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Abstract: Quercetin is a dietary flavonoid found in a wide range of fruits and vegetables; it has diverse bio-
logical activities, possesses beneficial effects in ameliorating diabetic complications, apart from the effect of
quercetin on fructose feed induced insulin resistance (IR) linked cardiac dysfunction have not been entirely
revealed. This study aspires to explore the effect of quercetin on metabolism, oxidative stress, cardiomyocytes
damage and cardiac function in IR state. Wistar rats either sex weighing 220-250 g (n = 8), were divided into
four groups, kept on either control diet and high fructose diet and supplement with a quercetin as a test drug
and metformin as a standard, at the dose of 50 and 200 mg/kg; p.o., respectively. Daily measured body weight,
feed, and water intake for 35 days, Oral glucose tolerance test (OGTT) performed in animals on the 32™ day.
At end of the study (36" day), measured hemodynamic parameters after that estimation of various biochemical
parameters. Finally, the animals were sacrificed for isolation of tissues and measured heart weight, the oxida-
tive stress level of heart and histopathological changes. Treatment of quercetin with fructose-fed ameliorated
all the parameters revile by the contrast of IR rats. The outcome of quercetin associated improves insulin sen-
sitivity, normalized lipid profile, abolish hemodynamic changes, oxidative stress and cardiac injury markers
within fructose-fed, and lesser histopathological changes were observed in contrast with IR rats. These benefi-
cial effects of quercetin mediated by improving insulin sensitivity and metabolism; reduced oxidative stress
could potentially be used to ameliorate the myocardial damage.
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monophosphate-activated protein kinase

Various diseases emerge after the long expo-
sure to Western diets as well as unhealthy lifestyle
involving a lack of physical activity (1). Altering of
diets has resulted in the large quantity of increase in
daily intake of carbohydrates; as a major content of
fructose having the main ingredient of these con-
sumed foods (2). It has been recently confirmed that
the consumption of high amounts of fructose in a
form of food and beverage increases the risk
lifestyle diseases such as hypertension, dyslipi-
demia, diabetes and obesity that act independently
and synergistically (3). The relationship between
high fructose intake and the development of insulin
resistance (IR), exposure of the liver to a large
amount of fructose leads to rapid stimulation of lipo-
genesis and triglyceride accumulation, which in turn
contributes to reduced insulin sensitivity and hepat-
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ic IR or glucose intolerance (4). An assortment of
fructose-fed rodent models reported allied with high
triglyceride levels, adiposity, IR, and glucose intol-
erance associated with cardiovascular changes (5).
Rather than cardiac IR include enhances pressure or
volume overload, metabolic disparity, energy
imperfection or decreased perfusion (6). This subse-
quently increases energy demand, reducing cardiac
efficiency and metabolic derangements and dam-
ages the cardiomyocytes (7).

Therefore, several new drug treatment strate-
gies have been developed in order to optimize these
associative disorders; subsequently, maintain energy
demand modification of patient complaints and per-
spectives of cardiovascular drug treatment with
associated with diabetes in the population. AMP-
activated protein kinase (AMPK) is a potential tar-
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get for novel agents that may meet this challenge.
AMP Kinase as an energy sensor that plays a key
role in regulating cellular energy metabolism (8). In
response to reduction of intracellular ATP levels (9),
AMPK activates energy-producing pathways and
inhibits energy-consuming processes: inhibits the
protein, carbohydrate, and lipid biosynthesis, as well
as cell growth and proliferation (10).

Salicylate a plant product has been used since
ancient times as a medicinal use of molecule AMPK
activator (11). Natural products such as Berberine,
Quercetin, Phytosterol, Resveratrol, Epigallocate-
chin, and Capsaicin also exert glucose-lowering
effects partly by activating AMPK through the reg-
ulation of mitochondrial function (10-12). Our
investigational drug quercetin, it is most abundant
dietary flavonoid found in a wide range of fruits and
vegetables. Numerous studies reported that quer-
cetin ameliorates oxidative stress (13), anti-inflam-
matory (14), prevent atherosclerosis (15) and retains
endothelial function (16). Recently documented
quercetin (50 uM) treatment to L6 skeletal muscle
cells, human HepG, and murine H,IIE hepatocytes
for 18 h stimulated AMPK, increased GLUT,
translocation in cultured rat L, skeletal muscle cells.
It was also observed that quercetin induces hepatic
AMPK activation and inhibits glucose-6-phos-
phatase in H,IIE hepatocytes. Moreover, quercetin
exhibits capacity, though mildly, to enhance glyco-
gen synthase in HepG, hepatocytes which is a rate-
limiting enzyme for glycogen synthesis (17).
Selection of quercetin is based on the literature sur-
vey; it’s involvement in activation of AMPK molec-
ular switches that regulate energy balance of cell
(18). The motive of this study was to examine the
pharmacological evaluation of entity use of
quercetin, as an AMPK activators as a novel thera-
peutic approach for treating of cardiovascular dis-
eases associated with insulin resistance syndrome.
Therefore, a new drug treatment scheme has been
developed in direct help to prevent and to decrease
the degree of myocardial injury in diabetes as well
as to improve myocardial function. In view of these,
quercetin could may be potentially be used as a drug
to ameliorate cardiomyopathy induced by diabetes.

