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Abstract. – Objectives: Cadmium (Cd) is
ubiquitous in the environment and exposure
through food and water as well as occupational
sources can contribute to a well-defined spec-
trum of disease. The present study was under-
taken to evaluate the role of hesperetin (Hp) in
alleviating the Cd induced biochemical changes
in rats. 

Materials and Methods: During the experi-
ment, male Wistar rats were injected with Cd 83
mg/kg day) subcutaneously alone or with oral
administration of Hp 840 mg/kg day) for 21 days. 

Results: In Cd treated rats the levels of plas-
ma lipid peroxidation (LPO) markers: thiobarbi-
turic acid reactive substances (TBARS) and
lipid hydroperoxides (LOOH) were significantly
increased while the levels of plasma non-enzy-
matic antioxidants: reduced glutathione (GSH),
vitamins C and E were significantly decreased
in Cd administered rats. Administration of Hp
along with Cd significantly decreased the level
of LPO markers with elevation of non-enzymat-
ic antioxidants in plasma. In vitro studies on
the effect of Hp on scavenging 1,1-diphenyl-2-
picrylhydrazyl (DPPH•), 2,2-azinobis-(3-ethyl-
benzothiazoline-6-sulfonic acid) (ABTS+), su-
peroxide anion (O•−), hydroxyl (OH•) radicals
and reducing power also confirmed the free
radical scavenging and antioxidant activity of
Hp. In addition to that, ascorbic acid, butylated
hydroxyl toluene was used as the reference an-
tioxidant radical scavenger compounds. Thus,
the observed effects are due to the free radical
scavenging and antioxidant potential of Hp. In-
terestingly, among the different concentra-
tions, tested 50 µM of Hp showed the highest
antioxidant and free radical scavenging activi-
ties when compared to other concentrations. 

Conclusions: The result of these findings
provides further evidence to the neutraceutical
and pharmaceutical potentials of Hp.
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Introduction

Cadmium (Cd) is a very toxic heavy metal
and an important environmental pollutant,
which causes poisoning in various tissues of hu-
mans and animals1. After entering into the or-
ganism through food or water, cadmium binds
to albumin and erythrocytes in the blood and
then is transferred into tissues and organs,
where it is bound to proteins of low molecular
mass producing metallothioneins (Cd-MT) by
the induction of metallothionein mRNA synthe-
sis2. In these Cd-MT complexes generate reac-
tive oxygen species (ROS) such as hydrogen
peroxide (H2O2), superoxide (O2(–) and hydrox-
yl radical (OH–), nitric oxide (NO–)3 and can re-
duce the level of the main antioxidant com-
pounds in the cells by inactivating enzymes and
other antioxidant molecules4. As a result, lipid
peroxidation (LPO) is generated5,6.

Most in vivo and in vitro studies have focused
mainly on acute effects of Cd intoxication on the
redox status of the liver. Animals and animal
cells were exposed to high doses of Cd to assess
oxidative damage, up regulation of genes encod-
ing heat-shock proteins or genes in response to
DNA damage and activities of the most impor-
tant antioxidant enzymes7,8. Furthermore, an in-
crease in lipid peroxidation and a decrease in
GSH levels were often observed in the plasma9

liver and the kidney10,11. 
Flavonoids are naturally occurring diphenyl-

propanoids that are ubiquitous in plant foods and
important components of the human diet12.
Flavonoids are ubiquitous compounds, occurring
in various plants such as tea, herbs, citrus fruits
and red wine and many of them have been
shown to be strong free radical scavengers and
antioxidants.
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Hesperetin (Hp) (5,7,3¢-trihydroxy-4¢-
methoxyl flavonone), one of the most abundant
flavonoids found in citrus fruits13, can act as a
potential antioxidant14,15, can increase the ocular
blood flow and minimize ischemic injury to the
retina16, can decrease vascular permeability17,18

and act as a neuroprotectant19,15, anti-inflammato-
ry agent20,21 and anticancer agent22. Hp, an agly-
con of hesperidin, is actually a bioactive mole-
cule. The in vitro studies suggest that Hp is a
powerful radical scavenger that promotes cellular
antioxidant defense related enzyme activity23,24.
To our knowledge, there are no reports available
in the literature on the effect of Hp on Cd in-
duced toxicity in experimental animals. 

