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ABSTRACT
Background: Okra is a commonly consumed healthy vegetable in many 
countries due to its wide range of pharmacological effects. The present 
study was designed to investigate in  vivo antidiabetic potential of the 
total flavone glycoside from okra fruit  (TFGO) on type  2 diabetic rats. 
Materials and Methods: TFGO was obtained by column chromatography 
on 70% ethanol extract of okra fruit, and high‑performance liquid 
chromatography analysis was carried out on its’ three main flavone glycosides. 
In rats, 2000 mg/kg of TFGO did not show any toxicity on the acute toxicity 
test. Type 2 diabetic rats were induced by streptozotocin (35 mg/kg; i. p.) 
after fed with high‑fat emulsion for 4  weeks. Rats were divided into six 
groups: normal control group, diabetic control group, metformin control 
group (100 mg/kg), and three TFGO groups (100, 200, and 400 mg/kg). The 
antidiabetic potential of TFGO was measured by comparing body weight, 
food intake, fasting blood glucose (FBG), oral glucose tolerance test (OGTT), 
superoxide dismutase  (SOD), malonaldehyde, triglycerides  (TG), total 
cholesterol  (TC), organ index, and histological section of kidney tissue 
in rats. Results: The results showed that the administration of TFGO 
significantly  (P  <  0.01) decreased the levels of FBG, TG, TC, liver index 
and increased  (P < 0.01) OGTT, SOD levels in diabetic rats compared to 
diabetic control group rats. Moreover, the lesion of diabetic kidney tissue 
was recovered obviously. Conclusions: Our findings confirmed that TFGO 
has significant antidiabetic potential in rats. This study provides a reference 
point for further investigation and development of TFGO.
Key words: Antidiabetic, okra fruit, oxidative stress, the total flavone 
glycoside

SUMMARY
•  The total flavone glycoside from okra fruit significantly decreased the levels

of FBG, TG, TC, liver index and increased OGTT, SOD levels in diabetic rats.
•   The total flavone glycoside from okra fruit has significant antidiabetic effect. 

Abbreviations used: TFGO: Total flavone glycoside from okra fruit; OGTT: 
Oral glucose tolerance test; SOD: Superoxide dismutase; TG: Triglycerides; 
TC: Total cholesterol; MDA: Malondialdehyde; FBG: Fasting blood glucose; 
STZ: Streptozotocin.
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INTRODUCTION
According to the prediction of the WHO, diabetes in the year 2030 will 
affect the life of 440 million people.[1] If without reasonable and effective 
treatment, the cardiovascular disease  (CVD) caused by diabetes will 
be the main reason for the high rate of morbidity and mortality.[2,3] 
The type 2 diabetes is characterized by continuous high hyperglycemia 
which basis of pathology, and physiology is the insulin resistance 
due to the dysfunction of the pancreas islet β cells.[4,5] Another hand, 
type  2 diabetes associated some complication such as nephropathy 
CVD or retinopathy which leads to double the risk of death compared 
to healthy people.[6] At present, we manage the diabetes through 
several drug groups by acting on different therapeutic targets, which 
includes insulin sensitizer (thiazolidinediones and biguanides), insulin 
secretagogue  (meglitinides, inhibitor DPP‑4), inhibitor of glucose 

recapture  (glifozine), and antihyperglycemic  (acarbose).[7] However, 
these drugs used to manage diabetes cause some side effects although 
they can control the blood sugar level. It is reported that many traditional 
drugs from nature plants were used to manage some diseases with 
fewer side effects.[8‑10] Therefore, seeking out an ideal drug from natural 
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plants to manage diabetes has become one trend of modern medical 
researching.
The okra belongs to the annual herbaceous plants in the mallow family 
with botanic scientific name of Abelmoschus esculentus (L) Moench.[11] 
This plant is originated from Eastern Africa and widely distributed 
in the Middle East, Southeast Asia, and southern part of Europe. It 
has been cultivated okra for a long time in China. Studies have shown 
that okra contains many functional components including flavonoid 
and polysaccharide with some pharmacological effects such as control 
blood glucose level, antioxidation, enhancing immunity, etc.[12,13] 
However, there is no report indicating the relationship between the 
total flavone glycoside from okra fruit  (TFGO) and its management 
on diabetes. 

