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1 Introduction
Diabetes mellitus (DM) is one of the common metabolic 

diseases in human. According to World Health Organization 
(WHO), it was forecasted that there are probably 439 million 
diabetes by 2030 (Shaw et al., 2010).About 10% of clinical diabetic 
patients are reported to be type 1 diabetes mellitus (T1DM), 
named as insulin-dependent diabetes mellitus (IDDM) (Gero, 
2010; Lillioja, 1999; O’Callaghan, 2017).T1DM results from the 
insufficient insulin secretion of pancreatic β cells induced by 
viruses, chemical toxins, diet, and autoimmune responses(Lee et al., 
2010). T1DM is characterized by high glucose and low insulin, 
and absolute insulin deficiency rather than insulin resistance 
is the main pathphysiological mechanism behind chronic 
hyperglycemia (Fellinger et al., 2019). Glycemic abnormalities 
are often accompanied by disorders of lipid metabolism (Lv et al., 
2019; Guo et al.,2018). In recent years, regulation of disorders of 
glucose and lipid metabolism have become hot research topics 
(Hu et al., 2018; Li et al., 2019).

Okra (AbelmoschusesculentusL.Moench), also named as 
lady’ s finger or gumbo, is an African native plant. It is currently 
widely grown in tropical and subtropical regions (Gao et al., 
2018; Sahoo & Srivastava, 2002). On the basis of the statistics 
of the UN Food and Agriculture Organization in 2017, the 
global okra production reached 9.64 million tons, and the 
trade volume exceeded 5 billion dollars (Food and Agriculture 
Organization of the United Nations, 2017). In recent years, okra 

has large-scale planted in Hainan and Fujian Province, China, 
but the comprehensive utilization of okra extraction was still 
in its infancy (Tang et al., 2017; Weng et al., 2017). The okra 
extracts referred to a substance obtained by hot water, acid 
solution and/or alcohol solution, was a natural, non-toxic and 
inexpensive food and medicine material. At present, most of 
the studies on okra water-soluble extracts, which were rich in 
bioactive polysaccharides (Georgiadis et al., 2011) (the content 
of polysaccharide in okra was 10.35%) (Yuan et al., 2019), and 
the polysaccharide sugar chains were composed of glucose, 
galactose, rhamnose, galacturonic acid and glucuronic acid 
(Deters  et  al., 2005). Besides supplying common nutrients 
like protein and fat, it is also a good source of antioxidantive 
flavonoids and dietary fibers with the effect of stimulating 
intestinal peristalsis and preventing constipation (Adetuyi& 
Ibrahim, 2014; Kahlon et al., 2007). It has been reported that 
the various parts of okra have hypoglycemic and hypolipidemic 
activities in diabetic rats induced by streptozotocin (Sabitha et al., 
2011). Some reports have demonstrated that okra can cut down 
blood glucose level and lipid level in obese mice induced by 
high-fat diet (Fan et al., 2014). Okra is used as a dietary therapy 
for type 2 diabetes mellitus complicated with blindness, cataract 
and glaucoma (Moïse  et  al., 2012; Sardá  et  al., 2018). These 
evidences indicate that okra may play an important part in the 
adjustment glycolipid metabolism. However, the hypoglycemic 
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activity of okra aqueous extract and its mechanism on normal 
rats and type 1 diabetic rats were still unclear.

Therefore, in the present work, the aqueous ingredients 
were extracted from okra, and the antidiabetic effect of okra 
aqueous extract on streptozotocin-induced type 1 diabetes rats 
were measured.

2 Materials and methods
2.1 Materials

The aqueous extract

The fresh and mature okra pods were cut into a thickness of 
2-3 cm, and then dried by a heat pump at 60°C to obtain a dried 
okra having a moisture content of 13%. 1kg dried okra added 
25kg of distilled water. The okra mixture was heated to 100 and 
then held for 2 hours on the induction cooker (Dongguan Xinxin 
Thermal Energy Technology Co., Ltd.). The extract was coarsely 
filtered with 2 layers of gauze and centrifuged at 3500 rpm for 
10 min with a centrifuge (GL10MD, Hunan Xiangyi Laboratory 
Development Co., Ltd.).The supernatant was combined and 
concentrated to 1/3-1/4 volume by a rotary evaporator (RE5220, 
Shanghai Yarong Biochemical Instrument Factory) at 60 °C, 
30 rpm. The concentrated liquid was freeze-dried by a freeze 
dryer (SCIENTZ-30ND, Ningbo Xinzhi Biotechnology Co., Ltd.). 
At last 511.0g okra aqueous extract was obtained for further 
experiment. The okra aqueous extract is mainly composed of 
polysaccharide11.16%, flavonoids 1.17%, pectin 2.01%, ash 
14.55% and water 8.90%. The molecular weight distribution 
of okra extract is mainly composed of a small molecule with 
a molecular weight of 2124 (80.35%) and two polysaccharides 
with molecular weight of 2.539 million (10.37%) and molecular 
weight of 74,000 (9.28%), respectively.

