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Abstract

The primary objective of this study was to investigate the effect of repeated sublethal doses of dimethoate (DM), an organophos-
phorus insecticide on glucose homeostasis, oxidative stress induction in pancreas and pancreatic damage in adult rats. Daily oral
administration of DM (20 and 40 mg/kg b.w.) for 30 days induced a significant increase in blood glucose levels which was associated
with impaired glucose tolerance. DM treatment resulted in elevated levels of pancreatic tissue specific markers such as activities of
amylase and lipase in serum and pancreatic tissue indicating pancreatic dysfunction. Further, the activities of DT-diaphorase and
NADPH-diaphorase in pancreas of DM treated rats were also found to be elevated. Interestingly, these biochemical dysfunctions
were accompanied by a marked dose-related enhancement of lipid peroxidation and ROS levels in the pancreatic tissue indicat-
ing significant induction of oxidative damage. Additional evidence such as depletion in reduced glutathione levels and significant
alterations in enzymic antioxidant defenses in pancreas among DM treated rats suggested induction of oxidative stress. Taken
together, these findings provide experimental evidence that dimethoate at subchronic oral doses has the propensity to impair glucose
homeostasis, induce significant pancreatic damage and also provide an account of the associated oxidative damage to pancreatic
tissue in adult rats.
© 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: Dimethoate; Organophosphorus insecticide; Oxidative impairment; Pancreas; Blood glucose; Pancreatic enzymes; Lipid peroxidation;
Antioxidant enzymes

1. Introduction

The widespread use of pesticides in public health and
agricultural programs has caused severe environmental
pollution and potential health hazards, including acute
and chronic cases of human poisoning. Organophosphate
insecticides (OPI) constitute one of the most widely
used classes of pesticides being employed for both agri-
cultural and landscape pest control. Use of OPI has

∗ Corresponding author. Tel.: +91 821 2513210;
fax: +91 821 2517233.

E-mail address: rajini29@yahoo.com (P.S. Rajini).

increased considerably due to their low toxicity and
low persistence in the mammalian system compared to
organochlorine pesticides. OPI are primarily recognized
for their ability to induce toxicity in mammals through
inhibition of acetylcholinesterase (AChE) and subse-
quent activation of cholinergic receptors (Costa, 2006).

Various complications have been reported in OPI
intoxication cases (Hsiao et al., 1996). In fact, the OPI
are currently responsible for more poisonings than any
other single class of pesticides (Sultatos, 1994; Gulr et
al., 1996). Hyperglycemia has been widely reported as
one of the adverse effects in poisoning by OPI in humans
and animals (Abdollahi et al., 2003; Hagar et al., 2002;
Seifert, 2001; Shoba and Prakash, 2000; Kalender et

0300-483X/$ – see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.tox.2006.11.072
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al., 2004). Although the precise mechanism/s of OP-
induced hyperglycemia is not known, it is speculated
to be due to inhibition of acetylcholinesterase of central
and peripheral synapses that act in the endocrine regula-
tion of glucose metabolism (Matin and Siddiqui, 1982;
Kant et al., 1988). Acute pancreatitis is also well known
complication of OP poisoning in both humans and ani-
mals (Dressel et al., 1979; Frick et al., 1987; Hsiao et al.,
1996). Epidemiological findings indicate that the inci-
dence of pancreatitis is high in OPI intoxication based on
various pathophysiological reports (Gokalp et al., 2005).
However, the precise molecular mechanisms underly-
ing OPI-induced acute pancreatitis are still undefined,
although it is believed to involve obstruction of pan-
creatic ducts and/or enhanced reactive oxygen species
(Dressel et al., 1982; Sultatos, 1994; Sevillano et al.,
2003). Involvement of oxidative stress following acute
exposure to OPI has been reported recently (Banerjee et
al., 2001) and it has been demonstrated unequivocally
that lipid peroxidation is one of the molecular mecha-
nisms involved in OPI-induced cytotoxicity (Ranjbar et
al., 2002; Akhgari et al., 2003; Abdollahi et al., 2004a).

Dimethoate (O,O-dimethyl S-N-methyl carbomyl
methyl phosphorodithioate) (DM) is one of the most
important OPI used extensively on a large number of
crops against several pests. The residue of DM and its
analog were found in number of foods including cow’s
milk (Srivastava and Raizada, 1996). While data on
acute, subchronic and chronic toxicity of DM in labo-
ratory animals are well documented, its potential to alter
glucose homeostasis and impair the endocrine function
of pancreas in mammals is less understood. Interestingly,
DM is reported to cause various toxic effects on rat pan-
creas following chronic exposure (Hagar et al., 2002) as
well as pancreatitis in humans following dermal expo-
sure (Panieri et al., 1997). In view of the above, in the
present study, we have focussed our attention on the
potential of DM to cause alterations in glucose home-
ostasis and also on the toxic effects in pancreas of adult
rats subjected to daily oral administration at sublethal
doses for 1 month. Further, we have examined the various
oxidative impairments in pancreas in terms of lipid per-
oxidation, generation of reactive oxygen species (ROS),
response of antioxidant enzymes and examined its cor-
relation with pancreatic acetylcholinesterase activity.

2. Materials and methods

2.1. Chemicals

Thiobarbituric acid (TBA), xanthine oxidase, ethylenedi-
amine tetraacetic acid (EDTA), hydrogen peroxide (H2O2),

glutathione reductase (GR), 5,5-dithio-bis-2-nitrobenzoic acid
(DTNB), 2′,7′-dichlorofluorescein diacetate (DCFH-DA),
2′,7′-dichlorofluorescein (DCF) and cytochrome C were pro-
cured from M/s Sigma Chemical Co. (St. Louis, MO,
USA). Xanthine, NADPH, nicotinamide adenine dinucleotide-
reduced (NADH), trichloroacetic acid (TCA), reduced
glutathione (GSH), oxidized glutathione (GSSG), 1-chloro-
2,4-dinitrobenzene (CDNB), and acetylthiocholine iodide
were procured from M/s Sisco Research Lab (Mumbai, India).
All other chemicals used were of analytical grade. Dimethoate,
technical grade (97.4% pure) was a gift from M/s Hyderabad
Chemical Supplies Ltd., Hyderabad, India.

