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ABSTRACT

Introduction. Nitric oxide (NO) is a gaseous molecule that is a biological mediator that carries out important regulation of
physiological processes necessary for the functioning of tissues. We hypothesized that nonspecific inhibition of all isoforms
of NOs would cause pancreatic damage and created a model of experimental pancreatitis based on NOs inhibition. Along
with the study of the mechanisms of development of chronic pancreatitis, the search for medicines to treat and inhibit the
progression of this disease continues.

Purpose of the research. To study the protective effect of glutargin on the pancreas of rats with chronic pancreatitis in-
duced by a blocker of NOs.

Material and methods. The work was carried out on 21 laboratory white male Wistar rats weighing 180-230 g. Chronic
pancreatitis was induced by intraperitoneal administration of the NOs blocker - N-nitro-L-arginine (L-NNA) (Sigma-Al-
drich, USA) at a dose of 40 mg/kg of body weight. Rats in group I (n = 7) were injected with L-NNA for 12 days, rats in
group II (n = 7) were injected intraperitoneally with glutargin 20 mg/kg, after 20 minutes they were injected with L-NNA
- within 12 days. Rats of the control group (n = 7) were injected intraperitoneally with 0.9% NaCl solution. The rats were
euthanized on the 45th day and biochemical and morphological studies were carried out.

Results. After the introduction of the NOs blocker, deterioration of the general condition of the animals was determined, a
sharp increase in the level of nitrites/nitrates to 80.22+19.91 umol/], control 32.61+4.55 pmol/I (p < 0.05); protein-bound
hydroxyproline (PBH) to 215.21+22.01pmol/l, control 178.67+26.39 pumol/l, (p < 0.05); free hydroxyproline (FH) to
14.74+1.84 umol/], control 9.96+0.71 umol/], (p < 0.05); malondialdehyde (MDA) to 5.67+0.88 nmol/ml, control 3.62+0.13,
(p < 0.05). Pronounced structural changes with stasis of formed blood elements in the vessels, focal accumulation of leuko-
cytes in the parenchyma, dystrophy of acinar cells and fibrosis in the atrophy zone were determined in the pancreas of rats.
Administration of glutargin contributed to the restoration of general behavioral reactions of rats, normalization of MDA
- 4.81+0.15 nmol/ml, control 4.50£0.23, (p > 0.05); ceruloplasmin (CP) - 591.71£68.07 mg/ml, control - 663.25+34.05
mg/ml, (p > 0.05); PBH 183.62+5.98 umol/l, control - 179.28+9.19 pmol/], (p > 0.05); FH - 9.44+1.13 umol/l, control -
9.96+0.71 umol/], (p > 0.05) and prevented the development of pronounced structural changes in the pancreas.

Conclusions. In chronic pancreatitis induced by a NOs blocker, glutargin can prevent chronic pancreatitis by normalizing
collagen metabolism, inhibiting oxidative stress, and severity of pancreatic parenchymal damage.
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sis of this disease and inhibiting its progression is current.

The research hypothesis

The medicines arginine glutamate (glutargin) in chronic pancre-
atitis can have a protective effect, which is associated with its anti-
oxidant effect and the physiological effect of NO.

The novelty added by manuscript to the already published sci-
entific literature

A model of chronic pancreatitis, which is caused by the introduc-
tion of a NO blocker, has been developed. In conditions of NOs de-
ficiency, the protective effect of glutargin was studied, which was
manifested in the inhibition of oxidative stress, the normalization
of collagen metabolism, and the prevention of the development of
pronounced structural changes in the pancreas. A conclusion was
made about the possibility of using glutargin for the treatment of

patients with chronic pancreatitis.

Introduction

Nitric oxide (NO) is a gaseous molecule that is a biologi-
cal mediator that carries out important regulation of phys-
iological processes necessary for the functioning of tissues
[1-4]. NO participates in the activity of various organs and
systems, contributing to both physiological and pathophys-
iological processes of the pancreas [3, 5, 6].

NO is produced by a family of enzymes called NO syn-
thases (NOs), which convert L-arginine into NO and citrul-
line [1, 6]. The physiological effect of NO is caused by cyclic
guanosine monophosphate (cGMP) and varies from modu-
lation of the vascular system to regulation of immune pro-
cesses and control of neuronal functions [7, 8]. NO plays an
active role in pancreatic secretion, in the control of systemic
blood pressure and active expansion of blood vessels, and is
additionally involved in platelet aggregation, leukocyte acti-
vation, and their adhesion [1-3, 6].

