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Abstract

With the L-arginine model of experimental pancreatitis (EP), hyperproteinemia, hyperlipidemia, hyperglycemia, hypercholester-
olemia, a sharp increase in the activity of digestive hydrolases (a-amylase, lipase, protease complex, active phosphatase) occur. The
introduction of flavonoids before the onset of the disease reduced the number of organic substrates and the secretion of hydrolytic
enzymes. Therefore, the dysfunction of acinar cells in the pancreas is reduced under the influence of acute pancreatitis. Dihydro-
quercetin (DHQ) and Rutins (Rt) showed a more effective antipancreatic effect than Pulicaron (P1) and Tamiflazid (Tm). During
EP, the activity of a-glucosidases (maltase, sucrase) decreased in the mucous membrane of the small intestine, while the activity of
[-galactosidase (lactase) did not change. The introduction of Rt, DHQ, PI, and Tm before EP induction led to the fact that the activity
of maltase and sucrase approached normal levels in the mucous membrane and cavity of the small intestine, i.e., in the chyme. The
rate of glucose transfer from the small intestine into the blood from the carbohydrate polymer, dimer, and monomers was differ-
ent and was expressed at the highest level in disaccharides (maltose and sucrose). In EP, the transition of glucose from solutions of
starch, maltose, sucrose, lactose and glucose into the blood decreases depending on the time of incubation in the small intestine. The
introduction of flavonoids before the induction of EP increases the transport of glucose into the blood from almost all substrates. Rt
and DHQ have a more stimulating effect on the transport of glucose from carbohydrate substrates into the blood, in contrast to Pl and
Tm. With EP, occurs edema, infiltration and inflammation, and vacuole degeneration in the pancreatic acini. The constriction of blood
vessels observed during the prophylactic effect of Rt, DHQ, and Tm prevented interstitial tissue edema, vacuolization, and general
structural tissue disorders. In contrast to Rt, DHQ, and Tm, the prophylactic effect of Pl on the histostructure of the pancreas was not
expressed at all.
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creatit; Glucose; Histology; Pancreatic Tissue

Introduction

Acute pancreatitis (AP) is a common disease and can lead to
disability. There is significant level of morbidity and mortality
associated with AP, and it places a considerable burden on the
healthcare system [1].In accordance with the world statistics, the
incidence of acute pancreatitis worldwide ranges from 5 to 80
people per 100,000 population, and the highest rate according to
2019 statistics is in India (618,862.3), China (493,765.4) and the
United States (228699.2). In men, the frequency of AP, and chronic
pancreatitis (CP) is 10-30% higher than in women. The most com-
mon age of the disease in the world is 60-64 years for women and
44-49 years for men [1]. Acute pancreatitis is a common and po-
tentially fatal disease of the gastrointestinal tract [2,3]. This dis-
ease causes 275,000 hospitalizations in the United States annually
and costs $2.5 billion in healthcare costs [4]. Approximately 20%
of patients with disorders of the digestive tract develop moderate
to severe acute pancreatitis, of which 20 to 40% are fataL [5-7].

There are also differences between different age groups, and it has

been found that the incidence rate is significantly higher among the
population older than 70 years. Indeed, aging is one of the impor-
tant factors that increase susceptibility to acute pancreatitis. The
incidence of acute pancreatitis caused by gallstones increases dra-
matically with age in both men and women [8]. In addition, Floyd.,
etal (2009) found that increased use of drugs such as azathioprine
was also associated with a higher incidence of acute pancreatitis in
the elderly [9].

The pervasiveness and growth of pancreatic diseases through-
out the world have created difficulties in their clinical manage-
ment. Pancreatitis is an acute inflammatory process caused by
the “self-destruction” of pancreatic tissue under the influence of
its own enzymes. Basically, there are 3 main types of pancreatitis:
acute pancreatitis (AP), recurrent AP and CP (chronic pancreatitis).
Chronic pancreatitis in particular is an irreversible disease that
causes the destruction of healthy pancreatic tissue and the devel-

opment of fibrous scar tissue. A gradual decrease in exocrine and
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endocrine functions is accompanied by such clinical manifestations
as steatorrhea, abdominal pain, and diabetes. Loss of pancreatic
endocrine islet cells occurs later in the disease process as endo-
crine cells proliferate in the pancreatic parenchyma. Patients may
develop type 3 diabetes (pancreatogenic) complicated by reduced
glucagon secretion and therefore an increased risk of hypoglycemia
[10]. CP is usually caused by untreated AP. AP is a disease charac-
terized by activation of digestive proteases, inflammatory infiltra-
tion of macrophages and neutrophils, and pancreatic tissue necro-
sis, which increases the risk of death with progression to severe
acute pancreatitis (SAP) [11]. AP is characterized by inappropriate
trypsinogen activation, inflammation, cellular infiltration, and de-
struction of secretory cells [12]. The most common causes of AP are
cholelithiasis and alcohol. Sometimes AP is caused by various viral
infections, such as the mumps virus. Acute but mild pancreatitis has
also been reported in patients with acute viral hepatitis A, hepati-
tis B and, more recently, hepatitis E [13]. An animal model of EP
has mainly been administered with cerruline (50 mg/kg every 6 h)
[14] or high dose L-arginine (500 mg/100 g twice 12 h apart) [15].
Oxidative stress is an important regulator of the mechanism of AP
occurrence. Reactive oxygen species (reactive oxygen species, ROS)
activate cascade inflammatory reactions, increasing the accumula-
tion of inflammatory cells and tissue damage in AP. The hallmark
of the inflammatory response in pancreatitis is the induction of cy-
tokine expression, which includes a range of signalling molecules,
including oxidation-sensitive transcription factors such as nuclear
factor kappa B (NF-kB) (NF-DB), activating protein-1 (AP-1), trans-
ducer signal and is regulated by a signal transducer and transcrip-
tion activator, a signal protein, and mitogen-activated protein ki-
nases. ROS and pro-inflammatory cytokines are important in AP.
These reactions and interacting processes enhance the inflamma-
tory cascade in the inflammatory process. In acute pancreatitis, the
concentration of a-2-macroglobulin in the blood plasma decreases
[16]. Trypsin is the main enzyme that activates pancreatic zymo-
gens [17].In the acinar cells of the pancreas, the presence of a phys-
iological concentration of Ca?* maintains the regulation of fluid and
enzyme secretion, and an excessive concentration of Ca?* induced
by pathological agents cause destructive processes leading to an in-
flammatory process. Ca?* signaling in periacinar stellate cells may
also play a role in the development of AP [18].In 1989-2012 endo-
scopic and surgical interventions in patients with pancreatitis were
unsuccessful. At present, it has been possible to improve the struc-
ture of B-cells by pancreatectomy and auto transplantation of en-
docrine islets [19]. But widely used pharmacological preparations
for the prevention and treatment of pancreatitis have not been cre-
ated. Currently, there is no specific method for treating the disease,
which indicates the need to study its pathogenesis and develop
new therapeutic strategies. Due to unpredictable symptoms, the
inflammatory process and the relatively hidden anatomical struc-
ture in the retro peritoneum, studies of the human pancreas remain
challenging. In this regard, for the past 100 years, research on the
pathogenesis of this disease has mainly been carried out in animal
models, so we decided to test flavonoids isolated from local plants

in animal models of AP and chose the following flavonoids [20].
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Rutin (Rt) is a flavonoid with the structure 3’4’5,7-tetrahy-
droxy-flavone-3-rutinoside (3,3',4',5,7-pentahydroxyflavone-
3-rhamnoglucoside [21].) and a molecular weight of 610518 g/
mol. Synonyms: quercetin-3-0-rutonoside, rutoside, sophorin, vi-
tamin P [22,23]. More than 70 plant species are known to contain
Rt. Buckwheat (Fagopyrum esculentum Moench) from the Polygo-
naceae family is considered the main source of natural Rt [24]. Rt
is highly soluble in organic solvents DMSO (dimethyl sulfoxide)
and dimethylformamide. The solubility of Rt in the solvents is 25-
30 mg/ml. Neutralizes 1,1-diphenyl-2-picrylhydrazyl radicals and
diammonium salts (3-ethylbenzothiazoline-6-sulfonic acid) [25].
When Rt is used at a concentration of 163.79 pmo], it inhibits iron
autoxidation in cell-free assays [26]. The better anticarcinogenic
and immune effects of Rt may manifest as better pharmacologi-
cal properties. It was studied the modulating effect on cytochrome
P450 and phase II enzymes in human hepatocellular carcinoma
cells and found that Rt inhibited the proliferation of human hepa-
tocellular carcinoma cell lines in a dose-dependent manner [27].Rt
(100 mg/kg) was found to have a significant antioxidant effect in

experimental streptozotocin.
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Figure 1: Structural formula of Rutin [20].

