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ABSTRACT

Objective: To explore the effect of okra extract on gestational diabetes mellitus (GDM)
rats and its probable molecular mechanism.
Methods: A total of 30 female SD rats were caged with male rats for pregnancy, 27
pregnant rats were obtained and weighed. The pregnant rats were equally randomized into
the control group, GDM group and intervention group. Once the pregnancy was verified,
GDM group and intervention group were given 45 mg/kg streptozotocin by peritoneal
injection for inducing GDM, control group was given equal volume of citrate buffer.
Once the model was established successfully, intervention group was administered orally
the solution containing 200 mg/kg/d okra extract, the other groups were given the diet and
water only. On the 19th day of pregnancy, the blood samples and fetal rats of all groups
were collected, fetal rats weight and placental weight was recorded and the serum
glucose, lipids, serum insulin and C-peptide of pregnant rats before the delivery were
determined.
Results: The pregnant rats weight before the delivery, fetal rats weight and placental
weight of GDM group were lower than control group and intervention group (P < 0.05).
After the treatment of okra extract, serum glucose and lipids levels of intervention group
were both improved significantly (P < 0.05), especially, the FBG, HDL, FINS, serum m
insulin and hepatic glycogen levels were equivalent to control group (P > 0.05). Anti-
oxidant enzymes levels of GDM group in liver and pancreas tissues were lower than the
other groups, and after treatment of okra extract, antioxidant enzymes levels in liver and
pancreas tissues were equivalent to control group (P > 0.05).
Conclusions: Okra extract, rich in antioxidant substances, could avoid the excessive
consuming of antioxidant enzymes, then, suppresses the oxidative stress and insulin
resistance, thereby improving blood glucose level of GDM rats.
1. Introduction

Gestational diabetes mellitus (GDM) seriously impairs the
health of maternity and infant, and it is also closely related to
adverse pregnancy outcome. Mother in the period of high-
incidence season of diabetes also pose a significant risk on the
growth and development of the fetus [1,2]. The incidence of
GDM is increasing year by year and accompanying with
advancing maternal age, racial/ethnic disparities, and obesity
[3]. It is thought that insulin resistance (IR) is the common
pathogenesy of GDM and type 2 diabetes mellitus (T2DM).
The increase of IR is more common in the late stage of
pregnancy of GDM women [4,5].
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Abelmoschus esculentus (L.) Moench. (synonym-Okra) is a
flowering plant in the mallow family [6]. This plant has a wide
range of medicinal values and has been used to treat many
diseases. Some references reported that okra owns the activity
of anti-diabetes [7], reducing blood lipid [8] and
neuroprotection [9], and it also has the activity of antioxidation
in vitro [10]. Zhou et al. examined the preventive effect of the
total flavone glycosides of Flos Abelmoschus manihot on
urinary albumin and glomerulus apoptosis in experimental
diabetic nephropathy rats, and they found that the major active
constituent of total flavone glycosides of Flos Abelmoschus
manihot could significantly mitigate the podocyte apoptosis
induced by the advanced glycation end-products and decrease
urinary albumin excretion in early-stage diabetic nephropathy
[11]. Fan and colleagues [12] found that treatment with extract of
okra, isoquercitrin and quercetin 3-O-gentiobioside reduced
blood glucose, serum triglyceride, total cholesterol and serum
insulin levels and improved glucose tolerance in obese mice,
results indicated that okra may serve as a dietary therapy for
hyperglycemia and hypertriglyceridemia. Sabitha et al. treated
the streptozotocin-induced diabetic rats with Abelmoschus
esculentus peel and seed powder (AEPP and AESP), they found
the significant reduction in blood glucose level and increase in
body weight; meanwhile, the blood lipid level also returned to
normal level [13].

At present, whether okra can be applied to treat GDM has
not been reported. In the study, diabetes mellitus (DM) was
induced by intraperitoneal injection of streptozotocin in preg-
nant rats for establishing GDM model. Then, okra extract were
given to the GDM rats and then the levels of serum glucose and
blood lipids and the content of antioxidant enzymes in liver and
pancreas tissues were detected to investigate the therapeutic
effect of okra extract on GDM rats and its possible molecular
mechanism.
2. Materials and methods

2.1. Establishment of GDM model

A total of 30 female SD rats and 15 male SD rats weighing
180–200 g were selected. Rats were adaptively feeding with
standard diet, and the rats body weight and serum glucose level
were determined (If the serum glucose level was greater than
7.0 mmol/L, the rats were excluded). Vaginal smears were
collected daily for estrous cycle determination, and then the
estrous rats were paired with male rats without diabetes mellitus
according to the rate 2:1 for conception. On the following
morning, the appearance of mucus plug or sperm observed by
microscopy meant being pregnant for 0 d. Then the pregnant rats
were labeled and separated. After one week of mating,
unpregnancy rats were abandoned. Then, 27 pregnant rats were
achieved and they were equally randomized into control group,
GDM group and intervention group.

