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Pe3rome

TydHesle  KIETKH  SABIAIOTCS  BAXXHBIM  KOMIIOHEHTOM  MMMYHHOTO
MUKPOOKPY>KEHHUSI OPTaHOB MYKCKOH PENPOTYKTUBHON CHUCTEMBI U YIaCTBYIOT B MIX
pETYJSIIIMA B HOPME WM MPHU TNATOJOTHH. MoaenupoBaHue JUCPETYJISIUU B BUIC
AKTUBAIIMU WM UHTUOUPOBAHUS TYYHBIX KIETOK M UCCIICIOBAHHUE BIUSHUS TaHHOTO
HapyIICHUS Ha CIOEPMATOT€HE3 MOXKET IOMOYh B YCTAHOBJICHHH TOYHBIX
MEXAaHU3MOB PEryJsiliud JAaHHOTO mpouecca. OIHUM H3 aKTUBATOPOB TYUYHBIX
KJIETOK siBJIsieTcs npenapat «Lunpoduokcanuny, KOTOPbINA 3apeKOMEHI0Ba ceOsl B
UCCIIEIOBAaHMUSIX TYYHBIX KJIETOK Cepilla, OAHAKO paHEe HE HCIONb30BAJICA B
paboTax Mo M3y4eHHIO CTIepMaTOreHe3a.

Leap maHHOTO HCCIEIOBAaHUS — OLIGHWUTH BIUSHUS Pa3HBIX CXEM IpHUeMa
npenapata «L{unpodnokcana» Ha TydHble KJIETKH PENPOIYyKTHUBHBIX OpPraHOB
CaMIIOB KpBIC U BBIOpaTh ONTHUMAIBHYIO 103y U MPOJOIKUTEILHOCTD TIPHEMa IS
CO3MaHUS MOJIETH, KOTOpas TO3BOJUT MCCIENAOBAaTh Y4acTHE TYYHBIX KJIETOK B
PETYIISIAH CIIepMaTOTeHEe3a.

MaTtepuajibl 1 MeTOAbI. DKCIIEPUMEHT MPOBeJicH Ha camiax jJuaun Wistar.
Hcnons3oBanu pasHble KOHIEHTpaluio 1unpodaokcanuia (200 u 400 mr/kr) u
CpoKM ero nmpuema. Ha  rucTomormdyeckux —mpemapatax — OIEHHBAIH
MOp(hHODYHKITMOHATIFHBIE TapaMeTPhl TYYHBIX KJIETOK CEMEHHHUKOB U IMPHUIATKOB
CEMEHHUKOB.

PesyabraTsl. Ilpenapar «umpodmokcanua» MoOaynupyeT akTUBHOCTD
TYYHBIX KJIETOK B 3aBUCHMOCTH OT BpE€MEHH, 1M03bl M TKaHd. [locie mpuema
npenapara B g03e¢ 200 MI/Kr 7 CyTOK yBEIWYMUBACTCS KOJUYECTBO, CHHTETHIECKAS
AKTUBHOCTb TYYHBIX KJIETOK W TPOLEHT KJIETOK CO 3pEebIMU T'paHylIaMH Kak B
CEMEHHHMKAX, TaK M B NpUIATKaX HApsALy C HEU3MEHHOW AerpaHyssIueil, 4To
YKa3bIBAIOT Ha MPOXOXKICHHUE «IOATOTOBUTEIHHOW» (Da3bl, 3aKIIOYAIOIICHCS B
MUTPAIUHU TYYHBIX KJIETOK B PEMPOAYKTUBHBIE OpraHbl M HAKOTUIEHUH UMH CEKPEeTa.
[Tocme crmemyer Hayalo AaKTUBHOM JETPaHyIALNU, KOTOpas COMPOBOXKAACTCS
BO3BpAIICHHEM KOJUYECTBAa TYYHBIX KJIETOK K TMOKA3aTETI0 WHTAKTHOW TPYIIIIHI,
COXpaHEHHEM IMOBBIIICHHOW CHUHTETHYECKOW AaKTUBHOCTH M TpeobiajgaHueM B
CEMEHHHMKAaX KJIETOK CO 3pelbIMH TpaHylamMu. bonee BbIcOkas J103a
nunpodaokcanuaa (400 MI/Kr) ycKOpseT aKTHBAIMI0 TYYHBIX KJIETOK, 4YTO
OpUBOIUT K Oosiee paHHel nerpanynsauud. KommuectBo M (yHKIIMOHAIBHBIC
napaMeTphl TYYHBIX KJIETOK MOJ IEHCTBUEM IpernapaTa U3MEHSIOTCS aHAJIOTUYHO B
o00MX HCCIeAyeMBIX OpraHax, OJHAKO HabOmgaeMble MOPPOMETPUUECKHE
U3MEHEHUS u MOKa3aTeu CO3PEBAHUS rpaHyi JEMOHCTPUPYIOT
TKaHecTeu(UIECKUE alaliTUBHBIC PEaKIUU.