MATERIAL AND METHODS

Drugs and chemicals

Quercetin was procured from Hi-media
Mumbai and Metformin was obtained as gift sample
from Swaroop Drug and Pharmaceuticals Maharash-
tra, India. Glucose, CK-MB and LDH kits were pur-
chased from Recon diagnostic India. Alanine

transaminase (ALT), Aspartate aminotransferase
(AST), Alkaline phosphatase (ALP), Total choles-
terol, Triglyceride level determined by commercial-
ly available kit by Span diagnostic, and uric acid
determine by analysis kit by Accurex Biomedical
Ltd.; as well as Serum insulin levels were deter-
mined by radioimmunoassay kit obtained from
BRIT, BARC, Mumbai, India, all the other chemi-
cals used were of analytical grade.

Experimental animals and diets

The study was conducted on 32 healthy albinos
Wistar rats of either sex body weight 220-250 g
were procured from registered breeder Disease free
small animal house college of veterinary science,
Hisar, Haryana, used in the study. They were housed
well establish our institute central animal house
facility appropriate polypropylene cages, lined with
husk, renewed every 24 h under an environmentally
controlled room temperature (25 + 1°C) and relative
humidity of 45-55% under 12 : 12 h light/dark cycle
and had free access to water and rodent food. All
experiments were performed at the Department of
Pharmacology ASBASJS Memorial College of
Pharmacy, Bela, from 2014 to 2016. The whole
experiment was carried out according to the guide-
lines of the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPC-
SEA) New Delhi, India and approved by the Animal
Ethics Committee (IAEC) this study was revived
(Protocol No: ASCB/IAEC/07/14/91).

After 1 week of acclimatization period, the ani-
mal was planned for study, control group rats (n = 8)
was fed a normal chow diet and rest of 24 rats were
fed a fructose-enriched diet (Teklad-Harlan,
Madison, USA formula) content provided 60% of
total calories in the diet prepared in the laboratory
with the following composition (g/kg) Casein high
protein-207.0; DL-methionine-3.0; fructose-600.0;
lard-50.0; cellulose-79.81; mineral mix-50.0; zinc
carbonate-0.04; and vitamin mix-10, animals were
maintained on these regimens for 5 weeks.

Experimental design and study protocol

Prior to dietary manipulation; all rats during
acclimatization periods were fed standard pellet
rodent diet. The rats were divided into four different
groups (n = 8) as under protocol design. Study group
(C) normal chow feed control; group (F) fructose-
fed IR control, both groups rats were administered
0.9% normal saline 2 mL p.o; test groups (F+Qs),
and standard group(F+M,,,) with fructose-fed rats
received Quercetin 50 and Metformin 200 mg/kg;
p-o. respectively. Study group (C), received normal
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chow feed palates and rest of all study groups
received fructose feed and treatment as per men-
tioned above. The doses were selected; test com-
pound quercetin (50 mg/kg; p.o.), (14, 19) and as a
standard metformin (dose 200 mg/kg; p.o.) on the
basis of previous literature review (20). Daily body
weight feed and water intakes were measured and
oral glucose tolerance test (OGTT) performed in
animals on the 32™day. After performed OGTT, ani-
mals were supplemented with Lactated Ringer’s
Solution to prevent hypovolemia. Animals also sup-
plemented with food and water ad libitum and treat-
ed with test dug as per schedule, discussed in the
protocol. Animals were overnight fasted since 35"
day (to next 16 h) on 36" days animals were utilized
to measure hemodynamic parameters. End of the
experiments animals was sacrificed and blood was
collected from the carotid artery for the assessment
of the various biochemical measurements. Heart and
liver tissue were collected to estimate isolate organ
weight and to estimate heart tissue biomarkers and
histopathological studies were carried out.

Biochemical measurements

The rats have fasted for 16 h and blood samples
were collected and serums were prepared by centrifu-
gation of the blood samples at 2000 x g for 20 min at
4°C. Serum glucose levels, lipid profile (TGs, T-Chol,
and HDL), liver function test (ALT, AST, and ALP)
and uric acid, cardiac injury markers (CK-MB and
LDH) were quantified using commercially available
kits. Meanwhile, serum insulin levels were determined
by standard radioimmunoassay technique using a
standard kit obtained from BRIT, BARC, Mumbai,
India experiment perform in Radio Immune Assay
(RIA) laboratory. Following blood collection, rats
were sacrificed and hearts were collected, weighed
and stored for biochemical and histological analyses.

Oral glucose tolerance test and insulin sensitivity
index

Oral glucose tolerance test (OGTT) was per-
formed by measuring the glucose level in each
group. The rats fasted for 16 h and blood samples
were collected by retro-orbital plexus. A dose of 2
g/kg (body weight) glucose solution (21) was given
by gastric gavages. Blood samples were obtained
from the retro-orbital plexus at pre O (before glucose
administration), 30, 60, 90 and 120 min. post glu-
cose intake. Plasma glucose levels were measured
by available commercial kits using auto bioanalyzer
(Microlab 300).

