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06ocHosanue. KnetouHas Tepanus — NepcnekTMBHOE HanpaBneHue NeveHus 3abonesanuii ¢ npeobnafaHuem B natore-
He3e MPOLLeCCOB BOCMANEHMs U CKIEpo3a, K KOTOPbIM OTHOCUTCA eHUTaNbHbIA TyOepKynes, XxapaKTepusyloLLmMiAca pasBuUTHeEM
CanbMMHIUTA C OKKJIK03Wel MaTouHbIX TPYo.

Llene — onpepnenenune 3dHeKTUBHOCTM NPUMEHEHUA ME3EHXMMHBIX CTBOSIOBbIX KIIETOK BMECTE CO CneLmMpuyecKon nosn-
XMMUOTEpANMEN NPK IKCNEPUMEHTANBHOM TyOEpKYNe3HOI MHDEKLMM EHCKUX NONOBbIX OpraHoB.

Mamepuanelr u Memodel. Kponuku-caMkv nopogbl WuHwmMAna (n = 27) bbinv paspeneHbl Ha YeTbipe rpynnbl. MepBas
rpynna (n = 6) — KOHTpONbHas, 3[0POBble XMBOTHbIE; BTOpas (n = 7) — JMBOTHbIE, 3apa)KeHHble FeHUTaNbHbIM TybepKy-
ne3oM, 6e3 nocnenytoLLero Nevenus; TpeTbsl (1 = 7) — XUBOTHbIE, 3apaXeHHble TYOepKyne3oM, feYeHune TONIbKO NPOTMBOTY-
bepKynesHbIMKU Npenapatamu; YeTBepTas (n = 7) — XUBOTHbIE, 3apaXKeHHbIe reHUTasbHBIM TyOepKynesoM, leyeHune nNpoTuBo-
TyOepKynesHbIMU MpenapaTamMu B COYETaHWUM C ME3EHXUMHbBIMU CTBOJIOBLIMM KeTKaMu. [lns MofennpoBaHus reHUTanbHOro
Tybepkynesa ucnonb3oBanu KyneTypy M. tuberculosis Erdman, kotopyto BBOAWAM NOA Cepo3HYl0 060/104KY NEeBOW MaToYHOM
Tpybbl B KonmdecTse 107 KOE/0,2 Mn. [Ing oueHKM 3QEKTUBHOCTM JIEYeHUs aHanM3vpoBau reMarosiornyeckue u Guoxm-
MUYECKMe MoKasaTenu nepudepuyeckoit KpoBY, BBINOMHANM TUCTEPOCANBIMHIOMPAQUI0, AUArHOCTUYECKYID NanapoCcKonuio
W y4uTbIBaNM GaroLmMTapHylo aKTMBHOCTb NEpPUTOHeabHbIX MaKpoharos.

Pe3synbmamel. Y 3apaeHHbIX TeHUTANbHBIM TYOEpKYNEe30M JMUBOTHbIX YBESIMYMBANOCh KONMYECTBO JEHAKOLMTOB,
C-peakTBHOro benka B nepudepuyecKoii KpoBM, OTMEYANIUCh OTEYHOCTb M OKKJIIO3US MaTouHbIX TPYO. Y KposuMKoB, mony-
YaBLUMX JieYeHWe NpOTUBOTYOEPKYNE3HLIMW MpenapaTaMu B COYETAHWUM C ME3EHXMMHbIMU CTBOMIOBLIMU KIETKaMM, YMeHb-
wanca neitkoumtos (8,18 + 1,39 - 10°/n npotve 9,32 + 1,36 - 10°/n, p < 0,05) n cHuxancs yposeHb C-peakTMBHOrO 6esKa
(1,1 + 0,8 Mr/n npotus 2,2 + 1,2 mr/n, p < 0,01) B nepudepn4ecKon KpoBu B CPaBHEHUN C KPOIMKaMM, NOY4aBLLMMU TONBKO
npoTUBOTYOEpKYNesHble npenapatbl. B yeTBepToi rpynne Habmiofanock Takke ycunenue daroumUtapHoi akTMBHOCTU MaKpo-
daroB. Y KposMKOB, NoMy4aBLUMX JieYeHWe ME3EHXUMHbIMUA CTBOJIOBbIMW KJIETKaMU, MO AaHHbIM MUCTepocanbnuHrorpadmm
Oblna NoATBEPKAEHA NPOXOAMMOCTb MaTouHbIX Tpy. Mo AaHHBIM TMCTONOTMYECKOTo UCCIeA0BaHUS KOHCTATUPOBaHa CTabu-
NM3auMa CNaeyHoro npouecca ¢ npeobnagaHreM npoLeccoB penapauum.