BoiBoasbl. [IpoBeneHHoe uccieqoBaHHE 1aeT OCHOBAHME PEKOMEHIOBATH
no3y 400 wmr/kr B TeueHWe 7 JHEW JUIS aKTUBAIlMU TYYHBIX KIETOK B
PENPOAYKTUBHBIX OpTaHax CamIlOB KPBIC U M3y4eHHs crnepmaTtoreHesa. Jlozy 200
MT/KT CIIeZIyeT UCIOJB30BaTh C IEIbI0 MPEIBAPUTEIILHON CTUMYIISIIIUN MHTPAIAN
TYYHBIX KJIETOK, IMOBBIIICHUSI UX CHHTETHUECKON aKTUBHOCTH W CO3PEBAHUS Mepes
NPUMEHEHHEM JpPYroro akTUBaToOpa - MHAYKTOpa AerpaHyisiuu. JlanHas mosa
TakKe OyAeT MPeArnoYTUTENbHON s 00Jiee MIIUTEIbHBIX YKCIIEPUMEHTOB, YTOOBI
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CBECTM K MHUHUMYMY MOTEHIIMaJbHbIE MOO0OYHBIE 3 (DEKTHI, CBSI3aHHBIE C OoJiee
BBICOKOW JO3UPOBKOM.

KiawueBble cioBa: TYYHBIC KIJICTKH, CIIEpMATOIrCHEC3, ACTPaHYJIAIN,
AKTHUBallUs TYUYHBIX KICTOK, III/IHPOCI)JIOKC&III/IH, CCMCHHMUK, IIPUAATOK CCMCHHUKA.
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Abstract

Mast cells are an important component of the immune microenvironment in
the male reproductive system, involved in both physiological regulation and
pathological processes through the secretion of various bioactive substances.
Modeling dysregulation via activation or inhibition of mast cells and examining the
impact on spermatogenesis can help clarify their exact role in its regulatory
mechanisms. Ciprofloxacin, an antibiotic known to activate mast cells, has shown
effectiveness for this aim 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 the reproductive organs of male Wistar rats
and determine the optimal dose and duration for creating a model suitable for
investigating mast cell involvement in spermatogenesis.

Materials and Methods. 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 epididymis were assessed
histologically.

Results. Ciprofloxacin modulated mast cell activity in a time, dose, and
tissue- dependent manner. A dose of 200 mg/kg for 7 days increased 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 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 the testes. The
higher dose (400 mg/kg) accelerated 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.

Conclusions. 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 dose is more suitable for pre-stimulation prior to the use of a degranulation
inducer and for long-term studies to minimize potential side effects.

