
Research Article
Antidiabetic Activities of Hydromethanolic Leaf
Extract of Calpurnia aurea (Ait.) Benth. Subspecies aurea
(Fabaceae) in Mice

Yaschilal Muche Belayneh 1 and Eshetie Melese Birru2

1Department of Pharmacy, College of Medicine and Health Sciences, Wollo University, P.O. Box 1145, Dessie, Ethiopia
2Department of Pharmacology, School of Pharmacy, College of Medicine and Health Sciences, University of Gondar,
P.O. Box 196, Gondar, Ethiopia

Correspondence should be addressed to Yaschilal Muche Belayneh; yaschilal.muche19@gmail.com

Received 1 June 2018; Revised 3 August 2018; Accepted 27 August 2018; Published 9 September 2018

Academic Editor: Daniela Rigano

Copyright © 2018 Yaschilal Muche Belayneh and Eshetie Melese Birru.This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Diabetes mellitus is one of the largest global health problems demanding preventive and new therapeutic interventions. Currently,
there is a need for safe, effective, and less costly antidiabetic medications, and investigating medicinal plants for new antidiabetic
medication is an interesting research area.Thus, the present study was done to evaluate the antidiabetic activities of 80%methanolic
leaf extract of Calpurnia aurea (Ait.) Benth. subspecies aurea (Fabaceae) in mice. Hypoglycemic and antihyperglycemic activity of
the three doses (100mg/kg, 200mg/kg, and 400mg/kg) of crude hydromethanolic leaf extract was studied on normoglycemic, oral
glucose loaded, and streptozotocin-induced diabeticmicemodels.The effect of the extract on bodyweight anddiabetic dyslipidemia
was also studied on streptozotocin-induced diabetic mice. Glibenclamide (5mg/kg) was used as a standard drug in all cases. A
glucose meter and an automated chemistry analyzer were used to measure blood glucose and serum lipid level respectively. Data
were analyzed using one-way analysis of variance followed by Tukey’s post hoc multiple comparison test. All the three doses of
the plant extract (100mg/kg, 200mg/kg, and 400mg/kg) showed a significant (p<0.05) antihyperglycemic activity in the diabetic
mice at the 7th and 14th day of repeated daily dose administration as compared to the negative diabetic control. But, the extract
did not show significant blood glucose lowering activity in normoglycemic, oral glucose loaded, and diabetic mice after single dose
administration, and it did not significantly improve the body weight loss and diabetic dyslipidemia of diabetic mice after repeated
daily dose administration for 14 days. This study revealed that the hydromethanolic extract of Calpurnia aurea leaves possesses
significant antihyperglycemic activity justifying the traditional use of the plant for diabetes.

1. Background

Diabetes mellitus (DM) is a metabolic disorder characterized
by chronic hyperglycemia with abnormal carbohydrate, fat,
and protein metabolism due to defects in insulin secretion,
insulin action, or both [1]. The estimated number of people
aged between 20 and 79 years with diabetes worldwide in
2015 was 415 million [2]. The global prevalence of DM is
expected to rise to 552 million by 2030 [3]. Nearly 5 million
people aged between 20 and 79 years died from diabetes
in 2015, one death every six seconds. It was estimated that
12% of the global health expenditure was spent on diabetes

in 2015 [2]. Globally, at least USD 376 billion was spent on
DM in 2010, and this global expenditure is expected to reach
USD 490 billion in 2030 [4]. Diabetes mellitus can directly
affect serum lipid levels causing diabetic dyslipidemia which
is one of its complications [5]. Diabetic dyslipidemia ismainly
characterized by higher serum levels of triglyceride (TG),
lower high density lipoprotein cholesterol (HDL-C), and high
small dense LDL levels [6, 7].

Developing new antidiabetic medications from plant
derived compounds which are easily accessible seems highly
attractive research area as currently available medications
have limitations in terms of safety, efficacy, and cost [8].
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Globally, there aremore than 1000 plant species that are being
used as folk medicine for DM [8]. One of the plant families
with the most potent hypoglycemic activity is Fabaceae, also
called Leguminoseae [9]. In Ethiopia, Calpurnia aurea (Ait.)
Benth. subspecies aurea (Fabaceae) is traditionally used for
the treatment ofDM. Peoples of shenasha, Agew, andAmhara
in northwest Ethiopia use the leaf as well as the seed of the
plant orally for the treatment of DM [10]. Similarly, people of
Nekemtae town (east Wollega, Ethiopia) use leaf decoction
of the plant orally to treat DM [11]. However, the antidiabetic
activity of this medicinal plant is not scientifically validated.

Studies have shown that plant derived isoflavones possess
hypoglycemic activity [12–14]. Isoflavones have been isolated
from Calpurnia aurea (Ait.) Benth. subspecies aurea [15]
indicating the plantmay have blood glucose lowering activity.
Additionally, the antidiabetic activity of medicinal plants is
mainly due to the presence of alkaloids, phenolic compounds,
flavonoids, and terpenoids [8, 9, 16–18].The hydromethanolic
extract of Calpurnia aurea leaves also contains these sec-
ondary metabolites known to have blood glucose lowering
activity according to previous preliminary phytochemical
studies [19, 20].

