Sirman Ya. V., Savytskyi I. V. Analysis of the relationship between the activity of inducible nitric oxide synthase and interleukin-1 in
the pathogenesis of experimental diabetic retinopathy. Journal of Education, Health and Sport. 2020;10(1):320-329. eISSN 2391-
8306. DOI http://dx.doi.org/10.12775/JEHS.2020.10.01.035
https://apcz.umk.pl/czasopisma/index.php/JEHS/article/view/JEHS.2020.10.01.035

http://dx.doi.org/10.5281/zen0do.4515266

The journal has had 5 points in Ministry of Science and Higher Education parametric evaluation. § 8. 2) and § 12. 1. 2) 22.02.2019.
© The Authors 2020;
This article is published with open access at Licensee Open Journal Systems of Nicolaus Copernicus University in Torun, Poland
Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium,
provided the original author (s) and source are credited. This is an open access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike.
(http://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any medium, provided the work is properly cited.
The authors declare that there is no conflict of interests regarding the publication of this paper.

Received: 20.12.2019. Revised: 25.12.2019. Accepted: 31.01.2020.

UDK:616-06:616-092.9

ANALYSIS OF THE RELATIONSHIP BETWEEN THE ACTIVITY OF INDUCIBLE
NITRIC OXIDE SYNTHASE AND INTERLEUKIN-1 IN THE PATHOGENESIS OF
EXPERIMENTAL DIABETIC RETINOPATHY

Ya. V. Sirman?, 1. V. Savytskyi?

ISE ""Ukrainian Research Institute of Transport Medicine of the Ministry of Health of
Ukraine"

2Odessa International Medical University

Sirman Yana Vadymivna, Candidate of Medical Sciences, Senior Researcher, Laboratory of
Occupational Pathology, SE "Ukrainian Research Institute of Transport Medicine of the Ministry of
Health of Ukraine"; http://orcid.org/0000-0002-9754-2564; yanasirman@gmail.com

Savitsky lvan Volodymyrovych, Doctor of Medical Sciences, Professor, Head of the Department of
Medical and Biological Sciences of Odessa International Medical University; https://orcid.org/0000-
0002-5841-9993; farmakod@ukr.net

For correspondence: Savitsky Ivan Volodymyrovych, 65039, Odessa, Fontanska doroha 4-a, kv.29,
tel. + 38050-381-21-83, e-mail-farmakod@ukr.net

Abstract

The purpose of the study: analysis of changes in the development of hypoxia and
endothelial dysfunction in experimental diabetic retinopathy. Our results indicate endothelial
dysfunction and dysfunction of nitric oxide synthesis on the 30th day of development of
experimental diabetic retinopathy. An increase in the activity of inducible nitric oxide
synthase in the 2nd group (p <0.001) in the first stage of the experiment with further
progression of pathological changes on the 60th and 180th day of the study. The development
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of the inflammatory process in experimental diabetic retinopathy has been revealed and its
relationship with the increase in the activity of inducible nitric oxide synthase has been
confirmed. The most pronounced increase in the studied cytokine was detected in the 3rd
stage of the experiment (p <0,001).

Key words: experimental diabetic retinopathy; endothelial dysfunction;

inflammation; inducible oxide synthase; interleukin 1p.

Introduction

As noted, diabetes is characterized by a number of complications that can lead to
disability, complete disability and even premature death. According to the study Cost of
Diabetes in Europe-Type 2 (CODE-2) in patients with diabetes mellitus, whose average age
was 67 years, complications were observed in 59% of patients, of whom 23% had 2 and 3% -
3 complications type 2 diabetes. Mortality from diabetes reduces the lives of patients by 12-
14 years due to vascular accidents, which were recorded in 75-80% of cases. In developed
countries, mortality from diabetes ranks 3-4 in the overall structure and is the cause of
decreased vision and blindness in adults [1, 2]. Complications that occur in the later stages of
diabetes are divided into micro- and macroangiopathy, the formation of which in diabetes
determines the prognosis for quality and life expectancy of patients, so we can say that
"diabetes begins as a metabolic disease™ and ends as a vascular catastrophe» [3].

The purpose of the study: analysis of changes in the development of hypoxia and
endothelial dysfunction in experimental diabetic retinopathy.