Keywords: mast cells, spermatogenesis, degranulation, mast cell activation,
ciprofloxacin, testis, testis appendage.
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1 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 testicular
microenvironment [4]. 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 microenvironment, potentially leading to various pathologies [8].
Modeling MC dysregulation, either through activation or inhibition, and examining
its impact on spermatogenesis can help elucidate 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 [3]. 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
(MRGPRX2) [7], a detailed mechanism demonstrated by Liu et al. [5]. While
ciprofloxacin has been used experimentally in studies of cardiac MCs [1], 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.

2 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 IIF 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
epididymis were collected. Histological preparations were made and stained with
toluidine blue to assess MC parameters, including their quantity and functional
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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.

Calculation of MCs Number. 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 [2], and their density was calculated as the number of MCs per 1 mm? of
tissue section.

Assessment of MCs 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 = —~+100%

Where D - the number of MCs with clear signs of degranulation, | — the
number of inactive MCs.

Assessment of MCs Granule Maturity. Using Alcian blue—safranin staining,
MCs were classified into three groups:

- 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 MCs 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.



88

89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

10.46235/1028-7221-17180-LTA

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.

3 Results

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 epididymis 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 epididymis returns to normal. However, their synthetic
activity remains elevated compared to MCs in intact animals. Unlike the first week,
MCs degranulation in both the testes and epididymis 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 epididymis 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 epididymis, 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 epididymis, 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
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administration, whereas in the epididymis, this effect was observed only in the
C200D7 group.

Morphometric characteristics of testicular MCs indicate greater resistance to
the effects of ciprofloxacin, as their area 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.

4 Discussion

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 [1], 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 (Fig.1). The increase in the
number and synthetic activity of MCs, as well as the activation of their maturation
In both the testes and epididymis, 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.

While MCs parameters (quantity, synthetic and functional activity) change
similarly in the testes and epididymis, 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” MCs in the reproductive organs by stimulating their migration, synthetic
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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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TABJINLbI

Taoauuna 1. Biusaue nunpodiokcalia Ha mapaMeTphbl TYUHBIX KJIETOK B PEMPOIYKTUBHBIX OpraHax camIlOB KPHIC.
Table 1. The effect of Ciprofloxacin on mast cell parameters in the reproductive organs of male rats

[TapameTpsl
Parameters
KonuyectBo TK ¢ pa3HoOi1 CTENEHBIO 3pEIOCTH
TK Ha 1 mm? rpanyi, %
['pynmbr UHnekc pany.
oprasa, CuHTeTHuecKas ITepumerp, .
Groups | wmetka/mm? | akTmBHOCTB, OIT | A¢ PAHYTUN ITnomanp, MEM Maturation degree of MCs granules, %
’ nu, % MKM?2
MCs number Synthetic lati , Perimeter, Hespenbie | IIpomexyto 3pensle
in1mmeof | activity, oD | Dcdranulati | Area, um um HHbIC
: on index, % Immature Mature
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cell/mm
CeMeHHHK
Testis
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0.492 + 9543 + 1.76
200A | 042022+ | 0005 257+ | 31132085 | 24455035 | )5y 4150 9261450 ;
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0.503) ' ' ' 100.00)
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H20021 | 494007 | 99037 : 3930 £0.97 : 0.91+058 | 0.00+0.00° :
14 0.005 1500
0.51 (0.19; | 6851 00 2589 | 0.00(0.00; | 0.00(0.00; | 100.00
CzlofD 0.68) 0'5%)15(205192’ (61.90; f’g'(%))’ (24.99; 3.03) 0.00) (96.97:
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Epididymis

HpI/II[aTOK CCMCHHHUKA
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& — pa3nuuusi JOCTOBEPHBI MO0 CPABHEHUIO C COOTBETCTBYIOIIMM TapaMeTPOM KOHTPOJIBHOW TPYIIIBI IO pe3yjibTaTaM KpUTEPHUS