Induced diabetes after oral administration for 45 days [28]. The
use of colon-coated Rt pellets for the treatment of experimental
colitis in rats was evaluated in vitro and in vivo. They found that
Rt at 10mg/kg could correct inflammation in the colon. Flavonoids
like Rt and quercetin possess many biochemical effects like inhibi-
tion of enzymes, regulatory role on different hormones and phar-
macological activities like antimicrobial, antioxidant, anticancer,
antihepatotoxic, protection of cardio vascular system [29]. As a
result, the colon-to-body weight ratio is reduced and the activity of
the myeloperoxidase enzyme is significantly suppressed. Based on
these results, the authors concluded that the use of Rt as a thera-
peutic agent in the treatment of inflammatory bowel disease (IBD)
has many advantages and may provide a promising drug without
side effects for lifelong therapy of this debilitating illness is shown
[30].Rt reduces the activity of Staphylococcus aureus, Staphylococ-

cus glurance and Eschericia coli [31].
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Rt is a naturally occurring flavonoids responsible for its numer-
ous pharmacological actions anti-inflammatory, antioxidant and
anti-hemorrhoidal activity with their respective mechanisms. The
role of Rt in inhibiting the expression of IL-1f, IL-6, TNF-a, and
nitrite formation in a croton oil-induced hemorrhoidal model has
already been reported earlier [32,33]. Administration of relevant
doses of Rt is remarkably neuroprotective in rats against 6-Hy-
droxydopamine induced neurotoxicity. Rutin acts as a memory
enhancer and an anti-oxidant Rutin treatment protects behavioral
changes, and significantly attenuated oxidative damage and im-
proved mitochondrial complexes enzyme activities in different
regions (striatum, cortex and hippocampus) of rat brain against
6-OHDA induced neurotoxicity. Intracerebroventricular adminis-
tration of 6-Hydroxydopamine is known to produce hypoactivity
that resembles juvenile onset and advanced Parkinson’s disease in
rats. The results show that Rt treatment is effective in various be-
havioural models, thus it could be used as an effective therapeutic
agent in the management of Parkinson’s disease and related condi-
tions. We attempted to investigate the neuroprotective effect of Rt
in animal model of Parkinson’s disease, and thus it shows the ef-
fect of Rt on 6-hydroxydopamine onduced memory impairment in
Parkinson’s disease in Rodents [34].Rt exerts an anti-inflammatory
effect by inhibiting the expression of cyclooxygenase-2 (COX-2) and
inducible nitric oxide synthase in the skin of UV-f irradiated mice
[35]. Rt has multifunctional therapeutic properties in cognitive im-
pairment associated with chronic cerebral hypoperfusion, such as

dementia and Alzheimer’s disease [36].

Dihydroquercetin (DHQ) or taxifolin (3,5,7,3,4-pentahydroxyfla-
vanone) is a flavonoid commonly isolated from onion, milk thistle,
French maritime pine bark, and Douglas fir bark. It occurs in plants
of various families, but in large quantities (up to 4.5%) isolated only
from Siberian larch (Larix sibirica) and Dahurian larch (L. gmelinii).
Therefore, they are the main raw material base for the industrial
production of DHQ [37].
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Figure 2: Structural formula of Dihydroquercetin [38].

According to a number of scientific studies, DHQ exhibits anti-
oxidant, capillary-protective, anti-inflammatory, gastric and hepa-
toprotective, radioprotective, hypolipidemic and diuretic activity
[39-43].
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DHQ is usually a white crystalline pentahydroxyflavanone, also
known as taxifolin [44]. DHQ exhibits various biological activities
such as anti-cancer, antioxidant [45], and antiviral activities, and
also plays an important role in cardiovascular and liver diseases
[46,47]. Therefore, dihydroquercetin can be developed as health
foods and pharmaceuticals. The use of DHQ in the complex treat-
ment of a new coronavirus infection COVID-19 is currently being
discussed [48].

In general, DHQ is a compound with a short half-life. It is bio-
transformed rapidly. Experiments carried out on mice have shown
that after intravenous administration at doses of 3-15 mg/kg, the
half-life can vary from 16 minutes [49] to 2.24 * 0.42 hours [50].
After oral administration of DHQ nanodispersion (15 mg/kg), the
elimination half-life is 4.83 + 2.54 hours; after introduction into the
mixture, its half-life was 6.03 + 1.42 hours [51].

DHQ is well studied as a biologically harmless drug [52-56],
there are no data in the literature on the toxic effect in overdose
in humans. According to the national standard of Russia [57], DHQ
belongs to the 4th hazard class (substances of low hazard) in terms
of the degree of impact on humans. DHQ belongs to the 6th risk
class (low risk) according to the degree of risk of causing harm
to health [58]. The safety of DHQ is currently more undisputable.
This was confirmed in 2017 in a scientific opinion by the European
Food Safety Authority based on experimental data [59]. The mean
semi-lethal dose (LD50) could not be obtained with intragastric
administration of DHQ to mice and rats. Animals did not die even
after oral administration of 10-15 g/kg for seven days. In a six-
month study of chronic toxicity of DHQ in rats and dogs (including
pregnant women) at a dose of 150-1500 mg/kg, no toxic effect was
observed. DHQ did not show immunotoxicity, embryotoxicity and
mutagenicity. Also, DHQ is not phototoxic and photostable (unlike
quercetin), that is, it is resistant to sunlight (including UV radia-
tion) [60], but this issue requires additional research, since DHQ
is a polymorphic compound and can exist both in crystalline and
in amorphous forms [61]. DHQ can penetrate the cell membrane.
However, extracting it from natural raw materials in a bioavailable
form and preserving its biological activity is a very difficult task.
The very low bioavailability of DHQ (bioavailability) in pharmacy
retail chains significantly limits its use in clinical practice [62-65].
After oral administration, the absolute bioavailability of 99% pure
DHQ in the mixture was 0.49%; After the preparation of nanodis-
persed preparations of DHQ, its permeability increased to 0.75%
[66]. Data published in 2009 gave an absolute biopermeability of
less than 0.17% for 98% pure DHQ in solution [67].Due to its low
water solubility, DHQ can accumulate in the liver. From this point
of view, the most important factor affecting the bioavailability of
SCC is its water solubility, which is mainly due to its crystalline
form and structure [68].Various experiments are being carried out
to increase the biopermeability of DHQ to the cell, in particular, it
has been found that it is possible to increase the biopermeability

of DHQ by 1.59 times and prolong its absorption compared to a
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pure, poorly soluble substance using liposomal solutions contain-
ing it [69]. Encapsulation of DHQ in B-cyclodextrin (glucose oligo-
mer) made it possible to increase its intragastric biopermeability,
since the solubility of the resulting nanocomplex improved, and
DHQ in an aqueous solution was separated from -cyclodextrin
within several hours [70]. The solubility of DHQ in complexes with
y-cyclodextrin can be increased by 18.5-19.8 times, the dissolu-
tion rate by 2.8 times, biopermeability by 3.7 times when using an
emulsion solvent in combination with lyophilization [71]. Special
attention should be paid to the research conducted recently at the
First Moscow State Medical University named after [.M. Sechenov
[72,73]. Their results showed that crystal engineering aimed at acti-
vating the self-assembly of microtubules from cylindrical crystalline
nanoparticles is the most promising way to increase the solubility
of DHQ. Such single crystals are a pseudopolymorphic modification
of a commercially available crystalline substance. The solubility of

the original crystalline substance ranges from 0.0001 - 0.001 g/ml.

Isoquercetin

Caffeic Acid
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The solubility of microtubules can be 100-1000 times or more [74].
Crystal technology allows you to significantly optimize and change

the physico-chemical properties of flavonoids [75].

Pulicaron (Pl) is isolated from a perennial plant Pulicaria
gnaphaloides (family Asteracea), widespread in Central Asia.
Grows on dry stony and gravelly slopes, on dry layers of gravel, on
peaks. Flowering in July-August, fruiting in August-September. The
topsoil is used as raw material. The plant P. gnaphaloides has been
widely used in traditional folk medicine since ancient times, espe-
cially as an antidote for mushroom poisoning. The chemical com-
position of plants was studied by scientists of the S. Yu. Yunusov
Institute of the Chemistry of Plant Substances [76]. The Pl consists
of several flavonoids, the hypotensive, antispasmodic, sedative ef-
fects of some of them have been studied. P1 contains 5 flavonoids
listed below.