From the blood, glucose and insulin levels, the
degree of insulin resistance estimated by; using

Homeostasis Model Assessment (HOMA) as an
index of insulin resistance, as calculated by the fol-
lowing formula: [Fasting serum insulin (mU) X
Fasting serum glucose ( mmol/L)/22.5] (22).

Hemodynamic measurements

At the end of the experimental period, rats
were anesthetized with 25% urethane (1.5 g/kg;
i.p.). Throughout the experimental protocol body
temperature of the animals was maintained at 37°C.
The neck was opened with a ventral midline incision
to perform the tracheotomy. A polyethylene catheter
(PEs) filled with heparinized saline (50 IU/mL) and
connected to a pressure transducer was inserted into
the carotid artery. The signal was amplified by
means of a bio-amplifier and monitored using the
Power Lab system (AD Instruments, NSW Austra-
lia). The measurement of systolic blood pressure
(SBP), diastolic blood pressure (DBP), arterial
blood pressure (ABP), mean arterial blood pressure
(MAP) and heart rate (HR) were then obtained.

Determination of lipid peroxidation (LPO),
superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPx) levels in heart
homogenates

After blood collection for hemodynamic meas-
urements, the animal was sacrificed hart tissue har-
vest; blood was washed off from the heart chambers
by using ice-chilled physiological saline. The heart
was then thawed, placed in 10% tissue homogenate
buffer which was prepared using a phosphate buffer
(0.1 M, pH 7.4). The homogenates were centrifuged
at 600 x g for 10 min to remove cell debris. The
supernatant was again centrifuged at 10,000 x g for
30 min to obtain the cytosolic fraction. All proce-
dures were carried out at 4°C. The supernatants were
then used for biochemical analyses.

Malondialdehyde (MDA), a measurement of
LPO in the heart was assayed in the form of thio-
barbituric acid-reactive substances (TBARS) fol-
lowing the method of Ohkawa et al. (23). The rate of
lipid peroxidation was expressed as mmol of MDA
formed/g wet weight tissue. SOD activity level was
determined according to the method of Mishra and
Fridovich (24) and was expressed as the amount of
enzyme that inhibits epinephrine oxidation by 50%,
equal to 1U/mg of protein. CAT activity level was
determined from the decomposition of H,O, at 240
nm for 3 min and was monitored by using a spec-
trophotometer, followed the method of according to
Maehly and Chance (25). The activity level of this
enzyme was expressed in mmol H,O, metabo-
lized/mg protein /min. GPx activity level was deter-
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mined according to the method of Rotruck et al.,
(26) and was expressed as mM of GSH consumed
/mg protein/ min.

Histology

The animals were sacrificed; the heart was iso-
lated, washed with ice-cold saline and fixed in 10%
buffered formalin for 24 h. The samples were sent
pathology department of IVY hospital, sec-71,
S.A.S Nagar (Mohali) for the preparation of slides
of heart tissue. Tissues were dehydrated in a graded
series of alcohol, embedded in paraffin, sectioned in
5 mm thickness by using a microtome. The sections
were dewaxed in three changes of xylene, hydrated
in two changes of 100% ethanol, followed by 95%
and 80% ethanol, rinsed with water and then stained
with hematoxylin and eosin (H and E). For interpre-
tation, the pictures were taken from the prepared
slides with the help of photomicroscope.

Statistical analysis
All datasets were represented as the mean +
standard error of the mean (SEM). Comparisons of
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findings between groups were made via statistical
analysis of data sets using one-way analysis of
variance (ANOVA). When interaction and/or the
main effects were significant, means were compared
using the Newman-Keuls multiple-comparison post-
hoc test. A p-value of < 0.05 was considered statis-
tically significant. All statistical analyses were per-
formed using Graph Pad Prism version 5.00 for
Windows.

RESULTS

Effects of Quercetin on body weight; feed and
water intake and organ somatic weight

At the beginning of the study, there was no sig-
nificant difference in mean body weight, food intake
and water intake among all groups. Fructose fed-IR
rats significantly reducing the weight gain (p <
0.001) in the final body weight when compared to
the initial body weight and also significantly decreas-
ing the feed intake (p < 0.01) when compared to nor-
mal chow diet rats. Meanwhile, in IR control group
rats do not show remarkable changes in water intake

Table 1. Effect of Quercetin on % weight gain, food and water intake, and organs somatic index.

