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€ Relevance. Interstitial cystitis/painful bladder syndrome (IC/PBS) is a debilitating condition of pain and discom-
fort in the bladder. Due to the limited number of published studies in this area, there is a need for further research.
Objective: to evaluate the level of nerve growth factor and its relationship with various types of leukocytes and mast
cells of the bladder tissue in animals with experimental models of interstitial cystitis/painful bladder syndrome.
Material and methods. IC/PBS modeling was performed on 38 female rabbits. The IC/PBS modeling was created by in-
troducing HCl into the bladder (group 1), urine into the wall of the bladder (group 2), and physiological saline (group 3).
Nerve growth factor (NGF) was determined by the ELISA method, and white blood cells along with mast cells in tissues
were determined by histological processing. Results. A statistically significant high level of NGF in blood and urine was
observed on the 1% day after IC/PBS initiation in groups 1-3 and in group 2 respectively. Two weeks after the initiation
of IC/PBS in animals of group 1 a decrease in the level of FRN in the blood by 29.3% and its increase in urine by 14.3%
was observed; in group 2 - an increase by 65.5% (p < 0.01) in blood and by 52.7% (p < 0.01) in urine was observed and
in group 3 - a decrease by 30.8% (p < 0.05) in blood and by 30.5% (p < 0.05) in urine was observed. The greatest number
of leukocytes was determined in the tissue of the bladder in animals of the 1st group. Mast cell infiltration was observed
in groups 1 and 2. Correlation between the NGF in blood and urine and between NGF and the number of leukocytes and
mast cells was revealed. Findings. In IC/PBS, the level of NGF in the blood and urine is increased. Indicators of nerve
growth factor in blood and urine are correlated with multidirectional connections. High mast cell infiltration occurs when
damage to the integrity of the bladder by urinary toxicity. Nerve growth factor correlates with leukocyte and mast cell
infiltration in the bladder tissue. Conclusion. During IC/PBS, the level of NGF in the blood and urine is increased. Levels
of nerve growth factor in blood and urine are correlated with multidirectional connections. High mast cell infiltration oc-
curs as a response to the damage of the bladder wall integrity caused by urinary toxicity. The level of nerve growth factor
correlates with the bladder tissue intensity of infiltration with leukocytes and mast cells.

€ Keywords: interstitial cystitis/painful bladder syndrome; nerve growth factor; experimental model; white
blood cells; mast cells.

