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Abstract:

Diseases associated with metabolic disorders seem to affect more and more people worldwide. Biologically active supplements may
prevent or relieve metabolic disorders. Quercetin is known for its potential to inhibit metabolic syndrome. This paper introduces an
in vivo experiment on rodents. It featured hypoglycemic, hypocholesterolemic, and hepatotoxic properties of quercetin.

Quercetin was obtained from the hairy root extract of Hedysarum neglectum Ledeb. Two doses (50 and 100 mg/kg) were used to
evaluate its hypoglycemic potential. Rats with induced diabetes were tested for body weight, glucose, and cholesterol while mice
with induced hypercholesterolemia were checked for blood cholesterol changes. Potential biochemical and pathological changes
in the liver were also studied on rats.

Quercetin treatment caused neither significant health problems nor death in the model animals. It had no effect on body weight,
even in the animals with induced diabetes. In addition, quercetin did not increase glucose and cholesterol in the blood and
triggered no pathological changes in the liver.

Quercetin isolated from H. neglectum hairy root extract demonstrated no hepatotoxicity. Unfortunately, it showed no beneficial
effect on cholesterol and glucose levels and had no efficacy against metabolic syndrome. Further research is needed to assess the
effect of quercetin on other metabolic markers, e.g., genes associated with the metabolism of lipids, carbohydrates, etc.
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INTRODUCTION newly diagnosed with metabolic disorders has increa-
Metabolic syndrome is a cluster of metabolic condi- ~ S¢d in the recent years (Fig. 2) [5-7].

On the one hand, metabolic conditions, e.g., diabe-
tes and hypertension, accelerate age-related pathologies
as they facilitate inflammatory and oxidative proces-
ses [9—11]. On the other hand, metabolic syndrome itself
is age-related. According to Dominguez & Barbagallo, it
is global population aging that stands behind the high in-
syndrome as evaluated by the All-Russian Association cidence of metabolic syndrome because senior citizens
of Cardiologists [2, 3]. often experience cardiovascular diseases, diabetes, and

The diseases in Fig. 1 pose a threat to healthcare metabolic conditions all together (Fig. 3) [12].
worldwide: for instance, cardiovascular diseases are the Preventive measures against metabolic disorders in-
leading cause of death globally [4]. The number of people volve healthy lifestyle combined with functional foods

tions that lead to dyslipidemia, hyperglycemia, insulin
resistance, oxidative stress, inflammations, and, ultima-
tely, to non-alcoholic fatty liver disease, obesity, diabe-
tes mellitus, cardiovascular diseases, etc. [1]. Figure 1 il-
lustrates the risk factors most closely tied to metabolic
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and biologically active additives that contain metabolites Shabbir et al. highly praised quercetin, curcumin,
of plant origin with antioxidant and anti-inflammatory and resveratrol as substances that inhibit inflammatory
properties [13, 14]. Such additives reduce cholesterol and reactions, reduce insulin resistance, and counteract pa-
glucose in the blood. For example, Sotiropoulou et al. thogenic and opportunistic strains that harm gastroin-
and Serba et al. reported some effective biologically ac-  testinal microbiota [17]. All these beneficial properties
tive substances of plant origin that improve human me-  make them potential preventers of metabolic diseases.
tabolism [15, 16]. Xu et al. studied berberine (Berberis aristata, Berberis

Metabolic syndrome risk factors Under metabolic syndrome, the risk of:

Abdominal obesity is the key sign of metabolic syndrome. Damage to heart and brain 2 times
Two of these criteria are enough to diagnose it.