If we take 100%, isoquercetin 40%, quercetin 30%, hyperoside

Hyperoside

Figure 3: Formula of flavonoids included in Pulicaron [77].

10%, Rt 10%, caffeic acid 8%, quercetin 2%, that is, 4:3:1:1:0.8:0.2
is. These 5 flavonoids are highly potent flavonoids and their antioxi-

dant and anti-inflammatory properties have been well studied [78].

Thamiflaside (Tm) is a glycoside flavonoid derived from the
plant Thalictrum minus, belonging to the Ranunculaceae family.
Thalictrum minus (Dwarf meadow rue) is a herbaceous flowering
plant, often growing in forest edges and meadows. This plant is also
grown as an ornamental flower. A new flavonoid diglycoside Tm
has been isolated from the aerial part of Thalictrum minus. There
is little information about the chemical composition and structure
of the flavonoids of this plant species; in the course of research,
alkaloids [79]. and cycloartan glycosides [80]. were isolated from

this plant species for the first time. Tminus plants were collected in

the Surkhandarya region of Uzbekistan (Kyzylkum, Peter the Great
Ridge) at the Institute of Chemistry of Plant Matter of the Acad-
emy of Sciences of the Republic of Uzbekistan [81]. The structure of
the new compound, which we called thamiflaside, was established
as apigenin 7-0-a-L-2"'-methoxyrhamnopyranosyl-(1—-6)-B-D-
glucopyranoside. Compound was a light-yellow powder of formula
C,H,,0,,, m/z593.300 [82].
Materials and Methods
Materials

Flavonoids isolated from plants were provided by the Labora-
tory of Coumarins and Terpenoids of the Institute of Chemistry of
Plant Substance (Academy of sciences of the Republic of Uzbeki-

stan). And all of them were isolated from plants growing in Uzbeki-
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Figure 4: Thalictrum minus [83], and the formula of the thamiflaside flavonoid [84], thamiflaside, isolated from it Thalictrum minus.

The flavonoid thamiflaside was recently purified (in 2020), so its pharmacological properties are almost completely known [85].

stan. Reagents purchased from “Human” (Germany) were used in
the experiments. Male rats weighing 180 * 20 g were used in the
experiments. The experimental animals were fed with standard
vivarium food, which included wheat, pistachios, milk and dairy
products, meat products, wheat bread, herbs, vegetables, table salt,
and compound feed. The intake of food and water by the rat was

not limited.

The rats were kept at room temperature 22-24°C, humidity 40-
60% and natural light conditions, 5 rats in plastic cages 50x30x28

cm in size.

Methods
During the study, all experimental rats were divided into four

groups, six rats in each group.

As a “positive” control, rats of the 1% group were used, which, in-
stead of various pharmacological agents, were injected with saline

in an equivalent volume and at the appropriate time and methods.

Rats of the 2nd group were used as a “negative” control; they
were intraperitoneally injected twice with a solution of L-arginine
prepared in physiological saline at a dose of 500 mg/100 g/12 d.
The model of experimental pancreatitis induced by L-arginine de-

scribed above is widely used in scientific research [86-88].

Rats of the 3rd group were intragastrically injected with Rt
(purity 99.0%), dissolved in a solution of dimethyl sulfoxide (1%
DMSO) (50 mg/kg/24 h) for 2 days before the induction of pancre-

atitis with L-arginine.

Rats of groups 4, 5, and 6 were intragastrically injected with
DHQ, P], and Tm dissolved in physiological saline (50 mg/kg/24 s)
for 2 days before AP.

All rats were given food and water ad libitum for 2 days to sta-
bilize their digestive parameters before drug administration to the
group of rats. 2 or 3 nights after administration of L-arginine, tail
blood was taken from the animals and the glucose level was de-
termined to determine the degree of development of hyperglyce-
mia. Experiments were continued on animals when the amount of
a-amylase in the blood serum exceeded the control values by 2-3

times.

Determination of the activity of certain organic substances
and pancreatic enzymes in blood serum and urine
During decapitation, rat blood was collected into heparin-treat-

ed tubes and centrifuged at 1500 rpm.

The concentration of glucose in the obtained serum was deter-
mined by the glucose oxidase method using the human reagent kits
(Germany). The resulting glucose reacts with phenol and 4-amino-
phenazones in the presence of hydrogen peroxidase to form a red-
violet product whose absorbance can be measured. Due to the con-
centration of color as the concentration of glucose increases, the
amount of glucose is proportional to the optical density of the solu-

tion and was determined by the photoelectrocalorimetric method.

The total protein in the blood serum was determined using a set
of reagents from the company “Human” (Germany). The reaction is
based on the formation of a blue-colored complex of copper ions
with proteins soluble in an alkaline medium. The resulting color
was proportional to the protein concentration and was measured
by the photoelectrocalorimetric method (chemical analyzer Ray-
to RT1904C, semi-automatic (China)). Urine samples were taken
from rats and poured 5 pl into special plates. Urinalysis was per-
formed on a URIT-660 microplate (China).

Preparation of the pancreatic preparation

For the study, a piece of the pancreas was taken from each group
of rats, placed in a 10% formalin solution, and the preparation was
fixed for a day. After keeping the pieces of the pancreas in the fixa-
tive for three days, they were washed with running tap water. After
washing the particles, they were gradually concentrated in etha-
nol solutions of increasing degree from 40°C (50, 70, 80, 90, 96) to
100°C, i.e., in absolute alcohol. The particles were kept in alcoholic
solutions of various concentrations for a day, dehydrated, and con-

centrated.

Paraffin was used in the compacted preparation to solidify the
sections. The tissues embedded in paraffin were cut out with a
thickness of 5-6 pm (Thermo FS HM 340E microtome, USA) and
staining with a solution of hematoxylin-eosin (hematoxylin No.
551062 - BioVitrum LLC, Russia). The preparations were photo-
graphed using a LEICA computer light microscope (Germany)
(DM750 x 10) and micrographs of individual parts were taken.
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Results
Preventive action of some flavonoids in acute pancreatitis

In this section, flavonoids were administered to rats before in-
duction of experimental pancreatitis, and their preventive effect on
several parameters (biochemical parameters of blood and urine,
volumetric hydrolysis of carbohydrates, membrane hydrolysis of
carbohydrates, absorption of glucose from carbohydrates in the
small intestine, histological changes in the pancreas). In addition,
the influence of flavonoids on the activity of disaccharidases in the

mucous membrane of the small intestine in vitro was considered.

Preventive effect of flavonoids on the parameters of biological
fluids in EP

The effect of flavonoids on the biochemical parameters of blood
is presented in table 1. As can be seen from the table, a double injec-
tion of L-arginine into the abdominal cavity increases the amount
of total blood serum proteins by 2.7 times, and the amount of cho-
lesterol by 7.7 times; increase in glucose levels - 2.9 times and tri-

glycerides - 11.9 times.

Group | Total | o josterol | Glucose Triglyc-
of protein (mmol/1) (mmol/I) erides
animals (g/1) (mmol/1)
Cont 61,12+ | 2,00+0,09 3,27 + 0,75 + 0,04
1,8 0,12
AP 166,49 15,40 £ 0,18 9,87 £ 8,96 £ 0,22
+6,22 0,26
P, <0,001 <0,001
<0,001 <0,001
AP+Rt 82,84 = 3,58+0,14 3,72 1,12+ 0,15
1,56 0,09
P, <0,001 <0,001
<0,001 >0,11
P, <0,001 <0,001
<0,001 <0,001
AP+DHQ | 76,54 + 7,50 £ 0,15 4,94 + 3,11+£0,17
0,53 0,24
P, <0,001 <0,001
<0,001 <0,001
P, <0,001 <0,001
<0,001 <0,001
AP+ Pl 94,12+ | 11,19+0,35 4,67 £ 3,72+0,22
4,48 0,46
P, <0,001 <0,001
<0,001 <0,001
P, <0,001 <0,001
<0,001
AP+Tm | 109,38 8,64 £ 0,56 4,43 + 4,75+ 0,46
+7,10 0,64
P, <0,001 <0,001
<0,001 <0,01
P, <0,001 <0,001
<0,001 <0,001

Table 1: Influence of flavonoid administration before acute pan-
creatitis on some biochemical parameters of blood (M + m, n = 6).
Note: *Cont and AP-positive control and AP, AP + Rt, AP + DHQ, AP
+ Pl, AP + Tm values in rats treated with Rt: Rutin; DHQ: Dihydro-
quercetin; Pl: Pulicaron and Tm: Thamiflaside; respectively, prior

to induction of arginine pancreatitis.
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Pretreatment with almost all flavonoids reduced the increase
in total protein, cholesterol, glucose, and triglycerides, markers of

pancreatitis, but these markers did not decrease to control levels.

