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Abstract
The prevalence of diabetes mellitus (DM) continues to rise alarmingly despite years of intensive research. The need
to explore alternative remedies such as food supplements phytotherapy has therefore become increasingly important
in the management and treatment of DM. The aim of this study is to evaluate the effect of okra (Abelmoschus
esculentus) supplement on blood glucose and antioxidant biomarkers on alloxan induced diabetic wistar rats.
Diabetes was induced by a single intraperitoneal (i.p) injection of Alloxan monohydrate (150 mg/kg body weight) in
Wistar rats. The rats were divided into five groups as follows: non-diabetic control fed distilled water, diabetic
control fed distilled water, diabetic group treated with glibenclamide (5 mg/kg.body weight) ,diabetic group treated
with 33% okra supplement( Abelmoschus esculentus ) and diabetic group treated with 66% okra supplement for a
period of sixteen days. Blood glucose levels were determined at day 0, 4, 8 12 and 16. The animals were sacrificed
by being euthanized with overdose halothane, blood samples were removed by cardiac puncture and the serum
extracted were used for the assay of antioxidant enzymes and Lipid peroxidation. The results revealed that
treatment with 33 and 66% okra supplements significantly reduced blood glucose levels when compared with the
control diabetic untreated. Also in relation to the antioxidant biomarkers levels, there was a decrease in superoxide
dismutase (SOD) and malonaldehyde (MDA) levels when compared with the diabetic untreated. However, there
was a increase in the levels of reduced glutathione (GSH) and catalase (CAT) when compared with the diabetic
untreated. In conclusion, the data obtained in this study demonstrated the hypoglycemic and antioxidant effects of
okra supplement in alloxan-induced diabetic rats.

Keywords: Oxidative Stress, Alloxan Monohydrate, Blood Glucose, Abelmoschus esculentus.

Introduction
The term diabetes mellitus describes metabolic
disorders of multiple aetiology characterized by
chronic hyperglycaemia with disturbances of
carbohydrate, fat and protein metabolism resulting
from defects in insulin secretion or insulin action.[1]

The effects of diabetes mellitus include long–term
damage, dysfunction and failure of various organs.
Diabetes mellitus may present with characteristic
symptoms such as thirst, polyuria, blurring of vision,
and weight loss. In its most severe forms,

ketoacidosis or a non–ketotic hyperosmolar state
may develop and lead to stupor, coma and, in
absence of effective treatment, death.[2] Often
symptoms are not severe, or may be absent, and
consequently hyperglycaemia sufficient to cause
pathological and functional changes may be present
for a long time before the diagnosis is made.[2] The
imbalance between the systemic manifestation of
reactive oxygen species (ROS) and the system’s
ability to readily detoxify the reactive intermediates
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or to repair the resulting damage is termed oxidative
stress. The disturbances in the normal redox state of
cells can cause toxic effects through the production
of peroxides and free radicals that damage all
components of the cell, including proteins, lipids,
and DNA.[3] Oxidative stress causes not only
negative effects such as lipid peroxidation and
oxidative DNA damage, but also physiologic
adaptation phenomena and regulation of intracellular
signal transduction. It is known to be involved in the
pathogenesis of lifestyle-related diseases, including
atherosclerosis, hypertension, diabetes mellitus,
ischemic diseases, and malignancies et cetera.[4,5]

Medicinal plants are important sources of
biologically active antioxidants. Natural antioxidants,
which are ubiquitous in fruits and vegetables, have
also received great attention and have been studied
extensively, since they are effective free radical
scavengers and are assumed to be less toxic than
synthetic antioxidants.[6] Green leafy vegetables
provide a high amount of carotene, ascorbic acid,
and microelements which play important roles in
nutrient metabolism and slowing down of
degenerative diseases.[7] Abelmoschus esculentus L.
(Family: Malvaceae), also known as Hibiscus
esculentus, is an important vegetable, widely
distributed from Africa to Asia, Southern Europe,
and America that is more commonly known as ladies
finger, okra, or gumbo.[8] The fibres in ladies finger
help to stabilise blood sugar by regulating the rate at
which sugar is absorbed from the intestinal tract.
Previous studies reported that ladies finger
polysaccharide possesses hepatoprotective,[9]

antiulcer,[10] anticancer,[11,12] anti-inflammatory,
laxative, antihyperlipidemic, antifungal, and
analgesic activities.[13] Nutritionally, the richest part
of the ladies finger plant is the dried seeds. The oil
of ladies finger seeds is edible and the residual meal
after oil extraction is rich in protein.

