910 Asian Pac J Trop Biomed 2012; 2(11): 910-915

Contents lists available at ScienceDirect

Asian Pacific Journal of Tropical Biomedicine

journal homepage:www.elsevier.com/locate/apjtb

Document heading doi:10.1016/S2221-1691(12)60252—4 © 2012 by the Asian Pacific Journal of Tropical Biomedicine. All rights reserved.

Effect of quercetin against lindane induced alterations in the serum and
hepatic tissue lipids in wistar rats

Viswanadha Vijaya Padma'*, Gurusamy Lalitha', Nicholson Puthanveedu Shirony”, Rathinasamy Baskaran'

" Animal tissue culture and Molecular genetics Laboratory, Department of Biotechnology, School of Biotechnology and Genetic Engineering,
Bharathiar University, Coimbatore—641 046, Tamilnadu, India

? Department of Biotechnology, PSG College of Arts and Science, Coimbatore, Tamilnadu, India

ARTICLE INFO ABSTRACT

Article history:

Received 27 August 2012

Received in revised form 12 September 2012
Accepted 28 November 2012

Available online 28 November 2012

Objective: To assess the effect of quercetin (flavonoid) against lindane induced alterations in
lipid profile of wistar rats. Methods: Rats were administered orally with lindane (100 mg/kg
body weight) and quercetin (10 mg/kg body weight) for 30 days. After the end of treatment period
lipid profile was estimated in serum and tissue. Results: Elevated levels of serum cholesterol,
triglycerides, low density lipoprotein (LDL), very Low Density Lipoprotein (VLDL) and tissue
triglycerides, cholesterol with concomitant decrease in serum HDL and tissue phospholipids

Keywords: were decreased in lindane treated rats were found to be significantly decreased in the quercetin
Lindane and lindane co-treated rats. Conclusions: Our study suggests that quercetin has hypolipidemic
Quercetin effect and offers protection against lindane induced toxicity in liver by restoring the altered levels

Oxidative stress of lipids. The quercetin cotreatment along with lindane for 30 days reversed these biochemical

Low density lipoprotein
Very low density lipoprotein
High density lipoprotein
Triglycerides

alterations in lipids induced by lindane.

1. Introduction

India is an agriculture based country. In the process of
development of agriculture, the use of pesticides as an agent
to kill or control undesired pests, such as insects, weeds,
rodents, fungi, bacteria or other organisms for boosting
food production has become more prevalent(ll. Pesticides
have a significant public health benefit by decreasing the
food borne and vector borne diseasesl2l. Widespread use
of pesticides in agriculture has increased the number of
intoxications in mammals, whereas many insects have
reported to show resistancel3l.

Lindane (¥ —hexachlorocyclohexane) is a broad spectrum,
environmentally persistent organochlorine pesticide.
Organochlorine pesticides have very low water solubilities
but are highly soluble in lipids and bioaccumulate in
tissuesl4l. Such organochlorine pesticides are slowly
eliminated from soils, by evaporation, running water, soil
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adsorption and finally are dispersed by rain or distributed
to phytophageous animals by plants(3].

Lindane is classified by the World Health Organization
(WHO) as “moderately hazardous’. Most human exposure to
lindane is from eating food contaminated with the pesticide.
Another major source of human intake is drinking water.
Lindane has been detected in drinking water, industrial
effluent and sewage in Europe and U.S. and in rainwater
in Tokyo. Acute exposure to lindane has been reported to
cause irritation, dizziness, headaches, diarrhoea, nausea,
vomiting and in some cases convolusions and death.
Accordingly, exposure to excessive amounts of lindane
through misuse or unintentional exposure causes seizures,
convulsions and other signs of intoxication in humansl5.6l.
International Agency for Research in Cancer (IARC) has
reported digestive tract inflammation, haemorrage, coma
and death after lindane poisoning. Lindane exerts its
toxicity mainly by stimulation of the central nervous system.
Lindane’s insecticidal activity is ascribed to neuroexcitation
subsequent to inhibition of GABA channels|7-9]. Lindane
inhibits uterine contractions by inhibiting myometrial
gap junction permeability(10l. Lindane has been induces
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membrane perturbation, causes functional impairment in
blood brain barrier, alters glutathione homeostasis and
alteration in cytochrome P450 mono—oxygenase enzymes.
Lindane enhances oxidative stress by interacting with
the cell membrane, triggering the generation of Reactive
Oxygen Species (ROS) and altering the level of antioxidant
molecules. Thus causes severe physiological dysfunction in
various organ systems[11-13].