YPOBEHb ®AKTOPA POCTA HEPBOB U EI'O CBSI3b C COOEP)XAHHUEM
JIEWKOLIMTOB U TYYHbIX KJIETOK MPU 3KCITEPUMEHTAJIbHOM
MHTEPCTULIUAJIBHOM UUCTUTE/CUHOPOME BOJIE3HEHHOI'O
MOYEBOI'O I1Y3bIPA
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® Llenpio HACTOSIIETO MCCIEOBAHMA ABIUIOCH u3ydeHue KOHIeHTpauuy GaKkTopa pocTa HEpBOB B MOYe U KPO-
BI I COTep>KaHUA JIEMIKOUWUTOB ¥ TYYHBIX KIeTOK B TKaHU MOYEBOTO IY3BIPS KMBOTHBIX C SKCIIEPUMEHTaIbHBIM
MHTEPCTULNAIBHBIM LUCTUTOM/CUHAPOMOM 60esHeHHOro ModeBoro myssipst (VI/CBMII). UIT/CBMII moge-
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JMMpOBaIM Ha 38 KpOIMKax-caMKaX IyTeM BBe[leHMS B MOYeBOIl Iy3bIpb CONAHOI KMCIOTH (1-A rpymma), MO4M
B CTEHKY MOY€BOTrO Iy3bIps (2-4 IpyIIa), U30TOHNYECKOTO PacTBOpa HATpUA XIOPK/A B CTEHKY MOYEBOTO ITy3bIps
(3-arpynmna). B 1-e cytku nocne naynnyanuu MI/CBEMII oTMedeHO cTaTUCTMYECKY 3HAUMMOE TIOBBILIEHME YPOBHA
¢dakTOpa pocTa HepBOB B KPOBM II0 CPABHEHMIO C KOHTPOJIEM Y )KMBOTHBIX BCEX TPeX 9KCIepUMEHTATbHBIX TPYILI,
a B MOYe — Yy XMBOTHBIX 2-11 rpynmnsl. Yepes 14 cyt nocne uannuanum VIII/CBMII y )kxuBOTHBIX 1-J1 TpyIIIbI BbI-
ABJIEHO CHIDKEHNe yPOBHA (aKTOpa pocTa HepBOB B KpOBM Ha 29,3 % ¥ IOBBIIIEHME B MoYe Ha 14,3 %; Bo 2-11 TpyTI-
e — yBenndeHue Ha 65,5 % (p < 0,01) B kpoBy 1 Ha 52,7 % (p < 0,01) B Mode; B 3-11 rpymIe — cHy>KeHue Ha 30,8 %
(p <0,05) B xpoBu u Ha 30,5 % (p < 0,05) B Mmoue. Hanbonpiiee KOMMIECTBO JIEHKOLUTOB OIPERENSIN B TKAHU
MOYEBOTO IIy3BIPS Y )KMBOTHBIX 1-if rpymnsl. VIHGUIBTpanMio TKaHM CTEHKM MOYEBOTO ITY3bIPS TYYHBIMM KJIET-
KaMy HaOMofaay y )KMBOTHBIX 1-it 1 2-if Tpymnil. BolsBIeHbl KOppe/ALMOHHbIE CBSI3U MEXAY ypoBHeM dakTopa
pocTa HEPBOB B KPOBU M MOYe U MeX/y YPOBHeM (paKTopa pOCTa HEPBOB ¥ KOMNIECTBOM JICKOLUTOB M TYYHBIX
k1eToK. BeiBogpr. I[Tpy VI1I/CBMII ypoBeHb dakTopa pocTa HepBOB B KpOBU I MOdYe IoBbIIIeH. CofiepxaHue dak-
TOpa POCTa HEPBOB B KPOBU U MOYe KOPPeIupyeT MeXy co00il pa3HOHAIIPABIEHHO. BoipaskeHHast MHOMIBTPALs
TYYHBIX KJIETOK Hab/II0fjaeTCA IIPY MOBPeX/IeHNY 1eJI0OCTHOCTU CTEHKU MOYEeBOrO ITy3bIpsl. YpOBeHb paKTOpa pocTa
HEpBOB KOppenupyeT ¢ MHTEHCUBHOCTBIO MHMUIbTpAlMU JIEIKOLMTAMU M TYYHBIMU KIeTKaMU TKaHU MOYEBOTrO
ITy3BIPA.

& Knrouesvie cnosa: MHTEPCTULMANBHBII IVICTUT/CUHAPOM (GOTE3HEHHOTO MOYEBOTO ITy3bIpsi; GAaKTOp pocTa Hep-

BOB; 9KCIIEpMMEHTAa/IbHaA MO E/Ib; HeI/u[KOI.H/ITI)I; Ty4HbI€ KIIETKIN.

INTRODUCTION

Fundamental and clinical studies of interstitial cys-
titis/painful bladder syndrome (IC/PBS) have been
performed. The prevalence of IC/PBS is 10.6 cases per
100,000 adults, and the disease is more often registered
in women than in men [1]. The main clinical manifes-
tations of the disease include debilitating pain in the
bladder, aggravated bladder filling, and impaired urina-
tion [2]. The significance of IC/PBS is determined not
only by its high frequency but also by a significant de-
terioration in the psychoemotional condition and the
quality of life of patients [3].