Once the rats were identified as fertilization, rats in GDM
group and intervention group were fasting for 12 h. Then, rats in
both groups received the single intraperitoneal injection of fresh
2% streptozotocin solution (prepared with citrate buffer,
0.1 mol/L, pH 4.4) at dose of 45 mg/kg, while rats in control
group received equal volume of citrate buffer. Seven days after
streptozotocin injection, rats with high blood glucose levels in
the range of 13.9–22.2 mmol/L were considered as DM model
rats. After the model was established successfully, rats of
intervention group were administered orally solution containing
200 mg/kg/d okra extract according to the reported studies
[14,11]. All rats were fed a standard diet and provided with water
ad libitum.

On the 19th day of pregnancy, all rats were received
intraperitoneal anesthesia by 10% chloral hydrate (300–
350 mg/kg) for taking blood from heart, the fetus was also
collected through laparotomy for recording the fetus weight
and placental weight.

2.2. Collection of serum and tissues and detection of
biochemical indexes

The serum samples were collected after the centrifugation at
3000 rpm and 4 �C for 10 min and reserved in fridge at −20 �C.
Then, the total cholesterol (TC), triglyceride (TG), glycosylated
hemoglobin A1c (HbA1c), high-density lipoprotein (HDL) and
low-density lipoprotein (LDL) levels in serum were detected by
the automatic biochemical analyzer. Fasting insulin (FINS) and
free fatty acid (FFA) were measured with ELISA kits. Fasting
blood glucose (FBG) level was determined by glucose oxidase
method. HbA1c level was determined by glycated hemoglobin
meter.

After taking blood from heart, the liver and pancreas tis-
sues were weighed and homogenized by adding the 0.1 M
phosphate buffer. Then, the tissue homogenate was centri-
fuged for 10 min and the supernatant was collected for
detecting the levels of superoxide dismutase (SOD), catalase,
glutathione peroxidase (GPx) and glutathione (GSH). In order
to detect the secretory function of pancreatic islet b-cells and
endogenous insulin level in blood, serum C-peptide (CP)
content was detected by 125I-radioimmunoassay method. In
order to know the glycogen metabolism of pregnant rats,
content of hepatic glycogen in liver tissue was determined by
anthrone method.

2.3. Data statistics

SPSS 18.0 software was used to perform data analysis and
each index was showed as mean ± SD. Pairwise comparisons
between groups were performed by LSD-t test. Multiple com-
parisons of means were performed by One-Way ANOVA. When
P < 0.05, the difference was considered as statistically
significant.
3. Results

3.1. Body weight of pregnant rats and fetal rats

Figure 1 showed that the body weight of rats in each group
was no difference before pregnancy, but the prenatal body



Figure 1. Body weight of rats before pregnancy and before delivery, fetal rats weight and placenta weight. * vs. control group, P < 0.05; # vs. GDM group,
P < 0.05.
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weight of rats in GDM group was lower than the other groups
(P < 0.05). The fetal rats weight and placenta weight in GDM
group were also lower than those in control group and inter-
vention group (P < 0.05). Moreover, there was no difference in
all of the above indexes between control group and intervention
group (P > 0.05).
Table 1

Comparisons of biochemical indexes in each group.

Groups C GDM group Intervention
group

HbA1c (mmol/L) 5.04 ± 0.85 13.03 ± 2.67* 7.17 ± 1.28*#

TG (mmol/L) 0.66 ± 0.16 3.35 ± 0.28* 1.21 ± 0.23*#

TC (mmol/L) 2.15 ± 0.11 6.13 ± 0.23* 2.63 ± 0.34*#

FFA (mmol/L) 1.68 ± 0.20 5.78 ± 0.17* 1.95 ± 0.25#

FBG (mmol/L) 6.67 ± 0.88 9.80 ± 1.02* 6.87 ± 0.49#

HDL (mmol/L) 1.00 ± 0.15 0.82 ± 0.19* 0.98 ± 0.14#

LDL (mmol/L) 0.30 ± 0.06 1.46 ± 0.28* 0.62 ± 0.16*#

FINS (mIU/L) 14.82 ± 0.79 22.19 ± 0.87* 14.71 ± 0.61#

Serum CP (mmol/L) 0.08 ± 0.01 0.10 ± 0.02 0.09 ± 0.01
Hepatic glycogen
(mg/g)

1.48 ± 0.40 1.04 ± 0.11* 1.53 ± 0.47#

Note: * vs. control group, P < 0.05; # vs. GDM group, P < 0.05.
3.2. Biochemical indexes of each group in late stage of
pregnancy

Through the comparisons of the blood glucose and serum
lipids levels in each group, we found that except the serum CP
content, each biochemical index in GDM group differed
significantly with that in control group and that in intervention
group (P < 0.05). However, after the treatment, each index in
intervention group improved significantly, especially the FFA,
FBG, HDL, FINS and hepatic glycogen levels showed no dif-
ference as compared with control group (P > 0.05, Table 1).
These results indicated that okra extract could obviously
enhance the insulin sensitivity of GDM rats and improve IR,
thus stabilizing the blood glucose level.

