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Mitomycin C is an antibiotic produced by the culture of the fungus Streptomyces caespitosus. The primary mechanism
of action of the drug is associated with the formation of cross-links between DNA strands that inhibit the action of helicase.
This antibiotic is often used to prevent and treat scarring, including urethral strictures, which are one of the complications of
surgery. Itis known that a large number of antibiotics and cytostatics can also affect the regulatory systems of cells. An essential
regulatory system is the nitric oxide system. The aim of the study was to determine the status of arginase / NO-synthase
enzymes in peripheral blood lymphocytes under the action of mitomycin C. The study was performed on peripheral blood
lymphocytes of almost healthy men. It has been shown that mitomycin C in concentrations of 10°-10° M dose-dependently
leads to an increase in arginase activity. In parallel with the increase in arginase activity, corresponding changes in the
activity of the constitutive and inducible isoforms of NO synthase were revealed. Thus, under the action of mitomycin C at
a concentration of 10°° M, the activity of cNOS decreased 1.4 times relative to the control values, and the activity of iNOS
is practically undetectable. When studying the effect of mitomycin C on the activity of iNOS lymphocytes, its activation was
not observed, and the inhibitory effect could not be determined due to low activity. Oxidative stress was used to induce iNOS
activity by preincubating blood lymphocytes with H202. Preincubation of lymphocytes with 0.2 mm H202 leads to increased
iNOS activity by 22.4 times. Against the background of activation of iNOS by hydrogen peroxide, mitomycin C at a concentration
of 10°° M leads to an inhibition of enzyme activity by 1.4 times.

Thus, the data on the mechanism of action of mitomycin C used in the treatment of urethral stricture indicate its additional
effect on regulatory systems of the cell, in particular, disruption of arginase / NO-synthase system of blood lymphocytes, leading

to an imbalance of regulatory systems of lymphocytes and regulatory function nitric oxide.
Key words: urethral stricture, mitomycin C, arginase, NO synthase.

Relationship of the publication with the planned
research works. This work is a fragment of the
research «Molecular genetics, immunological and
biochemical factors for the prediction of urological
diseases» (Ne state registration 0118U 000107) and
«Development of prognostic and diagnostic immuno-
biochemical criteria for exposure to extreme factors of
different nature» (No state registration 021U 100163).

Introduction. Urethral stricture is a common
and complex urological pathology that is difficult to
reconstruct and often relapses [1-5]. It is a pathological
narrowing of the urethra, both congenital and acquired.
The disease can occur due to injury or inflammation
and lead to urination disorders as a result of narrowing
of the urethral lumen. This disease occurs in 1-2 % of
men and in recent decades, has been growing steadily
[3, 5].

Risk factors for urethral stricture include old age,
sexually transmitted infections, complications after
radical or radiation treatment of prostate cancer, etc.
[2, 4].

The pathogenesis of urethral stricture is based
on damage to the epithelium of the urethra and
the adjacent part of the spongy body, followed by
squamous cell metaplasia, changes in the extracellular
matrix of spongy urethral tissue and the development
of spongiofibrosis [2, 4]. Normal connective tissue of
the urethral wall is replaced by dense fibrous.

These changes decrease the proportion of smooth
muscle tissue and collagen in the spongy body and scar
progression [4]. This process is associated with tissue

hypoxia and inhibition of nitric oxide (NO) synthesis [4].

To reduce the frequency of relapses, some authors
use pharmacological drugs with anticollagen and
antifibroblast effects, particularly the cytostatic
mitomycin C [6-8].

Mitomycin is an antitumor antibiotic derived
from cultures of Streptomyces caespitosus [9, 10]. An
alkylating agent inhibits DNA synthesis (and, at higher
concentrations, RNA and protein synthesis) by cross-
linking complementary strands of the DNA double
helix [10]. This makes mitomycin a relatively unique
microbiota-derived drug in treating tumors and scar
tissue [9, 11]. Mitomycin has also been shown in
vitro to inhibit the proliferation of B cells, T cells, and
macrophages and disrupt antigen presentation and
interferon secretion of gamma, TNFa, and IL-2, ie have
some effect on the immune system, including blood
lymphocytes [4, 11, 12]. Mitomycin C also induces
genotoxic stress in endothelial cells, associated with
the corresponding expression of proinflammatory
cytokines [12].

Mitomycin C is commonly used to treat bladder
cancer, but it has been increasingly used to treat
postoperative scarring [6, 9, 13].

Since there is evidence of the involvement of nitric
oxide in the formation of urethral strictures [4, 14,
15], it seems relevant to investigate the functioning of
the arginase/NO-synthase system under the action of
mitamycin, which is used to prevent scarring.

Nitric oxide (NO) is a messenger molecule with
numerous molecular targets and controls virtually
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all cellular functions, including vascular tone, gene
transcription, mRNA translation, post-translational
protein modification, etc. [14]. An essential method of
inactivating NO is its reaction with superoxide anion
(02— ) with the formation of powerful oxidant
peroxynitrite (ONOO-). This compound can cause
oxidative damage, nitration and S-nitrosylation of
biomolecules, including proteins, lipids and DNA.
Nitrosative stress from ONOO- was involved in the
breakdown of single-stranded DNA.

In mammals, NO can be formed by three different
isoforms of NO synthase (NOS) — endothelial and
neuronal, which belong to the constitutive forms
(expressed constantly) and inducible, the synthesis
of which is caused by proinflammatory cytokines in
various inflammatory diseases. All NOS isoforms use
L-arginine as a substrate and molecular oxygen and
reduced nicotinamide adenine dinucleotide phosphate
(NADPH) as substrates.

The aim of the work is to determine the state
of enzymes of the arginase-NO-synthase system in
peripheral blood lymphocytes under the action of
mitomycin C.

Object and methods of research. Studies have
been performed on peripheral blood lymphocytes of
almost healthy men, as lymphocytes are considered a
«metabolic mirror» of the body and respond quickly to
all external and internal influences on the body.

Peripheral blood lymphocytes were isolated by
a modified method of Boyum A. [16]. Blood diluted
1: 1 with saline was layered in a density gradient of
phycol-triombrast (p = 1.08 g/cm?® and centrifuged
for 20 minutes at 500 g. The removed interphase rings
of mononuclear cells were washed twice within 10
minutes with a physiological solution [16]. After the last
centrifugation, a small amount of physiological solution
was added to the precipitate, resuspended and the
number of living and dead cells in Goryaev’s chamber
was counted with trypan blue [16]. The integrity and
viability of blood lymphocytes in all experiments was
at least 95 %. In addition, 0.2 % saponin was added
to the suspension to permeabilize blood lymphocyte
membranes and reveal latent enzymatic activities
[17, 18].

Peripheral blood lymphocyte arginase activity was
determined by the formation of urea, the content of
which was measured using a diagnostic kit according
to the manufacturer’s instructions (Simko, Ukraine).
Arginase activity was calculated and expressed in
nanomoles of urea / min per 1 mg of total protein in
the sample [19].

The activity of Ca2  -dependent constitutive NO
synthase was determined by the oxidation of NADPH
(H) in the presence of 10 mm CaCl, [20]. The activity
of Ca2* -independent iNOS was determined similarly
by adding a selective inhibitor of the inducible isoform
aminoguanidine instead of CaCl, to the incubation
medium. NO synthase activity was expressed in

nanomoles of oxidized NADPH (H +)/min per 1 mg of
total protein in the sample.

Variational and statistical data processing was
performed using the software package for Microsoft
Excel personal computers. Basic statistical indicators
such as arithmetic mean (M) and standard error (m)
were determined. The results are presented as the
arithmetic mean (M) * standard error of the mean (m).
The number of experiments (n) corresponds to the
number of subjects studied in each case (each time
used sperm obtained from one patient or a virtually
healthy donor).

The reliability of changes between the statistical
characteristics of two alternative sets of parametric
data was determined by Student’s t-test. Critical levels
of reliability in testing statistical hypotheses in studies
were taken as 0.95, 0.99 and 0.999.

All studies were conducted with the proper
permission of the Commission on Bioethical Expertise
of Danylo Halytsky Lviv National Medical University and
patients’ written consent.