In the light of above information, the present
study was carried out to investigate the protec-
tive effect of Hp on Cd induced toxicity in rats
by studying the biochemical alterations in plas-
ma and also evaluated the possible antioxidant
effects of Hp on various in vitro antioxidant as-
says including 1,1-diphenyl-2-picryl-hydrazyl
(DPPH•) free radical scavenging, total antioxi-
dant activity by 2,2-azinobis-(3-ethylbenzothia-
zoline-6-sulfonic acid) (ABTS+) assay, superox-
ide, hydroxyl radicals scavenging activities and
reducing power.

Materials and Methods

Animals
Male albino Wistar rats, body weight of 200-

220 g bred in Central Animal House, Rajah
Muthiah Medical College, Annamalai University
were used in this study. The animals were housed
six per polypropylene cage and were maintained
in accordance with the guidelines of the National
Institute of Nutrition, Indian Council of Medical
Research, Hyderabad, India, and approved by the
Institutional Ethical Committee (Vide. No. 643,
2009), Annamalai University. The animals were
fed on a pellet diet (Lipton India Ltd., Mumbai,
India) and water ad libitum.

Chemicals
Hesperetin (Figure 1) cadmium chloride, 2-

thiobarbituric acid (TBA), butylated hydroxy-
toluene (BHT), reduced glutathione (GSH), 2,2′-
dipyridyl, xylenol orange, 2,4-dinitrophenylhy-
drazine (DNPH), 5,5′-dithiobis-2-nitrobenzoic
acid (DTNB), DPPH, ABTS and butylated hy-
droxytoulene were obtained from Sigma Chemi-
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cal Co. (St Louis, MO, USA). All other chemi-
cals were obtained from S.D. (Fine chemicals,
Mumbai, India) and were of analytical grade.

Treatments
The animals were randomly divided into four

groups of six rats in each group. Cd dissolved in
isotonic saline, Hp powder was suspended in
0.1% carboxymethyl cellulose (CMC) and used
in this study.

Group 1: Control rats treated subcutaneously
(sc) with isotonic saline and orally with CMC. 

Group 2: Rats received Hp (40 mg/kg/day) sus-
pended in CMC administered orally for 21
days using intragastric tube. 

Group 3: Rats sc received Cd as cadmium chlo-
ride (3 mg/kg/day)9 in isotonic saline for 21
days. 

Group 4: Rats sc received Cd as cadmium chlo-
ride (3 mg/kg/day) followed by oral adminis-
tration of Hp (40 mg/kg/day) in CMC for 21
days.

At the end of experimental period, animals in
different groups were sacrificed by cervical de-
capitation under pentobarbitone sodium (60
mg/kg body weight) anesthesia. Blood was col-
lected in a tube, heparinised for plasma. Plasma
was separated by centrifugation and used for var-
ious biochemical estimations.

Biochemical Assays

Estimation of Lipid Peroxidation (LPO)
Lipid peroxidation in plasma was estimated

spectrophotometrically (Elico-Sl177, Elico Ltd.
Hyderabad, Andra Pradesh, India) by measuring
thiobarbituric acid reactive substances (TBARS)
and lipid hydroperoxides (LOOH) by the method

Figure 1. Chemical structure of hesperetin.
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of Niehiaus and Samuelsson25 and Jiang et al.26,
respectively. In brief, plasma (0.1 ml) was treated
with 2 ml of TBA-trichloroacetic acid (TCA)-
HCl reagent (0.37% TBA, 0.25N HCl and 15%
TCA, 1:1:1 ratio) placed in a water bath for 15
min and cooled and centrifuged at room tempera-
ture, clear supernatant was measured at 535 nm
against a reagent blank.

A 0.1 ml aliquot of plasma was treated with
0.9 ml of Fox reagent (88 mg of butylated hy-
droxytoluene, 7.6 mg of xylenol orange and 0.8
mg of ammonium iron sulfate were added to 90
ml methanol and 10 ml of 250 mM sulfuric acid)
and incubated at 37°C for 30 min. The colour
that developed was read at 560 nm in a spec-
trophotometer (Elico-Sl177, Elico Ltd. Hyder-
abad, Andra Pradesh, India).

Determination of Plasma Non-Enzymatic
Antioxidants

Ascorbic acid (vitamin C) concentration was
measured by Omaye et al.27 method. To 0.5 ml of
plasma, 1.5 ml of 6% TCA was added and cen-
trifuged (3500 × g, 20 min). To 0.5 ml of super-
natant, 0.5 ml of DNPH reagent (2% DNPH and
4% thiourea in 9N sulfuric acid) was added and
incubated for 3 h at room temperature. After in-
cubation, 2.5 ml of 85% sulfuric acid was added
and colour developed was read at 530 nm after
30 min.