3aknioyeHue. Me3eHXMMHbIE CTBOMOBbIE KNETKM CMOCOBCTBYIOT pa3BUTUIO penapaTUBHbIX MPOLECCOB B MaTOuHbIX Tpybax
B KOMOMHALMM C NpOTUBOTYOEPKYNE3HBIMKM NpenapaTaMm Npy NeYeHUN reHUTabHOro TybepKynesa y KpOMKOB.
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BACKGROUND: Cell therapy is a promising trend in treating characterized by inflammation and sclerosis diseases such as
genital tuberculosis, marked by pelvic inflammatory disease and uterine tube occlusion.

AIM: Efficacy evaluation of combined mesenchymal stem cells and specific polychemotherapy treatment of the experimen-
tal genital tuberculosis.

MATERIALS AND METHODS: Chinchilla rabbits (n = 27) were divided on 4 groups. Group 1 (n = 6) comprised control group,
healthy animals. Group 2 (n =7) infected with genital tuberculosis, without treatment. Group 3 (n = 7) infected with genital
tuberculosis, treated with anti-tuberculous drugs only. Group 4 (n =7) infected with genital tuberculosis, treated with anti-
tuberculous drugs and mesenchymal stem cells. Culture of M. tuberculosis Erdman in dose 10’ CFU/0.2 ml was injected under
the left uterine tube serosa for the genital tuberculosis modelling. For treatment efficacy evaluation following tests were used:
full blood count, blood chemistry, hysterosalpingography, diagnostic laparoscopy, peritoneal macrophage phagocytic activity
assessment.

RESULTS: Infected with genital tuberculosis animals had leukocytosis, elevated C-reactive protein, swelled and occluded
uterine tubes. Treated with anti-tuberculous drugs and mesenchymal stem cells rabbits had lower white blood cell count
(8.18 + 1.39 - 10°/L vs 9.32 + 1.36 - 10%/L, p < 0.05) and C-reactive protein (1.1 + 0.8 mg/L vs 2.2 + 1.2 mg/L, p < 0.01) com-
pared to animal treated with anti-tuberculous drugs only. Animals in group 4 had also increased peritoneal macrophage phago-
cytic activity. Treated with mesenchymal stem cells animals had unobstructed uterine tubes, stabilized adhesive process within
small pelvis with reparative process prevalence.

CONCLUSIONS: Mesenchymal stem cells combined with anti-tuberculous drugs therapy favors reparative process in
uterine tubes in genital tuberculosis.
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BACKGROUND

Infertility affects over 15% of couples worldwide.
Despite recent progress in the control of infertility with
the use of assisted reproductive technologies, more than
80% of couples experience insurmountable impairment of
fertility [1]. Thus, the search for new therapies is extremely
relevant. Currently, to restore the structure and function of
damaged tissues, cell therapy is actively used in various
fields of medicine [2].

Genital organs are the most common extrapulmonary
localization of a specific infection in women [3]. Tubercu-
losis of the female genital organs is a significant cause of
chronic pelvic pain syndrome and infertility. The true preva-
lence of the disease cannot be analyzed, since the disease
is asymptomatic in 11% of the patients [4]. According to
many authors, the incidence of infertility in genital tubercu-
losis varies from 10% to 85% worldwide [5]. Cellular medi-
cine, which uses the unique properties of progenitor cells
having high biological activity, differentiation potential, and
the ability to form colonies, is being developed [6, 7]. Upon
entry to the body, stem cells can accumulate in a damaged
organ and differentiate into cells that form its tissues; they
can also activate dormant and suppressed cells. For ex-
ample, mesenchymal stromal cells (MSCs) transplanted in
an experimental model of premature ovarian failure have
demonstrated their ability to remain in the ovarian tissue
and participate in ovarian regeneration and generation of
oocytes [8].