Kpackena—Yomiuca ¢ nocneayromum anoctepuopHsiM TecToM J[anHa u koppekiueit Meroiom benmxamunn, Kpurepa u SIkytusnu
(p <0,05)

b — pasmuuMs JOCTOBEpHBI 10 CPABHEHHIO C COOTBETCTBYIOIIMM mapamerpoM rpynmsl 1[200[]7 mo pesynsTaraM KpHTepHs

Kpackena—Yomuca ¢ nocneayromuyMm anoctepuopHsiM TecToM J{anHa u koppekiueit Merosiom benmxamunn, Kpurepa u SIkytusnu
(p <0,05)

¢ — paznuuusg JAOCTOBEPHBI MO CPaBHEHHUIO C COOTBETCTBYIOLIUM mapameTpoMm rpynmnbl 1[200/[14 mo pesynpratam KpuTepus

Kpackena—Yomuca ¢ nocneayromum anocTepuopHsiM TecToM J{anHa u koppekieit Meroiom benmxamunn, Kpurepa u SIkytusnu
(p <0,05)

d _ pasidnsa  AOCTOBCPHBI IO CPABHCHHIO C COOTBCTCTBYHOIIMM IIapaMCETPOM KOHTpOHBHOﬁ I'pynibl IO pe3yiibTaTaM

ogHo(dakTopHoro naucnepcuonHoro anaiuza (ANOVA) ¢ mnocienyromuM anoCTepUOPHBIM TECTOM ISl MHOXKECTBEHHBIX
cpaBHeHWMit 1o kputepuio [eiimca—Xayamia (p < 0,05)

¢ — pa3nuuus TOCTOBEPHBI MO CPABHEHUIO C COOTBETCTBYIOMIMM napamerpoM rpymnmsl [[200/7 o pesyasraram onHO(GaKTOPHOTO
aucnepcuonnoro ananu3a (ANOVA) ¢ mocnieayronuM arnocTepuopHbIM TECTOM ISl MHOXKECTBEHHBIX CPaBHEHUN MO KPUTEPHUIO
['eiimca—Xayamia (p < 0,05)

f — pasnuuus 10CTOBEPHBI O CPABHEHUIO ¢ COOTBETCTBYIOMUM napameTpoM rpyrmst 1120014 mo pesyasraram ogHO(aKTOPHOTO
aucnepcuonnoro ananu3a (ANOVA) ¢ mocneayommm anocTepUuoOpHbIM TECTOM ISl MHOKECTBEHHBIX CPAaBHEHUHN MO KPUTEPHUIO
['eiimca—Xayaimia (p < 0,05)

& — differences are significant compared to the corresponding parameter of the control group according to the Kruskal-Wallis test,
followed by Dunn post-hoc test, with correction using the Benjamini, Krieger and Yekutieli method (p < 0.05)

b _ differences are significant compared to the corresponding parameter of C200D7 group according to the Kruskal-Wallis test,
followed by Dunn post-hoc test, with correction using the Benjamini, Krieger and Yekutieli method (p < 0.05)
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¢ — differences are significant compared to the corresponding parameter of C200D14 group according to the Kruskal-Wallis test,
followed by Dunn post-hoc test, with correction using the Benjamini, Krieger and Yekutieli method (p < 0.05)

d _ differences are significant compared to the corresponding parameter of the control group according to one-way ANOVA with
post-hoc test for multiple comparisons using the Games-Howell criterion (p <0.05)

¢- differences are significant compared to the corresponding parameter of C200D7 group according to one-way ANOVA with post-
hoc test for multiple comparisons using the Games-Howell criterion (p <0.05)

" differences are significant compared to the corresponding parameter of C200D14 group according to one-way ANOVA with
post-hoc test for multiple comparisons using the Games-Howell criterion (p <0.05)
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Pucynok 1. Biusaue munpodriokcaliiHa Ha TyYHbIE KJIETKH IPH pa3HbIX cXeMmax
rpuema npemnapara.
Figure 1. Effects of Ciprofloxacin on mast cells with different intake regimens.
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