Reagents

Total cholesterol (TC), triglyceride (TG), high-density 
lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C) kit and insulin test kit were purchased from 
Jiancheng Biological Engineering Institute, Nanjing, China. 
Streptozotocin was produced by Sigma company; Blood glucose 
test paper produced by Germany Roche diagnostics co., LTD. 
Glucose and other reagents are AR grade.

2.2 Experimental design

Thirty-four SPF-grade male WISTER rats (150±20g, 4-6 weeks), 
with a body weight of 220±20g after 10 days of accommodation, 
were bought from Shanghai Slaccas Laboratory Animal Company 
Limited (Certificate Number SCXK(hu)2017-0005, Shanghai, 
China). The T1DM rat model was established according to the 
method of the State Food and Drug Administration (The State 
Food and Drug Administration, 2012), with minor modifications. 
After a accommodation period for 10 days, all the rats (excepted 
12 rats set as normal control group) were fasted for 24 hours (free 
drinking water) and injected intraperitoneally with streptozotocin 
at a dose of 40mg/kg body weight (b.w.). STZ is dissolved in 0.1 M 
cold citrate buffer at pH 4.5 before using. Five days after STZ 
induction, the blood samples were collected from the tail vein of 

the 5 hours fasted rats. Rats with FBG concentrations between 
11.1-25.0 mmol/L were considered as diabetic rats and used in 
the study. Rats were randomly divided into 4 groups as follows: 
Group I(CK): normal rats receiving sterile distilled water (n=6); 
Group II(CKO): normal rats treated with 500mg/kg b.w./d of 
okra aqueous extract(n=6); GroupIII (M): diabetic rats receiving 
sterile distilled water (n=9); Group IV(MO): diabetic rats 
treated with 500mg/kg b.w./d of okra aqueous extract(n=9) . 
The aqueous extract of okra were dissolved in sterile distilled 
water and intragastrically administered for 8 weeks. The rats 
used in the present study were approved by the Animal Ethics 
Committee of the Fujian Academy of Traditional Chinese 
Medicine (Fuzhou, China).

During the experimental period, feed intake, water intake 
of each cage were weighed daily, and weight measured weekly, 
and FBG were measured from the tail vein of the 5 hours fasted 
rats weekly. Glucose tolerance test according to the method of 
The State Food and Drug Administration (2012). After 4 weeks 
of treatment, rats fasted overnight and FBG were determined 
with Roche glucometer (Shanghai, China). For oral glucose 
tolerance test (OGTT), the rat blood samples were collected and 
determined at 0, 30 and 120 min after oral administered 2 g/kg 
glucose solution. The value of the area under the curve (AUC) 
was computed as follows: AUC = 0.5 × (G 0 h + G 0.5 h) ×0.5 + 
0.5 × (G 2 h + G 0.5 h) × 1.5. At the end of the experiment, rats 
were given anesthesia with 10% chloral hydrate (0.3mL/100g), 
then the blood samples were withdrawn from abdominal aorta 
of rats. Then collected serum by centrifugation at 2500rpm at 
4°C for 10 min, and stored at -20 °C for TC, TG, LDL-C, HDL-C 
and serum insulin analysis. The atherosclerosis index (AI)was 
analysed as follows: [AI= (TC-HDL-C)/HDL-C] (Chen et al., 
2011). The liver, spleen, hymus and pancreas were immediately 
separated, then organ index (liver index, spleen index, thymus 
index) were calculated according to the formula [organ index 
= fresh weight of organs (mg)/body weight (g)]. Pathological 
histology of pancreas and liver were measured after hematoxylin 
and eosin (HE)staining. The partial liver tissues stored in liquid 
nitrogen until further analysis.

2.3 Statistical analysis

The measurement data were expressed as mean value ± standard 
deviation ( x ±SD). Single factor analysis of variance used 
R version 3.5.3 software (open source), statistical significant 
difference between the groups.