Stem cells secrete biologically active substances and
implement a paracrine effect on the production of various
enzymes, proteins, and cytokines, which activate cell pro-
liferation, slow the process of apoptosis of functional cells,
and promote the differentiation of progenitor cells into
cells of damaged tissues. Stem cells have an immunosup-
pressive effect through cell contacts and the production of
factors that inhibit the proliferation of natural killer cells
and contribute to the restoration of intercellular signals.
The efficiency of MSCs in cicatricial changes in the uterine
cavity has been proven experimentally [9]. Data obtained
on model animals and in clinical practice in a limited group
of patients revealed the successful use of the cell prod-
uct in the treatment of the uterine cavity synechia, namely,
Asherman syndrome, in combination with adhesiolysis and
hormonal therapy [10, 11]. MSCs are used in the compre-
hensive treatment of tuberculosis [12], multidrug-resistant
and extensively drug-resistant tuberculosis [13], and pul-
monary fibrosis [14].

The work aimed to investigate the effect of bone marrow
MSCs in combination with anti-tuberculosis drugs (ATDs)
on the course of experimental genital tuberculosis and
the structural and functional characteristics of the fallopian
tubes in model animals.
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MATERIALS AND METHODS

The experiment was performed on 27 female chinchilla
rabbits weighing 2.5-3.0 kg in a certified vivarium. The cri-
teria for the inclusion of animals in the experiment were an
increase in body weight during the quarantine period and
the absence of visible disease symptoms. The efficiency of
MSCs in combination with comprehensive specific chemo-
therapy was evaluated using a previously developed model
of isolated tuberculosis of the female genital organs [15].
To simulate genital tuberculosis, a suspension of a stan-
dardized drug-susceptible virulent strain of M. tuberculosis
Erdman (MTB) of the second generation was used, which
was injected under the serous membrane of the left fallopi-
an tube at a dose of 107 CFU/0.2 mL. Thirty days after infec-
tion contamination, the experimental animals were divided
into the following groups: group 1 (n = 6) included intact
animals, group 2 (n=7) included rabbits infected without
further treatment (infection control), group 3 (n = 7) included
rabbits treated only with ATDs, and group & (n = 7) consisted
of animals treated with ATDs in combination with bone mar-
row mesenchymal cells.

Anti-tuberculosis therapy was started with positive
results of an intradermal test with recombinant tuberculosis
allergen (RTA) 1 month after infection contamination using
isoniazid (Moskhimfarmpreparaty im. N.A. Semashko,
Russia; intramuscularly at 10 mg/kg), rifampicin (Macleods
Pharmaceuticals LTD, India; intragastrically at 10 mg/kg),
ethambutol (Lupin LTD, India; intragastrically at 20 mg/kg),
and perchlozon (tioureidoiminomethylpyridinium perchlorate,
Pharmasyntez, Russia; intragastrically at 15 mg/kg).
Allogeneic MSCs were isolated and cultivated according to
the standard method at the Center for Cell Technologies
of the Institute of Cytology, Russian Academy of Sciences
[16, 17]. Immunophenotyping of passage 3 cells was
performed using Abcam monoclonal antibodies (USA) on an
Epics XL flow cytometer (Beckman Coulter Inc., CA, USA).
The relative counts of positive cells for CD90* and CD105*
immunophenotypic markers characteristic of MSCs were
81% and 92%, respectively; the CD45* hematopoietic marker
was absent. The stain PKH-26 (1 kit Lot 122k 0428 PKH26
RED Fluorescent cell linker mini kit, Sigma-Aldrich, USA)
was used for intravital labeling. The stain was administered
into the cells according to the standard procedure [18].
Cells in stain-containing tissues were detected by indirect
immunofluorescence. Stained cells were identified using
a Leica TCSSL confocal microscope (Zeiss, Germany).
MSCs were transplanted once under the serous membrane
of the left uterine horn at a concentration of 5 million/mL
2 months after the start of chemotherapy in group 4.

The control of the tuberculosis infection activity in
experimental animals and evaluation of the treatment
efficiency were performed as follows.
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1. Performing an intradermal test with RTA 30, 90, and
150 days after infection contamination. RTA was admin-
istered to experimental animals intradermally on the back
in the zone of projection of the infected fallopian tube at
a concentration of 2 pg/mL in 0.1 mL of isotonic sodium
chloride solution. The test result was evaluated 72 h after
RTA administration, determining the erythema diameter
in millimeters.