2.2. Animals and care

Adult male rats (CFT-Wistar strain, 12–14-week old,
280 ± 5 g) were randomly drawn from the stock colony of our
institute animal house facility and were housed individually in
polypropylene cages under standard housing conditions (con-
trolled atmosphere with 12:12-h light/dark cycles, 50 ± 5%
humidity and an ambient temperature of 25 ± 2 ◦C). The rats
were acclimatized for 1 week prior to the start of the experi-
ment. Rats were maintained on commercial pellet diet (Gold
Mohur, supplied by M/s Lipton India Pvt Ltd.) ad libitum
and had free access to water. All procedures with animals
were conducted strictly in accordance with approved guide-
lines by the Institute Animal Ethical Committee, regulated by
the Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), Ministry of Social Justice
and Empowerment, Government of India. During the experi-
ments, maximum care was taken to minimize animal suffering
and in addition, the number of rats used was kept at minimum.

2.3. Animal treatment and experimental protocol

Adult male rats were grouped by randomized design into
three groups (n = 6). Rats of the first group (negative control)
received saline daily, while rats of the treatment groups were
orally administered dimethoate (DM) at dosages of 20 and
40 mg/kg b.w./day (corresponding to 1/20 and 1/10 of LD50
value: 400 mg/kg b.w., determined in a preliminary study)
(0900–1100 h) for 30 days to non-fasted rats. Both control and
DM treated rats were subjected to oral glucose tolerance test
at the end of the 30 days and were subsequently killed. Body
weights were recorded weekly and at autopsy. After the treat-
ment period, the rats were sacrificed and blood was collected
for separation of serum. Pancreas and other vital organs were
excised and their weights were recorded. Pancreas was rinsed
in ice-cold saline, homogenized to obtain 10% homogenate in
phosphate buffer (0.1 M, pH 7.4) and the homogenate was cen-
trifuged at 9000 × g at 4 ◦C for 20 min. The supernatant was
used for various biochemical analyses.

2.4. Oral glucose tolerance test

Twenty-four hours after the last dose of DM, oral glucose
tolerance was conducted in control and dimethoate treated rats.
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Blood samples were collected from tail vein of rats (control and
treated groups) which were fasted overnight to obtain base-
line blood glucose levels. Subsequently, rats of both control
and DM treated groups were orally administered a bolus of
glucose (3 g/kg b.w.). Blood was collected from tail vein of
these rats at intervals of 30 min up to 3 h for estimation of
glucose. Blood glucose was estimated using a commercial glu-
cometer, ‘Accu-Check’ procured from M/s Roche diagnostics,
Mumbai, India.

2.5. Biochemical measurements

2.5.1. Assessment of pancreatic damage
Lipase activity was estimated by monitoring the hydrol-

ysis of p-nitrophenyl acetate to p-nitro phenol as described
by Young et al. (1978). Enzyme activity was calculated as
nmol PNP released using a standard graph and enzyme activ-
ity is expressed as nmol PNP released min−1 mg−1 protein.
Amylase activity was measured according to the method of
Street and Close (1956) using a commercially available kit pro-
cured from M/s Span diagnostics, Mumbai, India. The assay
is based on the degradation of starch by the enzyme, amy-
lase into reducing dextrins and small oligosaccharides. Iodine
solution is reacted to give a blue coloration, which is read
at 620 nm. The relative decrease in blue color is the mea-
sure of enzyme activity, which was expressed as Street-Close
units.

2.5.2. Acetylcholinesterase activity
The acetylcholinesterase (AChE) (EC. 3.1.1.7) activity was

assayed in pancreatic homogenate by the method of Ellman
et al. (1961) using acetylthiocholine iodide as the substrate
and the enzyme activity was expressed as �mol of substrate
hydrolyzed min−1 mg−1 protein.

2.5.3. Glutathione levels
Reduced glutathione (GSH) levels in pancreatic

homogenate was quantified by the method of Benke et
al. (1974). Glutathione concentration was calculated from
a standard graph and results were expressed as mg GSH/g
tissue.

2.5.4. Oxidative stress markers
ROS generated in pancreas was determined by DCFH

oxidation (Keston and Brandt, 1965). The amount of DCF
(resulting from the ROS mediated oxidation of DCFH, which
is produced by hydrolytic cleavage of DCFH-DA by cellular
esterases) was estimated in pancreatic homogenate and results
were expressed as pmol of DCFmg−1 protein min−1. Lipid
peroxidation was estimated in pancreas by measuring the thio-
barbituric acid reactive substances according to the method
of Buege and Aust (1978). The amount of thiobarbituric acid
reactive substances (TBARS) was determined using the molar
extinction coefficient of 1.56 × 10−5 M−1 cm−1 and the results
were expressed as nmol MDA min−1 mg−1 tissue.

2.5.5. Activity of antioxidant enzymes
Catalase (EC. 1.11.1.6) activity in pancreatic homogenate

was assayed by monitoring the decomposition of H2O2 at
240 nm as described by Aebi (1984) and expressed as �mol
of H2O2 decomposed min−1 mg−1 protein. Superoxide dismu-
tase (SOD) (EC. 1.15.1.1) was assayed employing the method
of Flohe and Otting (1984). The enzyme activity was expressed
as units of SOD/mg protein. One unit was defined as the amount
of enzyme that decreases the initial rate of cytochrome C reduc-
tion to 50% of its maximal value for the particular sample being
analyzed. The activity of glutathione reductase (EC. 1.6.4.2)
was determined by monitoring the oxidation of NADPH in the
presence of GSSG and expressed as nmol NADPH oxidized
min−1 mg−1 protein by the method of Carlberg and Manervik
(1975). Activity of glutathione peroxidase (EC. 1.11.1.9) was
determined using method of Paglia and Valentine (1967) and
was expressed as nmol of GSH oxidized min−1 mg−1 protein.
Glutathione-S-transferase activity was measured by the method
of Rotruck et al. (1973) and the results were expressed as �mol
adduct formed min−1 mg−1 protein.

2.5.6. Phase II enzymes
The activity DT-diaphorase was assayed as described

by Ernestr et al. (1962) which involved measurement of
reduction of NADH at 550 nm as the electron donor and
2,6-dichloropenol indophenol as the electron acceptor. The
enzyme activity was calculated using the extinction coefficient
21 mM−1 cm−1. NADPH-diaphorase activity was assayed as
described by Huennekens et al. (1957). This method is based
on reduction of methylene blue to leukomethylene blue during
the transfer of hydrogen from NADPH to NADPH-diaphorase.