MATERIALS AND METHODS
Instruments and chemicals
Microplate Reader (M200,SwissTecan), high‑performance liquid 
chromatography (2695 with 2996 PDA diode array detector, America 
Waterscompany); microscopy (BX20, Japan Olympus). Metformin 
was purchased from Yunnan Kunming LTD, Kunming, China. 
Streptozotocin (STZ) was purchased from American Sigma Corporation 
Ltd. All biochemical markers kits were purchased from Nanjing Jiancheng 
LTD, Nanjing, China. Purified 5,7,3’,4’‑tetrahydroxy flavonol‑3‑O‑[β‑D
‑rhamnopyranosyl‑(1  →  2)]‑β‑D‑glucopyranoside, 5,7,3’,4’‑tetrahydroxy 
flavonol‑3‑O‑[β‑D‑glucopyranosyl‑(1 → 6)]‑β‑glucopyranoside, 5,7,3’,4’‑tet
rahydroxy‑4’’‑O‑methylflavonol‑3‑O‑β‑D‑glucopyranoside were obtained 
from our laboratory in previous study,[14] see Figure1. All other chemicals 
used in this research were of analytical grade and were produced from 
Yonghua Chemical Technology (Jiangsu) co., Ltd, Changshu, China.

Plant materials
Okra was collected from local farm in Hangzhou, Zhejiang Province, 
China. The plant material was authenticated as A. esculentus L. by 
Professor Xilin Chen, the plant taxonomy expert of Zhejiang Chinese 
Medical University. The fruit was separated and dried under shade.

Chromatography part
At first, 10 kg dry okra fruit was smashed and subjected to successive 
maceration with quintuple aqueous‑ethanol solution  (70%, four times 
for 10 h at room temperature). The concentrated ethanol fraction was 
subjected to column chromatography over D101 macroporous resin. 
The eluent with an aqueous‑methanol solution (60%) was combined and 
concentrated to powder in vacuo at 45°C. After dissolved with methanol, 
the solution was subjected to column chromatography over silica gel, 
eluting with gradient ethylacetate‑methanol. TFGO (27 g) was obtained 
in ethylacetate‑methanol (15:1). The yields of TFGO is 0.27%.

High-performance liquid chromatography 
determination of total flavone glycoside from okra 
fruit
Purified 5,7,3’,4’‑tetrahydroxy flavonol‑3‑O‑[β‑D‑rhamnopyranosyl‑ 
(1  →  2)]‑β‑D‑glucopyranoside  (HQK‑1), 5,7,3’,4’‑tetrahydroxy flavon
ol‑3‑O‑[β‑D‑glucopyranosyl‑( 1  →  6)]‑β‑glucopyranoside  (HQK‑2), 
and 5,7,3’,4’‑tetrahydroxy‑4’’‑O‑methylflavonol ‑3‑O‑β‑ 
D‑glucopyranoside  (HQK‑3) were dissolved into 5  mL methanol, 
respectively, and obtained three standard solutions  (3.16, 0.325, and 
0.508  mg/mL). The mixed standard solution was obtained by taking 
1 mL standard solution, respectively, into 2 mL methanol. The sample 
solution was obtained by taking 10.0 mg TFGO into 10.00 mL methanol. 
The mixed standard solution and sample solution were analyzed by 

HPLC with the following chromatographic conditions: Sunfire C18 
column (5.4 µm, 4.6 mm 0 × 250 mm). The column temperature was 
set at 28°C and at a flow rate of 0.8 mL/min. The mobile phase includes 
methanol and 0.1% phosphoric acid solution at a ratio of 47:53 (v/v) all 
time. Flavone glycoside was determined at 255.6 nm.

Experimental animals
SD male rats  (Production Permit Number: SC2008‑3344, 60–80  g) 
were used to assess hypoglycemic activity and the acute toxicity 
study. Rats were kept and maintained under standard laboratory 
condition  (temperature  [23°C  ±  1°C) and humidity  (50% ± 5%]) 
with a 12/12  h light‑dark cycle. The animals were fed with standard 
laboratory diet and allowed to drink water ad libitum. All experimental 
procedures were conducted under the supervision and approval of 
the Laboratory Animal Research Center of Zhejiang Chinese Medical 
University (Number of animal license: SYXK [Zhejiang] 2013–0184).

Acute toxicity study
Acute oral toxicity of TFGO was determined as per Organization for 
Economic Cooperation and Development guideline 423.[15] After the 
oral administration of TFGO (2000 mg/kg), rats were observed during 
the first 24 h, particularly giving special attention during the first 4 h, and 
14 days regularly observed for the residual toxicity of TFGO.