Materials and methods. The study was performed on white Wistar rats weighing
180-200 g. According to the tasks, the animals were divided into 2 groups:

Group 1- 60 intact animals;

Group 2 - 60 animals, which simulated diabetic retinopathy without further correction.

Type 2 diabetes mellitus and diabetic retinopathy were modeled by intraperitoneal
administration of streptozotocin (Sigma, USA) dissolved in 0.1 M citrate buffer with a pH of
4.5 [4]. The dose of streptozotocin 55 mg / kg body weight was divided into two injections.
The introduction of streptozotocin was preceded by a high-fat diet for 28 days [5].

Animals were removed from the experiment by decapitation under light ether
anesthesia in accordance with the "Rules for performing work using experimental animals",
approved by the Order of the Ministry of Health of Ukraine Ne 249 from 01.03.2012 and the
Law of Ukraine Ne 3447-1V "On protection of animals from cruel treatment” (as amended
from 15.12.2009 and from 16.10.2012).
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Blood was taken from the retroorbital venous plexus, which lies in orbit behind the
eyeball. The puncture was performed in a circular motion with a glass pipette with an
extended capillary, the tip of which is ground at an angle of 45°. The conjunctival sac was
punctured in the medial corner of the eye between the eyeball and the orbit. After puncture,
the pipette was inserted to a depth of 2-4 mm behind the eyeball. Control of entry into the
venous plexus - filling the pipette capillary with blood (Dyakonov AV, Khrikina IS, Hegai
AA etc., 2013).

The activity of inducible nitric oxide synthase was determined by spectrophotometric
method. The level of proinflammatory cytokine was analyzed by enzyme-linked
immunosorbent assay.

Statistical processing of the obtained results

To detect changes in the studied indicators between different groups and at different
stages, we used parametric statistical methods, which are based on the operation of the
parameters of statistical distribution (mean and variance).

The methods used are designed for normally distributed data, so we checked all data
for normality using the criterion of asymmetry and excess El Pustylnyk. According to this

criterion, the distribution does not differ from normal if the calculated empirical values of

asymmetry and excess do not exceed the critical, ie AemP “:ACT", EemP = ECT", where

Aemp and EemP - calculated values of asymmetry and excess, and

24 -n-(n—2)- (n—3)
(n+2)°- (n+3)- (n+5),

6-n-1) Es,=5-

J(n + 1) (n+ 3)

respectively, their critical values [6].

pr -

All the data we consider were normally distributed, so you can compare the average
values of the samples in pairs. Note that in subsequent comparisons, we perform comparisons
in independent samples. These will be comparisons between different groups of animals or
comparisons between the same group of animals (but since there is no correspondence
between animals in the samples, they will also be independent).

Before comparing the averages of the two samples, it should be ascertained whether
the variances are homogeneous. For this purpose it is necessary to carry out check for
homoskedaticity (homogeneity of dispersions).

Statistical hypotheses will be as follows:

Ho: the variance in group 1 does not differ from the variance in group 2.
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Ha: the variance in group 1 is greater than the variance in group 2. The
hypotheses in the criterion are directed, so the criterion is one-sided. Hypothesis Ho is

F

rejected when © emp = Fer, This is evidenced by the P -value - the probability of error to

reject the null hypothesis when it is correct. In various experiments, take Howhen P -value
(set significance level), and reject Howhen P -value < . In all subsequent calculations, we
chose a standard level of significance = 0.05

The comparison of the averages is performed using T Student's-test. When comparing
the average directed hypotheses will be as follows:

Ho: the average of group 1 does not differ from the average of group 2.

Ha: the average of group 1 is greater than the average of group 2.

To decide the absolute value of the calculated T S compared with one-sided critical.

If |temr‘| < tcr, the null hypothesis can not be rejected. Here it is similarly possible to

draw a conclusion and on P — value.

All tests will be performed in the statistical package PASW Statistics 18. We will use
the t-test procedure for independent samples, which immediately compares variances and
means.

In subsequent tests, we will note whether the average values differ. If they are
different, you need to specify this difference. The results of the t-test give an answer about the
equality or difference of the mean values, but they do not allow to accurately measure the
difference between the mean values. Note that this difference is quite conditional. We will

calculate this difference as a percentage, ie the percentage difference between the average

. (Tezs ) 100% = 19.66%
values of the 1st and 2nd groups will be equal to \ 104.79 .

