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ABSTRACT
Following our report on the development of okra-based antidiabetic nutraceutical formulation and the establishment that 10:90 
% (Seeds: Peels) is the formulation with optimal antidiabetic and antioxidant properties in-vitro; this study evaluated in-vivo an-
tidiabetic effects of the developed formulation in alloxan induced diabetic rats. Diabetes was induced by intra-peritoneal admin-
istration of a single dose (150 mg/kg body weight) of Alloxan. The rats were randomly divided into five groups of six rats each. 
The Normal Control (NC) and the Diabetic Control (DC) groups were orally treated with normal saline (10 ml/kg); the Metformin 
Control (MC) group was orally treated with Metformin (100 mg/kg) while the Test groups (FX1) and (FX2) were orally treated 
with 100 and 200 mg/Kg body weight of the formulation respectively. All the groups were treated for 21 days. The effects of the 
treatments on blood glucose level, glycated hemoglobin and lipid profile parameters were studied for the antidiabetic evalua-
tion. Administration of FX1 and FX2 to the respective test groups for 21 days resulted in significant (P<0.05) reduction in blood 
glucose level, glycated hemoglobin and improvement on Lipid profile compared with the diabetic control (DC) group. Based on 
these findings, the study demonstrated the efficacy of the Okra-based nutraceutical formulation as a potent antidiabetic formula..
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INTRODUCTION

Diabetes mellitus (DM) is a widely spread epidemic disease 
and a serious metabolic disorder of carbohydrate, fat and pro-
tein metabolism reflected by an inappropriate high blood glu-
cose levels (hyperglycemia) which results from the absence 
of insulin (Type 1 DM), decreased secretion (insufficient) of 
insulin and/or impaired (inefficient) action of insulin (Type 2 
DM) [1,2]. Pancreas plays important role in the regulation of 
blood glucose level; it mainly consists of four types of cells 
viz: Alpha cells which secrets glucagon; Beta cells which 
secrets insulin; Delta cells which secrets somatostatin and 
Gamma cells which secrets pancreatic polypeptide [3]. The 
increased level of blood glucose stimulates insulin   secre-
tion from the Beta cells of the Pancreas while Alpha cells’ 

secrets Glucagon in the condition of low blood glucose level, 
to maintain the normal blood glucose level in the body. The 
imbalance between insulin and glucagon is one of the major 
factors in the pathogenesis of diabetes mellitus [3]. DM is 
currently treated / managed by different types of synthetic 
oral hypoglycemic agents such as Biguinides, Sulfonylureas, 
Thiazolidinediones α- glucosidase inhibitors and or insulin 
injection [4,5]. These are associated with several side effects 
and their efficacies are sometimes debatable [5]. Hence, at-
tention has been directed towards alternatives and of which 
is nutraceuticals originating from food plants that are rich 
in antidiabetic phyto-constituents [6]. Also, recent efforts for 
the complementary treatment of diabetes have focused on 
functional foods and their bioactive compounds [7]. Accord-
ing to World Health Organization (WHO), more than 80% of 
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the world’s population relies on traditional medicine for their 
primary healthcare needs [8]. Bioactive  chemical substances  
in plants such as alkaloids, phenols flavonoids, glycosides, 
gum, polysaccharides,  peptidoglycans, guanidine, ster-
oids, triterpenes, terpenoides, carbohydrates, glycopeptides, 
amino acids and inorganic ions are responsible for their me-
dicinal value [9]. However, few anti-diabetic poly-herbal 
products / formulations that contain plants metabolites as 
the active ingredients have been developed. For example, 
Alangium salvifolium tablet extracted from Alangium salvi-
folium and Gycin max [10]; Ipomea digitata tablet extracted 
from Ipomea digitata [11]; Bitter gourd tablets extracted 
from Momordica charantia [12]; Diamed powder extracted 
from Azardirachta indica, Cassia auriculata and Momor-
dica charantia [13,14]; Also, Polyherbal product extracted 
from green tea  have been documented and are commercially 
available [3]. Due to the perceived effectiveness, less side ef-
fects in clinical experience and relatively low costs of herbs; 
herbal drugs are becoming more popular as an antidiabetic 
agents [15]. 