3.3. Antioxidant enzymes levels in liver and pancreas
tissues in late stage of pregnancy

Figure 2 showed that the antioxidant enzymes (SOD, GPx,
catalase and GSH) levels in liver and pancreas tissues of GDM
group were lower than the other groups (P < 0.05); after the
treatment of okra extract, the antioxidant enzymes levels in liver
and pancreas tissues were equivalent to those of control group
(P > 0.05).



Figure 2. Antioxidant enzymes levels in liver and pancreas tissues of rats. * vs. control group, P < 0.05; # vs. GDM group, P < 0.05.
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4. Discussion

GDM is regarded as the early stage of T2DM in some pub-
lished reports, and IR is one of the common pathogenesis of
GDM and T2DM. In the study, we treat GDM rats with okra
extract and the resulted showed serum glucose and lipids levels
as well as IR improved significantly after the treatment. Mean-
while, after the treatment of okra extract, the antioxidant en-
zymes levels of GDM rats showed no difference with normal
pregnant rats.

Generally, hyperglycemia often causes the increase of free
radicals in body, the glucose oxidation, non-enzymatic glycation
of proteins and subsequent degradation of glycated proteins are
responsible for the formation of oxygen free radicals in patients
with diabetes [15]. Antioxidant enzymes in the body, such as
SOD, glutathione peroxidase, catalase, vitamin A, C and E,
are natural substances which can scavenge free radicals and
prevent their deleterious effects [16]. Okra is one of the most
important vegetables in the mallow family; it constitutes a
combination of flavonoids, polysaccharides, vitamins and
mineral salts. And the plant has a wide range of medicinal
values and has been used to treat many diseases. Okra
polysaccharide possesses anticomplementary and
hypoglycemic activity in normal mice [17]. In this study,
compared to GDM group, antioxidant enzymes levels of
intervention group increased significantly, this may be due to
the hypoglycemic activity of okra in GDM rats and then
reduced the extent and level of glucose oxidation, thereby
reducing superoxide anion formation and restoring antioxidant
enzymes levels. Samarji and Balbsaa [18] certified that Nigela
sativa and olive oils returned catalase and arysulfatase B
activities back near to normal by fixing their catalytic
properties, they believed that diabetes induces significant
alterations of the catalytic characters of arysulfatases and some
oils decrease this alteration through an antioxidant-mediated
effect. Zhao and Hu evaluated the efficacy and safety of a-
lipoic acid in the treatment of aged T2DM complicated with
acute cerebral infraction, and their results showed that after
application of a-lipoic acid, NIHSS score was significantly
decreased, while efficiency improved significantly, indicating
that a-lipoic acid could prevent brain cells injury caused by the
increasing oxygen free radicals and lipid peroxidation in cerebral
ischemia-reperfusion period, helping to promote the symptom
amelioration and function recovery [19].

Oxidative stress was closely related to DM and its compli-
cations, Baynes et al. [20] pointed out that oxidative stress
increased obviously at the late stage of DM patients, Collier
et al. [21] also found the LDL oxidation and the obvious
increase of easily oxidized substances. In the study, because of
rich in antioxidative substances, oxidative stress in GDM rats
was restrained after the administration of okra extract [22]. The
activity of SOD indirectly reflects the body's ability to
eliminate oxygen free radicals, and giving GDM rats the
treatment of okra extract could avoid the excessive
consumption of SOD and other antioxidant enzymes, which is
beneficial to timely and efficiently eliminate the reactive
oxygen species (ROS) in body. In regard to ROS, as a signal
molecule, it is similar to the second messengers and could
activate many redox sensitive signal paths, and then causes the
phosphorylation of insulin receptor and insulin receptor
substrate in the insulin signal paths, thus leading to the
reduced activity of downstream signal molecules and the
weakened insulin-sensitizing effect, and eventually IR
occurred [23]. In this study, because of the eliminating ROS
effect of okra extract and/or endogenous antioxidant enzymes,
IR was weakened and insulin-sensitizing effect was enhanced,
this may be the cause of the blood glucose level in rats of
intervention group could be regulated and improve.

In summary, because of rich in antioxidative substances, the
endogenous antioxidant enzymes could not be excessive
consumed, which efficiently inhibited the oxidative stress and IR,
and consequently blood glucose level of GDM rats was regulated.
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