The causes of IC/PBS are not fully understood. Possi-
ble pathophysiological mechanisms of its development
include epithelial dysfunction, mast cell activation,
neurogenic inflammation, autoimmune processes, and
latent infection. The IC/PBS diagnosis is a “diagnosis
by exclusion” when other possible causes of pain in the
bladder are absent [4]. A significant number of studies
search for potential biomarkers of the disease. In this
regard, determination of nerve growth factor (NGF) is
of great interest. NGF is a secreted protein necessary for
the development of peripheral sensory neurons [5, 6].
Elevated blood levels of NGF were detected in animals
with experimental pancreatitis and peripheral neuropa-
thies [7]. In adults, sympathetic ganglial neurons can
express NGF receptors, particularly in chronic inflam-
mation [8]. In inflammatory diseases of the lower uri-
nary tract, the level of NGF in the bladder tissue and
in the urine increases [6, 9]. One of possible reasons
for the development of IC/PBS is the activation of mast
cells, whose count in the bladder wall increases with

the disease [10]. In various models of cystitis in small
laboratory animals (rodents), a significant increase in
the number of mast cells and an increase in their func-
tional activity have been revealed [11, 12]. The results
obtained in this research and other studies indicate the
prospect of their continuation. However, the number
of publications related to the identification of poten-
tial biomarkers of IC/PBS is limited, especially in ex-
perimental models, and many questions remain unex-
plored. This circumstance determines the relevance of
this study.

The study aimed to evaluate the level of NGF and its
relationship with the level of various types of leukocytes
and mast cells in the tissue of the bladder in animals
with different experimental models of IC/PBS.

MATERIALS AND METHODS

IC/PBS modeling was performed on 38 white New
Zealand female rabbits weighing 1500-2000 g. When
keeping animals and conducting experimental studies,
the rules for care and use of laboratory animals were
observed (NIH Guide for the Care and Use of Labora-
tory Animals) [13].

IC/PBS was modeled in several ways, and the ani-
mals were divided into four groups (Table 1).

Hydrochloric acid (HCI), urine, and isotonic sodium
chloride solution (NaCl) were used to simulate IC/PBS.
In Group 1 animals, IC/PBS was induced by intravesi-
cal instillation of HCI (0.2 ml 0.5% HCI). In animals of
Group 2, the IC/PBS model was created based on one of
the hypotheses of IC development, according to which
urinary toxicity leads to the damage of the glycosami-
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Table 1/ Tabnuya 1

Methods for modeling interstitial cystitis / painful bladder syndrome
Croco6bI MOfIeTMPOBaHUA MHTEPCTUIMATBHOTO UCTUTA/CMHAPOMA 60/1e3HEHHOTO MOYEeBOTO IY3bIPA

Study group Nu.mber of Method fo'r modeling interstitial cystitis /
animals, n painful bladder syndrome
1 8 Injection of a 0.5% hydrochloric acid solution into the bladder
2 15 Injection into the bladder wall of urine taken from the bladder of an animal
3 7 Injection of isotonic sodium chloride solution into the bladder wall
4 8 Intact (control)

noglycan layer of urothelium [14]. Rabbits underwent
suprapubic incision, after which urine obtained from
the bladder was injected under the mucous layer of the
bladder with a 30-gauge needle syringe with a volume
of 0.5 ml. A total of 10 ml 0.9% NaCl were injected into
the bladder wall to animals of Group 3.

The NGF level was determined by enzyme-linked
immunosorbent assay using an Emax® NGF kit in
blood and urine using a Medispec 6000M apparatus (Is-
rael). The measurements were performed 1 and 14 days
after the modeling of IC/PBS.