Abelmoschus esculentus L. (Okra) is a popular health food 
due to its nutritional and health values [16]. It is a flowering 
plant that belongs to Malvaceae family. It is valued for its ed-
ible green pods and seeds. A number of previous studies have 
reported that Abelmoschus esculentus (Okra fruit) possessed 
hypoglycemic effect [17,18,19,20]. Ex- maradi Okra fruit; (a 
commercially/ locally available dry okra fruit characterized 
by its viscous nature) have also been reported to have sig-
nificant antidiabetic activity [1]. Attempt have been made to 
improve the acclaimed hypoglycemic effect of the okra fruit 
by formulating varying proportions of the seeds and peels 
of Ex- maradi Okra fruit in the ratio: (10:90, 20:80; 30:70; 
40:60, 50:50 and vice versa); then, the antidiabetic and an-
tioxidant potentials of the varying proportions were tested 
in-vitro. The 10:90 % (seeds: peels) ratio was observed to be 
the most potent as it shows optimal in-vitro antidiabetic and 
antioxidant effect [1]. Hence the aim of this research work is 
to evaluate in- vivo, the antidiabetic effect of this [10:90 % 
(seeds: peels)] nutraceutical formulation. 

MATERIALS AND METHODS

Chemicals and Reagents
Analytical grade laboratory chemicals and reagents were 
used for this study.

Okra Sample Collection
Ex-maradi (a commercially available Okra fruits from the 
vegetable growers/sellers at Maradi, Niger) was obtained 
from Maggi market at Sokoto State, Nigeria. The sample was 
identified and authenticated by Mal. A. Umar; a taxonomist 
at the Botany unit of the Department of Biological Sciences, 

Usmanu Danfidiyo University, Sokoto; Nigeria. A voucher 
specimen number (UDUH/ANS/0066) was assigned to the 
sample while the specimen sample was deposited in the Her-
barium of the same Department.

Formulation of the Okra- based Antidiabetic 
Nutraceutical
The formulation is according to Muhammad et al [21]. 
Briefly, the selected okra fruits were broken to separate the 
seeds from the pods. The two portions (the seeds and the 
peels) were separately grounded to fine powdered form. The 
powdered samples were sieved with a fine mesh then 10 : 
90 %  (seed : peel) of the powdered okra seeds and peels 
were accurately measured, mixed thoroughly and stored in 
an airtight glass container at normal laboratory conditions 
until when required for reconstitution and administration.

Experimental Animals
Thirty (30) apparently healthy young Wistar Albino rats of 
both sexes weighing between 100 - 120 g were used for this 
study. The rats were kept at animals house under normal en-
vironmental conditions and maintained with free access to 
pelletized growers feed, and water ad libitum. The animals 
were allowed to acclimatize for two weeks before the induc-
tion of diabetes. All procedures involving the use of animals 
in this research complied with the guiding principles for re-
search involving animals as recommended by the Helsinki 
declaration and the guiding principles in the care and use of 
animals [22]. 

Induction of Diabetes Mellitus
All rats, except the Normal Control Group were intra-per-
itoneally injected with 150 mg/kg body weight of the pre-
pared alloxan. After 6 hours of the alloxan administration, 
the rats were then allowed 10 % glucose solution for the next 
24 hours in other to prevent alloxan induced hypoglycemia. 
The animals were observed for polydipsia, polyuria, poly-
phagia as well as general reduction in body weight. Seventy 
two hours after the alloxan administration, the animals were 
fasted overnight and diabetes was confirmed from the rats by 
measuring their fasting blood glucose level with the aid of a 
fine test glucometer (Codex Pharma Limited). Only the rats 
that have fasting blood glucose level >7.0 mmol/l (126 mg/
dl) were considered diabetics and included in the study [23]. 