Research results and their discussion. Studies of
arginase activity in cells, in particular peripheral blood
lymphocytes, under the action of mitomycin C are
virtually absent, although in the literature, mitomycin C
affects the production of interleukins and proliferation
of immunocompetent cells [12]. It is shown that
mitomycin C in concentrations of 10°-10"° M dose-
dependently leads to an increase in arginase activity
in peripheral blood lymphocytes (fig. 1). At 10° M
concentration of the drug—1.2 times, from (126.2+13.3)
to (151.4+13.9) nmol urea/min mg of protein, and at
10 M concentration to (188.5+13.4) nmol urea/min
mg protein, ie 1.5 times relative to control (p<0.05).
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Figure 1 — Arginase activity of blood lymphocytes under the action of
different concentrations of mitomycin C (Mtm, n=5).
Notes: * p<0.05 — changes are statistically significant for control.

Simultaneously with the increase in arginase activity,
corresponding changes in the activity of the constitutive
isoform of NO synthase were revealed. Thus, it is shown
that in control, this activity in lymphocytesis (71.416.9),
and the activity of the inducible isoform (1.58+0.18)
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nmol NADPH (H*)/min per 1 mg of protein (fig. 2).
Under the action of mitomycin C at a concentration
of 10°® M, the activity of cNOS decreased 1.4 times
(p<0.05) relative to control values, and the activity of
iNOS is practically undetectable.
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Figure 2 — Activity of constitutive and inducible isoforms of
NO-synthase of peripheral blood lymphocytes under the action of
mitomycin C (Mtm, n=5).
Notes: * p<0.05 — changes are statistically significant for control.

When studying the effect of mitomycin C on the
activity of iNOS lymphocytes isolated from the blood
of almost healthy men, its activation was not observed,
and the inhibitory effect could not be determined due
to low activity. Oxidative stress-induced iNOS activity in
blood lymphocytes by preincubating H,O, lymphocytes.
Preincubation of lymphocytes with 0.2 mm H,0, leads
to an increase in iNOS activity by 22.4 times, from
(1.5740.17) to (35.2+0.28) nmol NADPH (H*)/min per
1mg of protein (fig. 3). Against the background of
activation of iNOS by hydrogen peroxide, mitomycin
C at a concentration of 10® M leads to inhibition of
enzyme activity by 1.4 times (p<0.05).
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Figure 3 — Effect of mitomycin C (10° M) on the activity of the
inducible isoform of NO synthase in peripheral blood lymphocytes
under conditions of H,0,-induced stress (Mtm, n=5).

Notes: K- control; 1 —in the presence of H,0, in the incubation medium;
2 — in the presence of H,0, + mitomycin C; *** p<0.001 - changes are
statistically significant with respect to control; # p<0.05 — changes are

statistically significant for 1.

It has been shown that mitomycin Cin concentrations
of 10°-103 M dose-dependently leads to inhibition
of the activity of both isoforms of NO synthase in
peripheral blood lymphocytes (fig. 4). To assess the
variability of changes in NO-synthase activity under the
action of mitomycin C, the parameters of their inhibition
were determined by linearizing the obtained dose-
effect curves in logarithmic Hill coordinates: (Ig[(A -
A)/A] = — nH IgIO’5 +n, Ig [l], where A  and A are the
specific enzymatic activity in the absence and presence
of inhibitor in concentration | in the incubation medium
(table).
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Figure 4 — Activity of constitutive and inducible isoforms of
NO-synthase of blood lymphocytes under the action of different
concentrations of mitomycin C (Mtm, n=5).

Table — Values of constants of constitutive and inducible
isoforms of NO-synthase of blood lymphocytes under
the action of different concentrations
of mitomycin C (Mtm, n=5)

cNOS

Inhibition parameters iNOS
Half-inhibition
constant I°° (M)

Hill coefficient

3,24-107°43,56-10° 8,48-107%+5,65-10°°

0,32+0,02 0,220,01

For the constitutive isoform of NO synthase,
there is a lower degree of mitomycin C inhibition, ie
cNOS of blood lymphocytes has a lower sensitivity to
mitomycin C than iNOS. iNOS is characterized by a more
significant inhibitory effect of mitomycin C, so a small
introduction of the active substance into the incubation
medium is required to reduce the activity of iINOS blood
lymphocytes by 50 %. This plays an important role
because the inducible form of iINOS can produce NO
in quantities that significantly exceed the amount of
NO formed cNOS. Therefore, inhibition of iNOS activity
activated under oxidative stress by low concentrations
of mitomycin can significantly limit the overproduction
of NO. At the same time, the Hill coefficient was
significantly higher for cNOS than for iNOS, indicating a
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higher positive cooperative binding between mitomycin
C and the constitutive isoform of NOS.

It should be noted that similar results in modulating
the arginase / NO synthase system with mitomycin C
have been obtained in other sites. Thus, the relationship
between the effects of mitomycin C, nitric oxide and
oxidative stress on FancC — / — Cells culture cells has
been shown [15].

It is shown that many pathophysiological processes
are accompanied by deregulation of arginase / NOS
balance, disturbance of homeostasis and functionality
of the organism. Increased arginase expression is
associated with several pathological processes ranging
from cardiovascular, immune-mediated, and tumor
conditions to neurodegenerative disorders [21].

Arginase inhibits the production of NO by several
potential mechanisms, including competition with NO
synthase (NOS) for the substrate L-arginine, separation
of NOS, which leads to the interaction of NO and
superoxide and the formation of peroxynitrite, inhibition
of translation and stability of inducible protein activity
of inducible NOS by urea formation and sensitization of
NOS to its endogenous inhibitor, asymmetric dimethyl-
L-arginine [22—24]. Increased arginase activity inhibits

endothelial NOS-mediated NO synthesis and may
contribute to endothelial dysfunction in hypertension,
aging, reperfusion ischemia, and diabetes mellitus [24].

Conclusions. Our results on the action of mitomycin
C in the treatment of urethral stricture indicate an
additional effect on the regulatory system of the cell,
in particular, disruption of the arginase / NO-synthase
system of blood lymphocytes, leading to an imbalance
of lymphocyte regulatory systems and NO regulatory
function. Decreased H,O,-induced iNOS activity by
mitomycin C suggests that these antibiotics may
prevent NO overproduction in blood lymphocytes.
Nitric oxide, which is produced in excess in pathological
conditions of the body, has a pronounced cytotoxic
effect due to the formation of peroxynitrite —a product
of the interaction of NO and superoxidanion-radical,
capable of destroying almost all components of the
cell. It is likely that one of the mechanisms of action of
mitomycin C is a decrease in hyperproduction of NO.

Prospects for further research. In the future it
is planned to study the effect of mitomycin C on the
activity of Ca?* -transport systems of cells and the
role of ionized Ca?* in the mechanism of action of this
antibiotic.
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MITOMILMH C B JIIKYBAHHI CTPUKTYPU YPETPU TA OO BI/INB HA APTIHA3A/NO-CUHTA3HY CUCTEMY

LLepemeTa A.P., CeBepgaH O.M., Bopobeub A.3., Padyna P.B., Bopobeupb 3.4,

Pe3stome. MiTomiunH C 3acTOCOBYETHCA ANA NiKYBaHHA UM nonepeaKeHHA popmyBaHHA pybueBUX 3MiH, 30Kpema
YPeTpanbHUX CTPUKTYP, B NocTonepaliiHnii nepioa. B 3anexKHoCTi Big NoKanisauii onepaTMBHOro noss Moro BBOAATb
BHYTPiLUHbOBEHHO, BHYTPILUHbOMIXYPOBO, BHYTPiLUHbOYEPEBHO, TaK i MicLeBo. PybLeBi 3MiHN € OAHUM i3 YyCKNaAHEHb
onepaTMBHMX BTpy4YaHb. Mpenapat mitomiumH C mae BUpaxkeHi aHTMhiBpobaacTMUHI BNaCTMBOCTI Ta MepeLLKOAKaE YyTBO-
PEHHIO KoNareHy y TKaHuHax. OgHaK, Bi4oMo, WO BEINKUIA psAa, aHTUBIOTUKIB | LUTOCTATUKIB MOXKe TaKOX BNAMBATK Ha
PErynNATOPHI CUCTEMM KNITUH. Bax/IMBOIO peryiaTopoo CUCTEMOHD € CUCTEMA OKCMAY a30Ty, 0 AKOT BXOAATb TaKi eH3uMm
AK apriHa3a Ta okpemi is3opopmu NO-cuHTa3. Buxoaaum 3 Toro metoro poboTtu 6yno 3’acyBaHHA CTaHy eH3MMiB apriHasa/
NO-cuHTa3HOT cuctemm cuctemu B nimdoumTtax nepudepmnyHoi KpoBsi npu aii mitomiunHy C.