With the introduction of Rt, DHQ, Pl and Tm before the induc-
tion of pancreatitis, the total protein content was 35.54%, respec-
tively; 25.23%; 53.99% and 78.96% were higher than the positive

control values.

Also, the introduction of flavonoids before the induction of
pancreatitis significantly reduced (by 7.7 times) the increase in
cholesterol observed in the disease, but its amount remained
high compared to the positive control. The increase in cholesterol
when administered to animals Rt, DHQ 5.00%; It was 459.50% and
332.00%.

The preventive effect of flavonoids was also expressed in a de-
crease in the level of hyperglycemia in pancreatitis, if the increase in
glucose levels caused by pancreatitis was 201.83% compared with
the positive control. When Rt was administered before the onset of
the disease, its amount remained normal. The preventive effect of
flavonoids was expressed in the reduction of hyperglycemia asso-
ciated with pancreatitis. However, the introduction of DHQ, Pl and
Tm before the onset of pancreatitis did not increase the amount of
glucose to the level of the disease, but the amount of glucose under
the influence of DHQ, Pl and Tm was 51.07%, respectively; 42.81%

and 35.47% were higher than the positive control values.

This trend was also noted in the amount of triglycerides in the
blood. That is, the introduction of flavonoids before the onset of the
disease reduced the increase in triglycerides. This restorative effect

was especially pronounced for Rt and DHQ.

With the introduction of flavonoids before experimental pan-
creatitis, the results of the suppression of the activity of digestive

enzymes are presented in table 2.

As shown in table 2, digestive hydrolase activity was dramati-
cally increased in experimental pancreatitis. Such an increase was
observed at the level of a-amylase activity by 3.7 times, lipase ac-
tivity by 3.1 times, protease complex activity by 4.7 times and ac-

tive phosphatase activity by 3.3 times.

Intragastric administration of flavonoids before the onset of the
disease caused a decrease in the activity of digestive hydrolases.
The activity of almost all hydrolytic enzymes was lower than in the
negative control under the influence of flavonoids, and higher than
in the positive control. Only a-amylase activity was reduced to full

positive control values with DHQ and Tm.

The preventive effect of flavonoids on some biochemical param-

eters of urine is shown in figure 5. It can be seen that during AP,
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Group of o-Amylase Triglyceride lipase Protease Complex Alkaline phosphatase
(U/1/sec) (umol/1/hour) mg/ml/min w/m
Cont 163,09 +1,70 28,66 1,0 170,1 £ 6,99 268,83 + 1,14
AP 607,95 + 3,53 176,41 + 13,48 799,62 + 28,68 881,59 + 8,38
P, <0,001 <0,001 <0,001 <0,001
AP+Rt 126,45 + 1,33 31,08 £ 2,14 145,8 + 3,99 352,24 + 14,75
P, <0,001 <0,001 <0,01 <0,001
P, <0,001 <0,001 <0,001 <0,00
AP+DHQ 162,23 + 4,46 10,00 + 0,22 298,38+ 5,58 325,53+ 3,36
P, >0,5 <0,001 <0,001 <0,001
P, <0,001 <0,001 <0,001 <0,001
AP+ Pl 336,06 9,70 38,40 £ 3,02 503,55+ 13,35 476,85 £9,29
P, <0,001 <0,001 <0,001 <0,001
P, <0,001 <0,001 <0,001 <0,001
AP+Tm 267,82 + 8,34 48,28 + 6,44 211,53 +17,15 134,35+ 6,75
P, >0,5 <0,001 <0,05 <0,001
P, <0,001 <0,001 <0,001 <0,001

21

Table 2: Effect of flavonoid administration before acute pancreatitis on the activity of digestive enzymes in the blood (M * m; n = 6).

Note: *Cont and AP-positive control and Acute pancreatit, AP+Rt, AP+DHQ, AP+ Pl, AP+Tm values in rats treated with Rt: Rutin, DHQ:
Dihydroquercetin, Pl: Pulicaron and Tm: Thamiflaside, respectively, prior to induction of arginine pancreatitis.

the amount of total proteins in the urine increased by 8.03 times,
the amount of glucose - by 3.4 times, and the activity of a-amylase
- by 3.8 times. Biochemical indicators of urine, which are a sign of
pancreatitis. The content of total protein of total Rt, DHQ, Pl and
Tm in urine was 29.74%, respectively, when administered before
the induction of pancreatitis; 43.49%; 14.03% and 32.07% de-
creased compared to the negative control values. (Figure 3.1 A).
In particular, the introduction of flavonoids before the induction of
pancreatitis significantly reduced (by 3.4 times) the increase in the
amount of glucose in the urine during the disease, but its content
remained high compared to the positive control. Before the induc-
tion of pancreatitis, when Rt, DHQ, Pl and Tm were administered
to animals, the increase in glucose was 39.76% compared to the
negative control, respectively; 44.78%; It decreased by 8.61% and
18.84%. (Figure 5B).

With the introduction of Rt, DHQ, Pl and Tm before the induction
of pancreatitis, the amount of a-amylase was 6.42%, respectively;
16.04%; 102.14% and 51.87% remained above the positive control
values. (Figure 5C). However, their values were significantly lower

than those of the negative control.

Thus, intragastric administration of flavonoids before L-argi-
nine pancreatitis in rats leads to a decrease in the activity of or-
ganic substrates and digestive hydrolases in blood serum and urine.
A decrease in the number of organic substrates and secretion of

pancreatic hydrolases under the influence of flavonoids indicates

a decrease in the level of decay of acinar cells, which is usually ob-
served with AP in the pancreas. The antipancreatic effect of DHQ

and Rt was more effective than that of Pl and Tm.

Preventive effect of flavonoids in AP on the histology of pan-
creatic tissue
Changes in the pancreas in acute pancreatitis are shown in fig-

ure 6.

The overall histological structure of the gland was not disturbed
in rats in the positive control group. There are no dystrophic chang-
es in the shape of typical exocrinocytes and parenchymal cells with
eosinophilic and secretory granules in the apical part of the acinus.
It was not observed a vacuolar dystrophy of exocrinocytes. The
acini of the exocrine part of the pancreatic tissue are of the same
size. The shape of the pancreatic acinus is predominantly round,
the epithelial cells are arranged in a row. The intermediate tissue

of the gland is poorly developed and consists of connective tissue.

In animals treated with Experimental Pancreatit(EP), necro-
biotic changes were noted in acinar cells and vacuolization of the
cytoplasm. In animals with experimental pancreatitis, edema,
infiltration and inflammation occurred in the pancreatic tissue.
Histological examination 48 hours after the administration of L-
arginine revealed a progressive infiltration of polymorphonuclear
leukocytes, lymphocytes and macrophages into the interstitial

and pancreatic tissues. It can be seen that foci of necrosis began in
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Figure 5: Effect of flavonoid administration before acute pancreatitis on total urine protein (A), urine glucose

(B), and urine a-amylase activity (C) (M = m, n = 6).
Note: *Cont and AP-positive control and Acute pancreatit, AP + Rt, AP + DHQ, AP + P], AP + Tm values in rats treated with Rt: Rutin;

DHQ: Dihydroquercetin; Pl: Pulicaron and Tm: Thamiflaside, respectively, prior to induction of arginine pancreatitis.