Parameters C F F+Q, F + M,
Body weight, food and water intake
% Weight gain at week 5(g) 13.13 £ 7.07 2.84 + 4.43%%* 4.56 +2.41 4.58 +3.63
Food intake at week 5(g/day) 20.29 + 1.06 9.09 + 0.85%* 11.11 £ 0.79 10.17 £ 0.81
Water intake at week 5 (mL/day) 25.45 +£0.89 27.57 £ 1.40 26.71 £ 0.58 25.71+£0.43
Organs somatic index (W/W %)
Liver weight in (g) 4.08 £0.18 5.84£0.17* 421 +0.18" 3.89£0.13*
Heart weight in (g) 0.27 £0.63 0.31 £ 0.67* 0.28 = 0.08* 0.26 £ 0.01*

Study group (C) normal chow feed control; group (F) fructose-fed IR control, both groups rats were administered 0.9% normal saline 2
mL p.o; test groups (F + Qs), and standard group (F + M,,,) with fructose-fed rats received Quercetin 50 and Metformin 200 mg/kg; p.o
respectively. (Values expressed as mean £ SEM, n = 8). *p < 0.05, **p < 0.01, ***p < 0.001 when compared with C; *p < 0.05, *#p < 0.01
when compared with F; One way ANOVA followed by Newman-Keuls comparison test

Table 2. Effects of Quercetin on fasting serum glucose, insulin level; HOMA of insulin resistance index, OGTT, and AUC.

Parameters C F F +Qs, F+M,,,
Glucose(mg/dL) 94.11 £1.28 130.1 £ 3.56%%*%* 117.1 £ 2.64" 103.1 + 1.44%
Insulin(pU/mL) 27.29 +2.39 48.36 £ 5.20%#* 30.57 + 3.80* 28.73 + 2.60*
HOMA (% of control group) 6.34 £ 1.53 15.53 £ 2.67*** 8.83 £ 1.15* 7.31 £2.32%
OGTT AUC (mmol/L) 18084 £ 4.31 21309 £ 7.93** 16088 + 1.34* 15721 £ 1.06*

Abbreviations: (HOMA) Homeostasis model assessment of insulin resistance index; (OGTT AUC) Oral glucose tolerance test Area under
the curve. Study group (C) normal chow feed control; group (F) fructose-fed IR control, both groups rats were administered 0.9% normal
saline 2 mL p.o; test groups (F + Qs,), and standard group (F + M, with fructose-fed rats received Quercetin 50 and Metformin 200
mg/kg; p.o respectively. (Values expressed as mean = SEM, n = 8). **p < 0.01, ***p < 0.001 when compared with C; *p < 0.05, #p < 0.01
when compared with F; One way ANOVA followed by Newman-Keuls comparison test
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Table 3. Effects of Quercetin on lipid profile, liver functions tests and uric acid level.

Parameters ‘ C F F +Q,, ‘ F+M,,
Lipid profile
TGs (mg/dL) 62.29 +5.02 153.8 £ 12.08%%** 113.9 £ 9.21% 87.0 £ 4.765"
T-Chol (mg/dL) 55.21 £ 3.80 119.65 £ 4.54%%%* 99.92 + 4.46" 72.29 £5.02%
HDL-C (mg/dL) 41.33 £1.51 11.31 £ 0.64%%* 25.31 +1.42* 33.62 +3.12%
Liver functions test
ALT (IU/L) 2746+ 1.13 78.09 £ 1.75%%* 44.77 £ 1.23% 38.32 £ 0.47%
ASTIU/L) 18.23 + 1.44 41.23 + 0.85%%* 36.77 £ 0.92* 23.98 + 1.49%
ALP(IU/L) 13472 £2.2 221.1 £ 6.43%%* 188.43 + 3.66 142.9 + 1.79"
Uric Acid(mg/dL) 1.96 £ 0.21 5.47 £ 0.25%%%* 3.40 £ 0.04* 4.90 £ 0.26

Abbreviations: (TGs) Triglycerides, (T-Chol) Total cholesterol, (HDL-C)High-density lipoprotein cholesterol, (ALT) Alanine transami-
nase, (AST) Aspartate transaminase, (ALP) Alkaline Phosphatase. Study group (C) normal chow feed control; group (F) fructose-fed IR
control, both groups rats were administered 0.9% normal saline 2 mL p.o; test groups (F + Qs), and standard group (F + M,,,) with fruc-
tose-fed rats received Quercetin 50 and Metformin 200 mg/kg; p.o respectively. (Values expressed as mean + SEM, n = 8). **p < 0.01,
*##*p < 0.001 when compared with C; *p < 0.05, #p < 0.01, *p < 0.001 when compared with F; One way ANOVA followed by Newman-

Keuls comparison test

when compared to normal chow diet rats. As similar
in fructose-fed treatment groups with quercetin and
metformin, body weight gain, feed, and water intake
do not show any remarkable changes when com-
pared with the fructose feeding IR rats (Table 1).
Liver and cardiac somatic index in normal, in
chow diet rats and quercetin treatment, did not cause
significant changes in the somatic index. In fruc-
tose-fed IR rats, heart and liver somatic index
markedly increase (p < 0.05) when compared to nor-
mal chow diet rats. In fructose-fed rats treatment
with quercetin and metformin resulted significantly
decrease in heart and liver somatic index (p < 0.05)
when compared to fructose-fed IR rats (Table 1).

Effects of Quercetin on fasting serum glucose,
insulin level; Insulin resistance index and oral
glucose tolerance test (OGTT)

Fructose feeding for five weeks in rats showed
significantly (p < 0.001) increased the level of fasting
serum glucose and insulin as compared to chow-fed
rats. Treatment with quercetin and metformin in fruc-
tose-fed rats significantly (p < 0.05) and (p < 0.01)
prevented the increased serum glucose with respect of
treatment and insulin level in both treatments with
fructose-fed rats significantly (p< 0.05) prevented the
raised serum insulin with respect of treatment as com-
pared with fructose-fed IR rats (Table 2).

