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ABSTRACT
Background: Abelmoschus esculentus (L.) Moench. fruit is a commonly consumed vegetable in many countries due to its rich
medicinal value. However, till date, in vivo antioxidant property of A. esculentus has not been scientifically documented in
animal models. Objective: The present investigation was aimed to evaluate the in vivo antioxidant property of A. esculentus
(L.) Moench. peel and seed powder (AEPP and AESP) in streptozotocin (STZ)-induced diabetic rats. Materials and Methods:
In rats, acute toxicity assessment of AEPP and AESP at 2 g/kg did not show any toxicity. Diabetes was induced by STZ
(60 mg/kg, i.p.) injection and diabetic rats received AEPP (100 and 200 mg/kg) as well as AESP (100 and 200 mg/ kg)
orally up to 28 days. At the end of the 28 day, diabetic rats were killed and liver, kidney and pancreas were collected to
determine superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), reduced glutathione (GSH), and lipid
peroxidation level. Results: In diabetic rats, significant (P < 0.001) reduction of liver, kidney and pancreas SOD, CAT,
GPx, GSH levels and increase in thiobarbituric acid reactive substances (TBARS) were observed as compared to normal
control rats. Administration of both doses of AEPP and AESP significantly (P < 0.001 and P < 0.01) increased liver,
kidney and pancreas SOD, CAT, GPx, GSH levels and decreased TBARS (P < 0.001) levels in diabetic rats compared to
diabetic control rats. Conclusion: Our findings confirmed that A. esculentus peel and seed powder has significant in vivo
antioxidant property in diabetic rats.
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INTRODUCTION
Diabetes mellitus, a non-communicable disease with
multiple etiologies, affects more than 100 million people
worldwide and is considered as one of the five leading
causes of death in the world.[1] It is a metabolic disorder
affecting carbohydrate, fat, and protein metabolism.
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A worldwide survey reported that diabetes mellitus is
affecting nearly 10% of the population every year.[2]
Long-standing diabetes is prone to various complications
which include cardiac, kidney, and eye problems. The
oxidative stress is one of the important factors associated
with various diseases such as cancer, cardiovascular
diseases, neurodegenerative brain diseases, and diabetes.
[3]
In diabetes, increased generation of free radicals
was observed due to hyperglycemia. The glucose
oxidation, non-enzymatic glycation of proteins and
subsequent oxidative degradation of glycated proteins are
responsible for the formation of oxygen free radicals in
diabetes.[4] The role of free radicals in the pathogenesis
of diabetes mellitus is well established, and so is the fact
that increased oxidative stress plays a major role in the
development of diabetic complications.[5]
Antioxidants are natural substances which scavenge
free radicals and prevent their deleterious effects in
the body. Naturally, the human body has an abundant
supply of antioxidants, such as superoxide dismutase,
glutathione peroxidase, catalase, vitamin A, C and E
which inhibit oxidation and scavenge the oxygen free
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radicals.[4] In traditional world, nutrition and health care
are interconnected as many plants are consumed as
food for health benefits.[6] The nutraceutical value and
antioxidant property of wild, semi-cultivated or cultivated
vegetables are considered worldwide as an important
area for the nutritional and phytotherapic research.[7]
Nowadays, people are giving great attention to natural
medicine due to lesser side effects and multiple therapeutic
benefits. Hence, plants are considered as useful dietary
supplements in many diseases which include diabetes to
control the blood glucose level and preventing its long-term
complications.[8] Moreover, medicinal plants are recognized
as a potential source for antioxidant compounds, and their
therapeutic benefits are often attributed to their antioxidant
properties.[9,10]