Thus, we demonstrated a comparison of the mean values between different groups of animals.

The results of the study and their discussion:

The results of the study of changes in the activity of inducible nitric oxide synthase in
experimental animals, which simulated diabetic retinopathy and on the background of its
correction

Nitric oxide, which is a universal physiological regulator of cellular metabolism and
intercellular interconnection in biological systems, is a chemical compound of free radical
structure. Many studies have shown the involvement of NO in the regulation of many

functions of the body and the visual organ in particular. Although the physiological and
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pathophysiological role of nitric oxide in the eye has not been sufficiently studied, the
participation of NO in the pathogenesis of a number of eye diseases has been proven [7-10].
NO is formed under the action of enzymes NO synthase during the oxidation of L-arginine
with simultaneous synthesis of citrulline [11]. Among NO-synthases there are two
constitutive (neuronal and endothelial) and inducible [7, 12]. These isoforms differ
significantly in their Kkinetic and catalytic qualities from each other. Constitutive eNOS
produce NO in small amounts and are constantly expressed by the body's cells. They are also
calcium dependent [7].

Inducible, or as it is also called, calcium-independent NO-synthase has pronounced
cytostatic and cytotoxic functions and is concentrated mainly in macrophages. It has a very
potent activity, which is 100 times higher than the action of constitutive isoenzymes. It is
regulated by Interleukins, glucocorticoids and platelet-derived growth factors prior to
transcription of the INOS gene [7]. Activation of this enzyme leads to long-term formation of
NO by macrophages in large quantities. Activators of this isoform of NO synthase can be
some forms of prostaglandins, a large number of free radicals, bacterial lipopolysaccharides,
endotoxin, y-interferon and anti-inflammatory cytokines. The mechanism of inducible NO-
synthase works in macrophage, in the nucleus of which, with subsequent transcription into the
RNA messenger, cytokines activate the inO-synthase gene [7]. During this reaction, the
synthesis of inducible NOS is restored, which triggers the mechanism of constant NO
secretion. In the phagosome, nitric oxide combines with superoxidation. This produces toxic
free radicals that have a bactericidal effect - hydroxyl radical and peroxynitrite [7, 13]. NO is
an unstable compound and in biological systems is rapidly converted into a nitrite anion,
which is formed either enzymatically during the resynthesis of NO3 nitrite reductase, or non-
enzymatically - through the oxidation of NO in the presence of sufficient oxygen [14]. Most
of the intermediate products of the nitric oxide pool are converted into more stable nitrates
during metabolism. However, under the action of nitrate and nitrite reductases, they can be
reduced to NO again, thus completing the complete cycle of nitric oxide metabolism [7, 15].

The results of the study of the activity of inducible nitric oxide synthase are presented
in Table. 1.

The study of iNOS activity in the 2" group revealed a significant increase - by 69.75%
(p <0.001). In the second stage, the pathological increase in activity is even more pronounced
compared to intact animals - by 74.66% (p <0.001), compared with the previous stage, the
increase was detected by 16.27% (p <0.001). At the third stage, the progression of the
increase in INOS activity was established - by 77.57% (p <0.001) compared with the intact
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group; by 25.86% (p <0.001) compared with the data of the 2nd group in the 1st stage, and by
11.46% (p <0.001) in the 2",

Table 1 - Activity of inducible nitric oxide synthase in the blood of experimental
animals with simulated diabetic retinopathy and with different methods of its correction on
the 30", 60" and 180" day (M + m), (micromol / liter / hour)

tages of | stage Il stage I11 stage
Group
1 group 3,64 £0,27 3,64 +0,23 3,64 +0,25
2 group 12,03 £ 0,29 14,37 £ 0,26 16,23 £ 0.23

