and synthetic activity
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Figure 1. Effects of ciprofloxacin on mast cells with different intake regimens

of MCs, as well as the activation of their maturation
in both the testes and epididymides, observed after
administration of the drug at a dose of 200 mg/kg
for 7 days, along with unchanged degranulation,
suggests the transition through a “preparatory” phase
of MCs, characterized by the migration of MCs into
the reproductive organs and the accumulation of their
secretion. This phase ends in the second week and is
marked by the onset of active degranulation and the

return of the MCs count to levels seen in the intact
group, while synthetic activity remains elevated.
Regulatory mechanisms may be involved, initially
suppressing MCs degranulation, but eventually being
eliminated due to prolonged drug-induced activation.
A higher dose of ciprofloxacin (400 mg/kg)
accelerates MCs activation, resulting in earlier
degranulation. This suggests that MCs response is
influenced not only by time but also by dose.
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While MCs parameters (quantity, synthetic and
functional activity) change similarly in the testes and
epididymides, the observed morphometric changes —
specifically, the reduction in the size and altered shape
of epididymal MCs — demonstrate tissue-specific
adaptive responses. The absence of significant changes
in the morphometric parameters of testicular MCs
may be attributed to the unique immune-privileged
microenvironment of the testes.

The conducted study provides grounds for
recommending a dose of 400 mg/kg for 7 days to
activate MCs in the reproductive organs of male rats
and to study spermatogenesis. A dose of 200 mg/kg
may be more suitable if the goal is to “prepare”
MC s in the reproductive organs by stimulating their
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migration, synthetic activity, and maturation before
applying another activator to induce degranulation.
Additionally, this lower dose may be preferable for
longer experiments to minimize potential side effects
associated with higher dosages.
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