Fructose feeding in IR group showed increased
(p <0.001) HOMA-IR levels as compared to chow-
fed rats. Treatment with quercetin and metformin in
fructose-fed rats significantly (p < 0.05) and (p <
0.01) prevented the elevation HOMA-IR levels with

respect of treatment as compared to fructose-fed IR
rats (Table 2). Study of the OGTT (Fig. 1) and the
comparison between total areas under the curve of
glycemia evidenced that fructose-fed IR rats devel-
oped glucose intolerance assessed by significantly
(p < 0.01) increased the total area under curve val-
ues after glucose administration for as compared to
chow-fed rats. Fructose-fed rat treatment with
quercetin and metformin significantly (p < 0.01)
prevented the elevation in total area under curve val-
ues due to glucose administration when compared to
fructose-fed IR control rats (Table 2).

Effects of Quercetin on lipid profile, liver func-
tions test and uric acid level

Fructose feeding in IR group, lipid profile
changes significantly increased (p < 0.001) TGs and
T-Chol, and significantly decrease (p < 0.001)
serum HDL-C level as compared to chow-fed rats.
Treatment with quercetin and metformin in fructose-
fed IR rats significantly (p < 0.01) and (p < 0.001)
decrease serum TGs, with respect of treatment and
also prevent the elevation of T-chol significantly (p
< 0.05) and (p < 0.01) with respect to treatment,
rather than similar treatment group elevate signifi-
cantly (p < 0.05) and (p < 0.01) serum HDL-C when
compared to IR control rats (Table 3).

Fructose enriches diet IR rats affect the liver
function enzymes ALT, ALP and also affected the
serum uric acid levels, increase significantly (p <
0.001) and in the similar group, AST level rise sig-
nificantly (p < 0.01) as compared to chow-fed rats.
Effects of treatment with quercetin and metformin
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on fructose-fed rats, ALT level reduced significant-
ly (p < 0.01), (p < 0.001) and the level of AST sig-
nificantly decreased (p < 0.05), (p < 0.01) and also
prevent the elevation of level of ALP (p < 0.05),
(p < 0.001) with respect of treatment when compare
with fructose-fed IR control rats. Findings of study
in treatment with quercetin in fructose enrich diet on
uric acid levels, significantly reduced (p < 0.05), but
metformin treatment in similar manner diet did not
significantly reduce the uric acid level when com-
pared with fructose-fed IR control rats (Table 3).

Effects of Quercetin on levels of serum cardiac
injury markers

Serum levels of CK-MB and LDH in fructose-
fed IR rats were higher (p< 0.01) observed when
compared to normal chow diet rats. Treatment with
quercetin and metformin on fructose-fed rats result-
ed in markedly reduced (p < 0.05), (p< 0.01) and
serum LDH levels remarkable (p< 0.05) prevented
elevation with respect of treatment when compared
to fructose-fed IR control group rats (Table 4).

Effects of Quercetin on hemodynamic parameters

Fructose enrich diet affect the SBP were signif-
icantly (p < 0.001) increased and also DBP, MAP,
and HR remarkably (p < 0.01) raised in fructose-fed
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IR rats, but ABP slightly increases (p < 0.05) when
compared with normal chow diet rats. Meanwhile,
treatment of fructose-fed rats with quercetin and met-
formin alter the SBP; significantly decrease (p <0.01)
with respect to treatment; however DBP, ABP, MAP,
and HR with both treatments significantly reduce
(p < 0.05) with respect to treatment, when compared
with fructose-fed IR rats (Table 4).

Effects of Quercetin on oxidative stress level in
the heart

Fructose diet affects the Oxidative stress level
in the heart in contest of it LPO was significantly
elevated (p < 0.001) and decrease in the SOD, CAT
level significantly (p < 0.05) and also GPx level
remarkably (p < 0.001) decrease in fructose-fed IR
control group when compared with normal chow
diet rats. In the fructose-fed rat, treated with quer-
cetin reduce the LPO level significantly (p < 0.01)
and rise near to normal level SOD, CAT level sig-
nificantly (p < 0.05) and also GPx level remarkably
(p < 0.01) increase when compared with fructose-
fed IR rats. Standard treatment with metformin
reduces the LPO and rise the near to normal level
GPx, CAT significantly (p < 0.05) but no remark-
able changes in SOD level observed when compared
with fructose-fed IR rats (Table 4).

Table 4. Effects of Quercetin on serum cardiac injury markers, hemodynamic parameters and oxidative stress level in heart.