2. Evaluation of hematological (Emerald, Abbot, USA) and
biochemical (Synchron, Beckman Coulter, Inc.) peripheral
blood parameters before infection and at 30, 90, and 150
days after MTB inoculation.

3. Confirmation of an isolated tuberculous process in the
genitals. An isolated tuberculous process was evidenced
by the absence of changes in the lung tissue according
to the results of multislice computed tomography (Aqui-
lion 32 tomograph, Canon Medical Systems Corp., USA)
30 days after infection.

4. Macroscopic assessment of the genital organs. Diagnos-
tic laparoscopy was performed 30 days after MTB inocu-
lation (n = 27) under combined general anesthesia (Zoletil
at a dose of 25 mg/kg and Rometar 2%, 1.0 mL each
intramuscularly).

5. Evaluation of the patency of the fallopian tubes based
on hysterosalpingography results. It was performed
150 days after modeling tuberculous salpingitis imme-
diately before euthanasia. During laparotomy, 1 mL of
urografin at a dose of 75 mg/mL was injected into each
horn. X-ray images were taken immediately after admin-
istration and then after 5 and 10 min.

6. Assessment of the phagocytic activity (PA) of peritoneal
macrophages (pMs). PMs were obtained by flushing the
abdominal cavity of rabbits with medium 199 containing
10% bovine serum and 5 IU/mL heparin. A cell suspen-
sion of pM (1 x 10%) was placed on disposable plastic
Petri dishes and incubated at +37°C for 1 h in an atmo-
sphere of 5% CO,. After removal of pM not attached to
the monolayer, a suspension of yeast cells of the ge-
nus Saccharomyces cerevisiae (1 x 107 cells per dish)
preliminarily opsonized with mouse serum was added.
Counting was performed at 80-fold magnification. Based
on the data obtained, the indicators of pM PA as the
proportion of pMs involved in phagocytosis were calcu-
lated, including the phagocytic number as the average
count of yeast cells absorbed by one pM, phagocytosis
completion rate (PCR) as the count of yeast cells di-
gested by pMs for 1.5 h of cultivation, and phagocytosis
completion index as the ratio of the phagocytic num-
ber for 1 h of cultivation to the phagocytic number for
2.5 h of cultivation. Bacteriological studies were per-
formed 150 days after infection contamination using
the dosed inoculation of biopsy specimens or homo-
genates of the mucous membrane of the fallopian tube
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on a Lowenstein—Jensen dense egg-based medium by
serial dilutions. The lower limit of the method sensitiv-
ity was 2 x 103 CFU of MTB. The pathomorphological
study included necropsy, macroscopic examination, and
histological examination of internal organs. Histological
specimens were stained with hematoxylin and eosin, ac-
cording to Ziehl-Neelsen.

Statistical processing of the material was performed
using Microsoft Excel 2013 (Microsoft Corp., USA) and
Statistica 7.0 for Windows (Stat Soft Inc., USA). Statistical
processing of the results obtained was performed using
parametric and nonparametric statistics. Descriptive statistics
included the estimation of the arithmetic mean (M), mean
error of the mean values (m) for attributes with a continuous
distribution, and incidence of characteristics with discrete
values. The critical significance level (p) for testing null
hypotheses was taken as p < 0.05. To assess the treatment
efficiency, the method of analysis of variance for dependent
samples (ANOVA repeated) was used.