Abelmoschus esculentus [A. esculentus] (L.) Moench.
(synonym-Okra) known in many English-speaking countries
as lady’s fingers or gumbo is a flowering plant in the mallow
family.[11] It is one of the most important vegetables widely
grown in Nigeria for its tender fruits and young leaves. It
is distributed throughout Africa, Asia, Southern Europe,
and America. [12] In some regions, the leaves are also used
for human consumption. Okra constitutes a combination
of vitamins and mineral salts, including calcium, which are
often lacking in the diet of people residing in developing
countries.[13] The plant has a wide range of medicinal
values and has been used to treat many diseases. Okra
polysaccharide possesses anti-complementary and
hypoglycemic activity in normal mice.[14] Our current
literature search revealed that A. esculentus were reported
for antidiabetic,[15-20] hypolipidemic,[21] neuroprotective,[22]
and in vitro antioxidant properties.[12,23,24] Currently, there
is no scientific data available for A. esculentus seed and
peel powders to support its in vivo antioxidant property in
disease conditions. Therefore, this study was undertaken to
investigate in vivo antioxidant property of A. esculentus
peel and seed powder in streptozotocin-induced diabetic
rats.
MATERIALS AND METHODS
Plant materials

A. esculentus (L.) Moench. was collected from the local
farm in Coimbatore, Tamil Nadu, India. The plant material
was identified and authenticated by Botanical Survey of
India (BSI/SC/5/23/2010-11/Tech.1907), Coimbatore,
and the certificate was deposited at our laboratory. The
peel and seed were separated and dried under shade. The
dried seed and peel materials were made into fine powders
using a mixer, and these were then stored in an airtight
containers until the completion of the study.

Chemicals

Streptozotocin and all other chemicals used in this study
were of analytical grade and were procured from Himedia
Laboratories, Mumbai, India. The glibenclamide had been
received as a gift sample from Orchid Chemicals and
Pharmaceuticals Ltd, Chennai, India.
Experimental animals

Male Wistar albino rats (160–180 g) were used to assess
antidiabetic activity. The animals were kept and maintained
under standard laboratory conditions [temperature
(22 °C ± 2 °C) and humidity (45 °C ± 5 °C)] with 12:12 h
day:night cycle. The animals were fed with standard
laboratory diet and allowed to drink water ad libitum. Studies
were carried out in accordance with institutional ethical
guidelines for the care of laboratory animals of KMCH
College of Pharmacy, Coimbatore, India, after the approval
(KMCRET/Ph.D/02/2010).
Acute toxicity study

Acute oral toxicity of A. esculentus peel and seed powders
(AEPP and AESP) was determined as per Organization for
Economic Cooperation and Development guideline 423.[25]
After the oral administration of AEPP (2 g/kg) and AESP
(2 g/kg), animals were observed individually at least once
during the first 30 min, periodically during the first 24 h, with
special attention given during the first 4 h, and thereafter for
14 days to check the residual toxicity of AEPP and AESP.
Induction of diabetes

Diabetes was induced in rats, made to fast overnight, by
administration of STZ (60 mg/kg; i.p.) in 0.1 M cold
citrate buffer (pH 4.5). STZ-induced hypoglycemia was
prevented by feeding 10% dextrose solution after 6 h of
STZ administration for the next 24 h to the rats. Induction
of diabetes was verified after 72 h by measuring the blood
glucose level with strips using a glucometer (Accu-ChekÒ
Active, Roche Diagnostic Corporation, Mannheim,
Germany) and the animals were allowed 14 days for the
stabilization of the blood glucose level.[26] On day 14, animals
having a blood glucose level higher than 250 mg/dL were
considered as diabetic and selected for the experiment.
Experimental design for the assessment of antioxidant
property

Animals were divided into seven groups and each group
consisted of six rats. The grouping details are:
Group I served as normal control received 0.2% carboxy
methyl cellulose (CMC) (5 mL/kg).
Group II served as diabetic control received 0.2% CMC
(5 mL/kg).
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Groups III and IV diabetic rats were treated with AEPP
100 and 200 mg/kg, respectively.
Groups V and VI diabetic rats were treated with AESP
100 and 200 mg/kg, respectively.
Group VII diabetic rats received standard drug,
glibenclamide (5 mg/kg).
The vehicle (0.2% CMC), AEPP, AESP, and glibenclamide
were administered orally to the respective group animals
for 28 days. AEPP and AESP were triturated with distilled
water and glibenclamide with the vehicle just before the oral
administration.[26] The blood glucose level was determined
using glucometer before and after the administration of
AEPP and AESP. On day 28, overnight fasted animals of
all groups received respective treatments and after 1 h, all
animals were anesthetized with ketamine (100 mg/kg, i.p.)
and killed by cervical dislocations to dissect out liver, kidney,
and pancreas tissues. They were washed immediately with
ice-cold saline to remove blood, kept at -70 °C for the
estimation of antioxidants levels until the completion of
study.
Tissue homogenate preparation, determination of lipid
peroxidation and antioxidants levels