The negative effect of NO content begins to manifest
when its total concentration either sharply decreases or in-
creases, which leads to functional and structural damage to
the organ [4, 6, 9].

In conditions of pronounced oxidative stress, the physi-
ological action of NO can be limited by the action of reactive
oxygen species [1]. NO disintegrates into active forms of ni-
tric oxide and, in combination with active forms of oxygen,
can damage cells and thereby cause disease [1, 10]. Oxida-
tive stress is one of the reasons for the development and
progression of fibrosis of the gland parenchyma in chronic
pancreatitis.

There is no doubt that NO is involved in the development
of the pathological process. The participation of NO in the
development of experimental pancreatitis is known, which
is caused by the action of high doses of L-arginine (NO do-
nor) on the pancreas [11, 12].

We hypothesized that nonspecific inhibition of all iso-
forms of NOs would also cause pancreatic damage and cre-
ated a model of experimental pancreatitis based on NOs
inhibition [4, 13]. Taking into account the fact that, along

with the study of the mechanisms of development of chron-
ic pancreatitis, the search for drugs to treat and inhibit the
progression of this disease continues, we conducted an ex-
perimental research to study the therapeutic effect of argi-
nine glutamate (the drug “Glutargin”, “Zdorovya”, Ukraine)
in case of damage pancreas.

The drug glutargin is a salt of arginine and glutamic acid,
along with a pronounced hypoammonemic effect; it has an
antioxidant and antihypoxic effect. The analysis of the re-
sults obtained in the experiment when studying various
aspects of the effect of glutargin on hepatocytes showed a
number of positive effects of the drug: improvement of en-
ergy metabolism due to the primary accumulation of cellu-
lar energy in the form of creatine phosphate; correction of
the acid-base state due to the normalization of the alkaline
reserve of the blood; antioxidant and membrane-stabilizing
effect due to the ability to reduce the level of lipid peroxida-
tion products and increase the protective function of the en-
dogenous antioxidant system, as well as stabilize hepatocyte
membranes by reducing the activity of cytolytic enzymes
(alanine and aspartate aminotransferases); anti-ischemic
effect due to the optimization of oxygen transport and its
consumption in tissues and increasing the body’s resistance
to hypoxia [14].

Besides, arginine in the composition of glutargin can serve
as a donor of NO and thus ensure its physiological effect.

The purpose of the research is to study the protective
effect of glutargin on the pancreas of rats with chronic pan-
creatitis induced by a NOs blocker.

Material and methods

Chronic pancreatitis was induced by intraperitoneal ad-
ministration of the NOs blocker - N-nitro-L-arginine (L-NNA)
(Sigma-Aldrich, USA) at a dose of 40 mg/kg of body weight.
The solution was administered to animals intraperitoneally
between 9:00 and 10:00 in the morning [4, 13]. Rats (n =
12) were intraperitoneally introduced with L-NNA at a dose
of 40 mg/kg for 6 (n = 6) and 12 (n = 6) days. The control
group (n = 12) consisted of rats that were intraperitoneally
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introduced with 0.9% NaCl solution. Rats were taken out of
the experiment on days 6 and 12.

The effect of glutargin was studied on 21 laboratory
white male Wistar rats weighing 180-230 g, which were
randomly divided into control and two research groups. 16-
20 hours before the experiment, animals were subjected to
food deprivation with free access to water. Rats from group [
(n =7) were injected intraperitoneally with the NOs blocker
L-NNA (“Sigma-Aldrich”, USA) at a dose of 40 mg/kg for 12
days, rats from group II (n = 7) were injected intraperitone-
ally with glutargin 20 mg/kg, after 20 minutes L-NNA was
administered intraperitoneally at a dose of 40 mg/kg for 12
days. The control group (n = 7) consisted of rats injected
intraperitoneally with a 0.9% NaCl solution. The rats were
removed from the experiment on the 45th day.

After the animals were removed from the experiment,
blood was taken to determine the levels of protein-bound
hydroxyproline (PBH) and free hydroxyproline (FH) [15],
hexosamines (Ha) [16], malondialdehyde (MDA) [17], ce-
ruloplasmin (CP) using a modified method Revin [16], ni-
trites/nitrates [18], a-amylase according to Karavey’s meth-
od [19], lipase according to Loginov’s method [20], trypsin
- according to Erlanger in Shaternikov’s modification [16].

Rat pancreas tissue was taken for histological examina-
tion. The pancreas was isolated and immediately fixed in
Bowin’s environment. Microscopic tissue sections with a
thickness of 3-5 pm were stained with hematoxylin-eosin
and according to Mallory-Slinchenko. Microscopy was per-
formed at a magnification of X200-400.