Grouping of Experimental Rats and Treatments
The rats were divided in to five (5) groups of six rats each 
and treated for 21 days as follows: The Normal Control (NC) 
and Diabetic Control (DC) groups were orally treated with 
normal saline (10 ml/kg) in addition to their normal diet and 
water; the Metformin Control (MC) group was treated with 
100 mg/kg Metformin in addition to their normal diet and 
water while the Test groups (FX1 and FX2) were treated with 
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100 and 200 mg/kg body weight of the (10 : 90) Okra formu-
lation in addition to their normal diet and water respectively.

Blood Sample Collection and Preparation of 
Serum
Twenty four (24) hours after the last treatment, the animals 
were subjected to 12 hours fasting after which the animals 
were anaesthetized by dropping individual animal into a 
plastic jar saturated with chloroform vapor. The animal was 
then removes from the jar   and blood samples collected from 
the animal through cardiac puncture. Blood was collected in 
labeled plastic specimen bottles containing EDTA for gly-
cated hemoglobin assay; the remaining blood was collected 
in plain plastic centrifuge tube and allowed to clot then cen-
trifuged at 4000 g for ten (10) minutes. The sera obtained 
from the rats were used for estimation of the serum glucose 
and lipid profile.

Estimation of Serum Glucose Level
This was estimated by glucose oxidase/ peroxidase method 
using Randox kit [24]. 

Estimation of Glycated Hemoglobin (HbA1c): The Glycat-
ed Hemoglobin (HbA1c) was estimated by the method of 
Yazdanpanah et al., [25]. 

Estimation of Serum Total Cholesterol (TC): TC was esti-
mated by enzymatic method using Randox kit [26]. 

Estimation of Serum HDL- C: This was done by enzymatic 
method using Randox Kit[27].

Estimation of Serum Triglyceride (TG): This was assayed 
using Randox Kit[28].

Estimation of Serum LDL- C: This was calculated using 
Friedewald formula [29]; LDL-C (mg/dl) = TC – (HDL - C) 

+ (
5

TG )

Estimation of Serum VLDL- C: This was calculated using 

Friedewald formula [29]; VLDL_C (mg/dl) = 
5

TG

Estimation of Atherogenic Index (AI): This was calculated 
as the ratio of LDL-cholesterol to HDL-cholesterol accord-
ing to [30]. 

Data Analysis
The data obtained were presented as mean ± standard er-
ror of the mean. Results of the Biochemical parameters 
were analyzed statistically by one way analysis of variance 
(ANOVA) followed by postHoc, Duncan multiple tests us-
ing the Statistical Package – for Social Sciences SPSS soft-
ware, version 20. A p-value < 0.05 was considered statisti-
cally significant.

RESULTS

Effect of Administration of the 10: 90 Nutraceu-
tical Formulation on Serum Glucose and Gly-
cated Hemoglobin Levels
The results of the effect of the treatments with the FX1 and 
FX2 of the formulation on serum glucose and glycated hemo-
globin levels were presented in Table 1. The results indicated 
significant (P<0.05) decrease in the level of serum glucose 
(5.23±0.43 mmol/l) and Glycated hemoglobin (4.78±0.17 
%) in the FX1 and FX2 treated groups in comparison with 
that of the diabetic untreated group  (14.76±1.51 mmol/l) 
and Glycated hemoglobin (11.04±0.31%) levels. It was also 
observed that, there was no significant (P > 0.05) difference 
in the effect of FX1 and FX2 treatments compared to Met-
formin.

Effect of Administration of the 10: 90 Nutraceu-
tical formulation on Serum Lipid Profile Levels
The results of the effect of the treatments with the FX1 and 
FX2 of the formulation on serum lipid profile are presented in 
Table 2. The result indicated significant (P < 0.05) decrease 
in the levels of serum Total Cholesterol (TC), Triglyceride 
(TG), Low Density Lipoprotein (LDL-C), Very Low Den-
sity Lipoprotein (VLDL-C), and Atherogenic Index (AIX) 
compared with that of diabetic untreated group (DC). Also, 
significant (P < 0.05) increase in the level of serum High 
Density Lipoprotein Cholesterol (HDL-C) (48.66±4.96 mg/
dl) was observed in the FX1 and FX2 treated group as com-
pared to that of the diabetic untreated group (16.90±3.59 mg/
dl). Same effect was observed in Metformin treated group.