Flavonoids belong to a group of natural substances
with variable phenolic structures and are found in fruits,
vegetables, grains, bark, roots, stems, flowers, tea, and wine.
These natural products were known for their beneficial
effects on health long before flavonoids were isolated as the
effective compounds. More than 4000 varieties of flavonoids
have been identified. The flavones are characterized by a
planar structure because of a double bond in the central
aromatic ring. One of the best described flavonoids,
quercetin, is a member of flavones group. Flavonoids are a
group of naturally occurring polyphenolic compounds widely
distributed as secondary metabolites in plant kingdomi14l.
Quercetin (3, 5, 7, 3, 4—pentahydroxy flavon), is one of the
most prominent dietary antioxidants[15l. Quercetin occurs
in glycosylated form in French beans, broccoli, apples
and especially in onionsl16l. Quercetin has been reported
to increase the genomic stability in rats and enhance the
antioxidative defense system by up regulating antioxidant
enzymesl17]. Quercetin intake shows decreased incidence
of cardiovascular and neoplastic diseasesl18-20l. Quercetin
has exhibited anticancer potential against a wide range of
cancers such as prostate, cervical, lung, breast and colon
by inhibiting cell proliferation by causing apoptosis and/
or cell cycle arrestl21.22]. The present study was designed to
investigate the protective effect of quercetin against lindane
induced alterations in lipid profile in rats.

2. Materials and ethods
2.1. Chemicals

Lindane (7 —isomer) and quercetin (98.5%) were purchased
from Sigma Aldrich Pvt. Ltd., Bangalore, India. All other
analytical grade chemicals were purchased from HiMedia
laboratories, Mumbai, India.

2.2. Animals

Female albino wistar rats weighing between 150 — 200 g
each were used for this experiment. They were procured from
Kerala Agricultural University Mannuthy, Trissur, Kerala.
The rats were maintained in a controlled environment under
standard conditions of temperature (2842C) and humidity
with an alternating light and dark cycle. The animals were
fed with commercially available pelleted rat chow (Sai Durga
private limited, Bangalore) and water ad libitum. After a
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week of acclimatization, rats were divided into control and
test group. Six rats were used in each treatment group. The
study protocol was approved from the Institutional Animal
Ethics Committee constituted in accordance with the rules
and guidelines of the CPCSEA (Committee for the Purpose of
Control and Supervision of Experiments and Animals), India.

2.3. Treatment schedule

Lindane (100mg/kg) dissolved in 0.3 mL of olive oil and
Quercetin (10 mg/kg) dissolved in 0.3 mL of 50% ethanol
were administered to rats orally for 30 days. Where animals
received co—treatment with lindane and quercetin, lindane
was administered first followed by quercetin with about 15
minutes gap between the treatments.

2.4. Experimental procedure

The animals were divided into 6 groups with 6 rats in
each group. Group T served as Control. Group II served as
vehicle control-1, treated with 0.3 mL of Olive Oil (Vehicle
for Lindane). Group III served as vehicle control-2, treated
with 0.3 mL of 50% ethanol (Vehicle for Quercetin), Group
IV received Lindane alone (100mg/kg body weight). Group
V was treated with Quercetin alone (10 mg/kg body weight).
Group VI received Lindane (100mg/kg body weight) and
Quercetin (10 mg/kg body weight). After 30 days of treatment
period, the animals were deprived of food overnight and
anesthetized and then sacrificed by cervical decapitation.
Blood was collected and serum was separated and used for
lipid analysis. The liver tissue was dissected out, washed
in ice—cold saline, patted dry and weighed. The liver tissue
was used for the lipid extraction.

2.5. Lipid extraction from liver tissue

To 500mg of the liver tissue 150mL of chloroform methanol
mixture in the ratio (2: 1) was added and the homogenate was
prepared. This step was repeated three times to completely
homogenize the residue and extract the lipid. The three
extracts were pooled and the volume was measured. The
contents were transferred to a separating funnel .The
chloroform layer was then transferred to a flat bottom
flask through anhydrous Na,SO,. The contents were flash
evaporated to concentrate the extract. This concentrated
mixture was then made to a known volume with chloroform.
A volume of 1mL of the extract was transferred to a pre—
weighed vial and aliquots were taken for the following
estimations.

2.6. Lipid estimation
Cholesterol was estimated by the method of Parekh and

Jung(23]. Phospholipids were estimated according to the
method of Rouser et all24]. Triglycerides were estimated
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according to the method of Ricel251.
2.7. Serum lipoproteins

Serum Lipoproteins were fractionated by a dual
precipitation technique as described by Wilson et al(1973)261.

