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Abstract

Background: The high lethality in peritonitis and the lack of data on the role of various NO-synthase isoforms in its pathogenesis
suggests the advisability of the research to study the effects of NO-synthase (NOS) inhibitors.

Objective: The aim of the research was to study the activity of oxidative stress and state of vascular endothelium in rats with
experimental peritonitis under administration of NO-syntase inhibitors.

Material and Methods: The research was carried out on male rats (n=72), divided into 4 series which were injected
intraperitoneally with 0.6ml/100g: 1 series (control)-0,85% NaCl; 2™ series (experimental peritonitis, EP)-15% fecal suspension;
31 series (EP+L-NAME)-15% fecal suspension with intramuscular injection of N&-nitro-L-arginine methyl ester, L-NAME (10mg/
kg); 4" series (EP+AG)-15% fecal suspension with intramuscular administration of aminoguanidine, AG (15mg/kg). The content of
nitrite/nitrates (NO ), malondialdehyde (MDA) and reduced glutathione (GSH) in blood plasma of rats, the quantity of circulating
endothelial cells (CEC) in blood were analyzed in half a day, 1 day and 3 days of EP.

Results: An increase in the level of NO_and MDA, a decrease in [GSH] in blood plasma, an increase in amount of CEC in the blood
of rats with EP were detected. Unidirectional changes, however, to a greater extent, were observed in EP under administration of
L-NAME. The administration of AG resulted in decrease in level of NO_and MDA, an increase in [GSH] in blood plasma, a decrease in
the amount of CEC in blood.

Conclusion: The course of acute EP was characterized by significant increase in level of NOx, development of oxidative stress
and damage to endothelium of blood vessels. The administration of non-selective NOS inhibitor, L-NAME, aggravated the severity of
changes in EP, that may be explained by inhibition of endothelial NOS with progression of microcirculatory disorders. The corrective
effect of AG in EP was manifested by a decrease in [NO ], oxidative stress activity and degree of damage to vascular endothelium,
which may be a consequence of the suppression of cytotoxic nitric oxide overproduction.
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Introduction

Diffuse peritonitis continues to be an unresolved problem of
urgent surgery, which is associated with high lethality, reaching
85-90% with the development of multiple organ failure and septic
shock [1], and may be due to the inferiority of pathogenetic therapy:.
There are literature data on the participation of various biologically
active molecules in the pathogenesis of inflammation, among which
is nitric monoxide (NO), formed from the amino acid L-arginine
under participation of inducible and constitutive isoforms of NO
synthase (NOS). The ambiguity of the NO properties: pro- and
antioxidant, pro- and anti-inflammatory, pro- and antiadhesive
[2] may be associated with changes in the activity of various NOS
isoforms. In turn, insufficient knowledge of the role of NOS isoforms
in the inflammatory process in the abdominal cavity necessitates
a detailed pathogenesis of peritonitis. The purpose of the study
was to research the severity of oxidative stress and the state of the
vascular endothelium in rats with acute experimental peritonitis
under administration of NO-synthase inhibitors.

Material and Methods

Experiments were carried out on outbred male rats, 230-
250g (n=72). An inhibitor of the inducible isoform of NOS (iNOS),
aminoguanidine (AG), and a nonselective NOS inhibitor, Nw-nitro-
L-arginine methyl ester (L-NAME), were used in experiment.
Rats, divided into 4 series, were injected intraperitoneally, 0.6ml
per 100g of body weight, with: 1% series-0.85% sodium chloride
solution (control), 2-4™ series-15% filtered fecal suspension
(experimental peritonitis, EP) [3,4]. After intraperitoneal injection
rats of all series were injected intramuscularly, 0.5ml, with: 1%
(control) and 2" (EP) series-0.85% sodium chloride solution, 3™
series (EP+L-NAME)-L-NAME at dose of 10mg/kg (Sigma, USA),
series 4 (EP+AG)-AG at dose of 15mg/kg (Sigma, USA). The level
of stable NO metabolites, nitrite/nitrates (NO ), was determined