RESULTS

Thirty days after MTB inoculation, in response to intra-
dermal administration of RTA, a negative test result was ob-
tained in intact animals. A positive reaction (18.50 + 1.49 mm
erythema; p < 0.0001) was recorded in 21 model animals,
after which the model animals were distributed into groups.
In the peripheral blood of the infected rabbits, the level of
C-reactive protein was increased (from 0.6 + 0.6 mg/L to
10.8 £ 2.8 mg/L, p < 0.001), which confirmed the develop-
ment of the inflammatory process. Multislice computed
tomography of the lungs in model animals 30 days after
infection contamination revealed that no animals had any
specific changes in the lung tissue, which indicated the de-
velopment of a local specific process in the genital organs.
In the experiment, the control group developed tuberculous
pansalpingitis with obliteration of the lumen of the fallopian
tubes. The results of the hematological studies also con-
firmed the inflammatory activity; in addition, the leukocyte
counts and erythrocyte sedimentation rate (ESR) exceeded
significantly the indicators in the experimental groups dur-
ing the entire experiment. At the final stage, the leukocyte
counts were 1.4-1.6 times higher than data of groups 4
and 3 (14.95+5.31 x 10°/L versus 8.71 + 1.4 x 10°/L
and 8.97 +0.62 x 10°/L, p <0.0; 13.2 £ 5.63 x 10°/L ver-
sus 8.18 + 1.39 x 10%/L and 9.32 + 1.36 x 10%/l, p < 0.05),
whereas the ESR was 2.1-2.3 times higher in groups 4
and 3 (p < 0.05). In addition, in infected untreated animals,
a consistently high level of C-reactive protein was regis-
tered throughout the follow-up period, which amounted to
13.75 + 2.0 g/L by the end of the experiment compared with
2.2+ 1.2 g/L in group 3 (ATD) and 1.1 £ 0.8 g/L in group 4
(ATD + MSC) (p < 0.01).
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The abdominal cavity was examined over time. After
60 days, progressive swelling, severe hyperemia, and
dilatation of the ampullar section of the fallopian tube on
the side of the infected uterine horn were noted. MTB growth
was noted in cultures of mucosal homogenates. During
repeated revisions of the abdominal cavity of the model
animals 150 days after infection contamination, loose and
planar adhesions and obliteration of the fallopian tubes
were revealed, and hysterosalpingography revealed their
occlusion. Microscopic examination revealed severe necrotic
changes in the infected fallopian tube wall of rabbits of
group 2 after 150 days, most pronounced in the epithelium.
The endometrium was rejected, and the horn walls were
ectasic. The inner surface of the horn wall was represented
by an epithelioid-macrophage bank without the formation of
giant multinucleated cells, loosely associated with the lamina
propria densely infiltrated by lymphocytes and neutrophils.
The muscle layer was indurated, with symptoms of myocyte
dystrophy. The perimetrium was thickened to some extent
and slightly infiltrated with neutrophils and lymphocytes.
An impairment of the entire epithelial layer integrity was
detected, including the formation of ulcerative defects
and erosions, in the bottom of which nuclear detritus
and decaying leukocytes were determined. In addition,
a typical granulomatous reaction with caseous-necrotic foci
surrounded by an epithelioid cell bank was revealed, and
accumulations of fibroblasts and lymphoid elements were
located outside. Single Langhans cells were also detected
there. Loosening, edema, focal lymphohistiocytic reaction, and
necrobiotic changes were noted in the muscular and serous
membranes. The tube lumen contained abundant necrotic
masses representing cellular and nuclear detritus. Vascular
disorders were also detected. In some places, the vessels
were dilated, whereas in others, the lumen was distinctly
narrowed and was slit-shaped following compression by
the perivascular lymphohistiocytic infiltrate. When stained
according to Ziehl-Neelsen, numerous mycobacteria were
noted in necrotic masses.

After 60 days of treatment in group 3, cultures of
homogenates of the mucous membrane of the fallopian tubes
were found to be sterile. The average size of the erythema in
the sample with RTA significantly decreased (to 4.9 + 1.0 mm
versus 21.0 + 1.28 mm for 30 days of treatment, p < 0.05).
Analysis of hematological data presented a significant
decrease in the level of leukocytes from 14.95 + 5.31 x 107/L
in group 2 to 8.71 + 1.4 x 10°/L (p < 0.05), which was almost
comparable to the findings of the intact group after 120 days
of therapy (8.18 + 1.39 x 10°/L versus 7.67 + 0.47 x 10%/L).
After 60 days of therapy, the level of C-reactive protein
in the peripheral blood significantly decreased to
3.5 + 1.3 mg/mL versus 13.7 + 2 mg/mL in group 2 (p < 0.01),
and its concentration decreased by 1.6 times by day 120 of
the experiment. An endoscopic assessment of the abdominal
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cavity and small pelvis organs exhibited a moderate degree
of adhesions, and no gross deformities of the fallopian tubes
were found. During hysterosalpingography, partial patency
of the fallopian tubes was noted. In group 3, no necrotic
masses in the lumen of the tube were found, which indicated
the restoration of its peristalsis and evacuation ability.
The epithelial lining was determined over a larger extent,
but in some areas, it was thinned, somewhat loosened,
and consisted of flattened epithelial cells. The fusion of
the mucous membrane folds and formation of rough papillary
structures with fibrous stroma were noted. For the most
part, the normal general cytological characteristics of
epitheliocytes were also preserved. Maximum changes were
detected in the submucosa and adjacent layer of circular
muscle fibers. Alternation of hyperemic and ischemic foci was
noted in the muscle layer, and perivascular lymphohistiocytic
accumulations were detected between the bundles of muscle
fibers. No circulatory disorders were detected in the tube
wall. The serous membrane was thickened; loosening and
fibrosis of subserous tissue were observed. Microscopic
examination of an intact tube revealed small perivascular
lymphoid accumulations and loosening of the subserous
tissue in its wall.