Plasma vitamin E was estimated by the
method of Desai28. Vitamin E was extracted from
plasma by addition of 1.6 ml ethanol and 2.0 ml
petroleum ether to 0.5 ml plasma and cen-
trifuged. The supernatant was separated and
evaporated on air. To the residue, 0.2 ml of 0.2%
2,2-dipyridyl, 0.2 ml of 0.5% ferric chloride was
added and kept in dark for 5 min. An intense red
coloured layer obtained on addition of 4 ml bu-
tanol was read at 520 nm.

Reduced glutathione (GSH) was determined
by the method of Ellman29. One millilitre of su-
pernatant was treated with 0.5 ml of Ellman’s
reagent (19.8 mg of 5,5′-dithiobisnitro benzoic
acid in 100 ml of 0.1% sodium citrate) and 3.0
ml of phosphate buffer (0.2 M, pH 8.0). The ab-
sorbance was read at 412 nm in a spectropho-
tometer (Elico-Sl177).

Free Radical Scavenging Activity
The ability to scavenging the stable free radi-

cal, DPPH was measured as a decrease in ab-
sorbance at 517 nm by the method of Mensor et
al30. To a methanolic solution of DPPH (90.25

mmoles), an equal volume of Hp (10-50 µMoles)
dissolved in distilled water was added and made
up to 1.0 ml with methanolic DPPH. An equal
amount of methanol was added to the control.
After 20 min, the absorbance was recorded at
517 nm in a Spectrophotometer (Elico-Sl177).

Total Antioxidant Activity Assay
Total antioxidant potential of Hp was deter-

mined by the ABTS assay, as described by Miller
et al.31 The reaction mixture contained ABTS
(0.002 M), Hp (10-50 µMoles) and buffer in a to-
tal volume of 3.5 ml. The absorbance was mea-
sured at 734 nm in a Spectrophotometer (Elico-
Sl177).

Superoxide Anion Scavenging Activity
Superoxide anion scavenging activity of Hp

was determined by the method of Nishmiki et
al.32 with modification.

One ml of NBT (100 µMoles of NBT in 100
mM phosphate buffer, pH 7.4), 1 ml of NADH
solution (14.68 µMoles of NADH in 100 mmoles
phosphate buffer, pH 7.4) and varying volumes
of Hp (10-50 µMoles) were mixed well. The re-
action was started by the addition of 100 µMoles
of PMS (60 µMoles) 100 mmoles of phosphate
buffer, pH 7.4). The reaction mixture was incu-
bated at 30ºC for 15 min. The absorbance was
measured at 560 nm in a spectrophotometer (Eli-
co-Sl177). Incubation without Hp was used as
blank. Decreased absorbance of the reaction mix-
ture indicated increased superoxide anion scav-
enging.

Hydroxyl Radical Scavenging Assay
The hydroxyl radical scavenging activity was

determined by the method of Halliwell et al.33

The following reagents were added in the order
stated below.

The incubation mixture in a total volume of 1
ml contained 0.1 ml of 100 mmoles of potassium
dihydrogen phosphate- KOH buffer, varying vol-
umes of Hp (10-50 µMoles), 0.2 ml of 500
mmoles of ferric chloride, 0.1 ml of 1 mmoles of
ascorbic acid, 0.1 ml of 10 mmoles of H2O2 and
0.2 ml of 2-deoxy ribose. The contents were
mixed thoroughly and incubated at room temper-
ature for 60 min. Then added, 1 ml of 1% TBA
(1 gm in 100 ml of 0.05 N sodium hydroxide)
and 1 ml of 28% TCA. All the tubes were kept in
a boiling water bath for 30 min. The absorbance
was read in a spectrophotometer at 532 nm (Eli-
co-Sl177) with reagent blank containing distilled
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water in a place of Hp. The percentage scaveng-
ing activity was determined. Decreased ab-
sorbance of the reaction mixture indicated in-
creased hydroxyl radical scavenging activity.