2.5.7. Protein
Protein content in tissue homogenate was measured as

described by Lowry et al. (1951) using bovine serum albumin
(BSA) as the standard.

2.6. Statistical analysis

Mean and standard error values were determined for all
the parameters and the results were expressed as mean ± S.E.
from six rats in each group. The data were analyzed employ-
ing analysis of variance (ANOVA) using Statistica software
(STATSOFT, USA). Tukey test for multiple comparisons was
performed to determine the significant differences among the
groups. P values <0.01 were considered significant.

3. Results

3.1. Growth and organ weight

Repeated oral doses of DM failed to induce any dis-
tinctive clinical signs of toxicity or mortality. Data on
the body weights along with the relative organ weights
are presented in Table 1. While the weight gain in con-
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Table 1
Body weight and relative organ weights of adult male rats administered oral doses of dimethoate for 30 days

Control Dimethoate (mg/kg b.w.)

0 20 40

Initial body weight (g) 282.67 ± 9.04 287.28 ± 7.41 287.00 ± 5.51
Final body weight (g) 333.33 ± 9.27 327.67 ± 4.23 309.00 ± 7.03a,b

Pancreas (mg/100 g b.w.) 129.05 ± 6.43 144.25 ± 7.96a 170.73 ± 6.74a,b

Liver (g/100 g b.w.) 3.08 ± 0.21 3.25 ± 0.32 3.56 ± 0.51
Kidney (g/100 g b.w.) 0.75 ± 0.10 0.74 ± 0.08 0.82 ± 0.06
Adrenals (mg/100 g b.w.) 15.26 ± 1.28 15.41 ± 1.97 14.89 ± 2.17

Values are mean ± S.E.M. (n = 6).
a Comparison of control and other groups.
b Comparison of dimethoate 20 mg/kg b.w. treated group with dimethoate 40 mg/kg b.w. treated group.

trol group at end of 30 days was 17%, rats treated
with the higher dose of DM showed only 7.6% weight
gain. There was a marked increase (32%) in the pan-
creatic weight in rats administered higher dose of DM
(170.73 ± 6.74 mg versus 129.05 ± 6.43 mg). However,
only marginal increases in liver and kidney weights
were observed in rats administered with higher dose
of DM.

3.2. Oral glucose tolerance test

Data on the blood glucose levels monitored in con-
trol and DM treated rats following glucose overload
over a 3 h period is presented in Fig. 1. Fasting glu-
cose levels of rats in all the three groups were similar.
There was no significant difference in blood glucose
levels measured at 30 min. However, the DM treated
group showed higher glucose level (135 mg/dl) at 60 min
and beyond. The glucose levels among the control rats
returned to normalcy (90 mg/dl) at the end of 3 h suggest-
ing the normal glucose tolerance. On the other hand DM
treated rats showed higher levels of glucose (125 and
129 mg/dl) at the end of 3 h indicating altered glucose
tolerance.

Fig. 1. Oral glucose tolerance in control (CTR) and dimethoate treated
rats (DM1: dimethoate 20 mg/kg b.w.; DM2: dimethoate 40 mg/kg
b.w.). Values are mean ± S.E.M. (n = 6).

3.3. Blood glucose, acetylcholinesterase and
reduced glutathione

Data on the blood glucose levels, pancreatic acetyl-
cholinesterase activity and reduced glutathione levels in
control and DM treated rats are presented in Table 2.
The blood glucose levels were significantly elevated in
DM treated rats, and a dose-dependent increase was

Table 2
Blood glucose, acetylcholinesterase activity and reduced glutathione levels in pancreas of adult male rats administered with oral doses of dimethoate
for 30 days

Control Dimethoate (mg/kg b.w.)

0 20 40

Initial blood glucose (mg/dl) 85.33 ± 3.85 87.34 ± 5.23 85.00 ± 5.30
Final blood glucose (mg/dl) 91.33 ± 2.41 105.28 ± 3.57a 138.67 ± 5.70a,b

AChE (nmol/min/mg protein) 4.96 ± 1.47 2.94 ± 1.75 0.43 ± 0.21a,b

GSH (mg/g tissue) 1.11 ± 0.02 0.99 ± 0.05a 0.91 ± 0.07a,b

Values are mean ± S.E.M. (n = 6).
a Comparison of control and other groups.
b Comparison of dimethoate 20 mg/kg b.w. treated group with dimethoate 40 mg/kg b.w. treated group.
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Fig. 2. Activities of lipase and amylase enzymes in serum and pancreas of control (CTR) and dimethoate (DM) treated rats; (DM1: dimethoate
20 mg/kg b.w.; DM2: dimethoate 40 mg/kg b.w.). Values are mean ± S.E.M. (n = 6). * Comparison of control and other groups (P < 0.01);

Comparison of dimethoate 20 mg/kg b.w. treated group with dimehtoate 40 mg/kg b.w. treated group (P < 0.01).

evident. The percent increase in glucose levels was 15
and 51% at the lower and higher doses, respectively.
Further, the activity of AChE in pancreatic tissue was
markedly reduced (40 and 90%) among DM treated rats.
While the decrease in the reduced GSH was marginal
in the lower dose (10%), it was 18% at the higher
dose.

3.4. Pancreatic damage

The activity of enzymes viz., amylase and lipase
in serum and pancreatic tissue following DM treat-
ment is presented in Fig. 2. There was significant
increase in serum lipase activity (20 and 38%) in DM
treated rats with respect to the enzyme activity in
control rats (5.79 ± 0.26 nmol PNP/(mg protein min)).
However, the pancreatic tissue lipase activity was sig-
nificantly decreased in rats administered with DM
(18 and 63%) with respect to control (37.1 nmol
PNP/(mg protein min)). While serum amylase activity
was increased (2–3-fold) in DM treated rats, the pancre-
atic amylase activity was marginally decreased in DM
treated rats.

3.5. Induction of oxidative damage in pancreas

The ROS and TBARS levels determined in the pan-
creatic tissue are presented in Fig. 3. There was a
dose-related elevation in the ROS levels in the DM
treated rats. While, the percentage increase at the lower
dose was 66%, a dramatic (150%) increase was evident at
the higher dose. Concomitantly, a dose-related increase
in TBARS levels was observed in DM treated rats. There
was 2.5- and 3.7-fold increase in TBARS level at lower
and higher doses of DM, respectively.