On day 90 after infection contamination in group 4, the in-
flammatory activity decreased. On day 150 after infection,
the erythema size decreased significantly by 7 times in re-
sponse to RTA administration (p < 0.05), the level of C-reactive
protein decreased significantly by 2 times (1.1 + 0.8 mg/L vs.
2.2 + 1.2 mg/L, p < 0.01), and the leukocyte count decreased
by 1.2 times (8.18 + 1.39 x 10°/L vs. 9.32 + 1.36 x 107/L,
p < 0.05), compared with the group treated with ATD alone.

When assessing phagocytosis in the infection control
group (group 2), phagocytic reactions were inhibited when
compared with that in the intact group, that is, absorp-
tive by 1.3 times in terms of PA (from 42.8% + 0.71% to
33.67% + 2.66%, p < 0.05) and digestive by 2.3 times (ac-
cording to PCR, from 88.67 + 14.0 yeast cells to 37.0 + 4.48,
p < 0.01). The use of an MSC-based cell product also led to
a significant increase by 1.3 times in the absorptive capacity of
the pMs by PA (up to 43.8% + 3.01% versus 33.67% + 2.66% in
the infection control group, p < 0.05) and that by 1.8 times in
digestive capacity according to PCR (up to 67.75 + 5.14 yeast
cells versus 37.0 + 4.48, p < 0.05).

In group 4, during visual monitoring, a comparative
assessment of the macroscopic criteria of a local inflammatory
reaction indicated a clear tendency of the adhesive process
stabilization, represented mainly by single, loose narrow
adhesions without deformity of the anterior abdominal wall
and fallopian tubes. No signs of fibrin organization were
found. The alteration in the area of the infected fallopian
tube proceeded less aggressively; the volume and relief of
the ampullar section of the fallopian tube were preserved.
During hysterosalpingography, the fallopian tubes were
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Figure. Walls of the fallopian tube of a female rabbit from group 4 (day 150 after mycobacteria inoculation), confocal microscopy, x40;
a, mesenchymal stem cells in a monolayer, in vitro staining with PKH-26 (scale bar: 100 ym); b, mesenchymal stem cells in fallopian tube

cryosections (scale bar: 25 pm)

passable. The combination of specific therapy with MSC
administration affected significantly the nature of fibrotic
changes in the fallopian tube. The tube lumen was free;
the microscopic structure of the normal folding of the mucous
membrane was seen almost along its length. The epithelium
was located on a fine fibrillar basis and was represented
by secretory and ciliated cells with a clear predominance
of the latter. In the deep layers of the submucosa, where
significantly pronounced fibrotic changes and proliferation
of myofibroblasts were noted in rabbits treated with ATD, in
group 4, thin, loosely arranged collagen fibers and a gently
basophilic cell-free matrix were revealed, against which
fibroblasts and a few myofibroblasts were distinguished.
Between the collagen fibers and noncellular matrix,
the terminal sections of the glands without any dystrophic
or atrophic signs were visible. Next to these epithelial
structures in the submucosa, numerous pointed or polypoid
processes of endothelial cells were noted, directed to similar
processes of the endothelium of the nearest capillary and
typical elements of maturing nonspecific granulation tissue
in the form of small newly formed vessels with a thickened
wall, juicy endothelium, and the same juicy adventitional
cells. The blood filling of the submucosal vessels was
normal. Accumulations of macrophages and plasma cells
around small veins were noted. Acute vascular inflammatory
changes were also not detected. Neither specific granulations
nor mycobacteria were found. Thus, in rabbits that received
MSCs during ATD, the final stage of tuberculous salpingitis
was registered with a predominance of a regenerative
reaction in the mucosa and submucosa of the fallopian tube
without signs of excessive fibrosis.