Reducing Power
The reducing power was determined according

to the Oyaizu34 method. Different concentrations
Hp were prepared in methanol mixed with phos-
phate buffer (2.5 mL, 0.2 M, pH 6.6) and potassi-
um ferricyanide [K3Fe (CN) 6] (2.5 mL, 1%). The
mixture was incubated at 50oC for 20 min and
2.5 mL of trichloroacetic acid (10%) was added
to the mixture, which was then centrifuged at
3000 rpm for 10 min. The upper layer of the so-
lution (2.5 mL) was mixed with distilled water
(2.5 mL) and FeCl3 (0.5 mL, 0.1%). The ab-
sorbance was measured at 700 nm in a spec-
trophotometer (Elico-Sl177). Increased ab-
sorbance of the reaction mixture indicated in-
creased reducing power. Ascorbic acid was used
as a standard.

Statistical Analysis
The data for various biochemical parameters

were analysed using analysis of variance (ANO-
VA) and the group means were compared by
Duncan’s Multiple Range Test (DMRT). Values
were considered statistically significant when
p<0.05.

Results

Table I shows the changes in plasma LPO in-
dices (TBARS and LOOH) in control and experi-
mental rats. In rats treated with Cd, the levels of
plasma TBARS and LOOH were significantly in-
creased (p<0.05). Administration of Hp signifi-
cant decrease in Cd induced LPO.

Table II shows the changes in plasma non-en-
zymic antioxidant levels in control and experi-
mental rats. In rats treated with Cd, the concen-
trations of non-enzymic antioxidants namely vit-
amins C, E and GSH were significantly de-
creased (p<0.05). Administration of Hp signifi-
cantly increased the depleted levels of non-en-
zymic antioxidants.

Figure 2 shows the percentage free radical
scavenging effect of Hp in vitro by using 1,1-
diphenyl-2-picryl-hydrazyl (DPPH•) assay. The
hydrogen atom or electron donation abilities of
the compounds were measured from the bleach-
ing of the purple-colored methanol solution of
2,2′-diphenyl-1-picrylhydrazyl (DPPH). Hp scav-
enges DPPH radical in a dose dependent manner
(10, 20, 30, 40 and 50 µM). The percentage scav-
enging activity of Hp on DPPH radical increases
with increasing concentration. At the concentra-
tion of Hp (50 µM), the maximum scavenging
(53.7%) effect compared with ascorbic acid was
observed.

Figure 3 shows the superoxide radicals scav-
enging effect of Hp in vitro. Hp scavenges super-
oxide radicals scavenging activities in a dose de-
pendent manner (10, 20, 30, 40 and 50 µM). The
percentage scavenging activity of Hp on superox-
ide radicals scavenging activities increases with
increasing concentrations. At the concentration
of Hp (50 µM), the maximum scavenging
(71.7%) effect compared with ascorbic acid was
observed. 

Figure 4 shows the total antioxidant scaveng-
ing effect of Hp in vitro by using 2,2′-azinobis-
(3-ethyl-benzothiazoline-6-sulfonic acid) radical
assay. Hp scavenges 2,2’-azinobis-(3-ethyl-ben-
zothiazoline-6-sulfonic acid) radical in a dose de-
pendent manner (10, 20, 30, 40 and 50 µM). The
percentage scavenging activity of Hp on 2,2′-azi-
nobis-(3-ethyl-benzothiazoline-6-sulfonic acid)
radical increases with increasing concentration.

Groups TBARS (mM/dl) Hydroperoxide (× 10-5 mM/dl)

Control 0.13 ± 0.01a 9.89 ± 0.61a

Normal + Hesperetin (40 g/kg) 0.12 ± 0.01a 9.58 ± 0.54a

Normal + Cadmium (3 mg/kg) 0.26 ± 0.05b 15.07 ± 0.26b

Cadmium + Hesperetin (40 mg/kg) 0.17 ± 0.03c 12.19 ± 0.58c

Table I. Changes in the levels of plasma lipid peroxidation and lipid hydroperoxides of control and experimental rats.

Values are given as means ± S.D. from six rats in each group; Values not sharing a common letter (a-c) differ significantly at
p<0.05 (DMRT).
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At the concentration of Hp (50 µM), the maxi-
mum scavenging (75.3%) effect compared with
BHT was observed. 

Figure 5 shows the hydroxyl radicals scavenging
effect of Hp on in vitro. Hp scavenges hydroxyl
radicals scavenging activities in a dose dependent
manner (10, 20, 30, 40 and 50 µM). The percent-
age scavenging activity of Hp on hydroxyl radicals
scavenging activities increases with increasing
concentration. At the concentration of Hp (50 µM),
the maximum scavenging (39.3%) effect compared
with ascorbic acid was observed. 