3.6. Activities of antioxidant enzymes and phase II
enzymes in pancreas

Data on the activities of various antioxidant enzymes
in pancreas following DM treatment is presented in
Table 3. In general the activities of SOD, CAT, GR and
GST were significantly elevated among DM treated rats
compared to the control group. At the higher dose, the
activities of SOD, CAT, GR and GST were increased by
112, 64, 45 and 100% over the controls. However, the
GPx activity was diminished (50%) at the higher dose.
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Fig. 3. ROS and TBARS levels in pancreas of control and dimethoate treated rats (CTR : control; DM1: dimethoate 20 mg/kg b.w.; DM2: dimethoate
40 mg/kg b.w.). Values are mean ± S.E.M. (n = 6).* Comparison of control and other groups (P < 0.01); Comparison of dimethoate 20 mg/kg b.w.
treated group with dimehtoate 40 mg/kg b.w. treated group (P < 0.01).

Table 3
Activities of antioxidant enzymes in pancreas of adult male rats administered with oral doses of dimethoate for 30 days

Dosage
(mg/kg b.w.)

Enzyme activity

SOD (units/mg
protein)

CAT (�mol/
mg protein/min)

GPX (nmol/
mg protein/min)

GR (nmol/
mg protein/min)

GST (�mol/
mg protein/min)

0 26.42 ± 2.2 9.38 ± 0.31 27.18 ± 5.24 17.50 ± 1.60 0.03 ± 0.004
20 42.72 ± 0.38a 10.24 ± 0.32 25.23 ± 3.89 19.72 ± 2.03 0.04 ± 0.003a

40 56.23 ± 1.18a,b 15.44 ± 0.51a,b 13.85 ± 2.20a,b 25.30 ± 1.30a,b 0.06 ± 0.003a,b

Values are mean ± S.E.M. (n = 6).
a Comparison of control and other groups.
b Comparison of dimethoate 20 mg/kg b.w. treated group with dimethoate 40 mg/kg b.w. treated group.

The activities of phase II enzymes such as NADPH-
daphorase and DT-diaphorase are presented in Table 4.
There was 27% increase in the activity of NADPH-
diaphorase and a 16% increase in the activity of
DT-diaphorase in the rats treated with higher dose of
DM.

Table 4
Activities of phase II enzymes in pancreas of adult male rats adminis-
tered with oral doses of dimethoate for 30 days

Dosage
(mg/kg b.w.)

Enzyme activity

NADPH-D (nmol of
NADPH utilized/
mg protein/min)

DT-diaphorase (�mol
of NADH utilized/
mg protein/min)

0 8.78 ± 0.27 0.62 ± 0.05
20 9.12 ± 0.37 0.60 ± 0.02
40 11.17 ± 0.42a,b 0.72 ± 0.02a,b

Values are mean ± S.E.M. (n = 6).
a Comparison of control and other groups.
b Comparison of dimethoate 20 mg/kg b.w. treated; group with

dimethoate 40 mg/kg b.w. treated group.

4. Discussion

The mechanisms involved in the blood glucose
alterations following OPI exposure have been under
investigation in the recent years since hyperglycemia is
one of the prominent side effects of OPI poisoning in
humans (Namba et al., 1971; Hayes et al., 1978; Meller
et al., 1981). The ability of OPI to cause hyperglycemia
has also been confirmed in laboratory animals (Matin
and Siddiqui, 1982; Fletcher et al., 1988). Organophos-
phate pesticides have been demonstrated to impair the
endocrinal and biochemical functions of pancreas (Sikk
et al., 1985; Hsiao et al., 1996). Hence, the present study
addressed the potential of dimethoate (DM), an OPI to
induce alteration in glucose homeostasis and examined
whether oxidative stress plays an important role in DM-
induced pancreatic dysfunction.

In the present study oral administration of DM for
30 days resulted in significant reduction in body weight
at the higher dose. Reduction in body weight in experi-
mental animals due to OPI intoxication is a commonly
reported phenomenon (Chung et al., 2002; Kalender
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et al., 2006). This occurs probably due to decreased
food intake in these animals. Dimethoate treatment also
resulted in significant increase in pancreas weights at
both the doses. This is a clear indication of the effect of
the insecticide on pancreas. Increased weights of pan-
creas may probably be due to edema and inflammation
as has been reported in several cases of OP poisoning in
rats (Ikizceli et al., 2005).

Our results showed that oral administration of DM
for 30 days induced significant elevation in blood glu-
cose in rats. Further, we observed significant alteration in
the oral glucose tolerance among DM-treated rats. These
data are in agreement with the earlier reports, which have
shown elevated blood glucose levels after administra-
tion of DM (Hagar et al., 2002). Hyperglycemic effect
has also been reported in experimental animals follow-
ing to acute and chronic OPI exposures (Begum and
Vijayaraghavan, 1999; Sarin and Gill, 1999; Abdollahi
et al., 2004b; Pournourmohammadi et al., 2005). Hyper-
glycemia has been known to occur as a consequence of
increased accumulation of acetylcholine (ACh) at the
nerve endings following AChE inhibition (Anam and
Maitra, 1995). ACh, the major parasympathetic neu-
rotransmitter, is released from intra pancreatic nerve
endings. The effects of ACh at the �-cells of the pan-
creas are mediated by muscarinic cholinergic receptors
(Gilon and Henquin, 2001).

DM is an OPI that exerts its neurotoxicity by bind-
ing to, and phosphorylating the enzyme, AChE in the
central and peripheral nervous systems. DM undergoes
oxidative desulfuration to its more potent cholinesterase
inhibiting oxon-omethoate (Hassan et al., 1969). In the
present study, we observed significant AChE inhibition
in pancreatic tissue following administration of DM,
which is indicative of pesticide intoxication. The pos-
sible pathogenetic sequel speculated for the pancreatic
insult in OP poisoning is excessive cholinergic stimu-
lation of the pancreas and ductal hypertension (Hsiao
et al., 1996; Sahin et al., 2002). Pancreas is a sensi-
tive organ and hence pressure elevation can cause severe
tissue damage.