2.8. Statistical analysis

Data were statistically evaluated using one—way analysis of
variance, followed by Tukey’s multiple comparison test. The
values were expressed as mean+SD and were considered
significant at P<0.001.

3. Results

3.1. The effects of lindane and quercetin supplementation on
serum total cholesterol and triglycerides levels of adult wistar
rats.

Serum total cholesterol and triglyceride levels were
significantly increased (P<0.001) in lindane administered
rats compared to that of control animals. In rats co-treated
with quercetin along with lindane the serum cholesterol
and triglyceride levels were significantly reduced (P<0.001)
compared to rats treated with lindane alone. These levels
were non significant in rats treated with olive oil or ethanol
or quercetin alone when compared to the control (Figure 1).
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Figure 1. The effects of Lindane and Quercetin supplementation on
serum total cholesterol and triglycerides levels. Each bar represents,
mean + standard error of mean (SEM) of each group. ***P < 0.001,
compared to control. +++P < 0.001, compared to lindane treated group.

NS, not significant (#); compared to control (One way ANOVA followed
by Tukey’s multiple comparison. L+Q — Lindane 4 Quercetin.
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Table 1.
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3.2. The effect of lindane and quercetin supplementation on

serum HDL, LDL and VLDL level of adult wistar rats

Serum HDL level was decreased significantly (P<0.001)
and that of LDL, VLDL levels were found to be increased
significantly (P<0.001) in lindane treated rats compared
to control animals. These levels in Olive oil or ethanol
or quercetin alone treated rats were non significant
compared to control rats. In rats which received quercetin
co—treatment along with lindane, the HDL fraction was
increased significantly (P<0.001) with significant reduction
in LDL, VLDL fraction compared to animals treated with
lindane alone (Figure 2).
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Figure 2. The effects of Lindane and Quercetin supplementation
on serum HDL, LDL and VLDL levels. Each bar represents, mean +

standard error of mean (SEM) of each group. **P < 0.001, compared
to control. +++P < 0.001, compared to lindane treated group. NS, not

significant @#); compared to control (One way ANOVA followed by
Tukey’s multiple comparison).

3.3. The effects of lindane and quercetin supplementation on
tissue total cholesterol, phospholipid and triglyceride level of
adult wistar rats.

The tissue phospholipid decreased significantly (P<0.001)
whereas tissue total cholesterol and triglyceride levels
were found to be significantly increased (P<0.001) in rats
administered lindane alone. Rats co—treated with quercetin
along with lindane registered a significant increase (P<0.001)
in tissue phospholipid content whereas tissue cholesterol
and triglyceride levels were decreased significantly (P<0.001)
compared to rats treated with lindane alone. These levels in

Effect of quercetin on total cholesterol, phospholipids, triglycerides levels in liver tissue of experimental rats.

Groups total cholesterol (mg/g of tissue) phospholipids (mg/g of tissue) triglycerides (mg/g of tissue)
Control 263.00+0.95 91.73+1.28 121.8611.07

Olive oil 266.12+0.82" 92.61+1.45" 124.72+0.99™
Ethanol 267.79+0.95" 91.70=1.45" 127.04+0.92"
Lindane 524.90+0.89 57.98%£1.05 152.51£1.19"
Quercetin 261.20£1.18" 95.17£0.57" 121.40£1.13"
Lindane+Quercetin 258.71+11.28"" 91.41+1.55™ 125.11+0.83™

Values are means=*standard (n

=6) error of mean of each group. *##P<0.001, compared to control. +++P<0.001, compared to lindane treated

group. NS, not significant, compared to control. (One way ANOVA followed by Tukey’s multiple comparison).
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olive oil or ethanol or quercetin alone treated rats were non
significant when compared to control animals (Table 1).

4. Discussion

Lipids are precursors for hormones, and are used for energy
storage, and they have a prominent role as messengers
and regulators of inflammationl27]. Lipids are one of the
most susceptible targets of free radicals|28]. This oxidative
destruction is known as lipid peroxidation and may induce
many pathological events. Diseases associated with high
TG levels namell Diabetes mellitus, obesity, chronic renal
disease, primary hyperlipoproteinemia carry high risk of
cardiovascular disorder (CVD)[29]. Hypertriglyceridemia in
combination with abnormally low concentrations of HDL
cholesterol (high density lipoprotein cholesterol) is one the
most common atherogenic profile of lipid metabolism of high
prevalence seen in Indian population(30l. Hyperlipidemia and
hypercholesterolemia are reported as the major risk factors
in life style related diseases such atherosclerosis and related
cardiovascular complications including cerebral paralysis
and myocardial infarction[3!]. Prevention or treatment of
such disorders can be achieved through diet and/or drug
administration(32.33]. It is well documented that a low level of
HDL-C is indicative of high risk for cardiovascular disease,
an increase in HDL—C level could potentially contribute to
antiatherogenicityl34.35].