Parameters C F ‘ F +Qs, ‘ F+M,,,

Serum cardiac injury markers

CK-MB(U/L) 63.05 + 1.06 92.08 + 0.92%%* 75.78 £ 1.08* 66.28 + 1.45##

LDH(IU/L) 790.2+9.2 963.3 + 8.0%* 903.3 + 8.4 803 + 14.84*

Hemodynamic parameters

SBP (mmHg) 113.8 £ 1.10 146.6 + 3.04%#%#%* 118.5 £ 2.62% 117.2 £3.13*

DBP(mmHg) 85.24 £ 0.97 103.6 £ 1.241%* 95.94 + 1.71* 92.71 +2.33*

ABP(mmHg) 102.52 £ 0.77 139.40 £ 0.611* 110.74 £ 1.52* 106.53 £ 1.38*

MAP (mmHg) 94.76 + 0.69 117.93 £ 0.827** | 102.45 £ 1.149* 106.0 + 0.98*

HR(BPM) 377.05 £ 1.70 419.41 £ 1.93%* 396.31 + 0.56 389.33 + 3.76"
Oxidative stress level in heart

LPO (nM MDA/mg of protein) 1.38 £ 0.12 20.19 £ 1.24%%* 9.38 £ 0.52# 13.56 + 0.64*

SOD (U/mg of protein) 7.34 £0.02 5.39 £ 0.06* 6.23 £ 0.09° 5.86 £ 0.07

CAT (nM/mg of protein/min) 4.201 £ 0.02 1.43 £ 0.07* 2.53£0.07 2.35 £ 0.05*

GPx (nM/mg of protein/min) 19.59 £ 0.570 5.11 £ 0.48%#%#%* 12.58 £ 0.57* 9.61 £0.61*

Abbreviations: (CK-MB) Creatine kinase isoenzyme, (LDH) Lactate dehydrogenase, (SBP) Systolic blood pressure, (DBP) Diastolic blood
pressure, (MAP) Mean arterial pressure, (ABP) Arterial blood pressure, (HR) Heart Rate, (LPO) Lipid peroxidation, (MDA)
Malondialdehyde, (SOD) Superoxide dismutase, (CAT) Catalase, (GPx) Glutathione peroxidase levels. Study group (C) normal chow feed
control; group (F) fructose-fed IR control, both groups rats were administered 0.9% normal saline 2 mL p.o; test groups (F + Qs), and stan-
dard group (F + M,,) with fructose-fed rats received Quercetin 50 and Metformin 200 mg/kg; p.o respectively. (Values expressed as mean
+ SEM, n = 8). *p < 0.05, **p < 0.01, ***p < 0.001 when compared with C; *p < 0.05, *p < 0.01when compared with F; One way ANOVA

followed by Newman-Keuls comparison test
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Figure 1. Effects of Quercetin on Oral glucose tolerance test (OGTT)
Study group (C) normal chow feed control; group (F) fructose-fed IR control, both groups rats were administered 0.9% normal saline 2
mL p.o; test groups (F + Qs), and standard group (F + M,,,) with fructose-fed rats received Quercetin 50 and Metformin 200 mg/kg; p.o
respectively. (Values expressed as mean = SEM., n = 8). *p < 0.05, **p < 0.01 when compared with C; *p < 0.05,*p < 0.01 when com-
pared with F; One way ANOVA followed by Newman-Keuls comparison test

Effects of Quercetin on histopathological changes
in the rat liver and heart

Fructose-fed IR rats (Fig. 2b) induced histo-
pathological changes in rat liver including edema;
necrosis and hepatocytes degenerations were severe
when compared to normal chow diet group (Fig. 2a).
The changes in quercetin and metformin treatment
(Figs. 2c-d) respectively in fructose-fed rats moder-
ately decreased when compared with the fructose-
fed IR control group (Fig. 2b).

In normal chow diet rats (Fig. 3a) cardiac mus-
cle fibers were found to be of uniform size, shape,
and configurations with no inflammatory cell infil-
trate. Fructose-fed IR (Fig. 3b) rats produced mas-
sive change in the myocardium showing a varying
degree of vascular changes in the cardiac muscle, in
present study treatment with quercetin and met-
formin (Figs. 3c-d) respectively, inhibits fructose
feed induced cardiac damage by reversal of infiltra-
tion of inflammatory cells and fragmentation of
myofibrils and contraction band necrosis.

DISCUSSION

Chronic provide to eat carbohydrates rich diet
in a form of fructose, induce the hypertriglyc-
eridemia, hyperinsulinemia, and rise in the blood
pressure; these are cardinal features of insulin resist-

ance (IR) (27). Results of the present study confirm
these observations as the feeding of a fructose-rich
diet for 35 days raised glucose, insulin, triglyceride
levels; these are key features of syndrome “X”.
Development of hypertension is secondary to hyper-
insulinemia in fructose-fed IR rats and it is evident
in this study. The importance of this model can be
gauged from the fact that it has been used for assess-
ing the therapeutic efficacy of presently available
insulin sensitizers; therefore this animal model was
selected for the study. Several new drug treatment
strategies have been developed in order to optimize
these associative disorders; subsequently, maintain
energy demand modification of patient complaints
and perspectives of cardiovascular drug treatment
associated with diabetes in the population. A num-
ber of study reference with some or all signs being
reversed when natural compounds from foods,
including flavonoids, such as Rutin and Naringin,
are added to this diet (28). Flavones, especially
quercetin is widely distributed in plants and is pres-
ent in considerable amounts in fruits and vegetables.
In addition to their anti-oxidant effect, it interferes
with a large number of biochemical signaling
pathways, physiological and pathological processes
(13-16).