Several studies have demonstrated acute pancreatitis
after oral exposure to various OPI (Dressel et al., 1979;
Moore and James, 1988; Hsiao et al., 1996). Increase
in lipase activity by two-fold is specific for the diagno-
sis for pancreatitis. Increased serum lipase activity has
been reported after administration of methidathion, an
OPI (Mollaoglu et al., 2003). In the present study, DM
administration significantly increased both activities of
lipase and amylase in serum. This finding is suggestive
of the potential of DM to cause acute pancreatitis. Our
results corroborate with earlier reports of acute pancre-

atitis in humans after accidental cutaneous exposure to
DM (Marsh et al., 1988). Another biochemical marker,
often employed to evaluate pancreatitis, is the increased
amylase activity and DM treatment significantly ele-
vated serum amylase activity supporting the evidence for
pancreatic damage. Similar increase in amylase activity
has been reported in dogs after diazinon administration
(Dressel et al., 1982).

Another major question addressed in the present
investigation was whether DM-induced pancreatic dys-
function is mediated through oxidative stress. Oxidative
stress has been implicated to be an important component
of the mechanism of toxicity of several OPI (Bagchi et
al., 1995; Yamano and Morita, 1995; Yang and Dettbarn,
1996; Kalender et al., 2005; Ogutcu et al., 2006). Active
oxygen metabolism plays a vital role in the normal
functioning of the pancreas and several key enzymes in
reactive oxygen species (ROS) defense are usually low
in pancreatic islets compared to other tissues suggesting
islet cells are uniquely susceptible to oxidative stress-
induced damage (Grankvist et al., 1981; Kakkar et al.,
1998). Further, the low levels of antioxidant enzyme gene
expression may account for exquisite sensitivity of �-cell
to ROS and free radical induced damage leading to �-
cell death and type-1 diabetes (Ho and Bray, 1999). It has
been observed that during chronic exposure to OPI, ROS
generated consume and exhaust antioxidant molecules
present in the body which results in lower antioxidant
capacity while subchronic exposure (30 days) of rats
to dimethoate has been shown to result in enhanced
lipid peroxidation antioxidant defences (Ranjbar et al.,
2002). This can be interpreted to mean that in subchronic
exposures, the body is capable of defending itself by
overproduction of antioxidants, an ability which fails in
a chronic exposure scenario (Akhgari et al., 2003; Handy
et al., 2002). The increased levels of ROS and TBARS in
pancreas in the present study suggests that DM treatment
induced significant oxidative stress in the organ.

Depletion of GSH, the most abundant cellular non-
protein thiol, is associated with oxidative stress and
cytotoxicity of pro-oxidant xenobiotic. Glutathione is
presumed to be an important endogenous defence against
the peroxidative destruction of cellular membranes. GSH
can act either to detoxify activated oxygen species
such as H2O2 or to reduce lipid peroxides themselves
(Freeman and Crapo, 1982). Tissue GSH concentration
reflects the potential for detoxification and the levels
may decrease due to an increased use of glutathione
to detoxify. Enhanced status of lipid peroxidation and
concomitant depletion of GSH pools in pancreas in the
present study provides further evidence for the occur-
rence of the oxidative stress.
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Cytosolic free radicals are either removed non-
enzymatically or by antioxidant enzymes such as SOD
and GPX, which oxidize GSH to GSSG. GSSG is
then reduced back to GSH by GR through oxida-
tion of NADPH to NADP+, which is recycled by the
pentose phosphate pathway. Furthermore, glutathione-
S-transferase (GST) catalyzes the conjugation of GSH
to OPI, leading to its detoxification and elimination
(Zeigler, 1985). Our results showed increased activity
of SOD and CAT in the pancreas of DM treated rats.
CAT is present in all major organs in the body of ani-
mals and human beings and is especially concentrated in
liver and erythrocytes. Pancreas also has certain amount
of CAT activity and the elevated activity of CAT in DM
treated rats may be due to an adaptive response to the
generated free radicals (Koner et al., 1997). Superoxide
dismutase is a ubiquitous chain breaking antioxidant and
is found in all aerobic organisms. It is a metalloprotein
widely distributed in all cells and plays a protective role
against ROS-induced oxidative damage. The increased
activity of SOD in DM treated rats probably indicates an
activation of the compensatory mechanism through the
effects of DM on progenitor cells. Activities of the GSH-
dependent phase II detoxifying enzymes in pancreas, GR
and GST were also significantly increased in DM-treated
rats. GST are detoxifying enzymes that catalyze the con-
jugation of variety of electrophilic substrate to the thiol
group of GSH, producing less toxic forms (Hayes and
Pulford, 1995). The increase in GST activity in the pan-
creatic tissue among DM treated rats indicate the role
played by this system in detoxification of DM.

In conclusion, our results indicate that dimethoate has
the propensity to significantly alter glucose homeosta-
sis and the associated oxidative impairments observed
in pancreas may wholly or in part contribute towards
the development of pancreatitis in adult rats. However,
further studies are required to understand the molecular
mechanism/s underlying the dimethoate induced pancre-
atic dysfunction.
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Abstract

The free radical scavenging activity of ethanolic extracts of cashew nut (Anacardium occidentale, L.) skin powder (CSP) was evaluated
by employing various in vitro antioxidant assay systems. The yield of the extract as well as the total phenolic content was also determined.
The yield of ethanolic extract of the skin powder was quite high (0.45 g/g powder) with a total phenolic content of 243 mg/g extract. The
cashew nut skin extract (CSE) demonstrated promising antioxidant activity with EC50 of 1.30 ± 0.02 lg/ml in 2,2 0-azino-bis (3-ethyl-
benzthiazoline-6-sulphonic acid) (ABTS) radical scavenging assay, 10.69 ± 1.13 lg/ml in superoxide scavenging assay,
17.70 ± 0.05 lg/ml in deoxyribose oxidation assay, 24.66 ± 0.32 lg/ml in lipid peroxidation (LPO) assay and 6.00 mg/ml in iron chela-
tion assay. To identify the compounds in the CSE responsible for the antioxidant activity, thin layer chromatography (TLC) was per-
formed with the extract. The spot showing protection towards b-carotene bleaching was extracted and analyzed by high performance
liquid chromatography (HPLC); epicatechin was found to be the major polyphenol present. The results of the present study suggest that
cashew nut skin, a byproduct of cashew processing industry, can be used as an economical source of natural antioxidants.
� 2006 Elsevier Ltd. All rights reserved.