Copy@ EV Husakouskaya

in blood plasma (BP) using the Griess reagent and cadmium on a
SOLAR PV 1251C spectrophotometer [5]. The severity of oxidative
stress was assessed by the concentration of a secondary product
of lipid peroxidation (LPO)-malondialdehyde (MDA) and an
indicator of antioxidant protection-reduced glutathione (GSH) in
the BP of rats. The content of MDA was determined by measuring
the extinction of a solution containing a pink-colored trimethyl
complex of MDA with thiobarbituric acid, and the concentration
of GSH was determined using trichloroacetic acid and Ellman’s
reagent on a SOLAR PV 1251C spectrophotometer [6]. The study
of the state of vascular endothelium was carried out by counting
the number of circulating endothelial cells (CEC) of the blood in
a hemocytometer [7], under light microscopy using a Micromed
3 var 3-20M microscope (China), equipped with plan achromatic
lenses and a RisingCam video camera E3CMOS 20000KPB” (China).
Statistical data processing was performed using the Statistica 10.0
program for Windows (StatSoft, Inc., USA) after testing for normal
distribution (Shapiro-Wilk test) using the nonparametric Kruskal-
Wallis test and post hoc comparisons using the Dunn test; data are
presented: Me (LQ; UQ), where Me is the median, LQ and UQ are the
values of the lower and upper quartiles, respectively. Differences
were considered statistically significant at p<0.05.

Results and Discussion

As a result of the studies, it was found that the development
of EP was characterized by an increase in the content of NO_ in BP
after half a day-5.6 times (p<0.01), after 1 day-6.6 times (p<0.01),
after 3 days-4 times (p<0.01), indicating a significant increase in
the production of NO by iNOS, which, as it’s known, produces NO in
micromolar concentrations after stimulation by bacterial antigens
and pro-inflammatory cytokines, and reflects the high intensity of
the inflammatory process course [8] (Table 1).

Table 1: Nitrite/nitrate concentration and parameters of prooxidant-antioxidant state in rats with experimental peritonitis (EP) and separate use of
NO-synthase inhibitors - L-NAME and aminoguanidine (AG), Me (LQ; UQ).
Groups of Rats, Terms of EP [NOx], pmol/1 [MDA], pmol/1 [GSH], mol-1/ml
Control 17 (16; 18) 0,7 (0,5; 0,9) 6,6 (6,1; 6,9)
EP Half a Day 96 (93; 98)** 3,3(3,0; 3,5)** 2,9 (2,7;3,1)**

1 Day 112 (107; 116)**¥ 4,3 (4,0; 4,6)**¥ 1,8 (1,5; 2,0)**¥

3 Days 68 (64; 71)**WA 3,1(2,9; 3,4)**A 2,7 (2,4; 2,9)**A
EP +L-NAME Half a Day 106 (104; 110)**# 4,0 (3,8; 4,2)**# 2,2 (1,9; 2,4)*#

1 Day 124 (122; 129)**#¥ 5,3 (5,0; 5,5)**#¥ 0,8 (0,6; 1,0)**#¥

3 Days 60 (56; 63)**WA 4,5 (4,2; 4,9)**# 1,7 (1,5; 2,0)**#
EP +AG Half a Day 61 (58; 66)**## 1,8 (1,6; 2,0)**## 4,5 (4,3; 4,7)**##

1 Day 71 (67; 75)**## 2,5(2,1; 2,7)*## 3,8 (3,6; 4,2)**##

3 Days 41 (39; 44)**##PA 1,5 (1,3; 1,7)**##A 4,7 (4,5; 4,9)**##A
Note*: - NOx -Nitrites/Nitrates; MDA -Malondialdehyde; GSH -Reduced Glutathione; Significant differences relative to: * -p<0.05, ** -p<0.01, ***
-p<0.001 - control group; # -p<0.05, ## -p<0.01, ### - p<0.001 - “EP” group; W -p<0.05 1st subgroup (after half a day) and A -p<0.05 - 2nd subgroup
(after 1 day) within the group.
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The administration of L-NAME resulted in increase in [NO ] in
the BP of rats with EP after halfa day and 1 day (p<0.05), compared
with the values in EP without its use, which may be associated with
the progression of microcirculation disorders and alteration under
suppression of endothelial NOS and additional stimulation of iNOS
by pro-inflammatory cytokines. In rats with EP and administration
of AG, on the contrary, a decrease in [NO ] in BP was detected,
compared with the values in EP without its administration, which
may be due to inhibition of iNOS [9]. Along with an increase in the
level of NO, in rats with EP, an increase in the concentration of the
lipid peroxidation product-MDA in the BP was observed in half a
day-4.7 times (p<0.01), in 1 day-6.1 times (p<0, 01), and in 3 days-
4.4 times (p<0.01), indicating the activation of oxidative processes
in all the studied periods.