Result findings in high fructose-fed IR groups
consumed less daily food intake and gained signifi-
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cantly less weight compared to the chow-fed control
group. Fructose-rich diet IR rats make the reduction
in body weight gain could be due to the ability of
rats to adapt for the excess calories obtained when
consuming 60% fructose by taking in fewer calories
thereby maintaining a normal body weight (29),
consistent in normal, rats gained weight when their
chow diet was supplemented. The lesser gain of
body weight in fructose-fed rats receiving quercetin
with the comparison of fructose IR control rats
should be due to near normal fasting blood glucose
and serum insulin levels. Chronic consumption of
fructose-enriched diet resulted in the development
of insulin resistance, evident by impairment of ele-
vations of fasting blood glucose and intolerance, an
increase of HOMA-IR index. Higher insulin levels
in fructose-fed IR rats’ decreases catabolism of fats
and glycogen, which subsequently prevented the
decreased in organs’ weight. This could explain
higher cardiac and liver somatic index observed in
fructose-fed IR rats. These studies prove that
quercetin maintains normal cardiac and liver somat-
ic index by improved insulin sensitivity when com-
pared to fructose-fed IR rats. It is indicated by sig-
nificant decreases in OGTTAUC, and HOMA-IR

index was supported by recently study documented
treatment of quercetin on skeletal muscle cells and
hepatocytes stimulated AMPK and increased
GLUT, translocation in cultured rat L, skeletal mus-
cle cells and improved insulin sensitivity (17).

High fructose intake and the development of
IR, lead to exposure of the liver to a huge amount of
fructose, accelerating lipogenesis and triglyceride
accumulation, which in turn contributes to reduced
hepatic insulin sensitivity, glucose intolerance, and
dysfunction (4). The study confirms that fructose-
rich diet rise TGs and T-Chol level and decreasing
of HDL-C these are cardinal features of etiology of
hepatic and cardiac dysfunctions. Moreover, anoth-
er study documented that isoquercetin and
Quercetin-3-O-gentiobioside treated mice showed
the reduction in cholesterol levels and expression of
nuclear receptor transcription factor PPARY, which
is an important regulator of lipid and glucose home-
ostasis (30). These studies prove that quercetin pro-
duces protective action in high carbohydrate-fed
induced lipid dysfunction in rats. The constant
hyperlipidemic state increased the lipid accumula-
tion and enzymes dysfunction thus promotes the
intrahepatocellular lipids deposition and the cause

Figure 2 (a-d): Effects of Quercetin on Histopathological changes in the various study groups of rat liver tissues.
Representative images for histopathological examination of livers of rats in (a) control study group (C) normal chow feed control; (b) group
(F) fructose-fed IR control, both groups rats were administered 0.9% normal saline 2 mL p.o; (c) test groups (F + Qs,) and (d) standard
group (F + M,,,) with fructose-fed rats were receives Quercetin 50 and Metformin 200 mg/kg; p.o respectively. Liver sections were fixed
and stained with hematoxylin and eosin (H and E) stain. Images were taken at 100 x magnification and scale bar = 10 M. Figure (a) showed
the normal histological appearance of the liver hepatocytes and central vein and hepatocytes were arranged in a network around the cen-
tral vein (Thin arrow); in figure (b) (Bold arrows) showed, edema and necrosis of hepatocytes in the liver cytoplasm. Figure (c) showed
less edema and necrotic changes. In figure (d) show, considerably mild hepatic changes when compared to (a) figures and lesions were
localized in some liver lobules in form of degenerative cell foci with fewer cells
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Figure 3 (a-d): Effects of Quercetin on Histopathological changes in the various study groups of rat heart tissues.
Representative images for histopathological examination of the heart of rats in (a) control study group (C) normal chow feed control; (b)
group (F) fructose-fed IR control, both groups rats were administered 0.9% normal saline 2 mL p.o; (c) test groups (F + Qs,) and (d) stan-
dard group (F + M,,) with fructose-fed rats received Quercetin 50 and Metformin 200 mg/kg; p.o respectively. Heart sections were fixed
and stained with hematoxylin and eosin (H and E) stain. Images were taken at 100 x magnification and scale bar = 10 M. Figure (a) showed
clear integrity of myocardial cell membrane; in figure (b) examination of the visibly marked myonecrosis, edema, muscle separation and
infiltration of inflammatory cells were observed (arrow). The reduction of histopathological scores in figure (c) and also show less edema
and necrotic (arrow) changes and figure (d) show, histological protection of the myocardium