[ocnigreHHA npoBoAnAK Ha NimbounTax nepnudepuyHoOi KpoBi NPaKTUYHO 340POBMX YOJIOBIKIB, OCKi/IbKM BOHM BBa-
aloTbCA «MeTaboNiuHMM A3epKanomM» opraHiaMmy Ta OornepaTUBHO pearytTb Ha BCi 30BHIiLLHI Ta BHYTPILIHI BNAMBK Ha
opraHism. MokasaHo, wo mitomiunH C y KoHueHTpauiax 107° — 10 M g0303aneXH0 NpU3BOANUTbL A0 3POCTaHHA apri-
Ha3HOoi akTMBHOCTI B limdoumTax nepudepunyHoi Kposi. Mpn 10° M KoHueHTpauii npenapaty —8 1,2 pa3a, a npu 10° M
KOHLLeHTpaUii 8 1,5 pasa woao KOHTPoto.

MapanenbHo 3i 3pOCTaHHAM aKTMBHOCTI apriHa3u, BMAB/AEHI BiANOBiIAHI 3MiHM B AKTUBHOCTI KOHCTUTYTUBHOI i30-
dopmu NO-cuHTa3u. TaK, NOKas3aHo, WO Yy KOHTPOAI il aKTUBHICTb B NimpoumnTax cknagae (71,416,9), a aKTUBHICTb
iHayunbenbHoi isodpopmm (1,58+0,18) HMonb NADPH(H*)/x8 Ha 1 mr npoTeiHy. 3a aii mitomiumHy C B KOHLUeHTpaLji 107
M akTtuBHicTb cNOS 3HMKyBanack B 1,4 pasa, WOAO KOHTPObHUX 3HAa4Y€eHb, @ aKTUBHICTb INOS NpPaKTUYHO He OETeKTy-
eTbcA. Mpu BUBYEHHI BNanBY miTomiunHy C Ha akTUBHIicTb INOS nimdoumTie, BUAINEHUX i3 KPOBI NPAKTUYHO 340P0OBMUX
YO/10BIKiB, il aKTMBALLii MM He cnocTepiranu, a iHribyunii epeKkT HEMOXKANBO BYN0 BU3HAUNTU Yepes3 HU3bKY aKTUBHICTb.
[Ona iHayKyBaHHA akTMBHOCTI INOS B limdounTax KpoBi BUKOPUCTOBYBAIM OKCUMAATUBHUI CTPeC, NpeiHKybytoun nimeo-
umntn kpoBi 3 H,0,. MpeiHkybauia nimpouuris i3 0,2 MM H,O, npussoauTb A0 3pocTaHHsA akTneHocTi INOS B 22,4 pasa. Ha
¢doHi akTmBaLii iINOS rigporeH nepokcnaom, mitomiumH C B KoHUeHTpaujii 10° M npussoanTb A0 iHribyBaHHA aKTUBHOCTI
eH3umy B 1,4 pasa.

TakKMM YMHOM, OTPUMAHI HAMW PEe3ynbTaTM LWOAO0 MeXaHi3Mmy Aii MiTomiunHy C, WO 3aCTOCOBYETbCA B /iKYBaHHI
CTPUKTYPU YPEeTpu, BKa3ylTb Ha A0AATKOBUI BMJIMB Ha PErynaTOpPHi CUCTEMMU KNITMHM, 30KpPEeMa, NOPYLUEHHA apri-
Ha3a/NO-CMHTa3HOT cucTeMn NiMPOLUTIB KPOBI, LLO NPU3BOAUTL A0 AMcHanaHcy PeryaatopHUX cuctem nimdoumTis
i perynaTopHoi GpyHKLji NO. MMOBIpHO, L0 OAHMM i3 MexaHi3miB Aii MiTomiLuHy C € 3HUXKeHHs rinepnpoayKysaHHs NO.

Knwouosi cnosa: cTpukTypa ypetpu, mitomiunH C, apriHasa, NO-cuHTasa.

MITOMYCIN C IN THE TREATMENT OF URETHRIC STRICTURE AND ITS EFFECT ON ARGINASE/NO-SYNTHASE SYSTEM

Sheremeta D.R., Sverdan O.P., Vorobets D.Z., Fafula R.V., Vorobets Z.D.

Abstract. Mitomycin C is used to treat or prevent scar formation, urethral strictures in particular, in the postoperative
period. Depending on the location of operating field, it is administered intravenously, intravesically, intraperitoneally,
and topically. Cicatricial changes are one of the postoperative complications. Mitomycin C has significant anti-fibroblastic
properties and prevents collagen production in tissues. However, it is known that a wide range of antibiotics and
cytostatics can also affect the cell regulatory systems. The nitric oxide system is an important regulatory system, which
includes enzymes such as arginase and certain nitric oxide synthase isoforms.

The objective of the study is to determine the effect of mitomycin C on the enzymes of arginase/ NO synthase system
activity. The research was performed on peripheral blood lymphocytes obtained from practically healthy men as they
are considered as «metabolic mirror» of organism and they respond quickly to all external and internal influences on
the body. It has been shown that mitomycin C at concentrations of 10°-103 M caused a dose-dependent increase in
arginase activity in peripheral blood lymphocytes. At drug concentration of 10° M — by 1.2 times, at drug concentration
of 103M — by 1.5 times compared to the control values.

In parallel with the increase in arginase activity, the corresponding changes in the activity of constitutive isoform
of nitric oxide synthase were revealed. It has been shown that activity in control lymphocytes is (71.446.9), and the
inducible isoform activity is (1.5840.18) nmol NADPH/(H*)/min per 1 mg of protein. Under effect of mitomycin C at
concentration of 10® M cNOS activity was decreasing by 1.4 times concerning control values, iNOS activity is almost
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undetectable. When studying the effect of mitomycin C on iNOS activity in lymphocytes, isolated from the blood of
practically healthy men, we did not observe its activity, and the inhibitory effect could not be determined due to its low
activity. Oxidative stress was used to induce iNOS activity in blood lymphocytes with H,O, lymphocytes preincubation.
Lymphocytes preincubation with 0.2 mM H,O, leads to an increase in iNOS by 22.4 times. By activation of iNOS with
hydrogen peroxide, 10° M concentration of mitomycin C leads to inhibition of enzyme activity by 1.4 times.

Thus, the results we obtained concerning the mechanism of action of mitomycin C, that is used to treat urethral
strictures, indicate an additional effect on the cell regulatory systems in particular a disorder of arginase/NO-synthase
system of blood lymphocytes that leads to disbalance of lymphocytes regulatory system and the regulatory function of
NO. Presumably, one of the mechanisms of action of mitomycin C is the decrease in NO hyperproduction.