To study the individual and typological features of the
behavior of rats, which characterize individual resistance to
emotional stress, testing was conducted in an open field [21].

Animals were removed from the experiment by adminis-
tering a lethal dose of ketamine hydrochloride. Research was
conducted in accordance with the main provisions of the Eu-
ropean Convention on the protection of vertebrate animals
used for research and other scientific purposes [22].

Descriptive and inductive statistics were used to analyze
the obtained results. In the case of quantitative data and
under the condition of their normal distribution, the mean
and standard error of the mean were used. The Student’s
t-test was used to determine the reliability of differences.
In the absence of a normal distribution, the median, min-
imum, maximum, upper and lower quartiles were used,
and the significance of differences was determined by the
Mann-Whitney U-test. To describe qualitative data, we used
the frequency of detection of signs (%). In this case, the
X-test was used to determine the reliability of differences
between groups. The indicator p < 0.05 was considered
statistically significant. All calculations were performed in
SPSS 9.0 for Windows (or Statistica 6) [23, 24]. The work
was performed at the Institute of Gastroenterology of the
National Academy of Medical Sciences of Ukraine.

The study was approved on September 10, 2008 by the
Scientific Research Ethics Committee of the Institute of Gas-
troenterology of the National Academy of Medical Sciences
of Ukraine (minutes No. 5).
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Results

To achieve the goal, we used our previously devel-
oped model of chronic pancreatitis, which occurs as a
result of long-term blocking of the nitroergic regula-
tion by intraperitoneal injection of an NOs blocker [4,
13]. When simulating NOs deficiency on the 6™ day, no
deterioration in the general condition of the animals
was found, and on the 12™ day the behavior of the rats
became more passive; appetite worsened, a slight de-
crease (by 5.0-9.0 grams) in the body weight of each an-
imal was established.

Aslight (p>0.05) decreasein the level of nitrites/nitrates
to 20.76+8.36 pmol/1 was noted in the blood serum of rats
on the 6™ day compared to the control (32.61+4.55 umol/1),
and on the 12™ day - a sharp increase to 80.22+19.91
umol/l, (p < 0.05).

The inhibition of NOs on the 12" day was accompanied
by a significant increase in the blood serum of rats of PBH
content to 215.21+22.01 umol/l compared to the control -
178.67+26.39 umol/l, (p < 0.05), and FH up to 14.74+1.84
umol/l, compared to the control - 9.96+0.71 umol/], (p <
0.05), which indicated enhanced synthesis and breakdown
collagen.

On the 12™ day, the content of Ha, which are inducers of
fibrosis, also increased significantly (p <0.001) to 5.90£0.25
g/1, control - 4.27+0.18 g/1, which indicated change in the
state of connective tissue.

The introduction of the NOs blocker caused a violation of
the excretory function of the pancreas, which was accompa-
nied by phase changes of the enzymes of protein and carbo-
hydrate metabolism. Thus, on the 6™ day, the level of a-amy-
lase increased to 311.26£37.39 mg/s-], (p < 0.01) compared
to the control - 96.02+20.30 mg/s-1, and on the 12 day it
slightly decreased to 205.49%31.47 mg/s-l, but remained
significantly higher than the control (p < 0.05). The level of
trypsin on the 6™ day increased to 10.45%1.76 pmol/ml-min
(control - 4.19£0.92 pumol/ml-min), (p < 0.01), and on the
12" day decreased to 5.84+2.59 pmol/ml-min and did not
differ from the control (p > 0.01).

There was also a violation of the incretory function of
the pancreas, which was evidenced by a gradual increase in
the level of glucose in the blood serum of rats, which on the
12™ day was 4.20+0.22 mmol/], (p < 0.05) compared to the
control - 3.18%£0.42 mmol/I.

The level of MDA on the 6™ day increased to 4.94+0.35
nmol/ml in 1.4 times compared to the control - 3.62+0.13
nmol/ml, (p < 0.05), on 12 day was maximally elevated -
(5.67£0.88) nmol/ml, 1.6 times compared to the control
(p <0.05).

Morphological examination of the pancreas of rats re-
vealed marked structural changes with stasis of formed
blood elements in vessels, focal accumulation of leukocytes
in the pancreatic parenchyma (Fig. 1). Dystrophy of acinar
cells developed in some lobes (Fig. 2). In a number of cases,
gentle fibrosis caused by the inflammatory process devel-
oped in the acinar tissue atrophy zone (Fig. 3).
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Fig. 1 Stasis in small vessels, edema of the pancreatic stroma,
interlobular neutrophilic infiltration.
Staining with hematoxylin-eosin x400.