DISCUSSION

Following the Alloxan injection, the animals displayed the 
expected symptoms of insulin-dependent diabetes mellitus, 
i.e., hyperglycemia, polydipsia, polyuria, increase in food 
and water intake as previously observed [1]. This could be 
due to the selective toxicity of alloxan on β-cells of pancreas 
after the alloxan injection resulting in reduced synthesis and 
release of insulin which leads to alteration of glucose me-
tabolism and utilization thereby causing hyperglycemia [31]. 
Generally; prolonged uncontrolled high blood glucose has 
been shown to results in elevated levels of serum glucose, 
glycated hemoglobin, oxidative stress indices as well as de-
creased levels of antioxidants defenses and lipid abnormali-
ties due to lipid peroxidation [7]. 

The significant (P < 0.05) decrease in fasting blood glucose 
level observed in the groups treated with FX1 and FX2 for 
three weeks as compared to that of diabetic untreated group 
(Table 1) might be attributed with the ability of the dietary 
fibers and the characteristic viscosity of the formulation to 
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reduce the diffusion of glucose and delay the digestion and 
absorption of carbohydrates derived from the rats’ diet. This 
has been supported by the earlier [32]. It has also been re-
ported that different types of dietary fibers (especially the 
soluble fibers) could reduce the diffusion of glucose in- vitro 
[32] and in- vivo [33]. Another study also [34,35] reported 
the hypoglycemic effect of Okra fruit might be attributed to 
inhibition of α- glucosidase and α- amylase enzymes. 

The observed increase in the level of glycated hemoglobin 
(HbA1c) in the diabetic untreated group (Table 1) could be 
due to the persistent hyperglycemia in diabetic condition; 
because in diabetes, the persistent and excess amount of glu-
cose present in the blood reacts with hemoglobin to form 
glycated hemoglobin which may also induce the generation 
of oxygen derived free radicals and other diabetes-associated 
complications in prolonged diabetic condition [34]. Effect of 
the treatment with FX1 and FX2 showed significant (P < 0.05) 
decrease in the glycated hemoglobin level (Table 1). Similar 
results were observed in the metformin treated group. The 
ability of the okra based nutraceutical formulation to de-
crease HbA1c levels in diabetic rats showed its potentials to 
prevent the diabetic-associated complications. This might be 
connected with its hypoglycemic effect as well as its anti-
oxidants rich compounds (e.g., carotenoids, riboflavin, ascor-
bic acid, thiamine and nicotinic acid) identified in Okra fruit 
[36]. The antioxidant or free radical scavenging property in 
plants such as Okra fruit may inhibit oxidative reactions as-
sociated with glycation. Also, a study[16] have reported that 
‘Okra have strong antioxidant properties through free radi-
cals scavenging such as superoxide anion, hydroxyl radical 
and nitric oxide with strong synergic effects’.

The significant (P < 0.05) elevation in lipid profile param-
eters (TC, TG, LDL-C VLDL-C and AIX as well as  signifi-
cant (P < 0.05) decrease in the level of HDL-C ) in the dia-
betic untreated (DC) rats as compared to the normal control 
(NC) rats and that of the FX1 and FX2 treated groups of rats 
(Table 2) could be as a results of the facts that there is de-
creased  secretion of insulin and increase in other hormones 
such as glucagon and catecholamines. These hormones are 
lipolytic and hence increased lipolysis resulting in the release 
of more free fatty acids from the peripheral deposits into the 
circulation [37]. The increased fatty acid concentration also 
increases β-oxidation of fatty acids, producing more acetyl 
Co-A and cholesterol hence, hypercholesterolemia and hy-
pertriglycedemia in diabetes [38, 39]. Administration of the 
FX1 and FX2 of the formulation significantly (P < 0.05) re-
versed the diabetes induced hyperlipidemia.  These results 
agree with previous reports on the antilipidemic properties 
of Okra fruits [40,41,42]. This may be due to the attainment 
of normoglycemia as a result of the hypoglycemic effects of 
the FX1 and FX2 administration. Also, the presence of some 
macro and micro nutrients as well as other vital antioxidant 
substances in okra fruit [36] may work in a way similar to 