Key words: urethral stricture, mitomycin C, arginase, NO synthase.
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MITOMIUUH C B IIKYBAHHI CTPUKTYPU YPETPU
TA AOrO BN/INB HA APTIHA3A/NO-CUHTA3HY CUCTEMY

JlbBiBCbKMIA HaLiOHaNbHUIT MeguYHUIA yHiBepcuteT imeHi laHnna MaauubKoro (m. J1bBiB, YKpaiHa)
kaf_medicalbiology@meduniv.lviv.ua

MimomiyuH C — aHmubiomuk, wo npodyKyemocsa Kyabmyporo 2pubie Streptomyces caespitosus. OcHosHuUli mexaHiam Oil
npenapamy nog’sa3aHuli 3 ymeopeHHAM nonepeyHux 3WusoK Mix Humxkamu AHK, wo nepewkodxcarome Oii eenikazu. Leli
aHMUbIoOMUK 4acmo 8UKOPUCMOBYEMbLCA 0715 MornepedHeHHA Ma MiKy8aHHA pybuesux 3mMiH, 30Kpema ypempasnbHUX CMpUK-
myp, AKi € 0OHUM i3 YCKAAOHeHb orepamusHUX empy4aHe. Bioomo, wjo seaukuli pad aHmubiomukie i yumocmamukie moxce
8M1UBAMU MAKOMXC HA pe2ysnAMOPHi cucmemu KAimuH. Baxiausor peaynamoporo cucmemMoro € cucmema OKcudy asomy.
Memoio 0ocnionceHHa 6yna0 3’ACy8aHHA cmaHy eH3umie apeiHaza/NO-cuHmasHoi cucmemu 8 AiMmgoyumax nepugepuyHor
Kposi npu 0ii mimomiyuHy C. [ocnioxeHHsa nposodusnu Ha AiMgpouyumax nepugepuyHoi Kposi MpakmMuyHoO 300p08UX Y0/108i-
Kig. [MokazaHo, wjo mimomiyuH Cy KoHuyeHmpayisx 10°-107 M 0o303asexHO npu3eo0ums 00 3p0CMAaHHSA apaiHa3HoT akmue-
Hocmi. MapanenbHO 3i 3pOCMAHHAM AKMUBHOCMI ap2iHa3U, euseseHi 8i0no8iOHI 3MiHU 8 AKMUBHOCMI KOHCMUmMymueHoi
ma iHOyyubenovHoi i3ogpopmu NO-cuHmasu. Tak, 3a 8ii mimomiyuHy C 8 KoHueHmpayii 107 M akmugHicms cNOS 3HUMCy8a-
aace 8 1,4 paza, w000 KOHMPOALHUX 3HAYEHb, a akmusHicms iINOS npakmu4yHo He demekmyemeocA. [pu sus4YeHHi snausy
mimomiyuHy C Ha akmusHicmeo iINOS nimgoyumis, it akmusayii mu He cnocmepieanu, a iH2ibyroyuli edpekm Hemoxiugo bys10o
BU3HAYUMU Yepe3 HU3bKy aKmueHicme. [as iHOyKysaHHA akmusHocmi iINOS sukopucmosyeasnu okcuoamusHuli cmpec,
npeiHkybyro4u nimpoyumu kposi 3 H,0,. Mpeinkybayia nimpoyumis iz 0,2 MM H,0, npuzeodums 00 3p0CmMaHHA akmugHocmi
iNOS 8 22,4 pa3a. Ha ¢ghoHi akmusayii iNOS 2idpoeeH nepokcudom, mimomiyuH C 8 KoHueHmpauii 10° M npu3eodums 0o
iHeibysaHHA akmusHocmi eH3umy 6 1,4 pasa.
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TaKum YuHOM, ompuMaHi OaHi U000 mexaHizmy ii mimomiyuHy C, W0 3aCMOoCco8yEMbCA 8 NiKYB8AHHI CMPUKMypuU ypempu,
8Kasyome Ha 0odamkosuli [io2o 8naus Ha pe2yaamopHi cucmemu KAIMUHU, 30Kpema, nopyweHHa apaiHasza/NO-cuHma3sHoi
cucmemu aimgpoyumis Kposi, w0 npu3sooums 00 ouUcbanaHcy peaynamopHUX cucmem aimgoyumis i pe2yanamopHoi pyHKyil

OKcudy azomy.

Knwouosi cnoBa: cmpukmypa ypempu, mimomiyuH C, apeiHaza, NO-cuHmasa.

38’A30K ny6niKauii 3 NAaHOBMMM HAYKOBO-
pocnigHumu pobotramu. [JaHa poboTa € pparmeHTOM
HOP «MonekynapHo-reHeTUuHi, imyHosoriyHi Ta bio-
XiMiYHI paKTOpX MPOrHO3yBaHHA YPOAOTiYHMX 3aXBO-
ptoBaHb» (N2 aeprkaBHOI peecTpauii 0118U 000107)
i «Po3pobKa MPOrHOCTUYHUX i AiarHOCTUYHUX iIMYHO-
BioxiMiYHMX KpUTepiiB 3a Aii HAa opraHiam ekcTpemasnb-
HUX YMHHMKIB pi3HOT npupoan (Ne aeprkaBHOI peecTpa-
uii 021U 100163).

Bcryn. CTpuKTypa ypeTpu — pPO3MNOBCIOANKEHA Ta
CKnagHa ypoJsioriyHa naTonoria, Wo BaXKo nigga-
€TbCA PEKOHCTPYKTUBHOMY /iKYBaHHIO i 4acTo peuman-
Bye [1-5]. BoHa aABnA€e cobot0 MaToONOriYHE 3BYHKEHHS
CEYOBUMYCKHOrO KaHany, fike OyBa€ AK BPOAMKEHWM,
TaK i HabyTuM. XBopoba MoKe BUHWMKATK B pe3y/bTaTi
TPaBMM 41 3aNasNbHOro npouecy i NPM3BOAUTU A0 PO3-
NajjiB CeYOBMMNYCKaHHA B pe3ynbTaTi 3BYXKEHHA Mpo-
CBIiTYy ypeTpu. Lie 3axBoptoBaHHA 3ycTpivaeTbea B 1-2 %
YO/IOBIKIB i B OCTAHHI AECATUNITTA HEeYXUIbHO 3POCTAE
[3, 5].

o dakTopiB pU3MKy PO3BUTKY CTPUKTYpU ypeTpu
BiAHOCATb NOXM/INI BiK, NepeHeceHi iHpeKLUii, Wwo nepe-
[al0TbCA CTaTEBMM LUAAXOM, YCKNAAHEHHA Nicna pagu-
Ka/NbHOTO Y/ MPOMEHEBOrO /liKyBaHHA paka MpocTaTtu
Touwo [2, 4].

B OCHOBI natoreHesy CTPUKTYPU YpPeTpu NexXuTb
NMOLWKOAKEHHA EeniTesito CeYOBUMYCKHOTrO KaHany Ta
NpUAErnoi YacTUHW CMOHTMIO3HOro Tila 3 HACTYMHO
NAOCKOKNITUHHOIO MeTanaasielo, 3MiHamMu Mo3aKAi-
TUHHOTO MATPUKCY CMOHFIO3HOI TKAHMHU ypeTpu Ta
po3BUTKOM croHriopibposy [2, 4]. HopmanbHa cno-
Jly4HA TKaHMHA CTIHKM CEYOBWMMYCKHOTO KaHany 3ami-
LLYETbCA LWiNbHO-BOJIOKHUCTO. Lli 3miHM npu3BoaATb
[0 3HWKEHHA YaCTKM IagKoM A3eBOi TKAHWHM Ta Kona-
reHy B CNOHriosHomy Tifi Ta pybuesoi nporpecii [4].
MpunycKaeTbeca, WO Lei npouec nos’sa3aHUM i3 rinok-
Ci€t0 TKAHMHW Ta iHFiBYBaHHAM CUHTE3Y OKCUAY a30Ty
(NO) [4].

[na 3HMKEHHA 4YacToTW peueauBiB pAfd aBTOpPIB
3acTocoBye GapMaKoorivHi NpenapaTy, LLLO BONOA 0T
AHTMKONAreHoBUM Ta aHTUPiIbpobaacTHUM edeKTamu,
30KpemMa LUMToCTaTUK miTomiunH C [6-8].