Cardiovascular diseases

2-h postload plasma glucose

' Damage to kidneys 3 times
Waist circumference E 94 cm for men; Damage to blood vessels 2 times
1 >80 for women
"""""""""""""""""" CoTTTTTTT Cardiovascular diseases increases by 3—4 times
Arterial hypertension i >130/85 MmHg Type 2 diabetes 5 times
Triglycerides i > 1.7 mmol/L
. N . E < 1.0 mmol/L for men; Diabetes
High-density lipoproteins ! < 1.2 mmol/L for women .
------------------------------- R e L e EE LR Obesity
Low-density lipoproteins 1> 3.0 mmol/L METABOLIC Non-alcoholic fatty liver disease
""""""""""""""""" PTTTTTTTTT s SYNDROM .
! Hypoglycemia
¢

Hypercholesterinemia

Figure 1 Risk factors of metabolic syndrome
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ENVIRONMENTAL FACTORS HEREDITARY RISKS LIFESTYLE-RELATED RISKS

Bad ecology, extreme climate conditions and  Genetic predisposition to some chronic
and metabolic diseases

geography, pharmaceutical treatment, etc.

METABOLISM

Unhealthy diet, unhealthy dietary regime, low
physical activity, sedentary lifestyle, bad habits
(smoking, alcohol drinking), violations of circadian
rhythm, adverse working conditions, stress, etc.

Diabetes

Spiratory diseases i‘

Aging

Accelerated
cellular and
molecular aging

Figure 3 Correlation between aging and metabolic diseases

vulgaris, Coptis chinensis), an alkaloid found in many
medicinal plants of India and China [18]. Berberine pro-
ved able to stimulate insulin secretion, facilitate insu-
lin resistance, inhibit lipogenesis, and prevent adipose
tissue fibrosis. In addition, it reduced liver steatosis and
improved gastrointestinal microbiota.

Quercetin is a wide-spread plant flavonoid with anti-
oxidant, anti-inflammatory, hypoglycemic, hypolipidemic,
and hepatoprotective properties that have good potential
against metabolic syndrome [17, 19, 20].

Belovol et al. gave quercetin to patients with arte-
rial hypertension [4]. The additive improved the effec-
tiveness of antihypertensive therapy, e.g., reduced cho-
lesterol and triglycerides. Other studies in vivo reported
quercetin as able to remove free radicals. It also regu-
lated enzymatic defenses by affecting such enzymes as
superoxide dismutase, catalase, glutathione peroxidase,
etc. Quercetin had a positive impact on such properties
of red blood cells as deformability, nitric oxide pro-
duction, and osmotic resistance. It regulated metabol-
ic dysfunction of glucose and lipids while exhibiting
hepatoprotective properties, thus preventing metabolic
syndrome [15, 21, 22]. Quercetin owes this activity to
the effect that it exerts on the expression of some genes
associated with inflammatory reactions, e.g., SIRTI,
NF-kB p65, iNOS, etc., as well as on lipid and carbo-
hydrate metabolism, e¢.g., PONI, PPARG, ALDHIBI,
APOA4, etc. [15].

As their systematic intake causes few or no side ef-
fects, herbal biologically active substances are popular
as remedies against metabolic disorders. Such substances
as stanines or biguanides often cause gastrointestinal
problems, liver dysfunction, weight gain, and other ef-
fects that restrict healthy life activities [18].

In our previous study, we established that the hairy
root extract of Hedysarum neglectum Ledeb., also known
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as sweet vetch, exhibits cardioprotective potential. We
used soil nematode Caenorhabditis elegans to test the
extract, and the model organisms demonstrated better
survival under oxidative stress and accumulated less
lipid fractions [23]. We linked this activity to quercetin
metabolite and its ability to prevent metabolic syndrome.
However, as part of dietary supplements and functional
foods, the extracts’ efficacy depended on the extraction
conditions, the initial composition of the raw materials,
and the eventual variability of the quantitative and qua-
litative composition. Therefore, we extracted individual
components from the extracts to be used in dietary sup-
plements and functional foods. Thus, quercetin we iso-
lated from the hairy root extract of H. neglectum increa-
sed the survival rate of nematodes under oxidative stress
and reduced the accumulation of lipid inclusions. In addi-
tion, quercetin also increased the expression of the anti-
oxidant defense gene SOD-3 [24].