Figure 6: Histological view of the pancreas of rats in AP A)-Control. B) - a fragment of the pancreas of animals with

AP. dye - hemotoxylin-eosin;

acinar cells, necrosis destroyed most of the parenchyma, caused a
violation of the architecture of the pancreas, and damage to acinar
cells. A complete loss of structural homogeneity of exocrine acini
was noted in the gland. Epithelial cells in the gland are stained
darker than normal, it was found that the size of their cytoplasm
is increased, and dystrophy develops in some exocrinocytes. (Fig-
ure 6). At this stage of the study, it was found that the acinar cells
of the pancreas are gradually destroyed, and the pancreatic ducts
are dilated and filled with mucus. Intragastric administration of
flavonoids before EP induction significantly protected L-arginine-
induced histological gland damage (Figure 7). There was no dif-
ference in pathological damage scores between the Rt and DHQ
groups (p = 0.174). The pathological damage scores of the Pl and
Tm -groups were higher than those of the corresponding Rt, DHQ
- groups. Figure 7D shows that there was no obvious pathological
damage in the DHQ- groups; the pancreatic lobule was intact, the
demarcation was clear, and there was almost no inflammatory cell
infiltration, necrosis, or hemorrhage. After 24 h, patchy necrosis
was observed in group P], in which inflammatory infiltration was
still predominant. Vacuolar dystrophy is decreased of exocrino-
cytes observed at AP. Almost all flavonoids prevented the regen-

eration of parenchymal cells and the expansion of the pancreatic

Microscope Leica DM750 x 10.

ducts. This effect of histological prophylaxis of the pancreas was
observed in all flavonoids, except for Pl. Under the prophylactic ef-
fect of Rt, DHQ, and Tm, changes in the cell structure and a sharp
decrease in the number of cells observed at AP were not observed,
however, in animals treated with PI, karyolysis and pycnosis were
noted in most cases. nuclei, and part of the nuclear chromatin con-

densed along the periphery and stained black

Discussion

All flavonoids that used in the experiments - Rt dihydroquerce-
tin, Pl and Tm had a preventive effect on the development of acute
pancreatitis. Active phosphatase showed a decrease in enzyme ac-
tivity, which was manifested by a decrease in all its studied symp-
toms, however, the preventive effect for dihydroquercetin and tam-
ilflazid was more pronounced than for other flavonoids. Perhaps
the similarity of the effects of the studied drugs is due to the analo-
gy of their structure. It is known that in pancreatitis, primarily due
to lipid peroxidation, the structure of cell membranes is destroyed.
Flavonoids are based on their antioxidant properties, membrano-
tropic action [89,90].In our opinion, prevention of flavonoids used

in experimental acute pancreatitis is associated with the preserva-
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5.F1+ AP

23

6. Tm+AP

Figure 7: Histological view of the pancreas of rats in AP, dye - hemotoxylin-eosin; Microscope Leica DM750 x 10.
Note: *Cont and AP-positive control and Acute pancreatit, AP) + Rt, AP+DHQ, AP+ Pl, AP + Tm values in rats treated with Rt: Rutin; DHQ:
Dihydroquercetin; Pl: Pulicaron and Tm: Thamiflaside, respectively, prior to induction of arginine pancreatitis.

tion of lipids in the membranes of pancreatic cells and the structure
of the acinar system, as a rule, by preventing the breakdown of lip-

ids in the pancreatic membranes.

Conclusions

From the obtained results, it can be seen that EP inhibits each
stage of carbohydrate absorption (initial hydrolysis, final hydroly-
sis, absorption), but before the induction of EP, the introduction of
some flavonoids into the blood serum and hyperproteinemia, hy-
perlipidemia, hyperglycemia, hypercholesterolemia and digestive
hydrolases (a-amylase, lipase, protease complex and active phos-
phatase) reduces a sharp increase in activity. In EP, the main ele-
ment of diagnosis is an increase in serum amylase or lipase [91].
As a “gold standard” in acute pancreatitis, the sensitivity of blood
plasma amylase is 81-95% [92]. However, this depends on the defi-
nition of “abnormal” and the thresholds chosen. In most guidelines,
an amylase concentration of 2 to 4 times the upper limit of nor-
mal is acceptable for diagnostic accuracy. before reporting illness
[93,94]. The administration of flavonoids reduces the amount of
organic substrates and the secretion of hydrolytic enzymes. Conse-
quently, the dysfunction of pancreatic acinar cells is reduced under
the influence of EP. The antipancreatic effect of DHQ and Rt was

more effective than that of Pl and Tm.

Pancreatic a-amylase (EC 3.2.1.1) is synthesized by pancreatic
acinar cells and secreted into the duodenum as the main compo-
nent of pancreatic fluid [95]. The breakdown of starch to glucose
catalyzes the first step of hydrolysis and is therefore a key en-
zyme in energy production [96]. It is an endotype enzyme that
cleaves a-1,4-glycosidic random bonds of starch with maltose or
maltooligosaccharides [97]. Under the influence of AP, the activity
of a-amylase in the pancreatic tissue increases 3 times compared to
the upper limit of the normal indicator, and decreases in the chyme
[98]. Under the preventive action of Rt, DHQ, Pl and Tm, the activ-
ity of pancreatic a-amylase in the pancreatic tissue and intestinal
chyme normalized. The therapeutic effect of AP rutin induced by
L-arginine is presented in the literature [99,100]. Flavonoids, in
particular, can regulate the processes of incretion and secretion of

the pancreas.

In animals with experimental pancreatitis, the edema, infiltra-
tion, and inflammation observed in the pancreatic tissue were sig-
nificantly reduced by the prophylactic action of Rt, DHQ, and Tm,
but did not disappear completely. The preventive effect of Rt, DHQ
and Tm was also expressed in the narrowing of dilated vessels and
a decrease in the swelling of the interstitial tissue. In addition, un-

der the influence of flavonoids, vacuolar degeneration in exocrino-
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cytes decreased. Unlike Rt, DHQ, and Tm, no preventive effect of Pl

was observed at all.

Conflict of Interest
The authors have no conflicts of interest to declare that are rel-

evant to the content of this article.

Acknowledgments
The authors would like to thank National Cancer Centre of Uz-
bekistan, Department of Pathomorphology, (Tashkent) for their

kind support during histological and other lab investigations.

Bibliography

1. Ouyang G, et al. “The global, regional, and national burden
of pancreatitis in 195 countries and territories, 1990-2017:
a systematic analysis for the Global Burden of Disease Study
2017". BMC Medicine 18 (2020): 388.

2. Jordan P lannuzzi. et al. “Global Incidence of Acute Pancre-
atitis Is Increasing Over Time: A Systematic Review and Me-
ta-Analysis”. Original research full report: Clinical—pancreas
162.1 (2022): 122-134.

3. ] Lakshmi Prasanna, et al. “Malabsorption of drugs in gastroin-
testinal diseases: A Review”. Research Journal of Pharmacy and
Technology 6.1 (2013): 29-33

4. Peery AF, et al. “Burden of gastrointestinal, liver, and pancreat-
ic diseases in the United States”. Gastroenterology 149 (2015):
1731-1741.

5. Schepers NJ,, et al. “Impact of characteristics of organ failure
and infected necrosis on mortality in necrotising pancreatitis”.
Gut 68 (2019): 1044-1051.

6. van Santvoort HC, et al. “A conservative and minimally invasive
approach to necrotizing pancreatitis improves outcome”. Gas-
troenterology 141 (2011): 1254-1263.

7. BangJY, et al. “Superiority of endoscopic interventions over
minimally invasive surgery for infected necrotizing pancreati-
tis: meta-analysis of randomized trials”. Digestive Endoscopy
32 (2020): 298-308.

8. Roberts SE,, et al. “The incidence of acute pancreatitis: impact
of social deprivation, alcohol consumption, seasonal and de-
mographic factors”. Alimentary Pharmacology and Therapeu-
tics 38 (2013): 539-548.

9. Floyd A, et al. “Secular trends in incidence and 30-day case fa-
tality of acute pancreatitis in North Jutland County, Denmark:
a register-based study from 1981-2000". Scandinavian Journal
of Gastroenterology 37 (2009): 1461-1465.

10. Thompson BS., et al. “Prodromal Signs and Symptoms of
Chronic Pancreatitis: A Systematic Review”. Journal of Clinical
Gastroenterology 56.1 (2022): e1-e10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

24
Ji Hoon Yu and Hyeyoung Kim. “Oxidative stress and inflam-
matory signaling in cerulein pancreatitis World Journal of Gas-
troenterology 20.46 (2014): 17324-17329.

Zhi Zheng,, et al. “A narrative review of acute pancreatitis and
its diagnosis, pathogenetic mechanism, and management”. An-
nals of Translational Medicine’s 9.1 (2021): 69.

S Khanna and ] C Vij. “Severe acute pancreatitis due to hepa-
titis A virus infection in a patient of acute viral hepatitis Case
Reports” Tropical Gastroenterology 24.1 (2003): 25-26.

Kim Myoung-Jin MD,, et al. “Silymarin Attenuates the Severity
of Cerulein-Induced Acute Pancreatitis”. Pancreas 49.1 (2020):
89-95.

Peter Hegyi., et al. “L-arginine-induced experimental pancre-
atitis”. World Journal of Gastroenterology 10.14 (2004): 2003-
20009.

R E Banks,, et al. “Alpha 2 macroglobulin state in acute pancre-
atitis. Raised values of alpha 2 macroglobulin-protease com-
plexes in severe and mild attacks”. Gut 32.4 (1991): 430-434.

Ajay Dixit,, et al. “Role of trypsinogen activation in genesis of
pancreatitis”. Pancreapedia: Exocrine Pancreas Knowledge
Base (2016).

Oleksiy Gryshchenko., et al. “Calcium signalling in the acinar
environment of the exocrine pancreas: physiology and patho-
physiology”. Journal of Physiology 596.14 (2018): 2663-2678.