MiTOMIUMH — Le NPOTUNYXAUHHUI aHTUBIOTUK
OTPUMaHUI 3 KynbTyp Streptomyces caespitosus [9,
10]. Lle ankinytounit areHT, Akuii iHribye cuHtes OHK
(i, y 6inblu BUCOKMX KOHUEHTpaLiAX, cuHTe3 PHK i npo-
TEIHIB) LUNAXOM MNEPEeXpPecHOro 3LWWBaHHA KoMMe-
MEHTaPHUX NlaHutoriB nogginHoi cnipani AHK [10]. Ue
PO6UTb MITOMILUMH BiAHOCHO YHiKa/bHUM OTPUMAHUM
3 MiKpobioTM dapmnpenapaTtom y AiKyBaHHI NMyXJnH-
HUX HOBOYTBOpPEHb Ta pybuesux TKaHuH [9, 11]. byno
TaKOXK MOKa3aHO, LLLO MITOMILMH in vitro NPUrHivye npo-
nidepauito B-KkniTnH, T-KNiTUH i makpoddaris i nopyye
npeseHTaLito aHTUTEHY, a TAKOXK CeKpeLito iHTepdepoHy

ramma, TNFa Ta IL-2, TOBTO CNPUYMHSE NEBHUI BNANB
Ha iIMYHHY cucTemy, 30Kpema nimooumTtn Kposi [4, 11,
12]. MitomiymH C iHAYKYE TaKOXK reHOTOKCUYHWI CTpec
B eHAO0TeNiaNlbHUX KNITUHAX, LLLO acoLiMoBaHO 3 Biano-
BiZLHOO eKcnpecieto Npo3anasibHUX LMTOKIHIB [12].

MitomiumH C 3a3BMYal BUMKOPUCTOBYETHCA AN
NiKYyBAaHHA paKy Ce4vyoBOro Mixypa, ane B OCTaHHiI
POKM MOro BCe YacTille 3acTOCOBYOTb A/A NliKyBaHHA
nocTtonepaifHoro pybuLtoBaHHA TKaHWH [6, 9, 13].

OCKiNlbKM € gaHi Npo y4vacTb oKcuay asoTty y ¢op-
MYBaHHi CTpPUKTypu ypetpu [4, 14, 15], BuAaeTbCA
aKTyallbHUM  JOCNiAUTU  QYHKLIOHYBaHHA apriHasa/
NO-cMHTa3HOi cucTeMm Npu 4ii MiTamiuMHy, WO BUKO-
PUCTOBYIOTb A/1A 3anobiraHHA pyOLOBAaHHA TKAHWUH.

Bigomo, wo okcua asory (NO) — ue monekyna-
MeCCeHAKep, AKa MAE YNCAEHHI MONEKYNAPHI MilleHi
Ta KOHTPOJIIOE MPAKTUYHO BCi KNITUHHI QYHKL,iT, 30Kpema
CYAMHHWIN TOHYC, TPAHCKPWUMLUiO TeHiB, TPAHCAAL0
MPHK, 3abe3neuye nocT-TpaHCAAUiHY MoandikaLito
npoTeiHis Towo [14]. BaxnmBum cnocobom iHaKTUBa-
uii NO € iforo peakuis 3 cynepokcua-aHioHom (O2—e) 3
YTBOPEHHAM MOTYXHOFO OKMCHIOBAYa MEPOKCUHITPUTY
(ONOO-). Ua crnonyka MoXKe CHpPUYMHUTM OKUCHE
NMOLUKOAMEHHA, HITPYBaHHA Ta S-HITPO3WNIOBAHHA
6iomonekyn, BKAlYaruM npoTteiHu, ninign ta AHK.
HiTpo3aTusHuii ctpec Big, ONOO- 6yB npuYeTHU Ao
po3pusy ogHonaHutorosoi AHK.

Y ccasuis NO moxe yTBOptHOBaTUCA TPbOMA Pi3HUMU
isopopmamm NO-cuHTasm (NOS) — eHpoTenianbHO
Ta HEMpPOHaNbHOW, WO HanexaTb A0 KOHCTUTYTUBHUX
dopm (ekcnpecyroTbca NOCTIMHO) Ta iHAYLUUGENbHOI,
CMHTE3 AKOi CNPUUYMHAETLCA NPO3anaJbHUMU LIUTOKI-
HaMW NPKU Pi3HMX 3anasibHUX 3aXBOPIOBAHHAX. YCi i30-
dopmm NOS BMKOPUCTOBYIOTb L-apriHiH aAK cybcTpar, a
MOJNEKYNIAPHUIA KUCEHb i BiAHOBNAEHUIM HiKOTUHaMIA-
aaeHiH-guHykneotnadocodat (HAAPH) ak cybctpaTi.

Merta po60Tu —3’AicyBaHHA CTaHy EH3MMIB apriHaso-
NO-cuHTa3Hoi cuctemun B nimdoumTax nepudpepuyHoi
Kposi npwu gjii mitomiymHy C.

06’eKT i meTOoaM pocnipgKeHHA. [locnigKeHHA nNpo-
BOAMAM Ha nimboumtax nepudepuyHoi KpoBi npak-
TMYHO 340POBUX YOJIOBIKIB, OCKiNbKKU NimdouuTH BBa-
YKaTbCA «MeTaboniyHMM A3epKanom» opraHiamy Ta
OonepaTMBHO pearytoTb Ha BCi 30BHIilWHI Ta BHYTPILHI
BMJINBM Ha OPraHi3m.

Nimoboumntn nepmudepryHOi KPOBI BUAINANN 32 MOAU-
dikoBaHMM meTogom Boyum A. [16]. KpoB, po3BeaeHy
B cniBBigHoweHHi 1:1 dizionorivHMm po3unMHOM, Halla-
pOBYBanM Yy TPaieHTi ryctuHU ¢ikon-Tpiymbpacty
p=1,08 r/cm®) i ueHTpudyrysanm 20 xeuauH npu 500
g. 3HATI iHTepdasHi KiNbLA MOHOHYKNEAPHUX KNITUH
ABidi BigmmBann BnpoaosK 10 xBUaAnH ¢izionorivHm
po3unHom [16]. Micns oCTaHHbOrO LEeHTPUdYryBaHHA
[0 ocafy AoAaBanun HEBEUKY KiNbKicTb disionoriyHoro
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pPO34MHYy, pecycneH3yBaaun Ta 3a 4ONOMOrO TPUNAHO-
BOrO CMHbOIO NPOBOAM/IM MiAPAXYHOK KiNIbKOCTi *KNBUX
i MepTBMX KNITUH B Kamepi lopaeBa [16]. LlinicHicTb
i KUTTE3ZATHICTL NiMPOLUTIB KPOBI B yCiX gocnigax
CTaHoOBMNa He MeHwe 95 %. [Ona nepmeabinizauii
mMembpaH NiMpoumTiB KPOBi Ta PO3KPUTTA NIATEHTHUX
€H3UMaTUYHUX aKTUBHOCTEM A0 cycneHsii gopasanu
0,2 % canoHiH [17, 18].

AKTUBHICTb apriHasu nimdountisa nepudepuyHoi
KPOBi BU3HAYa/IM 3@ YTBOPEHHAM CEYOBMHM, BMICT AKOT
BMMIpIOBaAN 33 AOMOMOrO AiarHOCTUYHOro Habopy
BignoBigHO A0 iHCTPYKUii dipmu-BnpobHMKa (Simko,
YKpaiHa). AKTUBHICTb apriHasu obuucatoBanu i Bupa-
anu y HaHOMONAX CeYOBMHU/XB Ha 1 Mr 3arasibHOro
npoteiHy y npo6i [19].

AKTUBHICTb Ca%*-3anexHoi KOHCTUTYTUBHOI
NO-cuHTasu BM3HAYanu 3a OKuUcHeHHAM NADPH(H)
3a HassHocTi 10 mM CaCl, [20] AktusHictb Ca*-
He3anexHoi iNOS BM3Ha4YanM aHanorivyHo, AoAato4mn
B iHKybaUiliHe cepenoBULLE CENeKTUBHUIA iHribITOp
iHayunbenbHoi i3odopmMn  amiHOryaHiAMH 3amicTb
CaCl,. AkTnsHicTb NO-CHHTa3M BUPaKanuM B HAHOMOAAX
okucHeHoro NADPH(H*)/xB Ha 1 mr 3ara/sibHOro npote-
iHy y Npobi.