In this in vivo study, we evaluated the bioactivity of
quercetin isolated from the H. neglectum hairy root ex-
tract, i.e., its ability to reduce cholesterol and glucose,
protect the liver, and prevent metabolic syndrome.

We tested its effect on hypoglycemic properties, hy-
pocholesterolemic activity, and hepatotoxicity.

STUDY OBJECTS AND METHODS

The research featured 95% quercetin obtained as a
secondary metabolite of Hedysarum neglectum Ledeb.
hairy roots. We described the cultivation, extraction, and
purification processes in our previous publication [24].

All studies in vivo were conducted on the premises
of Ifar Company, Tomsk. For the study, we used rodents
that are similar to humans in physiological, cellular,
and other functions. They were chosen for their small
size, high reproduction rate, low maintenance, and short
average life expectancy [4, 25].
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For the hypoglycemic tests, we used 50 male rats
(Rattus sp., 12 weeks old, 219-272 g) with induced diabe-
tes mellitus. The model organisms were recognized as
healthy and free from pathogenic microflora. The hypo-
cholesterolemic experiments involved 29 male mice
(Mus musculus, 19 weeks old, 40.8—49.6 g) with induced
hypercholesterolemia. The animals were healthy and unaf-
fected by pathogenic microflora. The hepatotoxicity tests
involved 15 male rats (Rattus sp., 28 weeks old, 623—
755 g). The model organisms were recognized as healthy
and free from pathogenic microflora.

Male podens are preferable for laboratory experi-
ments because they have no estrous cycle that could af-
fect the susceptibility to etiological factors in females
(Guidelines for preclinical studies of drugs. Part 1).

A Dbioethical committee proved that the animal test
conditions complied with the Policy for Working with
Laboratory Animals in Ifar Company and state stan-
dards of Humane Care and Use of Laboratory Animals
(Guidelines for preclinical studies of drugs. Part 1, State
Standard 33215-2014, State Standard 33216-2014, State
Standard R ISO 10993-2-2009, SP 2.2.1.3218-14).

The hypoglycemic and hypocholesterolemic experi-
ments followed similar procedures:

—we took blood samples from the tail vein, obtained se-
rum, and measured the concentration of glucose and
total cholesterol;

— we took blood samples from the inferior vena cava, ob-
tained serum, and measured the concentration of total
cholesterol.

In the hepatotoxicity experiment, we took blood
samples from the jugular vein, obtained serum, and
measured alanine aminotransferase, aspartate amino-
transferase, gamma-glutamyltransferase, and alkaline
phosphatase, as well as total protein, albumin, and glo-
bulin. The latter was determined as the difference bet-
ween the concentrations of total protein and albumin.
The experiment involved an incomplete necropsy to
study liver tissues. After the euthanasia, the liver was
weighed, and its weight was compared to the body
weight as percentage. The obtained liver tissues under-
went a histological analysis.

In the hypoglycemic experiment, the male rats were
anaesthetized by CO, inhalation with further cervical dis-
location. As part of the hypocholesterolemic experiment,
the mice were anesthetized with CO, for blood collection
and euthanized. The male rats that participated in the
hepatotoxicity tests were euthanized by exsanguination.

The blood biochemistry measurements involved a
Minitecno LIND 126 biochemical analyzer (I.S.E. Srl,
Italy) with commercial kits purchased from Vector-Best,
Novosibirsk. The histological analysis of the liver mi-
croslides involved an Axio Lab Al binocular light mi-
croscope with an Axiocam 105 digital camera (Carl
Zeiss, Germany).

The hypoglycemic tests of 50 and 100 mg/kg quer-
cetin were performed on male rats with diabetes melli-
tus induced by alloxan. The tests followed the protocol
described in Table 1. Purified water served as negative

control substance and medium for the test substances.
Glibenclamide (Ozon, Russia), a glucose-lowering sub-
stance, was used as positive control.