Confocal microscopy of cryosections 120 days after MSC
transplantation demonstrated the incorporation of labeled
viable MSCs into different layers of the fallopian tube wall at
the end of the experiment. Their viability was evidenced by
fluorescent foci of red (MSC membrane labeled with PKH-26)
and blue glow (nuclei labeled with DAPI stain) (Fig. 1).

DISCUSSION

Tuberculosis of the genital organs was modeled in
21 rabbits, and 6 animals were left intact. When MTB was
injected into the wall of the fallopian tube in rabbits, severe
tuberculous pansalpingitis occurred [19]. Isolated tuberculo-
sis of the genital organs was confirmed by the absence of
pathological changes in the lungs during multislice computed
tomography of the chest cavity of rabbits 30 days after infec-
tion contamination and according to the results of a morpho-
logical study in experimental animals, obtained when the lat-
ter were sacrificed.

Animals of group 2 exhibited progression of the isolated
tuberculous process in the form of persistent erythema by
the end of the experiment in response to the intradermal test
with RTA (24.5 mm versus 4.9 mm in group 3; 0.14 mm in
group 4, p < 0.01). The leukocyte count and ESR exceeded
significantly the indicators in the experimental groups during
the experiment, and at the final stage, the leukocyte count
was 1.4-1.6 times (p < 0.05) higher than the leukocyte
count in groups 4 and 3, respectively, and the ESR was
2.1-2.3 times higher in groups 4 and 3 (p < 0.05).

The evaluation of the efficiency of phagocytosis of pMs in
infection control rabbits revealed the inhibition of phagocytic
reactions in two of the four studied parameters compared with
the intact group, namely, absorptive by 1.3 times by PA (from
42.8% + 0.71% to 33.67% = 2.66%, p < 0.05) and digestive by
2.3 times (according to PCR, from 88.67 + 14.0 yeast cells to
370 + 4.48, p < 0.01). Mononuclear phagocytes, along with
type 1 T-helper lymphocytes, are believed to be the most
significant immune cells in the development of tuberculosis
infection.

At 150 days after infection, in the infection control group,
a pronounced cicatricial adhesive process in the genitals
was detected, as well as the formation of hydrosalpinges in
half of the cases. Hysterosalpingography revealed bilateral
occlusion of the fallopian tubes. According to the results
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of a morphological study, during Ziehl-Neelsen staining,
acid-resistant forms of bacteria were found in the caseous
masses of the affected uterine horn.

Group 3 presented a decrease in specific inflammation
compared with the infection control group. After 60 days of
treatment, MTB was not detected in cultures of homogenates
of the mucous membrane of the fallopian tubes. The aver-
age size of the erythema in the sample with RTA significantly
decreased to 4.9 + 1.0 mm versus 21.0 + 1.28 mm at day
30 of treatment (p < 0.05). The analysis of the findings of
hematological studies of the peripheral blood after 60 days
of therapy revealed a significant decrease in the leukocyte
count from 14.95 + 5.31 (10%/L) in the control of infection to
8.71 + 1.4 (p < 0.05) with the stabilization of this indicator to
the completion of the treatment course (in 120 days), which
was almost comparable to the indicators of the intact group.
At 60 days after the start of the treatment course, the level of
C-reactive protein in the peripheral blood decreased signifi-
cantly to 3.5 + 1.3 mg/mL versus 13.7 + 2 mg/mL in the in-
fection control group (p < 0.01). In the subsequent period of
therapy, its level continued to decrease, and by day 120 of
the experiment, this figure decreased by 1.6 times. Under
the influence of anti-tuberculosis therapy, along with the ac-
tivation of the reparative reaction, signs of excessive fibrosis
appeared. The involution of tuberculous lesions of the fal-
lopian tubes in rabbits receiving only etiotropic therapy was
accompanied by pronounced fibrotic changes and multiple
adhesions deforming the fallopian tubes and the abdominal
wall.