Srinath Chinnakotla., et al. “Total pancreatectomy and islet
autotransplantation in children for chronic pancreatitis: indi-
cation, surgical techniques, postoperative management, and
long-term outcomes”. Annals of Surgery 260.1 (2014): 56-64.

Himesh Soni., et al. “Antimicrobial and Antiinflammatory Ac-
tivity of the Hydrogels Containing Rutin Delivery”. Asian Jour-
nal of Chemistry 25.15 (2013): 8371-8373.

Yang X, et al. “Experimental Acute Pancreatitis Models: His-
tory, Current Status, and Role in Translational Research”. Fron-
tiers in Physiology 23 (2020).

Kahale VP, et al. “To access the efficacy of rutin on 6-hydroxy-
dopamine induced animal model of memory impairment in
Parkinson’s disease”. Research Journal of Pharmacology and
Pharmacodynamics 5.6 (2013): 331-336.

Beatriz Gullén Thelmo A, et al. “Rutin: A review on extraction,
identification and purification methods, biological activities
and approaches to enhance its bioavailability”. 67 (2017):
220-235.

KH Kim.,, et al. “Optimal recovery of high-purity rutin crystals
from the whole plant of Fagopyrum esculentum Moench (buck-
wheat) by extraction, fractionation, and recrystallization”. Bio-
resource Technology 96 (2005): 1709-1712.

Citation: Khasan Kayumov, et al. “General Preventive Effect of Flavonoids Isolated from Plants at Experimental Acute Pancreatitis". Acta Scientific

Nutritional Health 8.2 (2024): 15-26.


https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-020-01859-5
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-020-01859-5
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-020-01859-5
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-020-01859-5
file:///C:\Users\ACTA\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\39UBQ6W9\doi.org\10.1053\j.gastro.2021.09.043
file:///C:\Users\ACTA\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\39UBQ6W9\doi.org\10.1053\j.gastro.2021.09.043
file:///C:\Users\ACTA\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\39UBQ6W9\doi.org\10.1053\j.gastro.2021.09.043
file:///C:\Users\ACTA\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\39UBQ6W9\doi.org\10.1053\j.gastro.2021.09.043
https://pubmed.ncbi.nlm.nih.gov/30315778/
https://pubmed.ncbi.nlm.nih.gov/30315778/
https://pubmed.ncbi.nlm.nih.gov/30315778/
https://pubmed.ncbi.nlm.nih.gov/29950344/
https://pubmed.ncbi.nlm.nih.gov/29950344/
https://pubmed.ncbi.nlm.nih.gov/29950344/
https://pubmed.ncbi.nlm.nih.gov/21741922/
https://pubmed.ncbi.nlm.nih.gov/21741922/
https://pubmed.ncbi.nlm.nih.gov/21741922/
https://pubmed.ncbi.nlm.nih.gov/31220368/
https://pubmed.ncbi.nlm.nih.gov/31220368/
https://pubmed.ncbi.nlm.nih.gov/31220368/
https://pubmed.ncbi.nlm.nih.gov/31220368/
https://pubmed.ncbi.nlm.nih.gov/23859492/
https://pubmed.ncbi.nlm.nih.gov/23859492/
https://pubmed.ncbi.nlm.nih.gov/23859492/
https://pubmed.ncbi.nlm.nih.gov/23859492/
https://pubmed.ncbi.nlm.nih.gov/12523598/
https://pubmed.ncbi.nlm.nih.gov/12523598/
https://pubmed.ncbi.nlm.nih.gov/12523598/
https://pubmed.ncbi.nlm.nih.gov/12523598/
https://pubmed.ncbi.nlm.nih.gov/34049375/
https://pubmed.ncbi.nlm.nih.gov/34049375/
https://pubmed.ncbi.nlm.nih.gov/34049375/
https://pubmed.ncbi.nlm.nih.gov/25516643/
https://pubmed.ncbi.nlm.nih.gov/25516643/
https://pubmed.ncbi.nlm.nih.gov/25516643/
https://pubmed.ncbi.nlm.nih.gov/33553362/
https://pubmed.ncbi.nlm.nih.gov/33553362/
https://pubmed.ncbi.nlm.nih.gov/33553362/
https://pubmed.ncbi.nlm.nih.gov/12974211/
https://pubmed.ncbi.nlm.nih.gov/12974211/
https://pubmed.ncbi.nlm.nih.gov/12974211/
https://pubmed.ncbi.nlm.nih.gov/31856083/
https://pubmed.ncbi.nlm.nih.gov/31856083/
https://pubmed.ncbi.nlm.nih.gov/31856083/
https://www.wjgnet.com/1007-9327/full/v10/i14/2003.htm
https://www.wjgnet.com/1007-9327/full/v10/i14/2003.htm
https://www.wjgnet.com/1007-9327/full/v10/i14/2003.htm
https://pubmed.ncbi.nlm.nih.gov/1709131/
https://pubmed.ncbi.nlm.nih.gov/1709131/
https://pubmed.ncbi.nlm.nih.gov/1709131/
https://www.pancreapedia.org/reviews/role-of-trypsinogen-activation-in-genesis-of-pancreatitis
https://www.pancreapedia.org/reviews/role-of-trypsinogen-activation-in-genesis-of-pancreatitis
https://www.pancreapedia.org/reviews/role-of-trypsinogen-activation-in-genesis-of-pancreatitis
https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP275395
https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP275395
https://physoc.onlinelibrary.wiley.com/doi/10.1113/JP275395
https://pubmed.ncbi.nlm.nih.gov/24509206/
https://pubmed.ncbi.nlm.nih.gov/24509206/
https://pubmed.ncbi.nlm.nih.gov/24509206/
https://pubmed.ncbi.nlm.nih.gov/24509206/
file:///C:\Users\ACTA\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\39UBQ6W9\doi.org\10.14233\ajchem.2013.14912
file:///C:\Users\ACTA\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\39UBQ6W9\doi.org\10.14233\ajchem.2013.14912
file:///C:\Users\ACTA\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\39UBQ6W9\doi.org\10.14233\ajchem.2013.14912
https://doi.org/10.3389/fphys.2020.61459
https://doi.org/10.3389/fphys.2020.61459
https://doi.org/10.3389/fphys.2020.61459
https://rjppd.org/AbstractView.aspx?PID=2013-5-6-25
https://rjppd.org/AbstractView.aspx?PID=2013-5-6-25
https://rjppd.org/AbstractView.aspx?PID=2013-5-6-25
https://rjppd.org/AbstractView.aspx?PID=2013-5-6-25
https://www.sciencedirect.com/science/article/abs/pii/S0924224416305842
https://www.sciencedirect.com/science/article/abs/pii/S0924224416305842
https://www.sciencedirect.com/science/article/abs/pii/S0924224416305842
https://www.sciencedirect.com/science/article/abs/pii/S0924224416305842

General Preventive Effect of Flavonoids Isolated from Plants at Experimental Acute Pancreatitis

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lee K]., et al. Evidence-Based Complementary and Alternative
Medicine (2015): 165457.

Chobot V., et al. Molecules 19.12 (2014): 20023-20033.

S Karakurt. “Modulatory effects of rutin on the expression of
cytochrome P450s and antioxidant enzymes in human hepa-
toma cells”. Acta Pharmaceutica 66 (2016): 491-502.

N Kamalakkannan and SMP Prince. “Rutin improves the anti-
oxidant status in streptozotocin-induced diabetic rat tissues”.
Molecular and Cellular Biochemistry 293 (2006): 211-219.

Kumar BS,, et al. “Estimation of Rutin and Quercetin in Termi-
nalia chebula by HPLC”. Asian Journal of Research in Chemistry
2.4 (2009): 388-389.

M Rabiskova.,, et al. “Coated chitosan pellets containing rutin
intended for the treatment of inflammatory bowel disease: In
vitro characteristics and in vivo evaluation”. International Jour-
nal of Pharmaceutics 422 (2012): 151-159.

Himesh Soni., et al. “Antimicrobial and Antiinflammatory Ac-
tivity of the Hydrogels Containing Rutin Delivery”. Asian Jour-
nal of Chemistry 25.15 (2013): 8371-8373.

S Faujdar, et al. “Phytochemical evaluation and anti-hemor-
rhoidal activity of bark of “Acacia ferruginea DC". Journal of
Traditional and Complementary Medicine 9 (2019): 85-89.

Kori Yashpal S., et al. “Antihaemorrhoid activity of isolated and
semi-synthesized rutin derivative from Euphorbia hirta Linn”".
Research Journal of Pharmacy and Technology 13.3 (2020):
1333-1338.