This experiment involved 50 rats, which were divi-
ded into five groups of ten animals in each (Guidelines
for preclinical studies of drugs. Part 1). The animals in
groups 2—5 remained without food for 16 h, upon which
we induced diabetes mellitus with a single intraperitoneal
injection of alloxan solution at a dose of 150 mg/kg per
1 mL in line with experimentally selected conditions [26].
To confirm the development of diabetes mellitus, we
measured the body weight and the concentration of glu-
cose in the blood 48 h before and after the alloxan in-
jection. Only animals with > 11 mmol/L blood glucose
stayed in the experiment. The test substances were ad-
ministered two weeks later to let the animals stabilize.
They received the test substance once a day during the
last week of the experiment. We measured the fasting
body weight and the concentration of glucose and total
cholesterol in the blood once a week for 21 days. The hy-
poglycemic agent glibenclamide served as positive con-
trol at an effective dose of 5 mg/kg, which was adminis-
tered intragastrically as often as the test substance [27].

The hypocholesterolemic tests involved 50 and
100 mg/kg of quercetin. The male mice received a li-
poprotein lipase inhibitor to develop hypercholesterole-
mia. Table 2 shows the research protocol. Purified wa-
ter served as a negative control substance and a medium
for the substances under analysis. Alloxan (Diaem LLC,
Russia) and Poloxamer P 407 (Koliphor) (BASF, USA)
were used as pathology inducers.

The intact group included five animals while the ex-
perimental groups included eight animals each (Guide-
lines for preclinical studies of drugs. Part 1). To simulate
hypercholesterolemia, the animals in groups 7-9 were
intraperitoneally injected three times a week (Monday,
Wednesday, and Friday) for two weeks with aqueous
solution of a lipoprotein lipase inhibitor at 400 mg/kg

Table 1 Hypoglycemic test protocol

Group Number Diabetes  Active substance
of animals
1 10 - -
2 10 + Purified water
3 10 + Quercetin, 50 mg/kg
4 10 + Quercetin, 100 mg/kg
5 10 + Glibenclamide, 5 mg/kg

Table 2 Hypocholesterolemic test protocol

Group Number  Hypercholesterolemia Active substance

of animals
6 5 — —
8 + Purified water
8 8 + Quercetin,
50 mg/kg
9 8 + Quercetin,
100 mg/kg
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per 1 mL. Poloxamer P 407 (Koliphor) disrupted the
clearance of lipoproteins. The intact animals in group 6
received no substances. The test substances and the nega-
tive control substance were injected into stomachs daily
for two weeks in a volume of 1 mL. After the last ad-
ministration, the animals were anesthetized for blood
collection and euthanized. After that, we determined the
concentration of total cholesterol in the blood serum.

To study hepatotoxicity, quercetin was administered
intragastrically to male rats at 50 and 100 mg/kg daily
for 14 days. Purified water served as negative control
and medium for the test substances. Table 3 illustrates
the research protocol.

The animals were monitored daily; the body weight
and stool consistency tests took place once a week. The
animals were euthanized 24 h after the last administra-
tion and fasting. The histological analysis made it pos-
sible to assess the potential toxic damage to the liver.
The weight coefficient was determined as the percen-
tage of liver weight to the body weight. The blood se-
rum was tested in a semi-automatic biochemical ana-
lyzer for markers of damage to hepatocytes and biliary
tract, i.e., alanine aminotransferase, aspartate amino-
transferase, gamma-glutamyltransferase, alkaline phos-
phatase, and total protein and albumin content. The glo-
bulin concentration was represented as the difference
between the concentrations of total protein and albumin.

The literature review made it possible to determine
the experimental doses as 50 and 100 mg/kg [19, 28].