The identified changes in total indicated that under the
conditions of intraperitoneal administration of submaxi-
mal doses of a non-specific blocker of NOs, morphological
changes are formed in the tissue of the pancreas of rats,
which are characteristic of inflammation with chronicity of
the pathological process, and the activation of the exocrine
function of the pancreas is noted.

The second stage of our work was to study the effect of
glutargin in pancreatitis induced by an NOs blocker.

As aresult of the conducted research, changes in the be-
havioral reactions of rats were established. Thus, in rats of
the I group, after 45 days of the experiment (which included
a 12-day administration of the NOs blocker), the total motor
activity decreased in relation to the control values by 46.1%
(p < 0.01). Whereas the rats of the II group, which addition-
ally received glutargin, the indicators of general motor ac-
tivity did not have significant differences in relation to the
control values (Fig. 4).

70
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Fig. 2 Destruction of acinar tissue with its infiltration by
lymphocytes and plasma cells.
Staining with hematoxylin-eosin x200.

Fig. 3 Balloon dystrophy of acinar cells, gentle periductular
fibrosis.
Coloring according to Mallory-Slinchenko. x200

Fig. 4 Change in the number of
visits by animals from outer squares
during testing in the «open field» in

the study of rats of groups I and II

visiting the inner squares
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Research activity in rats of the I group was significant-
ly reduced, both by the indicators of racks by 67.5% (p <
0.001) and by the indicators of visiting the burrows by
48.9% (p < 0.01) in relation to the control values. In the II
group, there was also a decrease in research activity, both by
the rate of racks by 38.1% (p < 0.05) and by the rate of visits
the burrows by 45.9% (p < 0.01) (Fig. 5).

Table 1 presents the biochemical indicators of blood se-
rum of rats of groups I and Il in comparison with the control.

Table 1. Comparative characteristics of biochemical indicators of blood
serum in rats (M+m)

I group . grqup
Parameters Control (n = 7) L-NNA glutargin+L-
(n=7) NNA
=7
MDA, nmol/ml 4.50+0.23 4.15+0.53 4.81+0.15
CP, mg/ml 663.25+34.05 713.00+90.92 591.71+68.07
a-Amylase, mg/s:1 56.82+1.87 58.66+1.74 57.52+2.47
trypsin, pmol/ml-min 4.19+0.92 16.37+4.09* 6.95+1.10
lipase, nmol/s:1 0.87+0.086 0.79+0.09 1.26+0.07**
PBH, pmol/l 179.28+9.19  159.54+6.55 183.62+5.98
FH, pmol/1 9.96+0.71 5.81+0.64* 9.44+1.13
PBH/FH 18.0+1.2 27.46+1.02 19.45+0.53
f;;r;;jf/ nitrates, 32.61+1.63  36.46+3.87  33.59+5.84

Note: the Student’s t-test was used; * - p < 0.05, ** - p < 0.01 - compared to
the values of the control group; group I - L-NNA (N-nitro-L-arginine), group
II - glutargin and L-NNA, MDA - malondialdehyde, CP - ceruloplasmin, PBH
- protein-bound hydroxyproline, FH - free hydroxyproline

In rats of the group I a high level of trypsin was deter-
mined, which was 4 times higher than the indicator of the
control group (p < 0.01) and a significantly reduced level of
FH. The ratio of PBH/FH in rats of the first group increased,
which indicated the predominance of collagen synthesis
processes over its degradation.

Most of the indicators in animals of group Il were within
the physiological norm, only the level of lipase was signifi-
cantly increased (p < 0.01). In group II, the level of PBH and

Mold J Health Sci. 2024;11(2):35-42

Fig. 5 Change in research
activity during testing in the
«open field» in rats of groups

land II

Fig. 6 Control: normal pancreatic acini with vesicular nuclei;
normal intralobular pancreatic ducts.
Staining with hematoxylin and eosin. x100.

FH was not significantly different from the control. There-
fore, according to these indicators; no collagen metabolism
disorders were detected.

Structural changes of the pancreas were established
during the morphological study of the pancreas of rats of
the groups I and II. In fig. 6 the pancreas of a control group
rat is presented.