The use of a specific MSC therapy made it possible to
channel the inflammatory process toward a reparative
reaction. In this case, a more or less complete restoration
of the structural integrity of the tubes was combined with
the normalization of physiological functions, particularly
cellular immunity. The use of bone marrow MSCs was
accompanied by a significant increase by 1.3 times in
the absorptive capacity of pMs by PA (up to 43.8% + 3.01%
versus 33.67% = 2.66% in the control of infection, p < 0.05)
and digestive capacity by 1.8 times by PCR (up to 67.75 + 5.14
yeast cells versus 37.0 + 4.48, p < 0.05) almost to the level
of intact animals. Experimental data have been obtained on
the regulation by stromal cells of the production of systemic
and local Th1/Th2 cytokines in the treatment of recurrent
miscarriage in mice. Published data revealed that MSCs
have the same bactericidal mechanisms as macrophages,
and they act on pathogens with free oxygen radicals, NO
molecules, and hydrolytic enzymes of lysosomes that merge
with phagosomes. Autophagocytosis also plays a significant
bactericidal role, which is intensified to a certain extent
when MSCs are administered together with antituberculous,
antitumor, and antiparasitic drugs [20]. On day 120 of anti-
tuberculosis therapy in combination with MSCs in rabbits, no
increase in MTB was registered, but there was a significant
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decrease in the size of erythema in response to intradermal
administration of RTA by 7 times (p < 0.05), a significant
decrease by 2 times in the level of C-reactive protein in
the peripheral blood, and decrease in leukocytes by 1.2 times
compared with the group treated with ATD alone.

The survival of MSCs in the tissues of the fallopian tube
wall of recipient rabbits for 2 months after transplantation
has been experimentally confirmed, that is, at the end of
the experiment. Their viability was evidenced by fluorescent
foci of red (MSC membrane labeled with PKH-26) and blue
(nuclei labeled with DAPI stain).

The use of MSCs in combination with a specific therapy
was accompanied by a decrease in the severity of fibrotic
changes in the fallopian tubes. The epithelial layer was
formed, the mucous membrane was represented by func-
tioning secretory and ciliated cells, the submucosa had mini-
mal signs of fibrotic changes, and no signs of atrophy were
determined in the glandular structures. Between the colla-
gen fibers and noncellular matrix, the terminal sections of
the glands were visible without any dystrophic or atrophic
signs. Thus, in rabbits treated with a combination of ATD with
MSC administration, a regenerative reaction of the epithelium
and subepithelial layer of the fallopian tubes was formed
with almost complete restoration of muscle structures.

The effect of MSC cell therapy on the course of inflam-
mation and fibrosis processes can most probably be associ-
ated with the anti-inflammatory effect of MSC revealed, ac-
cording to the literature, which is manifested by the ability
to reduce the infiltration of the inflammation focus by neu-
trophils and inhibit the production of pro-inflammatory cyto-
kines [21]. Moreover, the restoration of the structural integrity
of the fallopian tubes, noted in this study during the use of
cell therapy, is possibly due to the ability of MSCs to acceler-
ate tissue repair and regeneration. According to the literature,
MSCs are multipotent and can migrate to the site of damage,
fixate, differentiate, perform the function of replaced cells,
and stimulate growth factors [22]. Divergent differentiation
of MSCs toward osteoblasts, adipocytes, and nonphagocytic
reticular cells and the regulatory effect of MSCs on the differ-
entiation of endothelial cells, osteoclasts, and macrophages
have been established [23]. The decrease in the inflammatory
activity and prevention of the development of early fibrosis
with MSC administration at the stage of reverse development
of experimental tuberculosis of the genitals in rabbits (after
2 months of specific therapy) may be due to both the anti-
inflammatory effects of MSCs and their stimulating effect on
growth factors and differentiation of the main repair cells.

CONCLUSIONS

In laboratory animals (rabbits), inoculation with a myco-
bacterial suspension into the ampullar segment of the fal-
lopian tube results in a typical tuberculous pansalpingitis,
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proceeding according to the type of primary tuberculosis.
Single local injection of bone marrow MSCs after 3 months
of anti-tuberculosis therapy in rabbits with tuberculosis in-
fection of the genital organs reduces the degree of sensitiza-
tion and activity of a specific inflammatory process, prevents
the deformity of the ampullar section of the fallopian tube,
helps restore its structural and functional integrity, prevents
early fibrosis, and provides re-epithelialization of the inner
lining of the fallopian tube.
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