The aim of this study is to determine the effect of
okra supplement on blood glucose levels and
antioxidant biomarkers of alloxan induced diabetic
wistar rats

Materials and Methods
Animals
A total of twenty-five (25) Wistar rats of both sexes
weighing between 120-150 grams were procured at

the Department of Human Physiology Animal House,
Ahmadu Bello University Zaria, Nigeria. The
animals were kept in an aerated laboratory cage in
the animal house of the Human Physiology
Department of the Ahmadu Bello University. The
animals were allowed access to food and water ad
libitum. The study was conducted in accordance with
the guidelines of Ahmadu Bello University in
accordance with the rules governing the use of
laboratory animals as accepted internationally by
National Institute of Health Guide for Care and Use
of Laboratory Animals.

Collection, Identification and Preparation of
Supplement
Okra fruit was purchased from Samaru market in
Zaria, Nigeria in the month of February 2016. It was
authenticated at the Herbarium Unit of the
Department of Biological Sciences, Ahmadu Bello
University, Zaria. A voucher number (00654) was
given for future reference. The okra was allowed to
dry and then ground into powder using a grinding
machine. The feed supplements for the rats were
then prepared by mixing 33g of the okra with 67g of
normal rat feed and 66g of okra was mixed with 34g
of normal rat feed to get the 33% and 66%
supplement ratio respectively.

Chemical /Drug Used
Alloxan was purchased from Zayo Company, Jos,
Plateau State (Sigma Chemical Company St. Louis
U.S.A), Glibenclamide, normal saline, haloethane
and all other chemicals that were used were of
analytical grade.

Induction of Diabetes Mellitus
The Wistar rats were fasted for about 16-18 h, after
which diabetes was induced by a single
intraperitoneal injection of alloxan monohydrate
dissolved in 0.9% cold normal saline solution at a
dose of 150 mg/kg body weight.[14] Alloxan
monohydrate produces fatal hypoglycaemia and to
prevent this, the rats were treated with 20% glucose
solution orally for 6 hours and subsequently placed
on 5% glucose solution for 24 hours.[15] Blood was
collected from the tail vein of the rats after 72 hours
of alloxan injection using a glucometer. Rats having
fasting blood glucose level greater than 200 mg/dl
were selected for the study.
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Experimental Design
Animals were randomly divided into experimental
and control groups as follows:

Group 1 (normal control) - Normoglycemic
received 5 ml/Kg body weight distilled water for
sixteen days.
Group 2 Diabetic control administered 5 ml/Kg
body weight distilled water.
Group 3 Diabetic administered glibenclamide (2
mg/kg) orally for sixteen days.
Group 4 Diabetic fed on 33 % okra supplement for
sixteen days
Group 5 Diabetic fed on 66 % okra supplement for
sixteen days.

Determination of Blood Glucose Level
Determination of fasting blood glucose levels was
conducted by collecting blood samples from the
animal tail vein at day 0, 4, 8, 12 and 16 days
using the glucose oxidase principle [16] using a
digital glucometer One Touch (Accu-check Active,
Boche Diagnostic Company).

Collection of Serum Sample
All the animals were sacrificed at the end of the
experiment. The rats were euthanised with overdose
haloethane. Blood was collected via cardiac
puncture from each animal. About 5 ml of blood
sample was collected from each rat in plain tubes
and allowed to clot. Thereafter the serum was
separated by centrifugation, using Denley BS400
centrifuge (England) at 3000 g for 10 minutes. The
supernatant collected were used for the analysis of
lipid peroxidation and antioxidant biomarkers.

Biochemical Assay
Determination of Catalase (CAT) Activity
Catalase (CAT) activity was measured using the
method of Aebi.[17] Exactly 10 µl of serum was
added to a test tube containing 2.80 ml of 50 mM
potassium phosphate buffer (pH 7.0). The reaction
was initiated by adding 0.1ml of freshly prepared
30mM H2 O2 and the decomposition rate of H2O2

was measured at 240 nm for 5 minute on a
spectrophotometer. A molar extinction coefficient (E)
of 0.041 mM¯1 cm¯1 was used to calculate the
catalase activity.

Catalase Conc = Absorbance/E.
Catalase Activity = Catalase Conc /Protein Conc.
(mg/ml)

Determination of Superoxide Dismutase (SOD)
Activity
Superoxide dismutase activity was analysed using
NWLSSTM NWK-SODO2 Superoxide dismutase
activity assay kit (North-West Life Science
Specialities, Vancouver, WA 98662) following the
manufacture’s protocol. This is based on the method
of Martin et al.[18] with modifications to increase
robustness and reliability. Ultrospec Plus
Spectrophotometer Model number 4054 at
wavelength of 540nm was used.

Determination of Reduced Glutathione (GSH)
concentration
Reduced glutathione (GSH) was determined by the
method of Ellman [19 ]. 1 ml of supernatant (0.5
ml plasma precipitated by 2 ml of 5% TCA) was
taken and 0.5 ml of Ellman’s reagent (0.0198 %
DTNB in 1% sodium citrate) and 3 ml of phosphate
buffer (pH 8.0) was added. The colour developed
was read at 412 nm.