Liver, kidney, and pancreas tissues were weighed and 10%
homogenate was prepared with 0.025 M Tris–HCl buffer,
pH 7.5. After centrifugation at 10,000 rpm for 10 min,
the supernatant was used to measure thiobarbituric acid
reactive substances (TBARS). All three tissues were weighed
and homogenized (10% w/v) with 0.1 M phosphate buffer
(pH 7.0) and centrifuged for 10 min, the supernatant was
used for the estimation of SOD, CAT, GPx, and GSH.[27]
Statistical analysis

All the data are expressed as mean ± SEM and were
evaluated by one-way analysis of variance (ANOVA),
followed by Dunnett’s test for multiple comparisons using
prism Graphpad version 5.0 and values of P < 0.05 were
considered statistically significant.

source of free radicals. Further, hyperglycemia enhanced
lipid peroxidation of low density lipoprotein (LDL) via
a superoxide-dependent pathway leading to free radical
formation.[4] The STZ-induced diabetic animal model is
commonly used by researchers to assess antidiabetic and
antioxidant potential of natural and synthetic products.
Also, it was well documented that STZ-induced diabetes
caused alkylation of DNA and transfer of the methyl
group from STZ to the DNA molecule which results in
fragmentation of b-cell DNA and defects its function.
Our study data showed an increased blood glucose level
after STZ administration which may be due to destruction
of pancreatic b-cells and that the treatment of both the
doses of AEPP and ASEP significantly decreases the blood
glucose level towards normal [Figure 1]. Moreover, STZ
has potential to act as an intracellular nitric oxide (NO)
donor and generates ROS.[28] In a diabetic state, altered
levels of non-enzymatic and enzymatic antioxidants were
observed in various tissues and estimation of its levels are
considered to be a biomarker to identify the oxidative stress
status.[29] Therefore, in this study, in vivo antioxidants such
as SOD, GPx, CAT, GSH, and lipid peroxidation (TBARS)
levels in liver, kidney, and pancreas were determined after
the administration of AEPP and AESP in diabetic rats.
Normally, SOD converts superoxide anion radicals
generated in the body to hydrogen peroxide, reducing
interaction of superoxide anions with nitric oxide to form
reactive peroxynitrite, thereby scavenging free radicals and
preventing their deleterious actions. There are a number of
studies reported that the liver, kidney, and pancreas SOD
level were sharply reduced in hyperglycemic conditions.[4]
It may be due to generation of more superoxide anion
radicals in diabetes by glucose oxidation. In our study,
STZ-induced diabetic rats showed significant (P < 0.001)
reduction of the SOD level in the liver, kidney and pancreas
when compared to normal control rats which may be due
to above reasons [Tables 1–3]. However, administration
of AEPP (100 and 200 mg/kg) and AESP (100 and 200

RESULTS AND DISCUSSION
Oxidative stress has a considerable role in the pathogenesis
and progression of diabetes due to the increased production
of free radicals and reduction of antioxidant defenses.
The reactive oxygen species (ROS) such as hydrogen
peroxide and hydroxyl radical are formed primarily by
reduction of molecular oxygen from superoxide anions.
The high levels of free radicals cause damage to cellular
proteins, membrane lipids, and nucleic acids. Although
many mechanisms have been reported for formation
of ROS, glucose oxidation is believed to be the main
190

Figure 1: Blood glucose lowering effect of AEPP and AESP in diabetic
rats. All data are expressed as mean ± SEM (n = 6). aP < 0.001, the
diabetic control compared with the normal control. bP < 0.001, AEPP
100 and 200 mg/kg, AESP 100 and 200 mg/kg and glibenclamide
5 mg/ kg compared to the diabetic control
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mg/kg) in diabetic rats significantly (P < 0.001) increased
the SOD levels in all three tissues compared to diabetic
control rats. Also, AEPP and AESP higher dose (200 mg/
kg) showed significant (P < 0.001 and P < 0.05) efficacy
than its lower dose (100 mg/kg). The above action may
be due to blood glucose reduction ability of AEPP and
AESP in diabetic rats and hence prevention of glucose
oxidation, thereby reducing superoxide anion formation
and restoration of the SOD level.