3. Results and discussion
3.1 Effect of the aqueous okra extract on feed intake, water 
intake, urine volume, urine sugar and weight of rats

The growth indicators as depicted in Figure1 A-C, the average 
feed intake of CK, CKO, M and MO group were 21.7 g, 21.2g, 
43.0g and 39.6g, respectively. Feed intakes of diabetic rats were 
about twice as much as normal animals. Compared with the M 
group, the feed intake in the MO group decreased significantly in 
the third week (p<0.05).The average water intake of CK, CKO, M 
and MO group were 23.0g, 21.4g, 149.2g and 142.4g, respectively. 
Compared with M group, the water intake of MO group reduced 
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slightly with no significant difference. As shown in Figure1 C, 
the urine volume of normal rats (CK group and CKO group) 
were 3.5-7.5 mL/d. The urine volume of diabetic rats (M group 
and MO group) were significantly increased to 15.0-19.5 mL/d, 
which were enhanced by more than 2 times. Compared with the 
M group, the urine sugar in MO group decreased significantly 
with the rate of decline 91.91%. As exhibited in Figure1 D, there 
was no difference on the body weight of each group before the 
experiment. The body weight of MO was significantly increased 
in the 8th week of the experiment. Type 1 diabetic rat model is 
characterized by a specific destruction of the pancreatic β cells 
with a single large dose of STZ (STZ has direct toxic effects 
on the pancreatic β cells). It is consistent with the literature 
reporting the symptoms of hyperglycemia and weight loss in 
type 1 diabetes (Gero, 2010; Haluzik& Reitman, 2004).

3.2 Hypoglycemic effect of the aqueous extract of okra on 
STZ-induced diabetic rats

The weekly changes of fasting blood glucose during 
experimental period (Table 1) showed that the fasting blood 
glucose of normal rats (CK group and CKO group) was 
stable between 4.8-6.1mmol/L, and that in the diabetic rats 
(M group and MO group) was over 20 mmol/L .Compared 
with the M group, the fasting blood glucose of the MO group 
decreased by 10.11% in the eighth week. By comparing with 
diabetic mice group, 200mg/kg b.w./d of rhamnogalacturonan 
purified from okra pod polysaccharide showed decreased blood 
glucose level(Liu  et  al., 2018). Polysaccharide was the main 
component of the water extract of okra, the hypoglycemic effect 
was consistent with the result in this paper.

Figure 1. Effect of the aqueous okra extract on feed intake, water intake, urine volume, urine sugar and body weight of rats Lowercase letters 
compare means between treatments in the same week(p<0.05), Capital letters compare means between treatments in the same week(p<0.01). 
CK: Normal control group; CKO: Normal rats treated with okra aqueous extract group; M: Model control group; MO: Diabetic rats treated with 
okra aqueous extract group. A: Effect of the aqueous okra extract on feed intake. B: Effect of the aqueous okra extract on water intake. C: Effect 
of the aqueous okra extract on urine volume, urine sugar. D: Effect of the aqueous okra extract on body weight.

Table 1. Fasting blood glucose (FBG) table during gastric ravage.

week CK M CKO MO Rate of decline %
1 6.08±0.39a 22.57±4.29b 5.85±0.42a 21.73±3.79b -
2 5.97±0.49a 25.7±1.15b 6.00±0.32a 26.90±0.42b -
3 5.32±0.74a 28.72±1.64c 5.67±0.90a 27.42±2.15bc 4.55
4 5.42±0.34a 26.07±2.10 b 5.62±0.52a 26.66±2.34b -
5 4.80±0.14a 25.55±4.37b 4.67±0.41a 22.49±5.77b 12.00
6 5.35±0.18a 29.19±3.20b 5.70±0.43a 26.07±1.90b 10.71
7 5.18±0.67a 27.73±1.38b 4.87±0.40a 25.60±1.19b 7.68
8 5.32±0.28a 28.01±1.84b 5.38±0.39a 25.20±1.22b 10.05

Note: Lowercase letters compare means between treatments in the same week(p<0.05). CK: Normal control group; CKO: Normal rats treated with okra aqueous extract group; M: Model 
control group; MO: Diabetic rats treated with okra aqueous extract group.
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3.3 Glucose Tolerance in Hyperglycemia Model Animals

The results of glucose tolerance after four weeks showed as 
Table 2. Compared with the CK group, blood glucose and the area 
under the blood glucose curve of MO and M group at 2h were 
significantly increased (p<0.05). Compared with the M group, 
the area under the blood glucose curve of the MO group was 
significantly reduced (p<0.05).The rate of decline was 12.00% . 
200mg/kg b.w./d of rhamnogalacturonan showed decreased glucose 
tolerance in streptozotocin-induced diabetic mice(Liu et al., 2018).