Keywords: Cashew nut skin; Ethanolic extract; Radical scavenging; Antioxidant activity; ABTS; Total polyphenolics; Brain homogenate; Epicatechin

1. Introduction

Reactive oxygen species (ROS) are implicated in numer-
ous pathophysiological events such as aging, cancer, ath-
erosclerosis and diabetes (Halliwell, Guteridge, & Cross,
1992). Natural antioxidants from fruits and vegetables
are reported to provide substantial protection that slows
down the process of oxidative damage caused by ROS
(Jacob & Burri, 1996). Hence there has been growing inter-
est in natural antioxidants of plant origin since they also
find use as nutracueticals due to their impact on the status
of human health and disease prevention (Nagochi & Nikki,
2000). Several fruits, nuts, seeds, leaves, roots and barks
have been exploited as potential sources of natural antiox-
idants (Schuler, 1990). There are considerably higher ratios
of byproducts arising from seed/ nut processing plants, and

hence it would be beneficial if they could be exploited as a
source of natural antioxidants. Certain byproducts of agro-
industries such as seed testa (Huang, Yen, Chang, Yen, &
Duh, 2003), hulls (Yen & Duh, 1994), coats (Chang, Yen,
Huang, & Duh, 2002) and peels (Larrauri, Ruperez, &
Saura-Calixto, 1998; Singh & Rajini, 2004) have been
reported to possess significant antioxidant activity.

The seed coat/testa which forms a protective barrier for
the cotyledon in seeds, is reported to have the highest con-
centration of phenolic compounds (Duenas, Hernandez, &
Estrella, 2004, 2006; Duenas, Sun, Hernandez, Estrella, &
Spranger, 2003; Shahidi, Chavan, Naczk, & Amarowicz,
2001). Several recent studies have shown that extracts of
almond skins (Sang et al., 2002; Siriwardhana & Shahidi,
2002; Chen, Milbury, Lapsley, & Blumberg, 2005), peanut
skins (Lou et al., 2004; Lou et al., 1999), hazelnut testa and
green leafy cover (Alasalwar, Karamac, Amarowicz, &
Shahidi, 2006; Senter, Horvat, & Forbus, 1983), canola/
rapeseed hulls (Amarowicz, Naczk, Zadernowski, & Shah-

0308-8146/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.foodchem.2006.07.031
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idi, 2000), tamarind pericarp (Sudjaroen et al., 2005) and
seed coats of lentils (Duenas et al., 2006; Duenas et al.,
2003; Troszynska and Kubicka, 2001) possess strong anti-
oxidant activities. Other authors have observed high anti-
oxidant activity in lentils, faba beans and peas, mainly in
the seed coat, due to the presence of large amounts of phe-
nolic compounds in this part of the seed (Amarowicz et al.,
2000; Nilsson, Stegmark, & Akesson, 2004; Shahidi et al.,
2001; Takahata, Ohnishi-Kameyan, Furuta, Takahasi, &
Suda, 2001; Troszynska & Ciska, 2002).

Cashew nut (Anacardium occidentale L.) is a major cash
crop in the world. India is the largest producer and expor-
ter of cashew kernel, accounting for almost 50% of world
export (Paramashivappa, Kumar, Vithayathil, & Rao,
2001). Cashew nut shell liquid, a byproduct obtained dur-
ing the processing of cashew nuts is reported to possess
antioxidant activity (Singh, Kale, & Rao, 2004). The kernel
of cashew nut valued in trade is covered with a thin red-
dish-brown skin or testa. The testa has been reported to
be a good source of hydrolysable tannins (Pillai, Kedlaya,
& Selvarangan, 1963) with catechin and epicatechin as the
major polyphenols (Mathew & Parpia, 1970). However,
there are no reports describing the radical scavenging activ-
ities of extracts of the skin of cashew nut.

The purpose of this study was to determine whether
the ethanolic extracts of cashew nut skin exhibit radical
scavenging activity in a set of antioxidant assay systems.
Attempt was also made to identify the major active frac-
tion in the extract responsible for the antioxidant
activity.

2. Materials and methods

2.1. Materials

Butylated hydroxytoluene (BHT), butylated hydroxyani-
sole (BHA), nitro blue terazolium (NBT), phenazine metho-
sulphate (PMS), hydrogen peroxide (H2O2), 2-thiobarbituric
acid (TBA), 2,2 0-azino-bis (3-ethylbenzthiazoline-6-sul-
phonic acid) (ABTS) and ethylenediaminetetraacetic acid
(EDTA) were purchased from Sigma Chemical Co. (St.
Louis, MO, USA). Ferrozine, nicotinamide adenine dinucle-
otide-reduced (NADH), trichloroacetic acid (TCA) and
deoxyribose (DR) were purchased from M/s Sisco Research
Laboratories, Mumbai, India. All other reagents used were
of analytical grade.

2.2. Preparation of ethanolic extract of cashew skin powder

Dried cashew nut skins were a gift from a cashew pro-
cessing unit (M/s Mangala Cashews, Mangalore, India).
The skins were sun dried and pulverized in a multi-mill
and passed through a 0.5 mm sieve to obtain a fine powder.
The skin powder (CSP) was mixed with five parts of etha-
nol and kept in a rotatory shaker at 37 �C for 3 h. The
extract was separated by centrifugation, and the resultant

cashew nut skin extract (CSE) was stored in dark at 4 �C
until further use within a week.

2.3. Determination of total polyphenolic compounds

The total phenolic content in the CSE was quantified
using the Folin-Ciocalteu reagent according to Singleton
and Rossi (1965). Aliquots of the sample with volumes
adjusted to 3.0 ml with distilled water were incubated with
0.5 ml 95% ethanol and 0.25 ml of Folins reagent (1:1
diluted with distilled water) for 5 min at room temperature.
Na2CO3 (5%) solution (0.5 ml) was added, mixed and the
mixture held for 60 min at room temperature. The absor-
bance of the solution was then measured at 720 nm against
reagent blank using a spectrophotometer. Gallic acid
(0.1 mg/ml) was used as the standard and the phenolic con-
tent in the extract was expressed as milligram equivalents
of gallic acid (GAE) per gram CSP.

2.4. ABTS radical scavenging activity

The radical scavenging activity of the CSE was deter-
mined by employing the ABTS�+ decolorization assay (Re
et al., 1999). ABTS�+ was produced by reacting ABTS
(7 mM) and ammonium persulphate (2.45 mM) in 10 ml
water and keeping the mixture in the dark at room temper-
ature for 12–16 h before use. The aqueous ABTS�+ solution
was diluted with ethanol (1:100 v/v) to an absorbance of
0.7 (±0.02) at 734 nm. Aliquots of extract (20 ll) were
added to ABTS�+ solution (2 ml), mixed and the absor-
bance was read at 734 nm after 5 min. The percentage inhi-
bition of radical scavenging was calculated.