Administration of AEPP 200 mg/kg and AESP 200 mg/
kg to the diabetic rats increased the GPx and CAT levels
significantly (P < 0.001 and P < 0.05) compared to AEPP
100 mg/kg and ASEP 100 mg/kg. The restoration of
GPx and CAT levels by AEPP and ASEP may be due
to reduction of the formation of hydrogen peroxide via
prevention of glucose oxidation by control of the blood
glucose level in diabetic rats.

The GPx is found in the cytoplasm, mitochondria, and
CAT present in peroxisomes. The role of both the enzymes
is to metabolize hydrogen peroxide and peroxides to water
and oxygen.[30] Hence, estimation of both these enzyme
levels is considered to be a biomarker for the assessment
of oxidative stress in diabetes. In this study, GPx and CAT
levels in the liver, kidney and pancreas of diabetic rats
were significantly (P < 0.001) reduced when compared to
normal control rats which confirms the oxidative stress
and free radicals generation after the induction of diabetes
by STZ. The AEPP (100 and 200 mg/kg) and AESP (100
and 200 mg/kg) treatment to the diabetic rats showed
significant (P < 0.001) increases in GPx and CAT levels.

Moreover, our study data revealed that the level of GSH
was reduced significantly in three tissues, and it was
supported by published reports. The reduced glutathione
is a major intracellular redox buffer and it functions as
a direct free-radical scavenger. It acts as a co-substrate
for glutathione peroxidise activity, and as a cofactor for
many enzymes. In diabetic conditions, the decreased level
of GSH was reported in blood and other tissues.[4] The
diabetic rats treated with both the doses of AEPP and
ASEP significantly (P < 0.01 and P < 0.05) increased GSH
levels as compared to the diabetic rats treated with the
vehicle. This action supports the free radical scavenging
property of AEPP and ASEP in diabetic rats.

Table 1: Effect of AEPP and AESP on liver antioxidant enzymes in STZ-induced diabetic rats
Treatment

Dose (mg/kg)

SOD (U/mg
protein)

Normal control
Diabetic control
AEPP
AEPP
AESP
AESP
Glibenclamide

CMC (5 ml/kg)
CMC (5 ml/kg)
100
200
100
200
5

118.60 ± 2.24
65.23 ± 1.78a
90.07 ± 2.12b
112.68 ± 1.55b,c
97.78 ± 1.69b,d,f
116.72 ± 1.75b,c,e
120.18 ± 1.46b,c,e

GPx (μg of
GSH utilized/
min/mg
protein)
17.94 ± 0.61
13.07 ± 0.38a
15.07 ± 0.43g
18.32 ± 0.54b
16.73 ± 0.49b
17.82 ± 0.46b
18.05 ± 0.52b

Catalase (μΜ of H2O2/
min/mg protein)

GSH (μg of GSH/
mg protein)

TBARS (μM of
MDA/min/mg
protein)

25.89 ± 0.54
19.45 ± 0.53a
24.68 ± 0.78b
30.56 ± 0.57b,h
27.05 ± 0.50b
32.28 ± 0.87b,h
31.95 ± 0.61b,h

173.94 ± 3.41
151.74 ± 3.03i
167.91 ± 2.37g
175.24 ± 2.37b
166.27 ± 3.13g
176.93 ± 4.24b
181.36 ± 5.55b

2.86 ± 0.07
7.91 ± 0.12a
4.39 ± 0.15b
3.23 ± 0.09b,c
3.02 ± 0.08b,c
2.77 ± 0.11b,c,j
2.78 ± 0.09b,c,j