Determination of Lipid peroxidation (MDA)
The level of thiobarbituric acid reactive substance,
malondialdehyde (MDA) as an index of lipid
peroxidation was evaluated on the plasma using the
method of Draper and Hadley [20]. The principle of
the method was based on spectrophotometric
measurement of the colour developed during
reaction of thiobarbituric acid (TBA) with MDA.
The MDA concentration in each sample was
calculated by the absorbance coefficient of
MDA-TBA complex 1.56×105cm-1M-1 and
expressed as nmol mg-1

Statistical Analysis
Data obtained from the present study were expressed
as mean ± SEM. The difference between the groups
were analysed by one way analysis of variance
(ANOVA), followed by Dunnet’s post hoc test to
compare the level of significance between control
and experimental groups values of p ˂ 0.05 were
considered significant.
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Results

Table 1: Effect of Okra (Abelmoschus esculentus ) Supplement on Blood Glucose Levels (mg/dl) on
Alloxan Induced Diabetic Wistar Rats.
Experimental
Group/
Treatments

Blood
glucose
Day 0

Blood
glucose
Day 4

Blood
glucose
Day 8

Blood
glucose
Day 12

Blood
glucose
Day 16

Group 1:
Normoglycaemic 72.2 ± 5.12 67.4 ± 2.20 71.0 ± 5.03 64.40 ± 1.27 70.70 ± 1.34

Group 2:
Diabetic control 410.2 ± 3.24 414.6 ± 3.37 440 ± 2.23 324.2 ± 3.06 292.4 ± 2.13

Group 3:
Diabetic + 2 mg/kg
Glibenclamide

434.6 ± 2..22 456.8 ± 2..31 322 ± 3.21 253.0 ± 3.19 128.8 ± 3.50 a

Group 4:
Diabetic + 33% okra 404.8 ± 3.20 133.6 ± 4.27 a 146.6 ± 2.91 a 133.2 ± 1.11 a 79.6 ± 1.01 a

Group 5:
Diabetic + 66% okra 420.1 ± 1..33 153.8 ± 2.44 a 106.2 ± 2.70 a 113.8 ± 2.11 a 81.8 ± 5.43. a

a Statistically Significant At p< 0.05 when Compared with Untreated Diabetic Control Group.

There was a significant (p< 0.05) reduction in blood
glucose levels in the groups fed with 33 and 66%
okra supplement when compared with the diabetic
untreated control group . Furthermore, there was a
significant increase when compared with the

normoglycaemic. Also as regards to the reference
drug glibenclamide 5 mg/kg there was a significant
decrease at day 12 and 16 respectively, when
compared with diabetic control group as shown in
Table 1.

Table 2: Effect of Okra Supplement on Antioxidant Enzymes on Diabetic Wistar Rats

a Statistically Significant at p< 0.05 when Compared with Untreated Diabetic Control

Group/Treatment MDA
(nmol/mg)

CAT
(U/mg)

GSH (µg/ml) SOD (U/ml)

Group 1:
Normoglycemic control 45.70 ± 0.24 56.26 ± 0.12 68.75 ± 2.32 49.11 ± 1.25

Group 2: Diabetic
control 70.60 ± 0.34 10.23 ± 0.21 34.66 ± 1.21 96.52 ± 1.12

Group 3: Diabetic +
2mg/kg (GLB) 52.00 ± 1.31a 19.12 ± 0.38 a 65.63 ± 2.15 a 75.13 ± 2.02 a

Group 4: Diabetic +
33% of Okra 34.41 ± 0.22 a 38.20 ± 0.37 a 61.38 ±2.23 a 55.05 ± 1.21 a

Group 5: Diabetic Rats +
66% of Okra 44.21 ± 0.11 a 45.40 ± 0.51 a 60.15 ± 1.12 a 44.20 ± 1.01 a
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As regards the superoxide dismutase (SOD) levels,
there was a significant (p< 0.05) reduction in the
groups given 33% and 66% okra supplement as
compared to the diabetic control. In relation to the
catalase (CAT) levels, there was a significant
increase (p< 0.05) in the groups given 33% and
66 % okra supplement when compared with the
diabetic control. Also, there was significant increase
(p< 0.05) in the reduced glutathione concentration
(GSH ) in the groups fed with 33% and 66 % okra
supplement when compared with the diabetic control
group. Furthermore, there was a significant
reduction (p< 0.05) in the malondialdehyde (MDA)
of the group fed with 33% and 66% okra supplement
when compared with the diabetic control . However
there was no significant change in all the tested
parameter when compared with the normoglycaemic
control group as shown in Table 2.