the effect of insulin or enhance insulin sensitivity / secretion 
of insulin from the beta cells of pancreas. This may leads to 
increase in uptake of glucose and thereby decrease the rate 
of lipolysis. Further, the hypolipidemic effect of the formula-
tion may also be associated with the fiber / mucilage content 
of the formulation which could decrease the absorption of 
dietary cholesterol from the intestine. It has been reported 
that Okra fruit is rich in pectin in addition to other dietary 
fiber content [43]. Pectin helps in reducing high blood cho-
lesterol by modifying the synthesis of bile within the intes-
tines. [43]. It could  also binds  with  the bile  salts  and  
reduces  their  enterohepatic circulation  there by resulting in  
increased  degradation  of cholesterol  to bile  salts [43]. This 
corroborated the findings of [40] which reported that “the 
Hypolipidemic Activity of Okra is mediated through inhibi-
tion of lipogenesis and upregulation of cholesterol degrada-
tion” [40]. 

CONCLUSION

Based on these findings, the nutraceutical formulation (10:90) 
peel and seeds of Ex-maradi okra fruit possessed significant 
hypoglycemic and hypolipidemic activity in alloxan-induced 
diabetic rats and is suitable for the development of Okra–
based nutraceutical for management of diabetes mellitus.
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Table 1: Effect of Administration of the Okra- based Nutraceutical Formulation (10 : 90%) Seed : Peel on 
Serum Glucose and Glycated hemoglobin Levels
Grproup Glu. (mmol/l) Hb A1c (%)

NC 5.06±0.23a 4.61±0.17a

DC 14.76±1.51b 11.04±0.31b

MC 4.86±0.47a 5.07±0.37a

FX1 5.60±1.27a 5.64±0.27a

FX2 5.23±0.43a 4.78±0.17a

Values are expressed as mean ± S.E.M., Mean values having different superscript letter in the same column are significantly (P < 
0.05) different.
Key: 

Glu: Glucose (mmol/l); Hb A1c: Glycated hemoglobin NC: Normal Control; DC: Diabetic Control; MC:  Metformin 
Control; FX1 and FX2:100 and 200 mg/kg body weight 10: 90 Okra (Seed: Peel).

Table 2: Effect of Administration of the Okra- based Nutraceutical Formulation (10 : 90) on Serum Lipid Pro-
file and Atherogenic Index

Lipid Profile (mg/dl)

GRP TC HDL TAG VLDL LDL AIX

[NC] 81.00±3.05b 48.66±1.60b 89.53±3.66b 17.86±0.75a 14.46±4.64a 0.29±0.10a

[DC] 124.83±2.61c 16.90±3.59a 137.20±4.61d 27.33±1.91c 64.40±6.20e 2.18±0.62b

[MC] 72.33±7.42a 55.00±1.73c 129.69±2.32c 21.93±0.52a 15.26±2.63a 0.27±0.04a

[FX1] 70.00±2.08a 47.33±0.88b 53.00±5.01a 10.60±1.00b 12.06±2.02c 0.25±0.04a

[FX2] 76.33±5.36a 48.66±4.96b 87.33±4.66b 17.46±0.93a 10.47±1.15b 0.13±0.02a

Values are expressed as mean ± S.E.M., Mean values having different superscript letter in the same column are significantly 
(p<0.05) different.
Key:
TC: Total Cholesterol,TAG: Triacylglycerol, HDL: High Density Lipoprotein, VLDL : Very Low Density Lipoprotein, LDL: Low 
Density Lipoprotein, AIX: Atherogenic index, GRP: group,  NC: Normal Control, DC: Diabetic Control; MC: Metformin Control; 
FX1 and FX2:100 and 200 mg/kg body weight 10: 90 Okra (Seed: Peel).