3.4 Dynamic changes of blood sugar in 24 hours after oral 
administration of aqueous extract of Okra

Blood sugar dynamic changes of rats gavaged with aqueous 
okra extract in 24 hours showed as Figure 2. Compared with 
the M group, the blood glucose of MO group at 0.5h and 1h 
were significantly decreased (p<0.05) 7.74%,5.00%,respectively. 
Okra aqueous extract can reduce the peak of blood glucose value 
postprandial (within 2 hours).

3.5 Organ index

The organ index can be seen in Table 3. Compared with CK 
group, the liver index and thymus index of M group and MO 
group were significantly increased, while the spleen index was 
significantly reduced. Compared with M group, okra extract 
(MO group) has a tendency to ameliorate organ index, but there 
is no statistical significance.

3.6 TC, TG, LDL-C, HDL-C and AI

As shown in Table 4, serum TC, TG, HDL-C and AI in M group 
were significantly increased compared with CK group (p<0.01). 
Compared with the M group, TG of the MO group significantly 
decreased (p<0.05), with a decline rate of 41.59%, while HDL-C was 
not significantly lower than that of the M group. Atherosclerosis 
index (AI) of MO group was significantly reduced (p<0.01) 49.20%. 
Serum triglyceride levels in high-fat diet-induced obese mice were 
significantly ameliorated by ethanol extract of okra (Fan et al., 
2013; Fan et al., 2014). It was well known that blood glucose and 

lipid metabolism are inseparable (Zhou et al.,2019; Lv et al., 2019; 
Li et al.,2019), and the results of this article also supported this.

3.7 Insulin (INS), hepatic glycogen and Pyruvate Kinase (PK)

Table 5 shown that insulin and pyruvate kinase in M group 
was significantly reduced compared with that in CK group, while 
liver glycogen content was significantly increased. Compared 
with M group, insulin and pyruvate kinase activity of MO group 
increased significantly. The rate of increase reached 17.44% and 
57.41%, respectively. Okra extract (Tian et al., 2015), rich in 
antioxidant substances, could suppresses insulin resistance and 
regulating blood glucose level of gestational diabetes mellitus rats.

3.8 The effects on morphology of rat hepatocytes

As shown in Figure 3, in CK group and CKO group, liver 
cells were radically arranged around the blood vessel, forming 
hepatic cord and tightly arranged cells (Figure 3A,B). The liver 

Table 2. Effects on glucose tolerance in glucose-induced hyperglucose.

Group 0h(mmol/L) 0.5h(mmol/L) 2h(mmol/L) Area under blood sugar 
curve [h/(mmol/L)]

CK 4.80±0.14 6.39±0.74 5.57±0.73 12.53±0.57
M 25.55±4.37 30.56±2.15** 29.79±2.13** 57.40±0.93 **

CKO 4.67±0.41 5.66±0.69 4.48±0.16* 11.20±0.56 *
MO 22.49±5.77 27.57±1.36 ** 26.20±2.34 ** 50.54±5.78 **#

Note: CK: Normal control group; CKO: Normal rats treated with okra aqueous extract group; M: Model control group; MO: Diabetic rats treated with okra aqueous extract group; 
*p < 0.05; **p < 0.01 vs. Ck; # p < 0.05.

Figure 2. Effect of the aqueous okra extract on dynamic changes 
of blood glucose level in rats. *p < 0.05 vs. M. CK: Normal control 
group; CKO: Normal rats treated with okra aqueous extract group; 
M: Model control group; MO: Diabetic rats treated with okra aqueous 
extract group.

Table 3. Rat organ index.

Group Liver index (mg/g) Thymus index (mg/g) Spleen index (mg/g)
CK 23.77±0.87 1.69±0.08 1.14±0.14
M 47.54±2.90 ** 2.31±0.26 ** 0.64±0.14 **

CKO 24.00±0.64 1.73±0.08 1.06±0.10
MO 44.24±2.76 ** 2.03±0.10 ** 0.51±0.06 **

Note: CK: Normal control group; CKO: Normal rats treated with okra aqueous extract group; M: Model control group; MO: Diabetic rats treated with okra aqueous extract group; 
**p < 0.01 vs. Ck.
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Table 4. Effects of aqueous extract of okra on serum TC, TG, LDL-C, HDL-C and AI in diabetic rats.