BapiauiiHO-CTaTUCTMYHE  OMpauloBaHHA  AaHUX
3[iMCHIOBANM 3 BUKOPUCTAaHHAM MPOrpamHOro naketa
ONA  nepcoHanbHUX Komn'totepis  Microsoft Excel.
BM3Hayanu TaKi OCHOBHi CTAaTUCTUYHI MOKA3HWKM, AK
cepeaHe apudmeTnyHe 3HayeHHA (M) Ta cTaHZApPTHY
noxmbkry (m). Pe3ynbTaTv NpeacTaBiAeHi AK cepeaHe
apudmeTnyHe (M) £ cTaHZapTHA NOXMbKa cepeaHbOro
(m). Kinbkicte gocnigis (n) Bignosigae KinbKocTi ocib,
OOCNIAKEHUX Y KOXHOMY BUMNAAKY (KOXKeEH pa3s BUKO-
pUCTOBYBa/ZIM CMEPMATO30i4M OTPUMAHI Bif4 OLHOrO
nauieHTa abo NpaKkTMYHO 340POBOro AOHOPA).

JlOCTOBIpHICTb 3MiH MK CTaTUCTUYHUMM XapaKTe-
PUCTUKAMM [BOX a/IbTEPHATMBHUX CYKYMHOCTEW Mnapa-
METPUYHUX [aHWUX BCTAHOB/MOBAAM 3a t-KpUTepiem
CrbrogeHTa. KpuTHYHI piBHI A0OCTOBIPHOCTI NpY Nepesi-
pui CTAaTUCTUYHMX FiNOTE3 Yy AOCNIAKEHHAX bpann pis-
Humm 0,95, 0,99 ta 0,999.

Yci  pocnigeHHA nNpoBOAMAMCA 3 HaJIeXKHOTO
nossony Komicii 3 nuTaHb 6ioeTUMYHOI eKcrnepTusu
J1bBiBCbKOrO HaLiOHAZILHOIO MeAUYHOro YHiBepcu-
TeTy imeHi [laHnna ManmubKoro Ta 3 NMCbMOBOI 3rogm
navi€eHTIB.

Pe3ynbTaTm pJocnipgyKeHHA Ta iX 06roBopeHHs.
JocnigKeHHA akTUBHOCTI apriHasn y KNiTUHAX, 30Kpema
nimdoumnTax nepndepuyHoi Kposi, Npu Aii MiToMiLmHY
C NpaKTUYHO BiACYTHI, XO4a AK CBig4aTb AaHi niTepaTypu
MiToMiumH C BNIMBAE Ha NPOAYKYBAHHA IHTEPAEMKIHIB i
nponidepaLito iIMyHOKOMMNETEHTHUX KNITUH [12].

MoKasaHo, wWo MmiTomiunH C y KOHUEHTpaLiax
10° -10" M fn0303an€eXHO NPU3BOAUTL [0 3POCTaHHSA
apriHasHoi aKTMBHOCTI B nimdoumtax nepudepuyHoi
Kposi (puc. 1). Mpun 10° M KoHueHTpaUii npenapaty —
B 1,2 pa3sa, 3(126,2+13,3) go (151,4+13,9) HMmoANb ceyo-
BMHU/XB-MI npoTeiHy, a npu 10 M KoHueHTpauji Ao
(188,5+13,4) HMONb CEYOBUHW/XB-MI MPOTEIHY, TOBTO
B 1,5 pasa woao KoHTponto (p<0,05).
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PucyHok 1 — ApriHasHa akTUBHiCcTb nimdouuTiB KpoBi 3a Aii pisHMX
KOHLIeHTpaUiit mitomiynHy C (Mim, n=5).
Mpumitku: * p<0,05 — 3MiHW CTATUCTUYHO BiPOTiAHI CTOCOBHO KOHTPOSIO.

OpHo4YacHO 3i 3pOCTAHHAM QAKTMBHOCTI apriHasw,
BUABJIEHI BiANOBIAHI 3MiHM B aKTUBHOCTI KOHCTUTYTUB-
Hoi i30dopmm NO-cuHTasK. Tak, NOKa3aHoO, LLLO B KOHTP-
oni uA aKkTMBHICTb B nimdountax cknagae (71,4+6,9),
a aKTUBHICTb iHAyumbenbHoi i3odopmu (1,58+0,18)
Hmonb NADPH(H*)/xB Ha 1 mr npoteiHy (puc. 2). 3a
aii mitomiumHy C B KoHuUeHTpauii 10 M aKTUBHICTb
cNOS 3HuKyBanacb B 1,4 pasa (p<0,05) wono KOHTp-
ONIbHUX 3HayeHb, a akTMBHICTb INOS NpaKTUYHO He
[ETEeKTYETbCA.
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PUCYHOK 2 — AKTMBHICTb KOHCTUTYTUBHOI Ta iHAYyUn6enbHoi isodpopm
NO-cuHTasu nimpouutis nepudepnyHoi KpoBi 3a aii mitomiunHy C
(Mm, n=5).

Mpumitku: * p<0,05 — 3MiHWM CTaTUCTUYHO BiPOTiAHI CTOCOBHO KOHTPO/IO.

Mpw BMBYEHHI BNAMBY MiTOMiuMHY C Ha aKTUBHICTb
iNOS nimdboumnTis, BUAINEHUX i3 KPOBI NPAKTUYHO 340-
pOBMX YO0JOBIKIB, ii aKTUBALii MW He crnocTepiraam, a
iHribytoumit edeKT HEMOXKIMBO BYN0 BU3HAUYUTK Yepes
HMU3bKY QaKTMBHICTb. [nA iHAYKYBAHHA aKTUBHOCTI
iNOS B nimdounTax KpoBi BUKOPUCTOBYBA/IM OKCU-
AATMBHUI CcTpec, npeiHkybytoun nimdountn 3 HO,.
Mpeinky6bayia nimpoumris i3 0,2 MM H,0, npussoamnTb
[0 3pocTaHHA akTtusHocTti iINOS B 22,4 pasa, 3
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(1,57+0,17) po (35,20,28) HMonb NADPH(H*)/xB Ha
1mr npoTeiny (puc. 3). Ha dpoHi akTmBay,ii iNOS rigporeH
nepokcnaom, mitomiumH C B KoHueHTpauii 107° M npu-
3BOAUTb A0 iHFibyBaHHA aKTUBHOCTI eH3umy B 1,4 pasa
(p<0,05).
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PucyHok 3 — Bnaus mitomiunHy C (105 M) Ha akTUBHICTb
iHayumbenbHoi isopopmmu NO-cuHTasm B nimdouutax nepudepuuyHoi
KpoBi 3a ymos H,0,-ingykosaHoro ctpecy (Mim, n=5).
Mpumitkn: K — KoHTponb; 1 — 3a npucyTHocTi H,0, B iHkybauiiHomy
cepeqosuLj; 2 —3a npucyTHocTi H,0, + mitomiymn C; *** p<0,001 — 3miHK
CTaTUCTUYHO BiPOTiAHi CTOCOBHO KOHTPOIIO; # p<0,05 — 3MiHM CTaTUCTUUHO

BiporigHi ctocoBHo 1.

MoKasaHo, wWo MmiTomiunH C y KOHUEHTpaLiax
10° — 103 M pg0303aneKHO NPU3BOAUTL A0 MNPUrHi-
YeHHs aKTMBHOCTI obox i3odopm NO-cMHTasu B Nim-
doumTax nepudepuyHoi Kposi (puc. 4). Ona OuiHKK
XapaKTepuCTMKM BapiabenbHocTi 3miH NO-cuHTasHoI
AKTMBHOCTI 3a ymOB Aii miTomiymHy C BM3HA4YeHO
napameTpu ix iHribyBaHHA, LWANAXOM JfiHeapu3au,i
O4Eep!KaHUX KPUBUX p[03a-ePeKkT y norapudpmivyHmx
koopauHatax Xinna: (Ig[(A-A)/Al = —n, Ig lys + N, 18
[/, e A, i A — nMTOMa eH3MMHa aKTUBHICTb 3a BiA-
CYTHOCTi i MPWCYTHOCTI iHribiTopa y KoOHUeHTpauii /
B cepeAoBuLLIi iHKybaLi (Tabn.).
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PUCYHOK 4 — AKTMBHICTb KOHCTUTYTUBHOI Ta iHAYyLM6enbHoi isodpopm
NO-cuHTasu nimpouuTis KpoBi 3a il Pi3HUX KOHLUEHTPaLiN
mitomiymHy C (Mtm, n=5).