2.5. Superoxide-radical scavenging assay

The superoxide scavenging ability of the extract was
assessed by the method of Nishikimi, Rao, and Yagi
(1972). The reaction mixture, containing CSE (5.5–
22 lg), NADH (100 lM) and NBT (100 lM) in tris–
HCl (0.02 M pH 8.3), was added to a spectrophotometric
cuvette and the reaction was started by adding PMS
(1 lM). The change in absorbance (DA) was monitored
for one min and the capability of the extract in scaveng-
ing superoxide radical was calculated using the following
equation:

Scavenging effectð%Þ ¼ ½1� DASample 560 nm=DAControl 560 nm�
� 100

2.6. Deoxyribose oxidation assay

The reaction mixture, containing CSE (5–20 lg), was
incubated with deoxyribose (3.75 mM), H2O2 (1 mM),
FeCl3 (100 lM), EDTA (100 lM) and ascorbic acid
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(100 lM) in potassium phosphate buffer (20 mM, pH 7.4)
for 60 min at 37 �C (Halliwell, Gutteridge, & Aruoma,
1987). The reaction was terminated by adding 1 ml TBA
(1% w/v) and 1 ml TCA (2% w/v) and then heating tubes
in a boiling water bath for 15 min. The contents were
cooled and the absorbance of the mixture containing the
thiobarbituric acid reactive substances (TBARS) was mea-
sured at 535 nm against reagent blank. Decreased absor-
bance of the reaction mixture indicated decreased
oxidation of deoxyribose.

2.7. Metal ion chelating assay

The Fe2+-chelating ability of the extract was monitored
by measuring the ferrous iron–ferrozine complex at 562 nm
according to the method of Decker and Welch (1990).
Briefly, the reaction mixture, containing CSE (1–5 mg),
FeCl2 (2 mM), and ferrozine (5 mM), was adjusted to total
volume of 0.8 ml with methanol, shaken well and incubated
for 10 min at room temperature. The absorbance of the
mixture was measured at 562 nm against the blank. EDTA
(5–25 lg) was used as positive control. The ability of the
extract to chelate ferrous ion was calculated using the fol-
lowing equation:

Chelating effectð%Þ ¼ ½1� ASample 560 nm=AControl 560 nm�
� 100

2.8. Antioxidant assay using b-carotene linoleate model
system

The antioxidant activity was evaluated in a b-carotene-
linoleate model system based on the procedure of Taga,
Miller, and Pratt (1984). CSE (20 lg) was added to 3 ml
of b-carotene emulsion and the mixture was shaken well
and incubated at 50 �C in a water bath for various periods.
The absorbance of the mixture was read at 470 nm at 10,
20, 30, 40 and 60-min intervals. Each sample was read
against an emulsion prepared as described earlier but with-
out b-carotene (blank). BHA and BHT (20 lg) were
employed as model antioxidants for the purpose of
comparison.

2.9. Inhibition of induced lipid peroxidation in rat brain

homogenate

Rat brain excised from male Wistar rats (120–125 g) was
homogenized (10% w/v) in potassium chloride solution
(0.154 M). The homogenate was centrifuged at 800g at
4 �C for 10 min and the supernatant used for the assay.
Peroxidation was induced in the brain homogenate by
FeCl2–H2O2 (Yen & Hsieh, 1998). Briefly, brain homoge-
nate (1%) was incubated with 0.5 mM each of FeCl2 and
H2O2 with or without CSE (8.4–33.6lg). After incubation
at 37 �C for 60 min, the TBARS formed in the incubation
mixture was measured at 535 nm (Buege & Aust, 1978).

2.10. High performance liquid chromatography (HPLC)

characterization of the active molecule from CSE

The antioxidant rich ethanolic extract (CSE) was
applied on silica gel thin layer chromatography plate
(TLC pre-coated plates, M/s Merck KGaA, Darmstadt,
Germany) and resolved using chloroform: methanol (8:2,
v/v). The antioxidant-active spot was visualized after
spraying with b-carotene linoleate solution (9 mg of b-car-
otene dissolved in 30 ml of chloroform to which 2 drops of
linoleic acid were added and then added to 60 ml of etha-
nol, Pratt & Miller, 1984). The b-carotene positive spot
was scraped, extracted in acetonitrile and subjected to
HPLC.

The HPLC (Hewlett Packard 1100 Series, Palo Alto,
CA) was equipped with a quaternary pump fitted with a
Zorbax C18 analytical column (25 cm · 4.6 cm I.D 5 l par-
ticle size) (M/s S. V. Scientific, Bangalore, India). Detec-
tion was done by an HP 1250 m series variable
wavelength detector at wavelength of 280 nm. The gradient
mobile phase consisted of acetonitrile (A) and 1% trifluoro-
acetic acid (TFA) (B) with flow rate of 0.1 ml/min. The elu-
tion program involved a linear gradient from 100 - 0% for
15 min followed by 5 min equilibrium in a total program
time of 25 min. The sample and the standard were dis-
solved in mobile phase and 10 ll of each was injected.

2.11. Statistical analysis

All the data are expressed as mean ± standard error
(SE) (n = 3) and the results were processed by the Pro-
gramme: Microsoft Office Excel 2002.

3. Results and discussion

The CSP on extraction with ethanol yielded a large
amount of extract (0.45 g/g powder). The total phenolic
content of CSE, expressed as gallic acid equivalents
(GAE) was 243 mg GAE/g CSP. Earlier studies have sug-
gested that polyphenolic compounds are associated with
antioxidant activity and play an important role in prevent-
ing lipid peroxidation (Kirakosyan et al., 2003). However,
the polyphenolic compounds in the pericarp or seed coats
of nuts have been scantily reported, and no studies have
explored the phenolics from cashew nut skins and their
antioxidant activity. The present investigation shows that
cashew nut skin contains considerable amounts of pheno-
lics clearly indicating that CSP could be a potential source
of natural antioxidants.