Group TC(mmol/L) TG(mmol/L/) LDL-C(mmol/L) HDL-C(mmol/L) AI
CK 1.85±0.13 0.82±0.10 1.13±0.14 0.35±0.02 1.35±0.35
M 2.65±0.44 ** 2.14±0.36 ** 1.10±0.25 0.50±0.07** 3.13±0.55**

CKO 1.95±0.30## 0.96±0.08 ## 1.22±0.18 0.39±0.04 1.50±0.31##
MO 2.45±0.30** 1.25±0.33 # 0.80±0.21 0.44±0.02** 1.59±0.33##

Note: CK: Normal control group; CKO: Normal rats treated with okra aqueous extract group; M: Model control group; MO: Diabetic rats treated with okra aqueous extract group; 
**p < 0.01 vs. Ck; # p < 0.05; ##p < 0.01 vs .M.

Table 5. Effects of aqueous extract of okra on serum insulin (INS), hepatic glycogen and pyruvate kinase (PK) in rats.

Group INS(mIU/L) Glycogen(mg/g) PK vitality(U/g prot)
CK 26.17±0.51 20.52±0.58 17.69±1.77
M 17.71±1.20 ** 36.56±4.16 ** 9.11±1.74**

CKO 25.83±0.43## 21.05±1.59 14.50±1.20 *##
MO 20.80±0.85# 35.00±5.95** 14.34±0.94**##

Note: CK: Normal control group; CKO: Normal rats treated with okra aqueous extract group; M: Model control group; MO: Diabetic rats treated with okra aqueous extract group; 
*p < 0.05; **p < 0.01 vs. Ck; # p < 0.05; ##p < 0.01 vs . M.

Figure 3. A-D: Structure of hepatic lobule(10×10); E-H: Morphology of hepatocyte(40×10). A,E: CK, normal control group; B, F: CKO, normal 
rats treated with okra aqueous extract group; C,G: M, model control group; D,H: MO, diabetic rats treated with okra aqueous extract group.
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tissue structure of M group and MO group was intact, with liver 
cords arranged in disorder, liver cells arranged loosely, cell volume 
increased, and cytoplasm loose and under stained (Figure 3C, D). 
The liver cell has a large, round nucleus in the center, the cell 
boundaries were clear and there were no fat droplets in the liver 
cells (Fat droplets - dissolved in ethyl alcohol and xylene during 
preparation, forming vacuoles)(Figure  3E,  F).The liver cells 
in group M were arranged in a disorderly manner, and round 
vacuoles of different sizes appeared in the cytoplasm, some of 
which were larger, squeezing the nucleus to the edge, and the 
cell boundaries were unclear or even fragmented (Figure 3G). 
Compared with M group, the hepatic lobules and steatosis in 
MO group were significant ameliorated: the nucleus was close to 
the center, there were cell boundaries, and the area of vacuoles 
was significantly reduced (Figure  3H).In Fan’s report, total 
triglyceride and liver morphology in the mice were significantly 
ameliorated by an ethanol extract of okra treatment(Fan et al., 
2014).It is consistent with the result of the effect of aqueous okra 
extract on total triglyceride and liver morphology.

3.9 The impact on the rat pancreas fatty degeneration

Compared with normal rats (CK group), diabetic rats 
(M group) showed obvious pathological changes in pancreas, with 
fatty degeneration (vacuole) and foci of fat distribution, which 
were mostly seen in the septa of pancreatic lobule(Figure 4A,C). 
Compared with M group, the fat vacuole of islet cells in MO group 
was significantly improved(Figure  4B,D). Administration of 
green okra extract or purple okra extract in diabetic rats, β cell 
pancreas destruction induced by STZ injection could be partly 
repaired(Anjani et al., 2018).

4 Conclusion
Feed intake, water intake, urine volume, urine sugar and 

blood glucose of STZ-induced type1diabetic rats were increased 
by 1-folds, 6-folds, 2-folds, 80-folds and 3-folds, respectively; 
but weight was reduced by 0.5-folds of those of normal rats. 
The okra aqueous extract were showed hypoglycemic and 
hypolipidemic activities on STZ-induced type 1 diabetic rats. 
The mechanism of regulation of glycolipid metabolism were 
promoting insulin secretion and increasing pyruvate kinase 
activity for postprandial. Our results suggest that okra may use 
as a dietary therapy for people at high risk of diabetes.

Figure 4. Morphology of pancreas. A: CK, Normal control group; B: CKO, Normal rats treated with okra aqueous extract group; C: M, Model 
control group; D: MO, Diabeticrats treated with okra aqueous extract group.
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