Each group consisted of < 10 animals, so we applied
the nonparametric Mann-Whitney test to compare the
indicators from different groups [29]. In the experiment
on hypoglycemic activity, we used the Grubbs criterion
as in [31] to define outliers (State Standard R ISO 16269-
4-2017). Differences were considered statistically sig-
nificant at p < 0.05. The data obeyed the normal distri-
bution law, so we used the Shapiro-Wilk test to assess
the hypoglycemic and hypocholesterolemic activity.
The final results were presented as the mean of trait X
and the mean error SE.

RESULTS AND DISCUSSION

In this research, quercetin caused neither severe
health problems nor death in the model animals. During
the entire experiment, the animals demonstrated no
health problems associated with any potential toxic

effects of quercetin. No changes in stool consistency
were recorded. Thus, intragastric 50 and 100 mg/kg quer-
cetin caused no major health problems after 14 days
of treatment.

Hypoglycemic activity test results. We tested the
rats’ body weight after oral administration of quercetin
and glibenclamide (Table 4).

The body weight changes in the male rats with in-
duced diabetes after 50 and 100 mg/kg of quercetin we-
re almost the same as in the intact and control groups
(p>0.05). The diabetic rats treated with 5 mg/kg of
glibenclamide for 7 days showed body weight results si-
milar to the intact and control groups (p > 0.05). Thus,
a single intraperitoneal injection of 150 mg/kg alloxan
and intragastric administration of 50 and 100 mg/kg
quercetin did not affect the body weight in the experi-
mental animals.

After oral administration of quercetin and glibencla-
mide, we also assessed the blood biochemistry of the
rats (Table 5).

Before alloxan was administered, the concentration
of glucose in the blood serum of the intact animals
(5.264 £ 0.374 mmol/L, n=10) and the grouping pool
(5.254 £ 0.163 mmol/L, n = 80) conformed to standards.
These indicators were similar (p > 0.05).

The rats developed diabetes 48 h after the intra-perito-
neal injection of alloxan solution at a dose of 150 mg/kg
(p <0.05). These animals had a higher concentration
of glucose and cholesterol in the blood serum than the
intact animals. The effect persisted in experimental ani-
mals throughout the experiment (p < 0.05).

The rats received quercetin into the stomach for
7 days at doses of 50 and 100 mg/kg, which did not re-
duce the concentration of glucose and cholesterol in the
blood serum (p > 0.05). Glibenclamide administered at a
dose of 5 mg/kg reduced the concentrations of glucose
and cholesterol in the blood serum, but their levels still
exceeded those in the intact group (p < 0.05).

Table 3 Hepatotoxicity test protocol

Group  Number of animals  Active substance

10 5 Purified water

11 5 Quercetin, 50 mg/kg
12 5 Quercetin, 100 mg/kg

Table 4 Mean body weight of rats after oral administration of quercetin and glibenclamide (X + SE)

Time

Body weight, g

Inactive rats

Purified water (control)

Quercetin Glibenclamide, 5 mg/kg

50 mg/kg

100 mg/kg

Before alloxan 242+4(n=10) 243+1 (n=280)

48 h after alloxan 243+4(n=10) 246+4 (n=10)

243 +£2 (n=10)

243+3(n=10) 247+3(n=10)

1 week after alloxan 247 +4 (n=10) 248+2 (n=9) 246+3(n=8) 248+3(n=9) 248+5(n=9)
2 weeks after alloxan 249 +3 (n=10) 2514 (n=7) 248+3(n=6) 249+2(n=7) 248+x4(n=7)
3 weeks after alloxan 258 £3 (n=10) 260+4 (n=06) 258+2(n=6) 259+2(n=6) 257+4*(n=06)

* statistically significant differences with intact group (p < 0.05)
# statistically significant differences with control (p < 0.05)
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Table 5 Mean blood biochemistry in rats after oral administration of quercetin and glibenclamide (X + SE)

Time Intact animals Purified water (control)