Figure 6 shows the reducing power of Hp and
the standard compound ascorbic acid increasing
steadily with increasing concentration. At the
concentration of Hp (50 µM), the maximum
scavenging (0.049) effect compared with ascor-
bic acid was observed.

Discussion

Cadmium (Cd) is one of the main environmen-
tal and occupational pollutants in industrialized
countries and induces a wide array of toxicologi-
cal effects, biochemical dysfunctions in various
organ systems posing a serious threat to
health35,36. Cd induces oxidative damage by pro-
ducing Reactive Oxygen Species37-39 and decreas-
ing the biological activities of some antioxidant
enzymes, such as vitamins C, E, GSH, superox-
ide dismutase, catalase and glutathione peroxi-
dase11,40,41 which play an important role in antiox-
idation and elimination of free radicals. 

Cd has also been reported to cause damage to
lipids and by that to generate LPO42,43. Cd in-
duced damage is associated with increased lipid
peroxidation44,45

. Cell membranes are phospho-

Groups Vitamin C GSH Vitamin E
(mg/dl) (mg/dl) (mg/dl)

Control 1.65 ± 0.08a 1.29 ± 0.03a 20.31 ± 1.18a

Normal + Hesperetin (40 g/kg) 1.71 ± 0.09a 1.34 ± 0.24a 21.61 ± 1.41a

Normal + Cadmium (3 mg/kg) 1.39 ± 0.04b 0.77 ± 0.19b 14.26 ± 1.16b

Cadmium + Hesperetin (40 mg/kg) 1.51 ± 0.03c 1.08 ± 0.04c 17.92 ± 1.15c

Table II. Changes in the activities of plasma non-enzymatic antioxidant status of control and experimental rats.

Values are given as means ± S.D. from six rats in each group; Values not sharing a common letter (a-c) differ significantly at
p<0.05 (DMRT).

Figure 2. In vitro scavenging effects of hesperetin on ascorbic acid and 1,1-diphenyl-2-picrylhydrazyl (DPPH). 
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lipid bilayers with extrinsic proteins and are the
direct target of lipid peroxidation which leads to
a number of deleterious effects such as increased
membrane rigidity, osmotic fragility, cell mem-
brane destruction and cell damage46. The ob-
served increase in the level of plasma TBARS
and LOOH in Cd toxicity is generally thought to
be the consequence of an increased production

and liberation of tissue lipid peroxides into circu-
lation due to the pathological changes in tissues.
Ognjanovic et al.47 observed that the treatment
with Cd increased the lipid peroxide concentra-
tion in blood. Increase in lipid peroxidation in
plasma and tissues have been implicated in cad-
mium-induced organ damage and dysfunction9,48.
Treatment with Hp significantly reverted the Cd

Figure 3. In vitro scavenging effects of hesperetin on ascorbic acid and superoxide radicals.

Figure 4. In vitro scavenging effects of hesperetin on BHT and 2,2´-azinobis-(3-ethyl-benzothiazoline-6-sulfonic acid)
(ABTS) radicals.



induced peroxidative damage in plasma which is
evidenced from the lowered levels of TBARS
and LOOH. This may be due to the antioxidative
effect of Hp22.

Vitamin C is the primary preventive antioxi-
dant in the cells and body fluids, scavenges the
free radicals and serves as metabolic markers of
Cd toxicity49. Vitamin E is a lipophilic antioxi-

dant, which plays a critical role in detoxifying
the Cd toxicity50. A decreased level of vitamins
C and E during Cd intoxication leads to in-
creased susceptibility of the tissues to free radi-
cal damage. GSH is known to play a major role
in the regulation of intracellular levels of reac-
tive oxygen species by direct reaction, scaveng-
ing, or via the GSH peroxidase/GSH system.

Figure 5. In vitro scavenging effects of hesperetin on ascorbic acid and hydroxide radicals.

Figure 6. In vitro scavenging effects of hesperetin on ascorbic acid and reducing power.
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Thus, GSH is a major cellular antioxidant and
protects cells against oxidative damage. The pre-
sent study indicates that the Cd will reduce the
levels of non-enzymatic antioxidants in plasma.
Renugadevi and Milton Prabu11 have reported
the depressed level of reduced glutathione, vita-
min C and vitamin E in Cd-intoxicated rats
which is in consonance with our findings. Treat-
ment with Hp in Cd-intoxicated rats protects the
depletion of non-enzymatic antioxidants via its
metal-chelating and antioxidant property51 and
may minimize the usage of these antioxidants,
thus restoring their levels.

