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Abstract

Background: Wedelia chinensis (W. chinensis) is a beneficial medicinal herb used in folk medicine to treat many
chronic diseases. The present study is aimed to evaluate the antidiabetic property of methanolic extract of W.
chinensis leaf (MEWL) in alloxan induced Swiss albino diabetic mice.

Methods: Methanol was used as a solvent to obtain W. chinensis leaf extract. In vitro antidiabetic property of MEWL
was revealed by α-amylase and α-glucosidase inhibition assays. To explore in vivo antidiabetic properties of MEWL,
diabetes was induced in Swiss albino mice by intraperitoneal injection of alloxan at dose of 80 mg/kg body weight
(BW). All Swiss albino mice (normal mice and diabetic mice) were divided into five groups and orally treated with
normal pellet diet and water (normal control and diabetic control), glibenclamide 5 mg/kg BW and MEWL (100 and
200 mg/kg BW). Effects of MEWL on blood glucose levels, activity of liver function enzymes associated with diabetes
and serum levels of lipid parameters were evaluated.

Results: In α-amylase inhibition assay, 48.39% inhibition in the activity of α-amylase was observed at 500 μg/ml
concentration of MEWL. Moreover, 39.37% inhibition of α-glucosidase activity was observed at 10 μg/ml
concentration of MEWL. The results of in vivo antidiabetic assays showed that MEWL significantly (p < 0.01)
decreased blood glucose level and ameliorated parameters of lipid profile (TG, TC, LDL, VLDL and HDL) in diabetic
mice. MEWL treatments for 21 days also reduced the activity of SGPT and SGOT enzymes, and CRP levels in the
serum of diabetic mice significantly (p < 0.01) compared to that of untreated diabetic mice.

Conclusion: The present study demonstrated that W. chinensis leaf extract effectively subsidized the hyperglycemic
effect along with restoring the lipid profile parameters in diabetic mice and might be used as an alternative
medicine for the management of diabetes.
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Introduction
Nowadays, diabetes mellitus (DM) is considered as one
of the most common health problems in the world [1].
In 2019, it was estimated that 463 million people had
DM throughout the world, and it is projected that total
number of diabetic patients will be 578 million by 2030

[2].With the increasing prevalence of DM, death associ-
ated with DM and DM related chronic diseases in-
creased by 66% and 33%, respectively [3]. Instead of this
high prevalence of DM, there is no treatment available
to cure DM yet.
DM is a chronic disease that occurs due to lack of

insulin production by pancreas or when the body
can not use insulin properly produced by it. There-
fore, elevated levels of blood glucose are found in
DM over a prolong period [4]. This increased blood
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glucose level affects protein, carbohydrate and lipid
metabolism in DM patients [5]. Insulin deficiency
and insulin resistance affect enzymes and pathways
of lipid metabolism. For that reason, increased levels
of triglycerides (TG), low density lipoprotein (LDL),
very low density lipoprotein (VLDL), and a de-
creased levels of high density lipoprotein (HDL) are
very common in DM [5, 6]. DM may increase the
risk of liver diseases. In DM, abnormal activity of
liver enzymes, such as serum glutamate-pyruvate
transaminase (SGPT) and serum glutamic oxaloace-
tic transaminase (SGOT), non-alcoholic liver steato-
sis, liver cirrhosis and liver cancer were reported
previously [7, 8]. Moreover, many other complica-
tions are associated with chronic DM including
neuropathy, retinopathy, atherosclerosis, hyperten-
sion, cardiovascular diseases, diabetic foot, peri-
odontal diseases, dry mouth, dental caries, oral
cancer, arthritis, and many more [9, 10]. Alpha-
glucosidase and α-amylase catalyze the conversion
of polysaccharides into monosaccharide and disac-
charide, and inhibitors of these two enzymes are
also used to decrease blood glucose levels in type I
and type II DM [11]. Changing food habit, daily ex-
ercise, lifelong use of insulin (for type I DM), herbal
medicine, and synthetic hypoglycemic agents such
as; sulfonylureas, biguanides, thiazolidinediones and
meglitinides are common treatments for DM, but
these synthetic drugs have many adverse effects
[12–15]. Transplantation of artificial pancreas is a
new hope to cure type I DM, but it is highly expen-
sive for common people [16]. Therefore, search for
new antidiabetic drugs least or no side effect re-
mains a challenge.
Medicinal plants have attracted the attention of re-