Kahale VP, et al. “To access the efficacy of rutin on 6-hydroxy-
dopamine induced animal model of memory impairment in
Parkinson’s disease”. Research Journal of Pharmacology and
Pharmacodynamics 5.6 (2013): 331-336.

Choi KS., et al. “Rutin inhibits UVB radiation-induced expres-
sion of COX-2 and iNOS in hairless mouse skin: p38 MAP kinase
and JNK as potential targets”. Archives of Biochemistry and Bio-
physics 559 (2014): 38-45.

Xu PX,, et al. “Rutin improves spatial memory in Alzheimer’s
disease transgenic mice by reducing A? oligomer level and
attenuating oxidative stress and neuroinflammation”. Behav-
ioural Brain Research 264 (2014): 173-180.

SV Orlova, et al. “Bioavailability and Safety of Dihydroquer-
cetin (Review)”. Pharmaceutical Chemistry Journal 55 (2022):
1133-1137.

Radik A Zaynullin., et al. Medicinal Chemistry Research 27.3
(2017).

Efficacy and Safety Study of Diquertin Preparation: Final Re-
port [in Russian], NPO VILAR (1999).

B Havsteen. Biochemical Pharmacology 2 (1983): 1141-1148.

C Rice-Evans,, et al. Trends in Plant Science 2 (1997): 152-159.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

25
NV Kondakova.,, et al. Vopr. Biol, Med. Farm. Khim. 4 (2002):
46-49.

NV Kondakova.,, et al. Khim. Vys. Energ., 32.2 (1998): 106-111.

Weidmann AE. “Dihydroquercetin: More than just an impu-
rity?” European Journal of Pharmacology 684 (2012): 19-26.

Chen Y and Deuster P. “Comparison of quercetin and dihydro-
quercetin: Antioxidant-independent actions on erythrocyte
and platelet membrane”. Chemico-Biological Interactions 182
(2009): 7-12.

Chisolm GM and Steinberg D. “The oxidative modification hy-
pothesis of atherogenesis: An overview”. Free Radical Biology
and Medicine 28 (2000): 1815-1826.

Marty AT. “The complete german commission e monographs:
Therapeutic guide to herbal medicines”. JAMA 281 (1999):
1852-1853.

VV Tatarinov, et al. Med. Alfavit 21 (2021): 28-32.

V Voskoboinikova., et al. Phytotheraphy Research 7.2 (1993):
208-210.

VV Tatarinov, et al. “Med. Alfavit, 21 (2021): 28-32.
VV Tatarinov, et al. “Med. Alfavit 21 (2021): 28-32.

AG Schauss,, et al. International Journal of Toxicology 34.2
(2015): 162-181.

MB Plotnikov, et al. “Drugs Based on Diquertin [in Russian],
Izd”. Tomsk. Univ,, Tomsk (2005): 228.

D Turck,, et al. EFSA Journal 15.2 (2017): e04682.

Yu P Fomichev, et al. “Dihydroquercetin and Arabinogalactan-
Natural Bioregulators in Human and Animal Vital Activity, Use
in Agriculture and Food Industry, Nauchnaya Biblioteka, Mos-
cow” (2017): 702.

AA Shkarenkov, et al. Vopr. Biol. Med. Fam. Khim . 3 (1998):
36-39.

GOST 33504-2015. “Food Additives. Dihydroquercetin. Tech-
nical Specifications [in Russian], Standartinform, Moscow
(2016): 17.

L. A. Bizyuk and M. P. Korolevich, Lech. Delo: Nauchn.-Prakt.
Ter. Zh.,, No. 1, (2013): 13 - 19.

D Turck., et al. European Food Safety Authority Journal.15.2
(2017): e04682.

R Svobodova., et al. Photochemistry and Photobiology 93.5
(2017): 1240-1247.

RP Terekhov,, et al. Molecules 25.22 (2020): 5437.
VV Tatarinov, et al. Med. Alfavit 21 (2021): 28-32.

YuS Tarakhovskii., et al. “Flavonoids: Biochemistry, Biophysics,
Medicine [in Russian]”. Synchrobook, Pushchino (2013): 310.

Citation: Khasan Kayumov, et al. “General Preventive Effect of Flavonoids Isolated from Plants at Experimental Acute Pancreatitis". Acta Scientific
Nutritional Health 8.2 (2024): 15-26.


https://pubmed.ncbi.nlm.nih.gov/27749250/
https://pubmed.ncbi.nlm.nih.gov/27749250/
https://pubmed.ncbi.nlm.nih.gov/27749250/
https://pubmed.ncbi.nlm.nih.gov/16786186/
https://pubmed.ncbi.nlm.nih.gov/16786186/
https://pubmed.ncbi.nlm.nih.gov/16786186/
https://www.researchgate.net/publication/266278221_Estimation_of_Gallic_Acid_Rutin_and_Quercetin_in_Terminalia_chebula_by_HPTLC
https://www.researchgate.net/publication/266278221_Estimation_of_Gallic_Acid_Rutin_and_Quercetin_in_Terminalia_chebula_by_HPTLC
https://www.researchgate.net/publication/266278221_Estimation_of_Gallic_Acid_Rutin_and_Quercetin_in_Terminalia_chebula_by_HPTLC
https://pubmed.ncbi.nlm.nih.gov/22079717/
https://pubmed.ncbi.nlm.nih.gov/22079717/
https://pubmed.ncbi.nlm.nih.gov/22079717/
https://pubmed.ncbi.nlm.nih.gov/22079717/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6435949/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6435949/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6435949/
https://rjptonline.org/AbstractView.aspx?PID=2020-13-3-51
https://rjptonline.org/AbstractView.aspx?PID=2020-13-3-51
https://rjptonline.org/AbstractView.aspx?PID=2020-13-3-51
https://rjptonline.org/AbstractView.aspx?PID=2020-13-3-51
https://rjppd.org/HTMLPaper.aspx?Journal=Research%20Journal%20of%20Pharmacology%20and%20Pharmacodynamics;PID=2013-5-6-25
https://rjppd.org/HTMLPaper.aspx?Journal=Research%20Journal%20of%20Pharmacology%20and%20Pharmacodynamics;PID=2013-5-6-25
https://rjppd.org/HTMLPaper.aspx?Journal=Research%20Journal%20of%20Pharmacology%20and%20Pharmacodynamics;PID=2013-5-6-25
https://rjppd.org/HTMLPaper.aspx?Journal=Research%20Journal%20of%20Pharmacology%20and%20Pharmacodynamics;PID=2013-5-6-25
https://www.sciencedirect.com/science/article/abs/pii/S0003986114001738
https://www.sciencedirect.com/science/article/abs/pii/S0003986114001738
https://www.sciencedirect.com/science/article/abs/pii/S0003986114001738
https://www.sciencedirect.com/science/article/abs/pii/S0003986114001738
https://pubmed.ncbi.nlm.nih.gov/35194263/
https://pubmed.ncbi.nlm.nih.gov/35194263/
https://pubmed.ncbi.nlm.nih.gov/35194263/
https://www.sciencedirect.com/science/article/abs/pii/S0014299912002956
https://www.sciencedirect.com/science/article/abs/pii/S0014299912002956
https://www.sciencedirect.com/science/article/abs/pii/S0009279709002531
https://www.sciencedirect.com/science/article/abs/pii/S0009279709002531
https://www.sciencedirect.com/science/article/abs/pii/S0009279709002531
https://www.sciencedirect.com/science/article/abs/pii/S0009279709002531
https://www.sciencedirect.com/science/article/abs/pii/S0891584900003440
https://www.sciencedirect.com/science/article/abs/pii/S0891584900003440
https://www.sciencedirect.com/science/article/abs/pii/S0891584900003440

General Preventive Effect of Flavonoids Isolated from Plants at Experimental Acute Pancreatitis

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

RP Terekhov, et al. “Acta Crystallographica Section B”. Crystal
Engineering and Materials 75.2 (2019): 175-182.

RP Terekhov and IA Selivanova Vopr. Biol., Med. Farm. Khim 21
(2018): 17-22.

VV Tatarinov, et al. Med. Alfavit 21 (2021): 28-32.

X. Wang,, et al. Journal of Chromatography B: Analytical Tech-
nologies in the Biomedical and Life Sciences 877.18-19 (2009):
1778-1786.

VP Zinchenko.,, et al. Biofizika, 56.3 (2011): 433-438.
C] Yang, et al. Molecules 21.4 (2016): 494.