The liver is a metabolically versatile organ responsible
for the regulation of internal chemical environment(36l. It
is particularly important in the synthesis and regulation of
circulating lipids, lipoproteins, triglycerides, cholesterol,
cholesterol esters and in the degradation of cholesterol and
steroids. The liver is the primary site for detoxification and
facilitates clearance through excretion of water—soluble
products and it is the major organ of antioxidant defense
system(37].

Like other organochlorine pesticides, lindane persists
in environment and bioaccumulates in human tissues(38l.
Lindane dosage was selected from the previous report by
Etim et ali39]. Lindane induces oxidative stress in blood
and tissue of rats by decreasing the activities of antioxidant
enzymes and increasing free radical generationl40l. It was
reported that lindane accumulates in the adipose tissue.
Adipose tissues are found surrounding the visceral organs
which includes liver, muscle and heart. In recent years,
the positive effects of flavonoids on human health have
attracted more attention. Especially, quercetin, a flavonoid
found in many plants, is widely distributed in fruits and
vegetables. Most of the biological actions of quercetin seem
to be associated with its potency as an antioxidant. The
antioxidant effect of quercetin has been reported by different
studiesl41. 42]. Hence the protective effect of quercetin against
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lindane induced alterations in the liver lipid profile has
been taken up for the present investigation.

In the present study there is a significant increase in
the serum total cholesterol, LDL, VLDL and triglycerides
followed by a significant decrease in the HDL cholesterol
in the lindane treated rats compared to control animals.
A significant increase in the cholesterol and triglyceride
values followed by a significant decrease in the phospholipid
level was observed in the liver tissue of lindane treated
rats compared to control animals which is an indication of
severe lindane induced hyperlipidemia. Lindane induced
hepatotoxicty was reported earlier by Sharma et all431.
Previous studies have reported elevated serum levels of
triglycerides, cholesterol and phospholipids in rats and
mice that were on diet contaminated with lindanel44-46]. The
results of the present investigation are inline with the above
mentioned reports.

In the present study the rats co—treated with quercetin
along with lindane showed significantly reduced levels of the
serum total cholesterol, LDL, VLDL, triglycerides and tissue
total cholesterol and triglyceride whereas the serum HDL
cholesterol and tissue phospholipid levels were significantly
increased compared to rats treated with lindane alone. This
is in accordance with the previous study where quercetin
presented the largest percentual reduction of cholesterol in
the triton induced hyperlipidemic ratsl47l. Quercetin is found
to decrease the ceramide accumulation, lipid peroxidation[4s|
and restore the lipid profiles to normal(49l.

Role of antioxidants like vitamin C, Vitamin E and
curcumin was widely studied in xenobiotic induced oxidative
stress and hepatoprotection(43]. Curcumin showed lipid
lowering/50] and free radical scavenger activityl51l. Vitamin C
reduced Cholesteroli50] prevented oxidation of LDL, reduced
TG, raised HDL level and decreased oxidative damage to
oxidized LDL-cholesterol by scavenging free radicals.
Vitamin E reported to lower lipid peroxidation in brain of
mice acutely intoxicated with lindane. All these antioxidants
are free radicals scavengers and exhibits lipid peroxidation
lowering effect by radical scavenging activity. The structure
of quercetin plays an important role in its antioxidant
effect. The o—dihydroxy—structure in the B-ring has been
observed to confer higher stability to the radical form and
to participate in electronic delocalization. It was suggested
that the antioxidant activities were dictated both by their
structural features and by their location in the membrane.
Flavonoids are known to anchor on the polar head of the
main phospholipids. Hence, quercetin distributed on the
surface of the lipid bilayers as well as in the aqueous
phase could scavenge free radicals. Quercetin also showed
antioxidant and free radical scavenging actions(!8]. Quercetin
being a potent antioxidant exhibits scavenging effect on
lindane induced free radicals and maintain serum and tissue
lipid profile at near normal values.
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From our study it is obvious that lindane induced alteration
in the lipid profile can be ameliorated by quercetin co—
treatment. Our study advocates the use of natural free
radical scavenger quercetin in diet to reduce toxic effects of
lindane.
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