All data were expressed as mean ± SEM (n = 6).aP < 0.001, diabetic control compared with normal control. bP < 0.001, AEPP 100, 200 mg/kg; AESP 100, 200 mg/kg; and
glibenclamide 5 mg/kg compared with the diabetic control. cP < 0.001, AEPP 200 mg/kg, AESP 100, 200 mg/kg and glibenclamide 5 mg/kg compared with AEPP 100 mg/kg.
d
P < 0.05, AESP 100 mg/kg compared with AEPP 100 mg/kg. eP < 0.05, AESP 200 mg/kg compared with AESP 100 mg/kg. fP < 0.05, AESP 100 mg/kg compared with AEPP
200 mg/kg. gP < 0.05, AEPP 100 mg/kg kg and AESP 100 mg/kg compared with the diabetic control. hP < 0.001, AEPP 200 mg/kg, AESP 200 mg/kg and glibenclamide 5 mg/
kg compared with the diabetic control. iP < 0.01, diabetic control compared with normal control. jP < 0.05, AESP 200 mg/kg and glibenclamide 5 mg/kg compared with AEPP
200 mg/kg.

Table 2: Effect of AEPP and AESP on kidney antioxidant enzymes in STZ-induced diabetic rats
Treatment

Dose (mg/kg)

SOD (U/mg
protein)

Normal control
Diabetic control
AEPP
AEPP
AESP
AESP
Glibenclamide

CMC (5 ml/kg)
CMC (5 ml/kg)
100
200
100
200
5

29.23 ± 0.85
24.44 ± 0.29a
34.68 ± 1.09b
33.88 ± 1.25b
29.90 ± 0.83ns,c
36.15 ± 1.16b,d
35.04 ± 1.02b,e

GPx (μg of GSH
utilized/min/
mg protein)
10.19 ± 0.21
7.61 ± 0.19a
10.72 ± 0.21b
10.98 ± 0.37b
8.84 ± 0.31f
11.76 ± 0.28b,g
11.52 ± 0.29b,g

Catalase (μΜ
of H2O2/min/
mg protein)
6.27 ± 0.20
5.21 ± 0.12a
7.67 ± 0.22b
7.94 ± 0.14b
6.82 ± 0.22b
7.76 ± 0.16b,h
8.52 ± 0.17b,i

GSH (μg of GSH/
mg protein)
148.97 ± 2.79
127.45 ± 1.72a
156.84 ± 3.63b
160.39 ± 2.56b
145.36 ± 2.22b
169.60 ± 3.27b
165.17 ± 2.28b

TBARS (μM
of MDA/min/
mg protein)
1.24 ± 0.04
4.33 ± 0.16a
2.16 ± 0.06b
2.29 ± 0.08b
2.21± 0.07b
1.95 ± 0.04b,j
2.03 ± 0.03b

All data were expressed as mean ± SEM (n = 6). nsNo significance. aP < 0.01, diabetic control compared with normal control. bP < 0.001, AEPP (100 and 200 mg/kg), AESP
(100 and 200 mg/kg) and glibenclamide 5 mg/kg compared with the diabetic control. cP < 0.01, AESP 100 mg/kg compared with diabetic control. dP < 0.001, AESP 200 mg/
kg compared with AESP 100 mg/kg. eP < 0.01, glibenclamide 5 mg/kg compared with AESP 100 mg/kg. fP < 0.01, AESP 100 mg/kg compared with diabetic control. gP < 0.001,
glibenclamide 5 mg/kg compared with AESP 100 mg/kg. hP < 0.01, AESP 200 mg/kg compared with AESP 100 mg/kg. iP < 0.001, Glibenclamide 5 mg/kg compared with AESP
100 mg/kg. jP < 0.05, AESP 200 mg/kg compared with AEPP 200 mg/kg.
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Table 3: Effect of AEPP and AESP on pancreas antioxidant enzymes in STZ-induced diabetic rats
Treatment

Normal control
Diabetic control
AEPP
AEPP
AESP
AESP
Glibenclamide

Dose
(mg/
kg)
CMC (5
ml/kg)
CMC (5
ml/kg)
100
200
100
200
5

SOD (U/mg
protein)

Catalase (μΜ of
H2O2/min/mg
protein)
33.35 ± 1.03

GSH (μg of GSH/
mg protein)

TBARS (μM of MDA/
min/mg protein)