Quercetin

50 mg/kg

100 mg/kg

Glibenclamide, 5 mg/kg

Glucose, mmol/L

48 h after alloxan 4.883£0.301 22.618+0.792* 22.015+£2.349% 21.563 £1.259* 21.475+0.620*
(n=10) (n=10) (n=10) (n=10) (n=10)

1 week after alloxan ~ 4.335+£0.227 24.457 +0.700* 24.148 £ 0.800% 24.043 £0.776* 25.134 +£0.579*
(n=10) n=9) (n=238) (n=9) n=9)

2 weeks after alloxan 4.533 £0.285 23.372+0.721* 23.068 £ 0.534* 23.446+0.761* 22.861 +0.319*
(n=10) (n=17) (n=16) (n=7) (n=7)

3 weeks after alloxan 4.370 £0.378 20.094 + 0.398* 20.513+£0.401* 20.815+£0.413*% 13.022 + 0.584*#
(n=10) (n=06) (n=6) (n=106) (n=06)

Cholesterol, mmol/L

1 week after alloxan ~ 1.612+0.063 2.592 + 0.090* 2.693 +0.059*  2.638+£0.114*  2.583 +£0.043*
(n=10) n=9) (n=28) (n=28) n=9)

2 weeks after alloxan 1.544 £ 0.088 2.584 +0.074* 2.415+0.133*  2.445+£0.118*  2.554 + 0.066*
(n=10) (n=7) (n=06) (n=17) (n=7)

3 weeks after alloxan 1.580+0.074 2.437 +0.073* 2.615+£0.077*  2.616£0.059*  1.927 +0.042*#
(n=10) (n=6) (n=16) (n= 6) (n=06)

* statistically significant differences with intact group (p < 0.05)
# statistically significant differences with control (p < 0.05)

Table 6 Mean blood biochemistry in mice after oral administration of quercetin

Indicator Intact animals (n =5) Purified water (control) (n=28)  Quercetin
50 mg/kg (n="7) 100 mg/kg (n = 8)
Cholesterol, mmol/L ~ 1.921 +£0.199 9.923 £+ 1.274%* 9.746 £ 0.912* 9.575 £ 0.840%*
* statistically significant differences with intact group (p < 0.05)
Table 7 Mean body weight of rats during intragastric quercetin treatment, g
Time Purified water Quercetin
50 mg/kg 100 mg/kg
Before treatment 681 £25 683 £7 700 £ 22
After 1 week of treatment 676 + 26 695+ 10 713+ 20
Body-weight increase -5+7 11+8 13+4
After two weeks of treatment 692 + 34 T13£8 730 £20
Body-weight increase 16+9 18+2 17+1

Therefore, 50 and 100 mg/kg of quercetin produced
no hypoglycemic activity under these experimental
conditions.

Hypocholesterolemic activity test results. Table 6
shows the biochemistry results of the blood of mice that
received quercetin orally in doses of 50 and 100 mg/kg.

Poloxamer P 407 (Koliphor) is a lipoprotein lipase in-
hibitor that disrupts the clearance of lipoproteins. The
mice received it intraperitoneally as a 400 mg/kg aque-
ous solution for 14 days three times a week (Monday,
Wednesday, and Friday). As a result, they developed hy-
percholesterolemia. The experimental mice were intra-
gastrically injected with 50 and 100 mg/kg of quercetin
for 14 days, but the concentration of cholesterol in the
blood serum did not go down.

Thus, 50 and 100 mg/kg of quercetin had no hypo-
cholesterolemic effect under the experimental conditions.

Hepatotoxicity activity test results. Table 7 illustra-
tes the body weight of animals during the intragastric
treatment with quercetin.

During the entire treatment, the animals that re-
ceived quercetin demonstrated the same body-weight in-
crease as the control animals (p > 0.05).

In this research, 14 days of intragastric 50—100 mg/kg
quercetin did not affect the body weight of the test ani-
mals and, therefore, had no impact on their general
health condition.