searchers for the treatment of DM and other diseases
due to their fewer side effects. According to previous
study, plants are the major sources of different drugs,
and almost 800 plants may process antidiabetic activity
[17–20]. Many plants are already being used for the
treatment of DM in traditional medicine [19, 21]. To
find out polysaccharide hydrolyzing natural inhibitor, we
under took an unexplored Asteraceae family medicinal
plant, W. chinensis. It is commonly known as Bhimra or
Bhringraj which is rich in flavonoids and polyphenols
[22]. It is traditionally used for the treatment of chin
cough, diarrhea, diphtheria and jaundice [23]. Previous
studies suggested that polyphenols and flavonoids are
prominent sources of natural antioxidants and exhibit
conspicuous biological actions [24, 25]. This study im-
plies to the evaluation of therapeutic potentiality in
treatment of diabetic animal model by evaluating
through the alpha-amylase and alpha-glucosidase inhib-
ition effects.

Materials and method
Chemicals and reagents
Sodium chloride, α-amylase, iodine reagent, HCl, starch,
p-nitrophenol α-D-glucopyranoside (PNPG), sodium
azide, 0.1 M Sodium phosphate buffer, α-glucosidase,
acarbose and alloxan were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Reagent kit for glucose
for the estimation of TC, TG, LDL, VLDL, HDL, CRP,
SGPT and SGOT were purchased from Linear chemicals
(Barcelona, Spain). Glibenclamide was purchased from
Advanced Chemical Industries (ACI) Limited,
Bangladesh. All other chemicals were used in analytical
grade.

Collection of plant material and authentication
W. chinensis leaves were collected from Rajshahi Univer-
sity, Rajshahi-6205, Bangladesh at July, 2019 and authen-
ticated by Dr. A.H.M. Mahbubur Rahman, Professor,
Department of Botany University of Rajshahi,
Bangladesh.

Preparation of extract
At first, W. chinensis leaves were washed with clean
water to remove adhering dirt and sorted to collect fresh
and mature leaves. Then those leaves were chopped and
shed dried at 25–28 °C for 7 days. After complete drying,
the entire portions were grinded into a coarse powder
by a grinding machine (FFC-15, China) and stored in an
airtight container at room temperature for further use.
About 80 g of the powdered material was taken into a
clean, round bottomed glass bottle and soaked in 400 ml
of solvent (methanol). The container with its content
was sealed by cotton plug and aluminum foil, and kept
for 15 days accompanied with occasional shaking and
stirring. After maceration, the resulting extracts were fil-
tered through Whatman No.1 filter paper. Afterwards,
the solvents were evaporated under reduced pressure at
39 °C using a rotary evaporator. Finally, the residues
were kept in small sterile bottles at 4 °C until used for
further experiments.

α-amylase inhibition assay
Screenings for α-amylase inhibition by extracts were car-
ried out according to the method described by Xiao
et al. [26] with slight modification. Different concentra-
tions of 500 μl extracts were added to 500 μl of 0.02M
sodium phosphate buffer (6 mM sodium chloride; pH
6.9) containing 0.5 mg/ml of α-amylase solution, and in-
cubated at 37 °C for 10 min. Then 500 μl soluble starch
(1%, w/v) was added to each reaction test tube and incu-
bated at 37 °C for 15 min. After that, 1 M HCl (20 μl)
was added to stop the enzymatic reaction followed by
the addition of 100 μl of iodine reagent (5 mM I2 and 5
mM KI). The color change was noted and the
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absorbance was read at 620 nm. Acarbose was used as
positive control. The results were expressed as % inhib-
ition calculated using the formula:

α − amylase inhibition activity
¼ 1 - A1 −A2ð Þ=A0f g½ � � 100

Where A1 is the absorbance of the test sample, A2 is
the absorbance of product control (sample without α-
amylase solution) and A0 is the absorbance of negative
control (α-amylase without extract).

α-glucosidase inhibition assay
The α-glucosidase inhibition assay was performed fol-
lowing the method described by Schmidt et al. [27]. In a
96 well microplate, 10 μl of extract at various concentra-
tions and 90 μl of 0.1M sodium phosphate buffer (SPB)
pH containing 0.02% sodium azide. After that, 80 μl of
α-glucosidase solution (2.0 U/ml) in SPB were added in
each well, and the mixture was incubated at 28 °C for 10
min. Acarbose was used as a positive control. After the
incubation, 20 μl of PNPG (0.4 mM, dissolved in SPB)
was mixed into the solution to initiate the reaction. The
rate of PNPG conversion to p-nitrophenol was deter-
mined by the measurement of absorbance of p-
nitrophenol at 405 nm using a Multiscan FC microplate
photometer (Thermo Fisher Scientific, Waltham, MA,
USA). Acarbose was used as standard. The percentage of
α-glucosidase inhibition was calculated by the following
equation:

α − glucosidase inhibition activity ¼ fðabsorbance of blank

- absorbance of sampleÞ=absorbance of blankg � 100

Animal care
Swiss albino mice weighting about 20–28 g were collected
from the International Cholera and Dysentery Disease Re-
search, Bangladesh (ICDDRB). They were individually
housed in polypropylene cages in well-ventilated rooms

(temperature 25 ± 2 °C; humidity 55 ± 5% with 12 h light/
dark cycle) under hygienic conditions. Mice were allowed
free access to standard dry pellet diet and water. Food intake
was withdrawn before 16 to 18 h to start the experiments.

Induction of diabetes
Diabetes was induced in overnight fasting mice by a sin-
gle intraperitoneal injection of alloxan (80 mg/kg body
weight; BW) in a 0.1M sodium citrate buffer (pH 4.5).
The age-matched control mice received an equivalent
amount of citrate buffer. Food and water intake were
closely monitored daily after alloxan administration. The
development of hyperglycemia in mice was confirmed by
measuring fasting blood glucose level (tail vein blood)
after 48 h of alloxan administration with a portable gluc-
ometer (Accu-Chek, Roche, Germany). The animals with
fasting blood glucose level ≥ 11.0 mmol/l were consid-
ered as diabetic mice.

Experimental groups
After 1 week of acclimatization period, all mice were di-
vided into following five groups:

Group-1 (Normal control): Mice feed with standard
pellet diet and water.
Group-2 (Diabetic control): Diabetic mice without
treatment.
Group-3 (Positive control): Diabetic mice were treated
by glibenclamide at dose of 5 mg/kg BW [28, 29].
Group-4 (MEWL 100 mg/kg BW): The diabetic mice
treated with MEWL at a dose of 100 mg/kg BW for 21
days [30].
Group-5 (MEWL 200 mg/kg BW): The diabetic mice
treated with MEWL at a dose of 200 mg/kg BW for 21
days [30].

Oral glucose tolerance test (OGTT)
This test was performed according to a previously de-
scribed protocol with slight modifications [31]. All

Fig. 1 α-amylase inhibition activity of methanolic extract of W. chinensis leaf (MEWL). All data are expressed as mean ± SD (n; number of
separate experiments = 3)
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mice were kept fasting for 16 h prior to the experi-
ment. Mice of group 4 and group 5 were orally ad-
ministrated with MEWL 100 mg/kg and 200 mg/kg
BW, respectively, followed by oral administration of
glucose solution (1 g/kg BW). Mice from group 3
were treated with the antihyperglycemic agent gliben-
clamide at a dose of 5 mg/kg body weight, followed
by oral glucose administration (1 g/kg BW), while the
of control group (Group I) did not receive glucose
solution. Blood samples were subsequently collected
from tail veins at 0, 30, 60, 90 and 120 min following
oral glucose administration and glucose levels were
measured using a portable glucometer (Accu-Chek,
Roche, Germany) by vein puncture [32].

Collection of blood
Blood samples from all mice were collected on day 1,
5, 10, 15 and 21 in a fasting state from the tail vein
by 26 G needle and syringe. At final stage of experi-
ment period (21 days), mice were anesthetized with
chloroform, and sacrificed after overnight fasting.
After that, blood was taken from the artery of the
heart by syringe. The serum was separated by allow-
ing blood samples left for 10 min at a temperature of
25 °C, then centrifuged at 3000 rpm for 20 min, after

centrifugation, serum was collected and kept in plastic
vial at − 80 °C until further experiments.

Measurement of biochemical parameters
Plasma concentrations of TG, TC, HDL, LDL, VLDL,
CRP, SGPT and SGOT were measured using commer-
cially available kit (Linear chemicals, Barcelona, Spain)
using an automatic Bio-analyzer (Hitachi 7180, Hitachi,
Tokyo, Japan).

Statistical analysis
All statistical analyses were performed using SPSS soft-
ware of (version 16). All values were expressed as
mean ± standard deviation (SD), and considered statisti-
cally significant at p < 0.05 (one-way ANOVA followed
by Dunnett’s t test).