Inducible NO synthase is activated under the influence of pro-inflammatory and
immunogenic cells [16, 17]. Inducible nitric oxide synthase is produced by cells under the
influence of inflammatory mediators, primarily cytokines and in the presence of endotoxins
[18]. Inflammation, vasospasm, ischemia, endothelial dysfunction lead to "separation”
ofsubunits NOS, which allows this enzyme, as well as nitric oxide to produce nitrosothiols,
peroxinitrite, superoxide radical and other compounds with a further decrease in the
bioavailability of nitric oxide. nitric oxide levels [19, 20]. Decreased endothelial NO-synthase
activity leads to compensatory activation of the pathological form of the enzyme - inducible
nitric oxide synthase. The level of the latter increases rapidly under the influence of
endotoxins and proinflammatory cytokines, and, as a consequence, the level of NO increases
[19, 21]. The inducible form of nitric oxide synthase, in contrast to the constitutive ones,
which form a small amount of nitric oxide under physiological conditions, produce high doses
of NO, which are cytotoxic [22].

As noted, under physiological conditions, the endothelium permanently produces a
small amount of nitric oxide from L-arginine by endothelial NO synthase [23, 24]. In this
case, nitric oxide regulates the physiological tone of blood vessels, inhibits the proliferation of
their smooth muscles and prevents the progression of atherosclerosis and pathological
reorganization of the vascular wall [25, 26]. As the concentration of nitric oxide increases, it
has a toxic effect on cells, which is associated with the formation of a powerful oxidant in the
form of reactive and toxic free radical - peroxynitrite, formed by the interaction of superoxide
anion radical with nitric oxide. High concentration of nitric oxide primarily disrupts DNA

synthesis and energy metabolism of cells [23].
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The results of the study of changes in the level of interleukin 1 in experimental
animals, which simulated diabetic retinopathy and against the background of its correction

Interleukin 1 B should be considered as an early mediator of the inflammatory
process. Its key biological effect is the activation of phagocytosis and macrophage chemotaxis
and the induction of Interleukin 6 and TNF production a. It should be noted that interleukin 1
is produced by macrophages / monocytes and is characterized by more than 50 biological
functions. It is a key link in the synthesis of many cytokines - Interleukin 2, 3, 6, TNF a. It is
also a mediator for local or acute response [27, 28]. All actions of interleukin-1 are aimed at
enhancing protective reactions and repairing damaged cells. However, a large amount of this
cytokine is a key link in the pathogenesis of a number of non-communicable diseases and
infectious-toxic shock [28]. Interaicin 1B, produced by external cells, is a potent early
proinflammatory mediator [27].

The results of the study of the dynamics of proinflammatory interleukins in the blood
of experimental animals with simulated diabetic retinopathy and with different methods of its
correction at 30, 60 and 180 days indicate an imbalance of these markers at each stage of the
experiment in the group with isolated pathology without correction. Positive dynamics was
observed in the groups in which nonproliferative DR was corrected. The most pronounced
normalization in the early stages was found in the groups in which bromfenac was used. But
also draws attention to the improvement of the pro- and anti-inflammatory system under the
influence of the donor of nitric oxide, which the animals received for a long time (pronounced

effectiveness is observed in the third stage) (Table 2).

Table 2 - Level of inteleukin 1P in the blood of experimental animals with simulated
diabetic retinopathy and with different methods of its correction on the 30th, 60th and 180th
day (M = m), (uM /1)

tages of
ﬁp\ 1st stage (A) 2nd stage (B) 3rd stage (C)
34.75 £ 0.55 35.29 +0.37 35.06 + 0.43
Group 1 1A-1C p>0.05
- - 1A-1B p> 0.05 1B-1C 0> 0.05
68.91 + 0.42 81.52 +0.52 93.66 + 0.44
Group 2 1B-2B8 | p<0001 | 262C | p<0.001

1A-2A p <0.001 2A-2C p <0.001

2A-2B p <0.001 2B-2C 0 <0.001
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Conclusions:

1. Our results indicate endothelial dysfunction and dysfunction of nitric oxide
synthesis on the 30th day of development of experimental diabetic retinopathy.

2. An increase in the activity of inducible nitric oxide synthase in the 2nd group
(p <0.001) in the first stage of the experiment with further progression of pathological
changes on the 60th and 180th day of the study.

3. The development of the inflammatory process in experimental diabetic
retinopathy has been revealed and its relationship with the increase in the activity of inducible
nitric oxide synthase has been confirmed.

4. The most pronounced increase in the studied cytokine was detected in the 3rd
stage of the experiment (p <0,001).
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