Table 8 shows the blood biochemistry indicators at
the end of the intragastric treatment.

The animals that received 50 mg/kg of quercetin
demonstrated a significantly lower gamma-glutamyltrans-
ferase activity, but this indicator remained the same in
the animals that received 100 mg/kg. Both quercetin do-
ses reduced the aspartate aminotransferase activity.

High alanine aminotransferase and aspartate ami-
notransferase activities are a characteristic biochemical
sign of hepatotoxicity. Therefore, the low liver enzyme
activity could not be interpreted as hepatotoxicity,
and we observed no critical liver damage in this expe-
riment. The decrease in gamma-glutamyltransferase,
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Table 8 Mean indicators of blood biochemistry in rats at the end of intragastric treatment with quercetin

Indicator Purified water Quercetin

50 mg/kg 100 mg/kg
Alanine aminotransferase, U/L 39.24 +5.43 36.78 £2.63 36.92 +3.44
Aspartate aminotransferase, U/L 166.50 £ 5.20 109.06 + 14.08* 107.44 + 13.86*
Gamma-glutamyltransferase, U/L 1.485+0.104 0.724 £ 0.222* 1.529 £ 0.182
Alkaline phosphatase, U/L 155.04 + 15.06 157.88 + 14.07 129.57 + 16.96
Total protein, g/L 63.97 £9.05 74.68 £8.91 71.81 £9.45
Total albumin, g/L 22.82 +0.85 13.42 +0.82* 23.33 +£3.47
Total globulin, g/L 41.15+£9.18 61.25+9.61 48.47 +9.37

* statistically significant differences with control (p < 0.05)

Table 9 Mean values of absolute and relative liver weight at the end of intragastric treatment quercetin

Indicator Purified water Quercetin

50 mg/kg 100 mg/kg
Body weight, g 681 +£25 683 +7 700 £ 22
Liver, g 23312+ 1.729 23.645+0.756 24.869 +1.232
Liver, % 3.432+0.215 3.432 +0.146 3.503 +£0.121

Table 10 Individual data of histological tests

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal hydropic degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal hydropic degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal hydropic degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

Congestion with red blood cells, stromal edema, focal hydropic degeneration of hepatocytes

Group  Animal No.  Morphological changes
10 1
2
3
4
5
11 1
2
3
4
5
12 1
2
3
4
5

Congestion with red blood cells, stromal edema, focal granular degeneration of hepatocytes

alanine aminotransferase, and aspartate aminotransfe-
rase proved that quercetin was not hepatotoxic.

To sum it up, 50 and 100 mg/kg of intragastric quer-
cetin had no effect on blood biochemistry that would
signal of hepatotoxicity after 14 days of treatment.

The necropsy revealed no pathological changes.
Therefore, 14 days of intragastric treatment with 50—
100 mg/kg of quercetin caused no pathological chan-
ges in the liver.

Table 9 demonstrates the absolute and relative li-
ver weight at the end of the intragastric treatment with
quercetin.

We detected no statistically significant differences
in body and liver weight between the intact group and
the test group. Therefore, 14 days of treatment with 50—
100 mg/kg of quercetin caused no pathological damage
to liver tissues.

Table 10 demonstrates the histological results.

All experimental animals revealed congestion ac-
companied by red blood cell stasis, stromal edema, and
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focal granular or hydropic degeneration of hepatocytes.
These phenomena occurred in all groups, including the
control, and were caused by the acute circulatory di-
sorders during euthanasia. Thus, 14 days of intragastric
treatment with 50 and 100 mg/kg of quercetin triggered
no morphological changes in liver tissues.