Results
Effect of MEWL on α-amylase inhibitory activity
α-amylase inhibitory activity of W. chinensis leaf extract
is shown in (Fig. 1). In this assay, dose-dependent in-
crease in the percentage inhibitory activity against α-
amylase enzyme was noted. The percent of inhibition of
α-amylase activity was 48.39 ± 0.277% by MEWL at a
concentration of 500 μg/ml, and standard acarbose

Fig. 2 α-glucosidase inhibition activity of methanolic extract of W. chinensis leaf (MEWL). All data are expressed as mean ± SD (n; number of
separate experiments = 3)

Table 1 Effects of the MEWL on blood glucose levels of diabetic mice in OGTT

Animal groups Dose
mg/
kg
BW

Blood glucose levels (mg/dl)

Minute after a single dose administration of extracts or drugs

0 30 60 90 120

Normal control – 5.1 ± 0.9 7.1 ± 1.5 6.9 ± 1.2 5.6 ± 0.9 4.2 ± 0.6

Diabetic control – 13.5 ± 2.1 19.5 ± 3.6 23.9 ± 3.0 16.3 ± 3.1 14.2 ± 1.9

Positive control 5 6.8 ± 1.4 9.3 ± 2.0 10.1 ± 2.2 8.6 ± 1.5 6.4 ± 1.7

MEWL 100 8.2 ± 0.9 13.6 ± 1.7* 12.7 ± 2.8* 10.8 ± 2.0* 8.8 ± 2.1*

MEWL 200 9.3 ± 2.3 14.8 ± 3.7* 11.6 ± 1.7* 9.4 ± 1.4* 6.1 ± 1.8*

All values are expressed as mean ± SD (n; number mice = 5). Here “*” indicates p < 0.01 compared to diabetic control mice
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showed 57.98 ± 1.492% inhibition in α-amylase activity
at the same concentration.

Effect of MEWL on -glucosidase inhibition assay
α-glucosidase inhibitory activity of W. chinensis leaf is
shown in (Fig. 2). In this assay, the percentage inhibitory
activity of MEWL and acarbose against α-glucosidase en-
zyme was gradually increased with concentration. At
10 μg/ml concentration, MEWL showed 39.37% inhibition
in the activity of α-glucosidase and acarbose showed
51.45% inhibition in the activity of α-glucosidase.

Effect of MEWL on oral glucose tolerance test in diabetic
mice
OGTT has been performed in fasting mice after oral ad-
ministration of methanolic extract. The results of the
OGTT are summarized in Table 1. At the ultimate 120
min interval following oral glucose intake, the mice
treated with MEWL (100 and 200 mg/kg BW) were able
to metabolize glucose significantly compared to the mice
of diabetic control group.

Effects of MEWL on blood glucose level
Effects of MEWL treatment in the blood glucose levels
of alloxan induced diabetic mice are represented in Fig. 3.
Intraperitoneal administration of alloxan (80 mg/kg BW)
significantly increased the blood glucose levels of dia-
betic control mice compared to normal control mice.
MEWL (100 and 200 mg/kg BW) treatment significantly
reduced the blood glucose levels of diabetic mice com-
pared to that of diabetic control mice. This level of re-
duction was as near as glibenclamide administered
subject. In 5th to 21stdays, MEWL at both doses (100
mg/kg and 200 mg/kg BW) lowered the glucose level by
9.9% - 39.72% and 14.5% - 50.96%, respectively, com-
pared to diabetic control mice.

Effects of MEWL on lipid profile
Figure 4 represents the effects of 21 days supplemen-
tation with MEWL on the levels of serum TC, TG,
HDL, LDL and VLDL in experimental mice. Serum
levels of TG, TC, LDL and VLDL were increased, and
HDL level was decreased significantly in alloxan in-
duced diabetic mice compared to that of normal

Fig. 3 Effects of MEWL treatment on blood glucose levels in alloxan induced diabetic mice. All data are expressed as mean ± SD (n; number of
mice = 5). Here “**” indicates p < 0.01 vs normal control mice and “*” indicates p < 0.01 vs diabetic control mice

Fig. 4 Effects of MEWL treatments for 21 days on lipid profile in alloxan induced diabetic mice. All data are expressed as mean ± SEM (n; number
of mice = 5). Here “**” indicates p < 0.01 vs normal control mice and “*” indicates p < 0.01 vs diabetic control mice
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control mice. Oral administration of MEWL at both
doses (100 and 200 mg/kg BW) regulated those pa-
rameters of lipid profile in diabetic mice towards the
normal level significantly (p < 0.01) compared to the
diabetic control mice. After 21 days treatment with
MEWL, serum levels of TC, TG, LDL and VLDL de-
creased significantly compared to that of diabetic con-
trol mice. MEWL treatment also increased serum
HDL levels in diabetic mice significantly.