V. P. Zinchenko, Yu. A. Kim, Yu. S. Tarakhovskii, and G. E. Bron-
nikov, Biophysics, 56, No. 3, 433-438 (2011)

Y Zu,, et al. Int. . Pharm 477.1-2 (2014): 148-158.
RP Terekhov, et al. Molecules 25.22 (2020): 5437 (2020).

RP Terekhov, et al. Acta Crystallogr, Sect. B: Struct. Sci., Cryst.
Eng. Mater, 75.2 (2019): 175-182.

RP Terekhov and 1. A. Selivanova, Vopr. Biol., Med. Farm. Khim
21.3(2018): 17-21.

A Selivanova and R. P. Terekhov, I1zv. Akad. Nauk, Ser. Khim 12
(2019): 2155-2162.

ShO Zokirova,, et al. “Dosage form of the drug pulicaron Scien-
tific-practical conference of young scientists dedicated to the
110* anniversary of Academician S.Yu. Yunusov”. “Actual Prob-

lems of the Chemistry of Natural Compounds”

Zokirova ShO,, et al. “Technology of obtaining dry extract from
ground part of pulicaria gnaphalodes 1. By percolating extrac-
tion method”. World Journal of Pharmaceutical and Medical Re-
search 6.5 (2020): 19-21.

Zokirova ShO.,, et al. “Technology of obtaining dry extract from
ground part of pulicaria gnaphalodes 1. By percolating extrac-
tion method”. World Journal of Pharmaceutical and Medical Re-
search 6.5 (2020): 19-21.

R Shakirov, et al. Chemistry of Natural Compounds 32 (1996):
102

AS Gromova,, et al. Chemistry of Natural Compounds 30 (1994):
363

Shakhnoza S. “Azimova Natural Compounds Alkaloids Plant

Sources, Structure and Properties” Springer Science (2013).

Komilov BD,, et al. “NEW FLAVONOID GLYCOSIDE FROM Thal-
ictrum minus”. Chemistry of Natural Compounds 56.5 (2020).

https://www.plantarium.ru/lang/en/page/image/id/52798.
html

Komilov BD.,et al. “NEW FLAVONOID GLYCOSIDE FROM Thal-
ictrum minus”. Chemistry of Natural Compounds 56.5 (2020).

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

26
Komilov BD,, et al. “NEW FLAVONOID GLYCOSIDE FROM Thal-
ictrum minus”. Chemistry of Natural Compounds 56.5 (2020).

Jin ] Hyun and Sik H Lee. “Experimental Models of Pancreati-
tis”. Clinical Endoscopy 47.3 (2014).

Dawra R and Saluja K Ashok. “L-arginine-induced experi-
mental acute pancreatitis”. Pancreapedia: Exocrine Pancreas
Knowledge Base.

Manohar M., et al. “Pathogenic mechanisms of pancreatitis”.
World Journal of Gastrointestinal Pharmacology and Therapeu-
tics 8.1 (2017): 10-25.

Bohn T. “Dietary factors affecting polyphenol bioavailability”.
Nutrition Reviews 72.7 (2014): 429-452.

Tarahovsky YS., et al. “Rafts making and rafts braking: how
plant flavonoids may control membrane heterogeneity”. Mo-
lecular and Cellular Biochemistry 314 (2008): 65-71.

Chamara Basnayake and Dilip Ratnam. “Blood tests for acute
pancreatitis”. Australian Prescriber 38.4 (2015): 128-130.

Lippi G., et al. “Laboratory diagnosis of acute pancreatitis: in
search of the Holy Grail”. Critical Reviews in Clinical Laboratory
Sciences 49 (2012): 18-31.

Banks PA.et al. “Acute Pancreatitis Classification Working
Group . Classification of acute pancreatitis--2012: revision of
the Atlanta classification and definitions by international con-
sensus”. Gut 62 (2013): 102-111.

Yadav D., et al. “A critical evaluation of laboratory tests in acute
pancreatitis”. American Journal of Gastroenterology 97 (2002):
1309-1318.

Kimie Date., et al. “Pancreatic a-Amylase Controls Glucose As-
similation by Duodenal Retrieval through N-Glycan-specific
Binding, Endocytosis, and Degradation”. Journal of Biological
Chemistry 290.28.28 (): 17439-17450.

Nickavar B and Abolhasani L. “Bioactivity-guided separation
of an a-amylase inhibitor flavonoid from Salvia virgata”. Ira-
nian Journal of Pharmaceutical Research 12 (2013): 57-61.

Kimie Date. “Regulatory Functions of a-Amylase in the Small
Intestine Other than Starch Digestion: a-Glucosidase Activity,
Glucose Absorption, Cell Proliferation, and Differentiation”.
New Insights Into Metabolic Syndrome IntechOpen (2020).

W R Matull, et al. “Biochemical markers of acute pancreatitis”.
The Journal of Clinical Pathology 9.4 (2006): 340-344.

Abreu FF, et al. “Elucidating the role of oxidative stress in the
therapeutic effect of rutin on experimental acute pancreatitis”.
Free Radical Research 50.12 (2016): 1350-1360.

100.Yao Tang, et al. “Phytochemicals with protective effects against

acute pancreatitis: a review of recent literature”. Pharmaceuti-
cal Biology 60.1 (2022): 479-490.

Citation: Khasan Kayumov, et al. “General Preventive Effect of Flavonoids Isolated from Plants at Experimental Acute Pancreatitis". Acta Scientific
Nutritional Health 8.2 (2024): 15-26.


https://www.researchgate.net/publication/341103581_TECHNOLOGY_OF_OBTAINING_DRY_EXTRACT_FROM_GROUND_PART_OF_PULICARIA_GNAPHALODES_L_BY_PERCOLATING_EXTRACTION_METHOD
https://www.researchgate.net/publication/341103581_TECHNOLOGY_OF_OBTAINING_DRY_EXTRACT_FROM_GROUND_PART_OF_PULICARIA_GNAPHALODES_L_BY_PERCOLATING_EXTRACTION_METHOD
https://www.researchgate.net/publication/341103581_TECHNOLOGY_OF_OBTAINING_DRY_EXTRACT_FROM_GROUND_PART_OF_PULICARIA_GNAPHALODES_L_BY_PERCOLATING_EXTRACTION_METHOD
https://www.researchgate.net/publication/341103581_TECHNOLOGY_OF_OBTAINING_DRY_EXTRACT_FROM_GROUND_PART_OF_PULICARIA_GNAPHALODES_L_BY_PERCOLATING_EXTRACTION_METHOD
https://www.cabidigitallibrary.org/doi/full/10.5555/20219807716
https://www.cabidigitallibrary.org/doi/full/10.5555/20219807716
https://www.plantarium.ru/lang/en/page/image/id/52798.html
https://www.plantarium.ru/lang/en/page/image/id/52798.html
https://www.cabidigitallibrary.org/doi/full/10.5555/20219807716
https://www.cabidigitallibrary.org/doi/full/10.5555/20219807716
https://www.cabidigitallibrary.org/doi/full/10.5555/20219807716
https://www.cabidigitallibrary.org/doi/full/10.5555/20219807716
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4058537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4058537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4572322/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4572322/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4572322/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5292603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5292603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5292603/
https://pubmed.ncbi.nlm.nih.gov/24828476/
https://pubmed.ncbi.nlm.nih.gov/24828476/
https://europepmc.org/article/med/18414995
https://europepmc.org/article/med/18414995
https://europepmc.org/article/med/18414995
https://pubmed.ncbi.nlm.nih.gov/22339380/
https://pubmed.ncbi.nlm.nih.gov/22339380/
https://pubmed.ncbi.nlm.nih.gov/22339380/
https://www.sciencedirect.com/science/article/abs/pii/S0002927002041229
https://www.sciencedirect.com/science/article/abs/pii/S0002927002041229
https://www.sciencedirect.com/science/article/abs/pii/S0002927002041229
https://pubmed.ncbi.nlm.nih.gov/26023238/
https://pubmed.ncbi.nlm.nih.gov/26023238/
https://pubmed.ncbi.nlm.nih.gov/26023238/
https://pubmed.ncbi.nlm.nih.gov/26023238/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3813222/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3813222/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3813222/
https://www.intechopen.com/chapters/72321
https://www.intechopen.com/chapters/72321
https://www.intechopen.com/chapters/72321
https://www.intechopen.com/chapters/72321
https://jcp.bmj.com/content/59/4/340
https://jcp.bmj.com/content/59/4/340
https://www.tandfonline.com/doi/full/10.1080/10715762.2016.1247494
https://www.tandfonline.com/doi/full/10.1080/10715762.2016.1247494
https://www.tandfonline.com/doi/full/10.1080/10715762.2016.1247494
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8865097/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8865097/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8865097/