Induction of diabetes
After the acclimatization, diabetes was induced in rats by earlier 
reported methods with slight modifications.[16,17] After fed with high‑fat 
emulsion for 4  weeks, the 12 h‑fasted rats were treated with a single 
intraperitoneal  (i.p.) injection with freshly prepared STZ  (35  mg/kg) 
dissolved in sodium citrate buffer  (pH  =  4.5). The high‑fat emulsion 
contains 15% lard oil, 3% cholesterol, 3% yolk power, 1% cholate, 0. 5% 
propylthiouracil, 2.5% dextrose, 1% Twain 80, and 74% distilled water. 
Blood samples were taken from the tail vein 48  h after STZ injection 
to measure glucose levels. Animals were exhibiting blood glucose more 
than 11.1 mmol/L were selected for further study.

Experimental design for the assessment of 
antidiabetic potential
Animals were divided into six groups, and each group consisted of 
10 rats. The grouping details are: Normal control group and diabetic 
control group rats were received cold 0.9%  w/v NaCl solution 
(5 mL/kg). Metformin control group rats were received standard drug, 
metformin  (100  mg/kg). Three TFGO groups rats were treated with 
TFGO 100, 200, and 400 mg/kg, respectively.
The cold 0.9% w/v NaCl solution, metformin, and TFGO were administered 
orally to the respective group rats for 14 days. Meanwhile, weighed the rat at 
interval of 4 days and recorded their amount of daily water and food intake.
Before the first dose‑administration and after the end of the 14th day of 
dose‑administration, fasted rats of all groups for 12 h and determined 
the rat’s blood glucose level for the estimation of fasting blood 
glucose (FBG).
The day before sacrificed and oral glucose tolerance test (OGTT) of rats 
was performed after 12  h fast.[18] After being administered orally with 
glucose (2000 mg/kg), blood samples were obtained from the tail vein 
at 0, 30, 60, and 120 min, and measured the blood glucose level by the 
method of glucose oxidase.
After estimating the OGTT, used 10% w/v chloral hydrate solution to 
anesthetize and carried out the euthanasia. Blood sample was collected 
through abdominal aorta. Then, separated the serum and kept it at −80°C 
for the biochemical parameters estimation. Dissecting out the whole 
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abdominal fats, liver and kidney tissue, they were washed immediately 
with cold 0.9% NaCl solution to remove blood, kept at‑80°C for the 
evaluation of organ index, and morphological changes in kidney tissue.

In vitro assays
The serum was used to estimate the superoxide dismutase  (SOD), 
malonaldehyde  (MDA), triglycerides  (TG), and total cholesterol  (TC) 
level by relevant biochemical markers kits. The whole abdominal fats 
and liver tissue were weighed to measure the abdominal coefficient 
and liver index. Sections  (4 µm) of kidney tissue were counterstained 
by hematoxylin, dehydrated by absolute ethyl alcohol and xylene, and 
mounted by Entelan. The morphological changes in kidney tissue were 
analyzed by microscopy.

Statistical analysis
The data were expressed by the following as the mean value  ±  the 
standard deviation. Used the SPSS statistical software (SPSS 19.0 Inc., 
Chicago, IL, USA) one‑way analysis of variance, P < 0.05 is a significant 
difference and P < 0.01 is the highly significant difference.

RESULTS
The results of high-performance liquid 
chromatography
As shown in Figure  2, under the chromatographic conditions 
former mentioned, achieved the baseline separation between the 
chromatographic peaks of adjacent. The content of sample was shown in 
Table 1. The three kinds of flavones glycoside, total content of 73.09%w/w 
of TFGO, are major elements of TFGO.

The results of acute toxicity study
The oral administration of TFGO (2000 mg/kg) did not show any toxicity 
signs and mortality during acute toxicity study. Therefore, to investigate 
the antidiabetic potential of TFGO, the dose of 100, 200, and 400 mg/kg 
were selected.

The results of total flavone glycoside from okra fruit 
on rat’s body weight and food intake
In Table 2, the body weight in the TFGO groups, particularly in TFGO 
400 mg/kg group (P < 0.01), was significantly increased than those in the 

diabetic control group in all time we studied. Meanwhile, in Figure 3, 
all groups with TFGO at 100, 200, and 400 mg/kg as well as metformin 
significantly lowered food intake level than those in the diabetic control 
group (P < 0.05 or P < 0.01).

The results of total flavone glycoside from okra fruit 
on rat’s body weight and food intake
In Table 2, the body weight in the TFGO groups, particularly in TFGO 
400 mg/kg group (P < 0.01), was significantly increased than those in the 
diabetic control group in all time we studied. Meanwhile, in Figure 3, 
all groups with TFGO at 100, 200, and 400 mg/kg as well as metformin 
significantly lowered food intake level than those in diabetic control 
group (P < 0.05 or P < 0.01).