Tabnuua — 3HauyeHHA KOHCTAHT KOHCTUTYTUBHOI Ta
iHayumbenbHoi isopopm NO-cuHTasmu nimdouuTie KpoB.i
3a Al pisHUX KOHUeHTpauin mitomiumHy C (Mtm, n=5)

MapameTtpu

- cNOS
iHribyBaHHsA

iNOS

KoHcTaHTa HanigiHri-
6yBaHHs I°° (M)

KoediuieHT Xinna

3,24-10°543,56-10° | 8,48-10%45,65-107

0,3240,02 0,22+0,01

[Ona KoHcTUTyTMBHOI i30popmu NO-cuHTasu Big-
MIYAETbCA MEHLIMIM CTyNiHb iHribyBaHHA MiTOMILM-
Hom C, To6T0 cNOS nimdoumnTiB KpoBi BOMOAIE HUXK-
YOI YyTAMBICTIO A0 MmiToMiuymHy C, Hixx iINOS. ns iNOS
XapaKTepHUM Binblwni iHribyBanbHUI BNAMB MITOMI-
umHom C, TOMy HeobxiaHe HeBe/MKe BBeAEHHS Aito-
Yoi pevyoBMHW B cepefoBULLI iHKybaLii, Wwob 3HU3NTK
akTuBHicTb INOS nimdouuntis Kposi Ha 50 %. LUa mae
Baromy posb, agxe iHayumbenbHa dopma iNOS 3aaTHa
npoaykysatv NO B KinbKOCTAX, AKi 3HAYHO NepeBuLLy-
toTb KisibKicTb NO yTBopeHoro cNOS. Tomy NpuUrHiYeHHA
akTMBHOCTI INOS aKTMBOBAHOI B yMOBaX OKCUMAATUBHOTO
CTPEeCy HU3bKUMM KOHLLEHTPALIAMM MITOMILUMHY 34aTHE
CYTTEBO 0OMeEXUTU rinepnpoaykuito NO. BogHouac
KoediuieHT Xinna 6ys BiporiaHo UMM ana cNOS, Hix
ana iNOS, Wwo BKasye Ha BuMLLe MO3UTMBHE KOoonepa-
TMBHe 3B’A3yBaHHA MiXK MITOMIUMHOM C Ta KOHCTUTY-
TMBHOO i30dopmoto NOS.

Cnig BigmiTMTH, WO NoAiOHI pe3ynbTaTi WoA0 MoAay-
noBaHHA apriHaza/NO-cMHTa3HOI cucteMu MiTOMILM-
Hom C oTpMMaHi i Ha iHWKWX 06’eKTax. TaK, MOKa3aHo
B33aEMO3B’A30K MiX epeKkTamm miTomiumHy C, oKCMaom
a30Ty Ta OKCUOATUBHUM CTPECOM HA KYAbTypasbHUX
KnitnHax FancC-/- Cells [15].

MNMokasaHo, Wo psga naTtodisionorivHMx npouecis
CYNPOBOMAKYIOTbCA Aepery/toBaHHAM banaHcy apri-
Ha3u/NOS, nopylweHHAM romeoctasy Ta OyHKLjo-
Ha/NbHOCTI opraHismy. MNigBuLleHa ekcnpecia apriHasm
NnoB’A3aHi 3 KiIbKOMa NaToONOrNYHUMKM MpoLecamm,
AKI  MOXYTb BapilOBaTUCA Big CepueBO-CYAUHHUX,
iMmyHOOMocepeaKoOBaHMX, i MyX/IMHHWUX CTaHIB 0 HEMpPO-
AereHepaTuBHUX po3nagis [21].

ApriHasa npurHidyye npogykysaHHAa NO 3a gonomo-
roto Ki/IbKOX MOTEHLIMHUX MeXaHi3MiB, BKOYAOYM KOH-
KypeHLuito 3 NO-cuHTasow (NOS) 3a cybeTpat L-apriHiH,
po3’egHaHHa NOS, wo npu3soantb Ao B3aemogii NO
i cynepokcuay Ta YTBOPEHHA MNEPOKCUHITPUTY, Npwu-
FHiYeHHs TpaHcaAuii Ta ctabinbHoCTI iHAyuMbenbHoro
npoteiHy NOS, iHribyBaHHA aKTUBHOCTI iHAYUMBeNbHOI
NOS wWwnsaxom yTBOPEHHA CEYOBUHM Ta ceHcubinisauii

NOS po Woro eHAoreHHoro iHribitopa, acume-
TPUYHOrO AuMeTUN-L-apriHiHy [22—24]. 3pocTaHHA
aKTUBHOCTI  apriHasuM MNpWrHiyye eHAoTeniaNbHUi

NOS-onocepeakoBaHun cnHTe3 NO i moXKe cnpuatm
eHgoTenianbHin ancdyHKLii npu rinepToHii, cTapiHHi,
iwemii-penepoysii Ta uykposomy aiaberti [24].
BucHoBKU. OTpMMaHi Hamu pe3ynbTaTh WoAo Ail
MiTomiumHy C, WO 3aCTOCOBYETLCA B JIIKYBAHHI CTPUK-
TYpW ypeTpu, BKa3yloTb Ha A04ATKOBUI BNAMB Ha pery-
NATOPHI CUCTEMW KNITUHU, 30KpEMa, NOPYyLUEHHA apri-
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Ha3a/NO-cuHTa3HOI cucTemn NiMpoumTiB KpPoBi, WO
nNpu3BoANTb A0 AncbanaHcy perynaTopHUX CUCTEM NliM-
douunTis i perynatopHoi ¢yHKLIT NO. 3HUMKEHHS iHAYKO-
BaHoi H,O, aktusHocTi iNOS 3a aii mitomiunHy C cBig-
YUTb NPO Te, WO Ui aHTMBIOTUKM MOXKYTb 3anobiratu
rinepnpoaykuii NO B nimpoumTtax Kposi. OKcuz a3oTy,
O NPOAYKYETLCA Y HAaAMIpHIl KifbKOCTI Npu natono-
riYHUX CTaHAX OpPraHiaMmy, Ma€e BUPaXKeHY LLUTOTOKCUYHY
Ait0 BHACNIAOK YTBOPEHHA NEPOKCUHITPUTY — NPOAYKTY

B3aemogaii NO Ta cynepoKcuaaHioH-pagnKana, 3a4at-
HOro A0 AeCTPYKLii MPaKTUYHO BCiX KOMMOHEHTIB Ki-
TUHU. MMOBIPHO, WO OAHUM i3 MeXaHi3MiB Aji miTomi-
umHy C € 3HMXKeHHA rinepnpoaykysaHHAa NO.