Animals were killed on day 14 after modeling the
disease by administrating pentobarbital at a dose of
200 mg/kg to assess the level of blood cells in the tis-
sues of animals. Then, a midline transabdominal inci-
sion and cystectomy were performed. Bladder tissue
samples were embedded in paraffin; 4-micron-thick
sections were prepared using a microtome. Then, the
samples were stained with hematoxylin and eosin to
estimate the number of leukocytes and stained with
toluidine blue to estimate the amount of mast cells.
An Olympus Bx 50 light microscope and an Olympus
PMI10SP camera system were used to view the mi-
croslides. Each cross-section was divided into 10 sec-
tions. The level of leukocytes and the degree of mast

cell infiltration were evaluated in each section using
the following scale: 0, no extravascular leukocytes or
mast cells; 1, less than 20 leukocytes and mast cells; 2,
20-45 leukocytes and mast cells; 3, more than 45 leu-
kocytes and mast cells. The scores of all 10 sections
were added, divided by 30 (the maximum possible
score), and multiplied by 100. The leukocyte and
mast cell scores for each bladder were the average of
three sections studied. The leukocytes and mast cells
were counted under an optical magnification of x200
(15, 16].

Statistical processing of the data obtained was per-
formed using the programs Statistica for Windows 8.0
and Microsoft Excel. The mean value and standard de-
viation of the mean were calculated. Differences were
considered significant at p < 0.05. The correlation de-
pendence between the indicators was determined by
the Pearson correlation coefficient.

RESULTS

Table 2 presents the results of the study of the NGF
level in the experimental groups.

The NGF level in the blood on day 1 after the IC/
PBS modeling was statistically higher in all experimen-
tal groups compared with the control. Thus, in Group 1,

Table 2 / Tabnuya 2

The level of nerve growth factor in the blood and urine of experimental animals on the 1% and 14" day after

the initiation of the IC/PBS, M + ¢

YpoBeHb pakTOpa pocTa HEPBOB B KPOBU M MOYe SKCIEPIIMEHTATbHBIX )KNBOTHBIX B 1-e 1 14-e CyTKM mocie

waunuanuu VII/CBMII, M + ¢

Day 1 Day 14
Group
blood, ng/ml urine, ng/ml blood, ng/ml urine, ng/ml
1 (n=8) 17.64 + 8.43* (10.2; 48.3) | 10.51 + 1.06 (8.5; 13.2) 13.64 + 0.86* (12.1; 15.3) 12.26 + 1.83 (9.8; 17.4)
2 (n=15) 24.33 + 16.30* (6.9; 68) |30.39 + 27.46* (9.6; 155.1) | 70.62 + 21.63* ** (42.5; 125.8) | 64.26 + 22.84* ** (26.4; 155.1)
3(n=7) 12.47 +5.02% (4.7; 21.8) | 13.3 +1.91 (9.6; 16.6) 9.53 + 0.95* (7.8; 10.9) 10.19 + 1.01 (8.5; 12.0)
4 (n=28) 6.99 + 1.84 (4.3; 9.4) 9.65 + 0.6 (8.5; 10.7)

Note: *p < 0.05 compared with the values in Group 4 (control); **p < 0.05 compared with the values in Groups 1, 3, and 4 and

with the value on day 1 of the study.
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Table 3 / Tabnuya 3

The level of white blood cells and mast cells in the bladder wall of the experimental animals on the 14" day

after the initiation of the IC/PBS, M + ¢

Conepma}me }ICf/IKOI[I/ITOB " TYYHBIX KI€TOK B CTEHKE€ MOYE€BOI'O IIY3bIPpA Y IKCIEPVMMEHTATDbHBIX JKUBOTHBIX

yepes 14 cyrok nocne manpuanuu VII/CBMIL, M + o

Cell types
Group
neutrophils lymphocytes eosinophils mast cells
1(n=8) 89.375 + 14.927** (68; 112) | 48.375 + 7.614% *** (36; 59) |  2.125 + 3.226* ** (0; 8) 1.125 + 1.642 (0; 4)
2 (n=10) 0.866 + 1.884 (0; 6) 29.866 + 10.183* *** (12; 49) 0.333 £ 0.899 (0; 3) 14.200 £ 5.796**** (3; 26)
3(n=7) 1.428 + 2.699 (0; 7) 2.285 + 3.728% (0; 10) 0.142 + 0.377* (05 1) 0
4(n=7) 0 0.375 £ 1.060 (0; 3) 0.375 £ 0.744 (0; 2) 0

Note: *p < 0.05 compared with the values in Group 4 (control); **p < 0.05 compared with the values in Groups 2 and 3; ***p < 0.05
compared with the values in Groups 3 and 4; ***p < 0.01 compared with the values in Group 1.