may lead to endothelial dysfunction (31). Hepatic
ALT, AST, and ALP enzymes are the marker of
sensing of liver damage and these enzymes levels
rise in serum are predictive of damage to the liver.
This declaration already holds in the result of an
assessment of fructose feeding IR rats liver
histopathological slides. In our findings, high fruc-
tose diet IR group animals have significantly
increased the level of the liver damage marker in the
comparison of normal chow diet control group. The
reduced activities of the serum biomarker enzymes
and enzymatic leakage in the liver may be due to an
enhanced antioxidant potential which could be
responsible for attenuating lipid-peroxidation and
reactive oxygen species induced oxidative stress and
inflammation (32). Many investigations have con-
firmed the hyperuricemia occurs with metabolic
syndrome. Uric acid may simply be a consequence
of the increased uric acid absorption in the proximal
tubule secondary to hyperinsulinemia there is grow-
ing data that uric acid may predict the development
of metabolic syndrome, obesity, and diabetes (33).
In these studies, IR animals treated with high fruc-
tose feed increase in uric acid as compared with nor-
mal chow diet group. It has been hypothesized that
uric acid overproduction can trigger oxidative stress

xanthine oxidoreductase (XO), the enzyme respon-
sible for urate formation, may play a critical role in
hyperuricemia and reduce the activity of nitric oxide
synthase in metabolic syndrome (34). Quercetin
treatment improved parameters associated with
renal dysfunction possibly due to the presence of
antioxidant properties (35).

Links in between IR and heart failure occur-
rence of a cardiomyopathy is now recognized. Car-
diac insulin resistance is characterized by the
reduced availability of sarcolemmal GLUT trans-
porters and consequent lower glucose exhibit car-
diac hypertrophy and marked excitation-contraction
coupling abnormalities were characterized (5-7). A
shift away from glycolysis towards fatty acid oxida-
tion for ATP supply is apparent and is associated
with myocardial oxidative stress (36). In response to
reduction of intracellular ATP levels, AMPK acti-
vates energy-producing pathways and inhibits ener-
gy-consuming processes (9-10). Abnormalities in
metabolism can cause an increase in intracellular
reactive oxygen species (ROS) levels that leading to
decrease anti-oxidative defenses mechanism it is the
main causes of the cells injury (37). GSH has a
direct antioxidant function by reacting with super-
oxide radicals and formation of oxidized GSH. It



986 AJAY SINGH KUSHWAH and GHANSHYAM DAS GUPTA

plays an important role in the regulation of a cell
protection against oxidative injury. MDA is the
stress marker that indicates lipid per-oxidation of
endogenous lipid has been shown to be a major risk
factor leading to myocardial injury in metabolic
syndrome (38). When myocardial cells are dam-
aged, leakage of myocardial enzymes such as LDH
and CK-MB occurs which accounts for the
increased activities of serum biomarker enzymes
and therefore, serve as a sensitive index to assess the
severity of irreversible myocardial injury LDH con-
verts pyruvate, the final product of glycolysis to lac-
tate when oxygen is absent or in short supply and the
activity of LDH will increase when ischemia lasts
(39). In un-treated fructose-fed IR rats markedly
affect hemodynamic parameters, could be due to
loss of normal heart muscle architecture, abnormal
cardiac physiology and the loss of glycogen
(40).Consumption of fructose-enriched diet in rats
able to increases oxidative stress level in heart, and
also the initiation of tissue injury were noted necro-
sis, loss of normal heart muscle architecture and also
reported cardiac injury markers in serum. In concor-
dant with these findings, histopathological changes
indicating of tissue injury were noted these were
reflected by abnormal hemodynamic characters.
Quercetin treatment in fructose-fed rats was
found able to restore the activity level of antioxidative
enzymes including SOD, CAT, and GPx as well as
ameliorating levels of lipid peroxidation product in
fructose-fed rat’s heart. Quercetin was able to
decrease injury to the cardiac muscles in fructose-fed
rats. The levels of CK-MB and LDH fructose-fed rats
were markedly decreased following quercetin treat-
ment additionally, has been reported to possess free
radical scavenger activity and able to activate cellular
antioxidative enzyme levels and will be stored the nor-
mal cell structure in the heart (41, 42). Preservation of
near normal heart muscle architecture will help to pre-
serve near normal heart functions these were reflected
by near normal SBP, DBP, ABP, MAP and heart rate
in fructose-fed rats receiving quercetin treatment (43).
The mechanisms underlying the cardioprotective
effects of quercetin against fructose-fed IR-induced
abnormality, reduction in cardiac functions could be
attributed to the ability of to improve insulin sensitiv-
ity, ability to help to maintain plasma insulin and glu-
cose levels near normal also help to protect the heart
against hyperglycemia-induced oxidative stress.

CONCLUSION

A conclusive finding of this study summarized,
quercetin has insulin-sensitizing effects as well as

improve metabolism in fructose-fed rats. It has addi-
tional better control of uric acid level and antioxi-
dant potential with compare of standard treatment of
metformin drug for IR state and its associated com-
plications. Which could be explained on the basis of
its antioxidant effect might help to prevent and also
decrease the degree of myocardial injury as well as
improve function in IR state. In view of these, quer-
cetin could potentially be used as a drug to improve
cardio-protection. More investigations should be
conducted to elucidate the mechanisms at the molec-
ular level and to test the effects of quercetin on vas-
cular complications that accompany IR and meta-
bolic syndrome.
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