Effects of MEWL on serum SGPT, SGOT and CRP level
Effects of MEWL supplementation in the activity of serum
SGPT and SGOT in diabetic mice are represented in Fig. 5.
Increased activity of serum SGPT and SGOT in diabetic
mice was reduced significantly by supplementation of
MEWL for 21 days. Compared to diabetic control mice,
MEWL decreased SGPT activity by 19.87% (100mg/kg
BW) and 27.03% (200mg/kg BW), whereas glibenclamide
reduced SGPT activity by 36.03%. The reduction of SGOT
activity with the treatment of MEWL were 12.72% (100
mg/kg BW) and 19.75% (200mg/kg BW), whereas gliben-
clamide lowered SGOT activity was 32.005%.
Alloxan induced diabetic mice also showed increased

levels of serum CRP compared to normal control mice
(Fig. 6). The administration of MEWL also reduced the
CRP levels significantly compared to that of diabetic
control mice at both doses.

Discussion
In this study, we have explored in vitro and in vivo anti-
diabetic properties of W. chinensis leaf extract (MEWL)
for first time. MEWL treatments also showed promising
beneficial effects to lipid profile, liver function enzymes
activity and serum CRP levels in alloxan induced dia-
betic mice.
In this study, in vitro antidiabetic activity of MEWL

were evaluated using α-amylase inhibition assay and α-
glucosidase inhibition assay. Alpha-amylase catalyzes the

breakdown of starch into maltose and α-glucosidase cat-
alyzes the conversion of polysaccharides into monosac-
charides, such as glucose. Therefore, these two assays
are used largely for the screening of drugs having antidi-
abetic activity. In this present study, we observed α-
amylase and α-glucosidase inhibitory properties of
MEWL.
Increased blood glucose level or hyperglycemia due

to the lack of insulin production by pancreas or in-
sulin resistance is the most common characteristics
of DM [4, 33]. MEWL supplementation decreased
blood glucose levels significantly in diabetic mice
compared to that of diabetic control mice. According
to previous study, W. chinensis leaf contains several
antioxidants and possesses antidiabetic activity
(in vitro) [34, 35]. Therefore, these results are con-
sistent with previous study.
Increased levels of serum TC, TG, LDL and VLDL,

and decreased level HDL are also very common in DM
patients due to the altered metabolism of carbohydrates
and lipids [6, 36, 37]. With the progression of DM, these
abnormalities are associated with the development of
cardiovascular diseases in DM patients [6]. Significantly
decreased levels of serum TC, TG, LDL and VLDL, and
increased levels of HDL in MEWL treated diabetic mice
compared to diabetic control mice were noted in this
study. These data represent possible potential effects to
W. chinensis leaf to reduce or prevent DM associated
complication in lipid metabolism.
Liver damage is also very common in patients having

chronic DM [38]. Chronic DM can lead to non-alcoholic
fatty liver disease by affecting the metabolism of lipids,
carbohydrates and proteins, which can further progress
to non-alcoholic steatohepatitis, liver cirrhosis, and fi-
nally hepatocellular carcinomas promoting oxidative
stress inflammatory response [38]. Due to liver damage,
increased activity or levels of liver function enzymes,
such as SGPT and SGOT are found in patients with DM

Fig. 5 Effect of MEWL treatment on serum SGPT and SGOT levels in diabetic mice. All data are expressed as mean ± SD (n; number of mice = 5).
Here “**” indicates p < 0.01 vs normal control mice and “*” indicates p < 0.01 vs diabetic control mice
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[39]. Additionally, increased levels of CRP in the serum
of patients having DM has been reported previously
[40]. It is a potent marker of systemic inflammation and
important risk factor of cardiovascular diseases [40, 41].
MEWL treatment for 21 days significantly restored the
levels of SGPT, SGOT and CRP in diabetic mice com-
pared to that of diabetic control mice. Therefore, this
study also reveals the potentiality of W. chinensis leaf to
reduce DM associated risk of liver damage and cardio-
vascular damages.

Conclusion
In summary, W. chinensis leaf has potential in vitro and
in vivo antidiabetic properties. Furthermore, supplemen-
tation of W. chinensis leaf extract can ameliorate altered
levels of TC, TG, LDL, VLDL, HDL, SGPT, SGOT and
CRP in diabetic mice. Therefore, this study suggests the
possible beneficial effects of W. chinensis leaf in the
treatment and prevention of DM and DM associated
complications. However, further study should be done to
explore specific antidiabetic compounds present W. chi-
nensis leaf and their mechanism of action.
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