Table 4/ Tabruya 4

The results of a correlation analysis between the NGF level in blood, urine and white blood cells, mast cells
count in the bladder wall in experimental animals on the 14 days after the initiation of IC / PBS

PesynpraThl KOppensanIOHHOr0O aHann3a cogepxanusa ®PH B KpoBu 1 Moye 1 KOTMYECTBA IEIKOIUTOB U Ty4-
HBIX KJIeTOK B CTEHKE MOYEBOTO Iy3bIpA Y SKCIIepUMEHTATbHBIX KUBOTHBIX Yepe3 14 CyTOK Ioce MHIIMALN

NII/CBMII
Cell types
Group NGF neutrophils NGF lymphocytes NGF eosinophils NGF mast cells
in blood/urine in blood/urine in blood/urine in blood/urine
1(n=28) -0.864/-0.367 -0.749/-0.805 -0.018/-0.304 +0.013/+0.410
2 (n=10) -0.224/-0.007 -0.481/+0.221 -0.739/+0.520 -0.260/-0.178
3(n=7) -0.015/+0.331 +0.044/+0.325 +0.523/-0.573 -
4(n=7) - -0.507/-0.025 -0.652/-0.563 -

Note. NGF is nerve growth factor; r is the correlation coefficient.

the NGF level exceeded the control by 60.4% (p < 0.01),
by 71.3% in Group 2 (p < 0.01), and by 43.9% in Group 3
(p < 0.05). The NGF level in the urine of Group 2 dur-
ing this follow-up period was statistically significantly
higher than that in the control (by 68.2%, p < 0.01),
whereas in other groups, the difference was not statis-
tically significant. Fourteen days after the disease ini-
tiation, the NGF blood level in all experimental groups
was higher compared with that of the control group.
In Group 1, the difference with intact animals amount-
ed to 48.7% (p < 0.05), 90.1% in Group 2 (p < 0.001),
and 26.6% in Group 3. An almost identical result was
noted when analyzing the NGF level in animal urine.
Compared with Group 4, the urine biomarker levels
were higher by 21.3%, 85.0%, and 5.3% in Groups 1, 2
(p <0.001), and 3, respectively.

An intragroup dynamic analysis of NGF levels at
different periods of the study (days 1-14) showed that
in Group 1, the blood biomarker level decreased by
29.3% and increased in urine by 14.3%. In Group 2,

the level of NGF increased by 65.5% in the blood
and by 52.7% in the urine on day 14 of the study in
comparison with day 1 (p < 0.01). In the animals of
Group 3, the NGF level 14 days after the disease initia-
tion decreased by 30.8% and 30.5% in the blood and
urine, respectively (p < 0.05).

Leukocyte infiltration of the bladder wall tissues was
the highest in the animals of Group 1, whereas the high-
est concentration of mast cells was observed in the ani-
mals of Group 2 (Table 3).

The average number of all types of leukocytes in
the bladder wall tissues in the animals of Group 1 was
statistically significantly higher than that in Groups 2,
3,and 4 (p < 0.001). Mast cells were determined in the
bladder wall only of the animals in Groups 1 and 2, with
Group 2 yielding a significantly and statistically higher
number.

A study of the relationship between NGF level and
the number of leukocytes and mast cells in the bladder
wall revealed multidirectional trends (Table 4).
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In animals of Group 1, a negative correlation was
observed between the level of NGF in the blood and
urine and the degree of leukocyte infiltration of the
bladder wall (neutrophils, eosinophils, and lympho-
cytes), whereas a positive correlation was noted be-
tween the level of NGF in the blood and urine and
the level of mast cells in the bladder wall. In Group 2
animals, a moderate negative correlation was revealed
between the blood and urine levels of NGF and the
count of mast cells. Between the lymphocyte level in
the animals of this group and NGF level of the blood,
a moderate negative correlation and a weak positive
correlation were noted between the lymphocyte level
and the level of NGF in the urine. In the animals of
Group 3, a significant correlation was observed be-
tween the NGF level and the number of eosinophils.
In intact animals, the blood and urine levels of NGF
were negatively correlated with the concentration of
lymphocytes and eosinophils.