In this study, the potential of CSE to scavenge free rad-
ical was assessed by its ability to quench ABTS�+ synthetic
free radical. The stable nitrogen-centered free radical
ABTS�+ is frequently used for the estimation of free radical
scavenging ability (Re et al., 1999). Fig. 1 depicts the con-
centration-dependent decolorization of ABTS�+ by CSE in
comparison with BHA. As evident from the figure, CSE
was equally potent as BHA in radical scavenging.
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Superoxide anion derived from dissolved oxygen by
PMS-NADH coupling reduces NBT (Nishikimi et al.,
1972). The decrease in absorbance at 560 nm with antioxi-
dants indicates the consumption of superoxide anion in the
reaction mixture. Fig. 2 shows the percentage inhibition of
superoxide radical generation by various concentrations of
CSE. Apparently the scavenging of the superoxide radical
also increased with increasing CSE concentration, with
an EC50 of 10.69 lg/ml (Table 1). This data shows that
CSE is a potent scavenger of superoxide radicals.

Scavenging activity of CSE on hydroxyl radical is shown
in Fig. 3. The scavenging activity against hydroxyl radical
for CSE (0–20 lg) ranged from 0% to 50%, indicating that
the scavenging effect increased with increasing amounts of
CSE. The hydroxyl radical is the most reactive radical
known to initiate lipid peroxidation (Halliwell, 1991).
The ability of CSE to quench the hydroxyl radical seems
to relate directly to the prevention of propagation of lipid
peroxidation (LPO).

Plant extracts enriched in phenolic compounds are capa-
ble of complexing with and stabilize transition metal ions,
rendering them unable to participate in metal-catalyzed ini-
tiation and hydroperoxide decomposition reactions (Gor-
don, 1990). Metal chelation is an important antioxidant
property (Kehrer, 2000), and hence CSE was assessed for
its ability to compete with ferozzine for iron (II) ions in

the solution. As evident from Fig. 4, CSE was capable of
reducing iron (III). This study revealed that CSE (EC50

6 mg/ml, Table 1) had a relatively lower Fe2+ binding com-
pared with that of EDTA.

Heat induced oxidation of an aqueous emulsion system
of b-carotene and linoleic acid is often employed as an anti-
oxidant assay. In this particular model, b-carotene under-
goes rapid discoloration in the absence of an antioxidant
(Taga et al., 1984). The presence of a phenolic antioxidant
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Fig. 1. ABTS radical scavenging effect of Cashew nut skin extract (CSE).
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Fig. 2. Superoxide radical scavenging effect of CSE. Values are
mean ± SE of three determinations.

Table 1
EC50 of CSE in various antioxidant assay systems

Antioxidant assay EC50
a

ABTSb 1.30 ± 0.02
Superoxide scavengingb 10.69 ± 1.13
Deoxyribose oxidationb 17.70 ± 0.05
Iron chelationc 6.00 ± 0.24
LPO in rat brain homogenateb 24.66 ± 0.32

LPO: Lipid peroxidation.
Values are mean ± SE of three determinations.

a The EC50 value in each assay was determined graphically by plotting
each activity as a function of CSE concentration (lg or mg).

b lg/ml.
c mg/ml.

0

10

20

30

40

50

60

0 10 15 20 25

CSE (μg)

In
hi

bi
tio

n 
(%

) 
of

 h
yd

ro
xy

l r
ad

ic
a

l

5

Fig. 3. Inhibitory effect of CSE on deoxyribose oxidative damage. Values
are mean ± SE of three determinations.

0

20

40

60

80

100

120

0 2 4

F
e

2+
C

he
la

tin
g 

ef
fe

ct
 (

%
)

CSE EDTA

mg CSE 

0           5              10               20          25    

µg EDTA 

1 3 5
15

Fig. 4. Chelating effect of CSE on Fe2+ ion. Values are mean ± SE of
three determinations.

V. Kamath, P.S. Rajini / Food Chemistry 103 (2007) 428–433 431

eP
rin

t@
CFT

RI



Aut
ho

r's
   

pe
rs

on
al

   
co

py
can hinder the extent of b-carotene destruction by ‘‘neu-
tralizing’’ the linoleate free radical and any other free rad-
icals formed within the system. In the present study, CSE
exhibited marked antioxidant activity, nearly equal to that
of BHA as shown in Fig. 5. However, the greatest antiox-
idative efficacy was from the synthetic antioxidants (i.e.
BHA and BHT) which practically inhibited b-carotene
bleaching throughout the incubation period.

The inhibition of LPO may be considered as one of the
test to determine the antioxidant activity of a compound
(Cos, Calomme, Pieters, Vlietinck, & Vanden Berghe,
2000). Results have demonstrated that treatment with
CSE successfully inhibited TBARS formation in the rat
brain homogenate. Addition of CSE to the Fe2+–H2O2 sys-
tem resulted in a concentration-dependent decrease in the
formation of tissue oxidation levels (Fig. 6) confirming that
CSE was also a scavenger of �OH.

From the data obtained from the various assay systems,
it is clear that the order of effectiveness of CSE in the anti-
oxidant assays was as follows: ABTS > superox-
ide > deoxyribose > LPO in rat brain homogenate > iron
chelation (Table 1). Hence CSE appears to be a more pow-
erful radical scavenger than a metal chelator. The cashew
nut skin antioxidant activity may principally be attributed

to its phenolic composition, due to the ability of these com-
pounds as free radical scavengers. Earlier studies have
shown that cashew nut testa is a good source of hydrolysa-
ble tannins (Pillai et al., 1963). More than 40% of the total
polyphenol in the testa is reported to be constituted by (+)
catechin and (�) epicatechin (Mathew & Parpia, 1970). An
attempt was made to elucidate the molecule responsible for
the strong antioxidant characteristics of CSE observed in
the present study. Ascending TLC of CSE on silica gel
plates developed in chloroform–methanol (8:2, v/v) yielded
a single spot which gave strong reaction with b-carotene-
linoleate spray. The spot on extraction and HPLC analysis
yielded a peak similar to standard epicatechin (data not
shown). This finding prompted us to speculate that proba-
bly the epicatechin present in CSE may be largely respon-
sible for the antioxidant activity of CSE. However these
findings have to be confirmed by LC-MS.

It is clearly evident that ethanolic extract of cashew nut
skin has significant antioxidant activity in various antioxi-
dant assay systems. The polyphenols, in general present in
the skin appears to significantly contribute to the antioxi-
dant activity of CSE. According to the findings in our
study, cashew nut skins are a natural source of phenolic
compounds. Further, the presence of the potent bioactive
phenolic compounds in the skins of cashew nut could be
of interest to both food and pharmaceutical industries,
where it could be employed as an economical source of nat-
ural antioxidants.
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