73.26 ± 2.70

GPx (μg of GSH
utilized/min/mg
protein)
126.64 ± 2.11

148.97 ± 2.80

1.23 ± 0.03

56.55 ± 1.66a

75.33 ± 1.48a

23.06 ± 0.85a

127.45 ± 1.72a

4.33 ± 0.15a

72.96 ± 1.13b
75.08 ± 1.87b
78.39 ± 1.99b
81.41 ± 2.16b,c
80.65 ± 1.85b,c

87.12 ± 1.75f
96.60 ± 2.05b
83.85 ± 1.90ns
92.79 ± 3.23b
95.36 ± 3.69b

39.45 ± 1.12b
40.35 ± 1.17b
39.90 ± 0.81b
42.46 ± 1.05b
41.01 ± 0.98b

156.84 ± 3.63b
160.39 ± 2.56b
145.36 ± 2.21b,d
169.60 ± 3.26b,d
165.17 ± 2.28b

2.16 ± 0.06b
2.28 ± 0.08b
2.21 ± 0.07b
1.94 ± 0.04b,e
2.02 ± 0.03b

All data were expressed as mean ± SEM (n = 6). aP < 0.001, diabetic control compared with normal control. bP < 0.001, AEPP 100, 200 mg/kg; AESP 100, 200 mg/kg; and
glibenclamide 5 mg/kg compared with the diabetic control. cP < 0.05, AESP 200 mg/kg and glibenclamide 5 mg/kg compared with AEPP 100 mg/kg. dP < 0.05, AESP 100 and
200 mg/kg compared with AEPP 100 mg/kg. eP < 0.05, AESP 200 mg/kg compared with AEPP 200 mg/kg. fP < 0.01, AEPP 100 mg/kg compared with the diabetic control.

In chronic hyperglycemic conditions, the increased level of
lipid peroxidation was reported in many studies and it may
be due to increased generation of oxygen free radicals. The
increased lipid peroxidation level causes oxidative stress in
the cell which leads to depletion of antioxidant enzymes.
In both types of diabetes, lipid peroxide-mediated different
tissue damages was reported.[31] In diabetes, the elevated
level of TBARS was considered as a major indicator
for the occurrence of lipid peroxidation. Also, diabetic
complications such as atherogenesis, coronary heart failure,
and nephropathy display causal relationship with oxidative
stress and lipid peroxidation.[32] In this study, the TBARS
level in the liver, kidney, and pancreas of diabetic rats were
significantly (P < 0.001) increased than normal control rats
which supported the occurrence of lipid peroxidation.
Administration of AEPP and ASEP reduced the TBARS
level in diabetic rats significantly (P < 0.001). This action
supports anti-lipid peroxidation action of AEPP and ASEP
in diabetic rats.
The antidiabetic, neuroprotective, hypolipidemic and in
vitro antioxidant activities of A. esculentus fruits were
studied well. Also, the high phenolic content (167.70 gallic
acid equivalent mg/100 g) of A. esculentus was reported.[33]
High-performance liquid chromatography (HPLC) analysis
identified the presence of various phytoconstituents such
as catechin, epicatechin, procyanidin B1 and B2, quercetin
and rutin in the A. esculentus seed and pulp.[12] The okra
seed contains high content of procyanidin B1 and B2 than
catechin and epicatechin and this was documented using
HPLC analysis. But, okra pulp contains high content of
catechin and epicatechin than procyanidin B2. It is wellknown that quercetin, rutin, catechin, and epicatechin have
good antioxidant property and their therapeutic effects in
many disease conditions are well established. Clinically,
procyanidin oligomers were reported to possess greater
antioxidant property than vitamins C and E. Moreover,
procyanidin oligomers inhibited isolated human lowdensity lipoprotein oxidation greater than vitamins C and
192

E and inhibited platelet aggregation, atherosclerosis, cancer,
inflammatory mediators release, ulcer, and free radicals.[34,35]
Based on published reports okra seed and pulp extracts
contained more amount of catechin, epicatechin and
procyanidin B1 and B2 than quercetin and rutin. Therefore,
the above phytoconstituents might be responsible for the
in vivo antioxidant property of A. esculentus seed and
peel powders in diabetic rats. However, further studies
are required to know the exact mechanism of antioxidant
effects of A. esculentus fruit seed and peel powders.
CONCLUSION
The above study results confirmed that A. esculentus fruit
seed and peel powders have equal and significant in vivo
antioxidant property in diabetic conditions which has given
scientific support to the published in vitro antioxidant
studies.
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