Our results contradicted those published by Hossei-
ni et al., who reported the positive effect of quercetin
on glucose, triglycerides, cholesterol, and weight [3].
Vessal et al. gave 10 and 15 mg/kg of quercetin to rats
with streptozotocin-induced diabetes [30]. After 10 days,
glucose, triglycerides, and cholesterol went down whe-
reas some liver enzymes became more active. Kiligar-
slan & Donmez also experimented on rats with strep-
tozotocin-induced diabetes [31]. They administered
15 mg/kg of quercetin for 28 days and observed low
activity of liver enzymes, lipid peroxidation, and in-
creased expression of SOD and GSH, i.e., genes respon-
sible for antioxidant cell defense. Zhang et al. experimen-
ted on mice with genetic obesity and diabetes [32]. The
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animals received quercetin in doses of 50-200 mg/kg
for 35 days and demonstrated a decrease in blood glu-
cose, triglycerides, and total cholesterol. Presumably,
this effect was associated with increased insulin se-
cretion. Bhaskar er al. injected female rabbits with
25 mg/kg of quercetin: after 90 days of hyperchole-
sterolemic diet, their lipid profile significantly im-
proved [33]. Rivera et al. assessed the effect of 2 and
10 mg/kg of quercetin on Zucker rats [34]. The treat-
ment relieved symptoms of dyslipidemia, hypertension,
and hyperinsulinemia; 10 mg/kg of quercetin promoted
weight loss. Zhao et al. studied Wistar rats on a high-fat
diet [35]. The animals received resveratrol at a dose of
120 mg/kg/day and quercetin at a dose of 240 mg/kg/day.
The combination of quercetin and resveratrol reduced
insulin resistance and inflammation in adipose tissue.

Our data differed from those reported by other au-
thors because we used different model objects, quercetin
doses, and markers of metabolic syndrome.

In general, our results do not refute other studies. Af-
ter administering 50 and 100 mg/kg of quercetin, we ob-
served no increase in body weight, blood glucose, or cho-
lesterol in male rats with alloxan-induced diabetes, nor
did we detect anything like that in male mice with hyper-
cholesterolemia induced by a lipoprotein lipase inhibitor.

CONCLUSION

Our in vivo experiments on male rats and mice fea-
tured the hypoglycemic, hypocholesterolemic, and hep-
atotoxic properties of quercetin isolated from the hairy
root extract of Hedysarum neglectum Ledeb. The results
could be summarized as follows:

1. Treatment with quercetin in doses of 50 and
100 mg/kg caused neither serious health problems nor
death, which means that quercetin produced no toxic ef-
fect on the test subjects.

2. The same treatment caused no changes in the body
weight of the model animals with induced diabetes;

3. It did not affect the levels of glucose and choleste-
rol in the blood of the model animals with induced dia-
betes. Therefore, quercetin exhibited no hypoglycemic
activity: it did not reduce the high blood glucose levels
that caused diabetes. However, quercetin did not incre-
ase serum glucose and cholesterol either.

4. Administration of 50 and 100 mg/kg of quercetin
had no impact on the cholesterol in the blood of the
model animals with induced hypercholesterolemia. The-
refore, quercetin demonstrated no hypocholesterolemic
activity as it did not reduce the concentration of cho-
lesterol in the blood serum. Still, the treatment did not
increase the serum cholesterol levels in the hypercholes-
terolemic animals.

5. The treatment inhibited the activity of aspartate
aminotransferase; at 50 mg/kg, quercetin led to a statisti-
cally significant decrease in the activity of gamma-gluta-
myltransferase.

6. Administration of 50 and 100 mg/kg of quercetin
neither affected blood biochemistry nor caused any patho-
logical changes in liver tissue.

This in vivo research on rodents showed that querce-
tin can be safely used in dietary supplements because it
has no toxic effect on liver cells. However, quercetin de-
monstrated no preventive activity against metabolic
syndrome, i.e., it did not reduce cholesterol or blood
glucose. Further research is needed to assess the effect
of quercetin on other markers of hypoglycemia and hy-
pocholesterolemia, such as antioxidant defense genes
or those involved in carbohydrate and lipid metabolism,
e.g., PONI, PPARG, ALDHIBI, APOA4, etc.
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