MepcnekTnuBM Noganblnx AocnigKeHb. B nogans-
LWOMY MJIAHYETLCA BUBYEHHA BNAMBY MiTOMIiuMHYy C
Ha aKTMBHicTb Ca*-TPaHCNOPTYBa/NIbHUX CUCTEM KAi-
TWH i poni ioHizoBaHoro Ca?* B mexaHi3mi gji uboro
aHTMbioTMKa.
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MITOMILUH C B NIKYBAHHI CTPUKTYPU YPETPU TA MOTO BIM/INB HA APTIHA3A/NO-CUHTA3HY CUCTEMY

LWepemeTa A.P., CeBepaaH O.M., Bopobeub A1.3., Padyna P.B., Bopobeub 3.4,

Pe3tome. MiTomiumH C 3aCTOCOBYETLCA ANA NiKYyBaHHA UM nonepeasKeHHA popmyBaHHA pybLEBUX 3MiH, 30Kpema
YPEeTpanbHUX CTPUKTYP, B NOCTONepaLiliHuii nepioa. B 3anexHocTi Big nokanisauii onepaTMBHOro noas Moro BBOAATb
BHYTPiLUHbOBEHHO, BHYTPILUHbOMIXYpPOBO, BHYTPiLUHbOYEPEBHO, TaK i MicLeBo. PybueBi 3MiHN € OAHUM i3 YyCKAaAHEHb
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onepaTUBHUX BTPyYaHb. MNpenapat mitomiunH C Mae BupaxkeHi aHTMdibpobaacTUUHi B1aCTUBOCTI Ta NEPELLKOANKAE YTBO-
PEeHHIO KoMareHy y TKaHMHax. OgHaK, Bi4OMO, WO BEAUKMI pAajd, aHTUBIOTMKIB | LMTOCTAaTUKIB MOXe TaKOX BMN/AMBaTH
Ha PerynAaTopHi CUCTEMM KNITUH. BaxkIMBOIO peryniAToporo CUCTEMOIO € CUCTEMA OKCMAY 30Ty, A0 AKOI BXOAATb TaKi
€H3MMMU AK apriHasa Ta okpemi isodpopmu NO-cMHTa3. Buxoaaum 3 Toro metoto poboTu 6yno 3’AcyBaHHA CTaHY €H3MMIB
apriHaza/NO-CMHTa3HOI cMCTEMU cUCTEeMM B limdoumTax nepudepuyHoi Kposi npw Ajii mitomiuuHy C.

JocnigkeHHA nposoguan Ha nimbouutax nepndepnyHoi KPOBi NPAKTUYHO 340POBUX HOOBIKIB, OCKiIbKM BOHW BBa-
aloTbCsA «MeTaboNiyHMM A3epKasioMm» OpraHiaMmy Ta onepaTMBHO pPearytoTb Ha BCi 30BHIiLLHI Ta BHYTPILLHI BN/MBMY Ha
opraHism. MokasaHo, o mitomiuuH C y KoHueHTpauiax 107° — 10 M g0303aneXHo NpU3BOANUTL A0 3POCTaHHA apri-
Ha3HOoi aKTUBHOCTI B limdoumTax nepudepmnyHoi Kposi. Mpn 10° M KoHueHTpaLii npenapaty —8 1,2 pa3a, a npu 10° M
KOHLeHTpaLii 8 1,5 pasa woao KOHTpoAto.

MapanenbHo 3i 3pOCTaHHAM aKTMBHOCTI apriHasu, BMAB/AEHI BiANOBIAHI 3MiHM B aKTMBHOCTI KOHCTUTYTUBHOI i30-
dopmu NO-cuHTa3u. TaK, NOKa3aHO, WO Yy KOHTPOAI il aKTUBHICTb B NimpoumnTax cknagae (71,416,9), a aKTUBHICTb
iHayunbenbHoi isodpopmm (1,58+0,18) HMonb NADPH(H*)/xB Ha 1 mr npoTeiHy. 3a Aii mitomiumHy C B KOHLeHTpaL,ji 107
M aktmeHicTb cNOS 3HMKyBanacb B 1,4 pasa, WoAO0 KOHTPOAbHMX 3HAYEHb, @ aKTUBHICTb INOS NpakTUYHO He AeTeKTy-
€Tbcsa. Mpy BMBYEHHI BNAMBY MiTOMiuMHY C Ha akTMBHicTb iINOS nimdouunTi, BUAiNEHMX i3 KPOBI MPaKTUYHO 340P0OBUX
YOJI0BIKiB, il aKTMBALLii MM He cnocTepirany, a iHribyumii epeKkT HEMOXKINBO BYN0 BU3HAUYNTU Yepe3 HU3bKY aKTUBHICTb.
[na inayKyBaHHA akTMBHOCTI INOS B nimdoLmMTax KPOBi BUKOPUCTOBYBAIM OKCUAATUBHUIA CTpeC, NpeiHKybyoun nimdo-
umnth Kposi 3 H,0,. MpeiHkybauia nimpouuTis i3 0,2 MM H,O, npussoauTb A0 3pocTaHHsA akTneHOCTI INOS B 22,4 pasa. Ha
¢doHi akTmBauii iNOS rigporeH nepokcnaom, mitomiumH C B KoHUeHTpauii 107 M npu3soauTb A0 iHribyBaHHA aKTUBHOCTI
eH3umy B 1,4 pasa.

TakKMM YMHOM, OTPMMaHI Hamu pe3ynbTaTM LWOoAO0 MexaHiamy aii miTomiumHy C, WO 3aCTOCOBYETLCA B NiKy-
BaHHi CTPUKTYpU ypeTpu, BKa3ylOTb HA AOLATKOBWUIN BMJIMB HA PEryiATOPHI CUCTEMMU KNITUHM, 30Kpema, NopyLIeHHA
apriHa3za/NO-cMHTa3HOI cuctemn NimboumTiB KPOBI, Lo NPU3BOAUTL A0 AncbanaHcy perynaTopHUX cuctem NiMmpoumnTis
i perynatopHoi GpyHKLji NO. MMOBIpHO, L0 OAHMM i3 MexaHi3MmiB Aii MiTomiuuHy C € 3HUXeHHs rinepnpoayKysaHHs NO.

KnrouoBi cnoBa: cTpukTypa ypetpu, MmitomiunH C, apriHasa, NO-cuHTasa.

MITOMYCIN C IN THE TREATMENT OF URETHRIC STRICTURE AND ITS EFFECT ON ARGINASE/NO-SYNTHASE SYSTEM

Sheremeta D.R., Sverdan O.P., Vorobets D.Z., Fafula R.V., Vorobets Z.D.

Abstract. Mitomycin Cis used to treat or prevent scar formation, urethral strictures in particular, in the postoperative
period. Depending on the location of operating field, it is administered intravenously, intravesically, intraperitoneally,
and topically. Cicatricial changes are one of the postoperative complications. Mitomycin C has significant anti-fibroblastic
properties and prevents collagen production in tissues. However, it is known that a wide range of antibiotics and
cytostatics can also affect the cell regulatory systems. The nitric oxide system is an important regulatory system, which
includes enzymes such as arginase and certain nitric oxide synthase isoforms.

The objective of the study is to determine the effect of mitomycin C on the enzymes of arginase/ NO synthase system
activity. The research was performed on peripheral blood lymphocytes obtained from practically healthy men as they
are considered as «metabolic mirror» of organism and they respond quickly to all external and internal influences on
the body. It has been shown that mitomycin C at concentrations of 10°-10 M caused a dose-dependent increase in
arginase activity in peripheral blood lymphocytes. At drug concentration of 10 M — by 1.2 times, at drug concentration
of 10°M — by 1.5 times compared to the control values.

In parallel with the increase in arginase activity, the corresponding changes in the activity of constitutive isoform
of nitric oxide synthase were revealed. It has been shown that activity in control lymphocytes is (71.4+6.9), and the
inducible isoform activity is (1.58+0.18) nmol NADPH/(H*)/min per 1 mg of protein. Under effect of mitomycin C at
concentration of 10® M cNOS activity was decreasing by 1.4 times concerning control values, iNOS activity is almost
undetectable. When studying the effect of mitomycin C on iNOS activity in lymphocytes, isolated from the blood of
practically healthy men, we did not observe its activity, and the inhibitory effect could not be determined due to its low
activity. Oxidative stress was used to induce iNOS activity in blood lymphocytes with H,O, lymphocytes preincubation.
Lymphocytes preincubation with 0.2 mM H,0, leads to an increase in iNOS by 22.4 times. By activation of iNOS with
hydrogen peroxide, 10° M concentration of mitomycin C leads to inhibition of enzyme activity by 1.4 times.

Thus, the results we obtained concerning the mechanism of action of mitomycin C, that is used to treat urethral
strictures, indicate an additional effect on the cell regulatory systems in particular a disorder of arginase/NO-synthase
system of blood lymphocytes that leads to disbalance of lymphocytes regulatory system and the regulatory function of
NO. Presumably, one of the mechanisms of action of mitomycin C is the decrease in NO hyperproduction.

Key words: urethral stricture, mitomycin C, arginase, NO synthase.
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