Figure 1: The chemical structure of three kinds of flavones glycoside[14]

Table 1: Results for the determination of three kinds of flavones glycoside of 
total flavone glycoside from okra fruit

Kind Content (%) (n=3)
HQK‑1 24.92
HQK‑2 29.14
HQK‑3 19.03

Figure  2: High-performance liquid chromatography chromatogram of 
reference substances  (a) and total flavone glycoside from okra fruit  (b). 
Note: 1, HQK-1; 2, HQK-2; 3, HQK-3

ba
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The influence of total flavone glycoside from okra 
fruit on rat’s fasting blood glucose and oral glucose 
tolerance test
In Figure 4, a 14‑day treatment with the TFGO (particularly 400 mg/kg) 
and metformin produced a significant (P < 0.05) reduction in the FBG 
level in diabetic rats.
In Figure 5, after a single oral ingestion of glucose  (2000 mg/kg), it is 
observed that the TFGO (400 mg/kg) induces a significant decreases in 
the blood glucose level starting at 30 min, and the effect was sustained 
throughout the 120 min of experimentation with respect to the diabetic 
control group (P < 0.01).

The influence of total flavone glycoside from 
okra fruit on serum superoxide dismutase, 
malondialdehyde, triglycerides, and total 
cholesterol level
In Figure 6a, it is observed that TFGO (100, 200 and 400 mg/kg) as well 
as metformin induces a significant increase in the SOD level with respect 
to the diabetic control group  (P  <  0.05). Meanwhile, in Figure  6b‑d, 
respectively, the MDA, TG, and TC level in the TFGO 400  mg/kg 
group were significantly decreased than those in diabetic control 
group (P < 0.05 or P < 0.01).

The influence of total flavone glycoside from okra 
fruit on rat’s abdominal fat coefficient and liver index
As observed in Figure  7, the diabetic rats treated with TFGO 
(100, 200, and 400 mg/kg) significantly decreased aliphatic index than 
diabetic control (P < 0.01), similar to that of metformin. Meanwhile, the 
liver index in the TFGO 400 mg/kg group was markedly decreased than 
those in diabetic control group (P < 0.01).

Photomicrographs of the morphological changes in 
the kidney tissue
The morphological changes in the kidney tissue can be showed directly 
by the sections of kidney tissue. As Figure  8 shown, glomerulus’ 
morphology structure is full and clear in the normal control group; the 
glomerulus present irregular pouch‑shaped form with larger volume in 
the diabetic control group. Compared with the diabetic control group, 
the glomerulus’ volume had a little bit smaller in the TFGO 100 mg/
kg group and TFGO 200 mg/kg group. Meanwhile, the morphological 
changes of kidney tissue have been improved in the TFGO 400 mg/kg 
group and metformin control group. This indicated that TFGO has a 
certain influence of improvement on diabetic kidney tissue.

DISCUSSION
In recent years, along with the increasing of the people with high life stress 
and high‑fat diet, the incidence of diabetes is higher and higher.[19] Diabetes 
is a chronic disease which is metabolism dysfunction in carbohydrate and 
lipids caused by the relative or absolute deficiency of insulin secretion. 
STZ is the common reagent inducing experimental diabetes in animals. 
STZ can destroy the pancreas islet β cells, then resulting in the subsequent 
inhibition of insulin biosynthesis and secretion.[20] In the study, rats 
induced by STZ presented the classical symptoms of type 2 diabetes such 
as polyuria, polydipsia, polyphagia and lethargy. A 14‑day treatment with 
the TFGO produced a significant reduction in the FBG level (P < 0.05) and 
improvement of the OGTT level (P < 0.01) in diabetic rats. Meanwhile, 
TFGO has shown beneficial effects in the body weight and food intake in 
diabetic rats. These actions support the TFGO have a beneficial impact on 
insulin deficiency and carbohydrates metabolism.

Figure  4: Effect of total flavone glycoside from okra fruit on fasting 
blood glucose of diabetic rats. Data were expressed as mean ± standard 
deviation  (n  =  10). Note: Compared with the diabetic control group, 
**P < 0.01; *P < 0.05

Figure 3: Effect of total flavone glycoside from okra fruit on food intake of 
diabetic rats. Data were expressed as mean ± standard deviation (n = 10)

Table 2: Effect of total flavone glycoside from okra fruit on body weight of diabetic rats

Group Body weight (g)

0 (day) 5 (days) 10 (days) 15 (days)
Normal control 206.65±11.5 228.525±9.14 253.22±15.05 279.1±8.54
Diabetic control 208.3±9.46 205.22±9.87## 212.93±6.91## 213.38±12.39##