Rats of group I (which received only the NOs blocker)
showed pronounced degenerative changes 45 days after the
start of the experiment (Fig. 7). Dyscirculatory hypoxia with
foci of dystrophy and atrophy of acinar tissue developed in
the pancreas of rats (Fig. 7). In the majority of acinar cells,
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cytoplasmic vacuolization and a decrease in the number
of zymogen granules were determined. The expansion of
the interlobular ducts, expansion, and congestion of blood
vessels, inflammatory infiltration, and balloon dystrophy
of acinar cells were determined in the parenchyma of the
pancreas.

Whereas in rats of group II (NOs blocker + glutargin)
after 45 days, the morphological changes were much less
pronounced (Fig. 8). Most of the acinar cells and lobules of
the pancreas were almost normal and only a few acinar cells
showed signs of dystrophy.

Discussion

In this study, the model of chronic pancreatitis was in-
duced by long-term intraperitoneal administration of the
NOs blocker L-NNA, which caused the activation of lipid per-
oxidation (MDA), the increase in the concentration of toxic
products and the activation of collagen synthesis (PBH), the
violation of the excretory function of the pancreas. At the
same time, morphological changes were formed in the tissue
of the pancreas of rats, which are characteristic of inflamma-
tion with chronicity of the pathological process, fibrosis of
the parenchyma of the gland in the zones of its atrophy.

The results obtained by us are consistent with the data of
Werner ] et al. (1998), who showed that NO donors reduced
the severity of inflammation, pancreatic edema, intrapan-
creatic trypsinogen activation, and amylase secretion, while
the NO blocker nitro-L-arginine methyl ester (L-NAME) in-
creased the severity of inflammation and simultaneously
reduced pancreatic tissue oxygenation gland [1, 6].

NOs blockers have also been reported to exacerbate ce-
rulein-induced pancreatitis by modulating intrapancreatic
secretion in vivo [1, 10, 25].

Other researchers have shown that NOs blockers can
have a therapeutic effect in pancreatic disease. Camargo E.
A. 2014 showed that NOS blockade reduces the severity of
abdominal hyperalgesia and hyperamylasemia in pancreati-
tis induced by phospholipase A [26]. Demir I. E. et al. [27]
proposed NOS inhibition as a new strategy for the treat-
ment of unbearable pain in chronic pancreatitis. The au-
thors found that mice suffering from the painful form of ce-
rulein-induced pancreatitis could get significant relief when
treated with a specific NOS inhibitor (Nw-propyl-L-arginine
hydrochloride at a dose of 4 mg/kg).

Many scientific works show both positive and negative
effects of NO induction in pancreatitis [1-3, 25, 27].

Such diversity of scientific results reflects the multifac-
eted nature of NO action, the variety of experimental ap-
proaches (including dosing of NO blockers/donors) and
shows the perspective of further study on the role of NO in
normal and pathological pancreas.

Our study showed that glutargin in chronic pancreatitis
induced by a NO_ blocker has a protective effect on the resto-
ration of general behavioral reactions of rats, normalization
of lipid peroxidation (MDA), antioxidant defense (CP) and
collagen metabolism (PBH and FH) and prevents the devel-
opment of pronounced structural changes in the pancreas.

Mold J Health Sci. 2024;11(2):35-42

Fig. 7 Group I vacuolization of cytoplasm of acinar cells, full blood
of blood vessels. Inflammatory infiltration and balloon dystrophy
of acinar cells.

Staining with hematoxylin and eosin. x100.

Fig. 8 Group II slightly expressed dystrophy of single acinar cells.
Staining with hematoxylin and eosin. x100.
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Our data on the protective effect of glutargin coincides
with the studies of V. I. Rusin et al [28, 29]. The authors
studied the effect of glutargin in patients with chronic pan-
creatitis and showed that the complex therapy of patients
using glutargin contributed to the normalization of free
amino acids in blood serum and was an effective tool for the
correction of endothelial dysfunction.

In patients with peptic ulcer, the therapeutic effect of glu-
targin is realized through the limitation of oxidative stress,
through the activation of glutathione peroxidase, superox-
ide dismutase, glutathione synthesis, which was proven in
the experiment [30, 31].

Lebedeva T. (2008) found that glutargin prevents exces-
sive activation of free radical oxidation processes and re-
stores the activity of the antioxidant system in experimental
adrenaline-induced acute myocardial damage [32].

Conclusions

To summarize our research, we can conclude that glu-
targin can be used in the complex treatment of patients with
chronic pancreatitis as a drug that helps reduce the level of
lipid peroxidation products, improves the state of the anti-
oxidant defense system, helps normalize collagen metabo-
lism, and prevents the development of pronounced struc-
tural changes in the pancreas glands.
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