At the same time, there was a decrease in the content of GSH
in BP in half a day, 1 day and 3 days-2.3 times (p<0.01), 3.7 times
(p<0.01)and 2.4 times (p<0.01), respectively,indicatingasignificant
inhibition of antioxidant protection. Thus, the prooxidant-
antioxidant state in EP was characterised by the oxidative stress
development. The change in the oxidative processes activity in rats
with EP and administration of L-NAME in half a day, 1 day and 3
days was more significant than in EP without its use, an increase
in the content of MDA-1.2 times (p<0 .05), 1.2 times (p<0.05) and
1.5 times (p<0.05), along with a decrease in the level of antioxidant
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GSH-1.3 times (p<0.05), 2.3 times (p<0.05) and 1.6 times (p<0.05),
respectively. An increase in the severity of lipid peroxydation and
decrease in antioxidant protection under L-NAME administration
indicates an enhance in the oxidative stress activity. At the same time,
injection of AG led to the opposite effect-a decrease in the level of
the MDA in halfa day, 1 day and 3 days-1.8 times (p<0.01), 1.7 times
(p <0.01) and 2.1 times (p<0.01), respectively, and to an increase
in the content of GSH in BP-1.6 times (p<0.01), 2.1 times (p <0.01)
and 1.7 times (p<0.01) in the corresponding terms, compared with
the values in EP without its administration, indicating a decrease in
the prooxidant-antioxidant imbalance. The obtained results may be
due to change in the production of reactive nitrogen species under
administration of the NOS inhibitors, which leads to modulation of
the formation of molecules with prooxidant properties. In addition,
in rats with EP, an increase in the number of CEC per unit of blood
volume as an indicator of damage to vascular endothelium in half
a day-up to 10.6 (10; 11.7)/ul, or 3.4 times (p<0.001), in 1 day-up
to 20.6 (19.4; 21.7)/pl, or 6.6 times (p<0.001), in 3 days-up to 19.7
(19.4; 21.1)/], or 6.4 times (p<0.001), compared with the value
in the control group-3.1 (2.2; 4.2)/ul, was found, that indicates
a progressive damage to endothelium with the subsequent
development of its dysfunction and about the relationship between
iNOS activation, changes in the prooxidant-antioxidant state, and
damage to endothelium of blood vessels (Figure 1).
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Figure 1: The content of circulating endothelial cells in the blood (CEC/pl) of rats with experimental peritonitis (EP) and administration of Nw-
nitro-L-arginine methyl ester (EP+L-NAME) and aminoguanidine (EP+AG), Me (LQ; UQ).

Note*: EP-Experimental peritonitis; L-NAME-Nw-nitro-L-arginine methyl ester; AG-aminoguanidine; significant differences relative to: * -p<0.05,
**-p<0.01, *** -p<0.001 -control group; # -p<0.05, ## -p<0.01, ##H# - p<0.001 - “EP” group; W -p<0.05 - half a day and A -p<0.05 -1 day.

The administration of L-NAME contributed to an increase in
morphological damage to endothelium of blood vessels in rats with
EP, which was manifested by increase in the amount of CEC in their
blood after halfa day, 1 day and 3 days-1.6 times (p<0.01), 1.3 times
(p<0.01) and 1.4 times (p<0.01), respectively, which may be due to
greater severity of oxidative stress and inhibition of the endothelial
NOS isoform with aggravation of microcirculatory disorders. The

severity of morphological damage to endothelium of blood vessels
in rats with EP and administration of AG was less pronounced,
which was manifested in decrease in the amount of CEC in the blood
in half a day, 1 day and 3 days 1.2 times (p<0.05), 1.3 times (p<0.01)
and 1.5 times (p<0.01), respectively, compared with their number
in EP without its use. It is assumed that the corrective effect of AG
in relation to endothelium of blood vessels of rats with EP may be
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associated with a decrease in the toxic effect of NO metabolites on

the vascular wall with prooxidant damage peroxynitrite, etc. [10].

Conclusion. Thus, the research of the EP course in rats revealed
an increase in the content of nitrites/nitrates and lipid peroxidation
product, MDA, in the blood plasma, along with a decrease in the
level of the antioxidant defense marker, GSH, and pronounced
desquamation of blood vessel endotheliocytes, which may indicate
development of oxidative stress and endothelial dysfunction. The
study of acute EP course under L-NAME administration revealed
an unfavorable effect of non-selective NOS inhibition in relation to
the severity of oxidative stress and damage to endothelium of blood
vessels. The corrective effect of AG in EP in rats was manifested by
a decrease in [NO ], oxidative stress activity and morphological
damage to the endothelium of blood vessels in all the studied
periods, compared with the values of indicators in rats with
peritonitis without its administration, which can be a consequence
of the suppression of the excess NO formation with a decrease in
the production of the highly toxic peroxynitrite molecule (ONOO-).
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