Metformin control 206.72±8.75 208.61±8.53 227.71±9.94* 236.6±9.74*
TFGO 400 mg/kg 209.55±9.88 215.46±9.78** 239.7.50±14.27** 251.23.±17.26**
TFGO 200 mg/kg 207.68±10.23 214.58±9.87* 231.01±6.77** 241.83±9.19**
TFGO 100 mg/kg 210.8±8.53 213.68±5.86* 224.02±6.47* 242.38±11.21**

Data are given as the mean±SD,  #P<0.05, ##P<0.01 versus normal control group.[9] TFGO: Total flavone glycoside from okra fruit
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Modern medical science believes that oxidative stress is closely related to 
the occurrence of diabetes.[21] The oxidative stress can lead to the insulin 
resistance and thus promote the β cell apoptosis and inhibit the insulin 
secretion. MDA and SOD are the important indicators in the process 
of oxidative stress.[22] The semiquinone radicals have high antioxidant 
activity with relatively stable chemical construction and relatively 
uniform electron spin density formed by flavone glycoside.[23] This study 
indicates that TFGO can increase the antioxidant enzyme activity of the 
diabetic rats and inhibit the lipid peroxidation.
Hyperlipemia is the disease of lipid metabolic disorder in the body, which 
can lead lipids such as cholesterol and TG abnormal increase.[24] Metabolic 
dysfunction in adipose tissue can cause pro‑inflammatory cytokines, which 
is a key factor in the production of insulin resistance.[25] Another hand, a 
large number of glucose and free fatty acids in diabetic patients will invade 
our liver and increase the levels of TC and TG.[26] After treatment with 
the TFGO for 14 days, abdominal fat coefficient, liver index, TG, and TC 
in the rats decreased with varying degrees. It shows that treatment with 

TFGO produced favorable changes in the plasma lipid profile may through 
alleviating the disorder cycle between lipid metabolic and insulin resistance.
The free radicals released by STZ lead the accumulation of extracellular 
matrix proteins and cause renal tubular cell expansion and glomerular 
lesions.[27] Diabetic nephropathy increases the expression of nuclear 
factor kappa B  (NF‑κB) in glomeruli and renal tubules, suggesting 
that NF‑κB has a strong association with diabetic nephropathy.[28] 
There is a beneficial impact on diabetic nephropathy by reducing the 
level of oxidative stress and proinflammatory expression to prevent 
NF‑κB signaling pathway activation.[29] After treatment with the 
TFGO, the morphological changes have a markedly improvement 
in nephro of diabetic rats. This action indicates that TFGO induce 
a positive influence in kidney tissue may though affecting the 
expression of NF‑κB after reducing oxidative stress.
The observations that TFGO has an antidiabetic potential suggest 
that it may influence energy metabolism through a circumjacent site 
of action. Thus, we have demonstrated that TFGO has improved the 
activity of antioxidant enzymes and the oxidative stress of diabetic 
rats due to semiquinone radicals from flavones glycoside. Moreover, it 
can manage carbohydrate metabolism and reduce the TC and TG level 
of insulin‑sensitive tissues by alleviating the insufficiency of insulin, 
while improving the lipid peroxidation by stimulating the expression of 
peroxisome proliferator‑activated receptor in adipose tissue. At the same 
time, the decrease of oxidative stress level has a certain positive influence 
on diabetic kidney tissue. However, further studies are required to know 
the exact mechanism of antidiabetic potential of TFGO. In fact, some 
drugs from natural sources with fewer side effects have been gradually 
recognized compared with the synthetic drugs.[30,31] This provides an 
experimental evidence for the further development and utilization of okra.

CONCLUSION
This study was designed to evaluate the antidiabetic potential of the 
total flavone glycoside from okra fruit (TFGO) in type 2 diabetic rats 

Figure 5: Effect of total flavone glycoside from okra fruit on oral glucose 
tolerance test of diabetic rats. Data were expressed as mean ± standard 
deviation (n = 10)

Figure 6: Effect of total flavone glycoside from okra fruit on the superoxide dismutase, malonaldehyde, triglycerides, and total cholesterol level of diabetic rats 
(a: SOD, b: MAD, c: TG, d: TC). Data were expressed as mean ± standard deviation (n = 10). Note: Compared with the diabetic control group, **P < 0.01; *P < 0.05

dc
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by determining FBG, TG, TC, liver index, OGTT and SOD levels. 
The results showed that TFGO has significant antidiabetic potential 
in rats, which provides a reference point for further investigation and 
development of TFGO.
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