DISCUSSION

The study results revealed an increased concentra-
tion of NGF in the blood for all variants of the IC/PBS
model on day 1 after the disease initiation. The increase
in the biomarker level was especially pronounced in the
model with injected urine into the bladder wall. Our
results correspond with data from other studies [17].
Reports indicate an increase in the level of NGF in the
bladder tissues in experimental models of IC in rats
[9, 17-19]. Researchers also believe that inflammation
increases NGF expression, and this condition features
a significant pathogenetic value in the development of
IC/PBS [9, 19].

NGF can affect afferent fibers of the bladder and is
responsible for the growth of sensory neurons and for
the normal function of visceral sensory and motor neu-
rons in adults [5, 9]. Basic scientific studies revealed
that inflammation causes neuroplasticity, which results
in an increase in the NGF level in the bladder tissue and
initiation of IC/PBS [5, 20].

Clinical and experimental data indicate an increase
in NGF levels in the bladder tissue and urine of IC/PBS
patients [5, 9, 18]. We also revealed an increased level
of NGF in the urine of animals with different models
of IC/PBS. However, a statistically significant high level
of NGF was noted only in the variant with injection of
urine into the bladder wall.

A study of the NGF level change on days 1 and 14
after IC/PBS initiation showed a statistically significant
increase in NGF level in the disease model triggered by

introduction of urine into the bladder wall. An increase
in the NGF level in blood and urine with IC/PBS was
apparently due to inflammatory components, and a
pronounced increase in the biomarker level in animals
with a model of urine injection into the bladder wall
was due to chronic inflammation and toxicity of urine
components.

This study presents the results of determining the
level of leukocytes (neutrophils, lymphocytes, and eo-
sinophils) and mast cells in the bladder tissue of animals
with different variants of IC/PBS model. A high level
of mast cell infiltration was detected in the chemical
model (Group 1, injection of HCl into the bladder wall)
and the model with urinary toxicity (Group 2, injection
of urine into the bladder wall). In the animal model of
urinary toxicity, mast cell activity was statistically sig-
nificantly higher than that in the chemical model of the
disease (p < 0.001).

Mast cells are currently recognized as regulatory
and effector cells of both innate and acquired immu-
nity [21]. Their diverse functions depend on their abil-
ity to respond to various stimuli and secrete biologically
active products with pro-inflammatory, anti-inflamma-
tory, and/or immunosuppressive properties. Mast cells
play an important role in allergic inflammation medi-
ated by immunoglobulins. As innate immune defend-
ers, mast cells recognize microbial agents (bacterial,
viral, parasitic, and fungal) and endogenous factors re-
sulting from cell damage [21]. This condition probably
explains the absence of mast cell infiltration in rabbits
of Groups 3 and 4. At the same time, the statistically
significant activity of mast cells in the animals of Group
2 may indicate that with this modeling variant, the uro-
thelium of the bladder is damaged severely, and mast
cells respond with high infiltration.

CONCLUSIONS

A statistically significant increase in the blood level
of NGF was revealed in animals with experimental IC/
PBS caused by injection of HCI into the bladder cav-
ity and NaCl and urine into the submucous membrane
of the bladder wall. A statistically significant increase
in the NGF level in the urine was noted when model-
ing IC/PBS by injection of urine into the bladder wall
(p < 0.001). The values of NGF in blood and urine cor-
related with each other with multidirectional bonds.
High mast cell infiltration occurred during damage to
the bladder integrity due to urinary toxicity. A correla-
tion exists between NGF level and leukocyte and mast
cell infiltration.
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