Free radicals have been implicated in a num-
ber of diseases including asthma, cancer, cardio-
vascular disease, cataract, diabetes, gastrointesti-
nal inflammatory diseases, liver diseases, muscu-
lar degeneration and other inflammatory process-
es52. Radical scavenging activities are very im-
portant due to the deleterious role of free radicals
in biological systems. In this study, free radical
scavenging activity of Hp was determined using
DPPH• method. Research reports have shown that
DPPH• is widely used to evaluate the free radical
scavenging effects of various antioxidant sub-
stances, and polyhydroxy aromatic compounds53.
In the present investigation, Hp scavenges DPPH•

radical dose dependently. The highest percentage
scavenging effect of Hp (53.7%) on 2,2′-azino-
bis-(3-ethyl-benzothiazoline-6-sulfonic acid) rad-
ical was observed at the concentration of 50 μM
Hp. In vitro study on DPPH• clearly revealed the
antioxidant property of Hp.

Superoxide anion is a precursor to active free
radicals that have potential of reacting with bio-
logical macromolecules and, thereby, inducing
tissue damage. Yen and Duh54 have reported that
antioxidant properties of some flavonoids are ef-
fective mainly via scavenging of superoxide an-
ion radicals. It is well known that superoxide an-
ions damage biomolecules directly or indirectly
by forming H2O2, OH, peroxy nitrite or singlet
oxygen during aging and pathological events
such as ischemic reperfusion injury. Superoxide
has also been observed to directly initiate lipid
peroxidation54. In this study, we will use different
concentration of Hp. The highest percentage
scavenging effect of Hp (71.7%) on superoxide
anion radicals was observed at the concentration
of 50 μM Hp.

Phenolic compounds have more ability to
quench ABTS radical and that effectiveness de-
pends on the molecular weight, the number of
aromatic rings and nature of hydroxyl group’s

substitution55. ABTS is a relatively stable free
radical which involves in the direct generation of
ABTS radical monocation without any involve-
ment of intermediary cation.

In this study, the total antioxidant activity of
Hp was investigated in vitro by 2,2′-azinobis- (3-
ethyl-benzothiazoline-6-sulfonic acid) cation
which forms the basis of one of the spectrophoto-
metric methods that have been applied to the to-
tal antioxidant activities of solutions of pure sub-
stances. In this investigation, Hp scavenges 2,2′-
azinobis-(3-ethyl-benzothiazoline-6-sulfonic
acid) radical dose dependently. The highest per-
centage scavenging effect of Hp (75.3%) on 2,2′-
azinobis-(3-ethyl-benzothiazoline-6-sulfonic
acid) radical was observed at the concentration of
50 μM Hp. 

Hydroxyl radical (OH•) is chiefly responsible
for lipid peroxidation, which impairs the normal
function of cell membranes, motility and perme-
ability. In this study, we will used different con-
centration of Hp. The highest percentage scav-
enging effect of Hp (39.3%) on hydroxyl radicals
was observed at the concentration of 50 µM Hp.
In vitro study on superoxide anion clearly re-
vealed the antioxidant property of Hp. In this in-
vestigation, Hp in vitro exhibits 89.2% of hy-
droxyl radical scavenging activity at the concen-
tration of 50 µM Hp.

Increased absorbance with the increased con-
centrations of the reaction mixture indicated the
increased reducing power. The reducing capacity
of a compound may serve as a significant indica-
tor of its potential antioxidant activity56. In this
study, we used different concentration of Hp. The
highest percentage scavenging effect of Hp
(0.049) on hydroxyl radicals was observed at the
concentration of 50 µM Hp. In vitro study on the
reducing power of Hp clearly revealed its high
antioxidant property. DPPH and ABTS+ assays
have also been widely used to test the free radical
scavenging ability of various antioxidant
polyphenols commonly found in foods57, plant
extracts58, beverages59 and flavonoids60.

Conclusion

According to data obtained, Hp significantly
reduced lipid peroxidation (TBARS and LOOH)
in plasma and increases the non-enzymatic an-
tioxidant levels (vitamin C, E and GSH) mainly
due to the antioxidant properties of Hp. Further
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the in vitro researches have also shown that the
Hp at a dose of 50 µM exhibits highest free radi-
cal scavenging and antioxidant effects which has
been proved by the methods of DPPH•, total an-
tioxidant activity, superoxide anion scavenging
activity, hydroxyl radical scavenging activity and
reducing power.
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