Discussion
Alloxan, a beta cytotoxin, destroys pancreatic β-cells
of islets of Langerhans resulting in a decrease in
endogenous insulin secretion and paves way for the
decreased utilization of glucose by body tissues
leading to elevation of blood glucose level,
decreased protein content, increased levels of
cholesterol and triglycerides.[21] On day 0, there was
no significant change in the blood glucose levels
before treatment. However, on day 4, 8, 12 and 16
of feeding, there was significant decrease in the
blood glucose levels in the groups that were fed with
33 and 66% okra supplement when compared with
the diabetic control, but when compared with the
normoglycaemic control there was a significant
increase in the blood glucose levels as compared
with the other groups. In relation the standard drug
(glibenclimide) there was a significant (p < 0.05)
decrease in blood glucose levels on Day 12 and 16
respectively when compared with the untreated
diabetic group. it was reported that infusion of okra
roots when used as stomachic and infusion of
roasted okra seed help in the therapy of diabetes
mellitus.[22]

Furthermore reported the seed of okra which helps to
lower blood glucose level.[23] This result is found
to be in agreement with that of [24] who reported the
presence of high fiber, vitamin C and folate content
in okra which helps to stabilise blood glucose by

regulating the rate at which sugar is absorbed from
the intestinal tract. However, the hypoglycaemic
activity observed could be due to the polysaccharide
content that has been found in Abelmoschus
esculentus (okra) supplement.[25] In addition Vitamin
B1 (Thiamine pyrophosphate) (TPP) is an essential
vitamin for glucoses metabolism [26] that Vitamin B1

is a constituents of okra supplement which function
in blood glucose level.

The imbalance between the systemic manifestation
of reactive oxygen species (ROS) and the system’s
ability to readily detoxify the reactive intermediates
or to repair the resulting damage is termed oxidative
stress. The disturbances in the normal redox state of
cells can cause toxic effects through the production
of peroxides and free radicals that damage all
components of the cell, including proteins, lipids,
and DNA.[3] In relation to the superoxide dismutase
when compared with the diabetic control untreated
group there was a significant decrease in the group
that was fed with 33 and 66 % okra supplement.
However, when compared with the normoglyceamic
control group, there was no significant change in the
groups that were fed with the 33 and 66% okra
supplement. As regards to the catalase enzymes
there was a significant increase in the levels when
compared with the diabetic untreated group.

Also when compared with the normoglycaemic
group there was no significant change in the groups
that were fed with the supplement of okra at the
tested percentage. The decreased activity of catalase
could also be due to decreased protein expression
levels in the diabetic condition.[27] It could also be
due to the inactivation of the enzymes by
cross-linking or due to the exhaustion of the
enzymes by increased lipid peroxidation.[28] In
reduced glutathione level, there was a significant
increase in the groups fed with the okra supplements
when compared with the control untreated group.
But when compared with the normoglyceamic group
there was no significant change. This could be due to
the impaired scavenging of H2O2 and lipid
hydroperoxides[29] or impaired reduced glutathione
synthesis and thiol transport making the cells
become susceptible to oxidative damage.[30] In
diabetes, a positive correlation between carbonyl
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proteins and reduced glutathione suggests enhanced
oxidative stress which may result in increased
protein gluthathionylation, having an adverse effect
on cellular glutathione levels and thus further
explaining the reduced glutathione level in this
study[31] Reduced glutathione deficiency in diabetes
mellitus is due to decreased availability of precursor
aminoacids cysteine and glycine due to the fact that
deficiency of protein content in the diets of healthy
humans has shown to result in suppression of
reduced glutathione turnover in vivo [32] In this study,
administration of okra supplement to the diabetic
rats led to significant increase in the reduced
glutathione level as compared with the diabetic
control group. This action may suggest the free
radical scavenging property of okra in diabetic rats.

There was also a significant increase in the
malondialdehyde (MDA) concentration of the
diabetic control group as compared with the
normoglycaemic control group. This is due to the
fact that during diabetes, an increased oxidative

stress in certain tissues may lead to a rise in the rate
of lipid peroxidation and lipid peroxidation is an
important factor determining the level and
composition of tissue lipids associated with cellular
membranes.[33,29] The increase in the level of the
malondialdehyde (MDA) is associated with
hyperglycemia, reason being that the auto-oxidation
of glucose, leads to the generation of free radicals.
The continual, increase in blood glucose in the
animals with diabetes possibly led to the generation
of high levels of ROS/MDA.[34,30] However, in
groups that were fed with the okra supplements at
the 33 and 66 % there was a significant decrease in
the malondialdehyde level when compared with the
control. The decrease in MDA level suggests
anti-lipid peroxidation action of okra in diabetic rats.

Conclusion
The results of this study indicate that okra
(Abelmoschus esculentus) supplement possesses anti
diabetic and antioxidant activities on alloxan
induced diabetic wistar rats.
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