Induction of oxidative stress is a key process in the
pathogenesis of DM and its complications [21–23], and the
role of antioxidants in treating diabetes and its complications
through prevention of oxidative stress has been explained
in different studies [22–24]. Interestingly, previous studies
revealed Calpurnia aurea leaves have strong in vitro antiox-
idant activities [25, 26] indicating the plant may possess
antidiabetic activity. Thus, the present study was done to
evaluate the antidiabetic activity of 80% methanolic leaf
extract of Calpurnia aurea (Ait.) Benth. subspecies aurea
(Fabaceae) in mice.

2. Materials and Methods

2.1. Drugs, Chemicals, and Instruments. Methanol absolute
(Nice Chemicals, India), streptozotocin (SigmaAldrich, Ger-
many), glibenclamide (Julphar Pharmaceuticals, Ethiopia),
citric acid monohydrate (Lab Tech Chemicals, India), tri-
sodium citrate dihydrate (Blulux Labratories, India), ster-
ilized water for injections (Nirma Ltd., India), 40% glu-
cose solution (Reyoung Pharmaceuticals, China), analytical
balance, pH meter, i-QARE DS-W� blood glucose meter,
and strips (Alliance International, Taiwan), distilled water,
mindray BS-240 clinical chemistry analyzer (Shenzhen Min-
dray Bio-Medical Electronics Co., Ltd,, China) were all of
analytical grade.

2.2. Plant Material Collection and Preparation. Fresh leaves
of Calpurnia aurea were collected from south Gondar zone
of Amhara region, northwest Ethiopia in August 2017. After
collection, taxonomic identification and authentication were
done and the specimen of the plantwas kept at theHerbarium
of Biology Department, University of Gondar, with a voucher
number YM001 for future reference.

2.3. Preparation of Plant Material Extract. The leaves of the
plant were first thoroughly washed with distilled water and

allowed to dry under shade with optimal ventilation. The
dried leaves were then chopped to coarse powder. Nine
hundred gram of the coarse powdered plant material was
macerated in 80%methanol for 72 hours and then the extract
was filtered using Whatman filter paper No. 1. Then, the
residue was remacerated two times with fresh solvent, each
for 72 hours, and the filtrates obtained from the successive
maceration were dried in a hot air oven at 40 degree
centigrade. The dried extract was then kept in a desiccator
to maintain dryness till used in the experiment.

2.4. Experimental Animals. Healthy Swiss albino mice
(weighing 25-30 g and age of 8-12 weeks) were purchased
from the Ethiopian public health institute, Addis Ababa. The
animals were then kept in the animal house of Department
of Pharmacology, University of Gondar, using polypropylene
cages. The animals were maintained under standard
conditions (12 h light and 12 h dark cycle) and allowed free
access to standard pellet laboratory diet and water ad libitum.
Animals were acclimatized to the laboratory conditions for 1
week before the initiation of the experiment.

2.5. Acute Toxicity Study. Acute oral toxicity test was done
based on the limit test recommendations of OECD No 425
Guideline [27]. On the first day of the test, one female Swiss
albino mouse fasted for 3 hours was given 2000mg/kg of the
crude extract orally. Then the mouse was kept under strict
observation for physical or behavioral changes for 24 h, with
special attention during the first 4 hours. Because mortality
was not observed in the first mouse, other four female mice
fasted for 3-4 hours were sequentially given a single dose of
2000mg/kg of the leaf extract and then observed in the same
manner. The observation was continued for a total of 14 days
for any sign of toxicity and mortality.

2.6. Grouping and Dosing of Animals. Male animals were
used in all animal models (normoglycemicmice, oral glucose
loaded mice, single dose treated diabetic mice, and repeated
dose treated diabetic mice) because females are also less
sensitive to insulin [28], and they are less sensitive to STZ
compared to male animals [29, 30].

In the normoglycemic, oral glucose loaded, and single
dose treated diabetic animal models, mice were randomly
divided into five groups (6 mice per group). In all cases,
Group I (negative control) was treated with 10ml/kg dis-
tilled water (DW); Groups II, III, and IV were treated
with 100mg/kg, 200mg/kg, and 400mg/kg plant extract,
respectively, whereas Group V (positive control) was treated
with the standard drug, glibenclamide (5mg/kg).

In the repeated daily dose treated diabetic animal model,
mice were randomly divided into six groups (5 groups of
diabetic mice and 1 additional group of normal mice, 6
mice per group). Group I (diabetic control) was treated with
10ml/kg DW; Group II, III, and IV (diabetic test groups)
were treated with 100mg/kg, 200mg/kg, and 400mg/kg
plant extract, respectively; Group V (diabetic positive control
group) was treated with 5mg/kg glibenclamide, whereas
Group VI (normal control) was treated with 10ml/kg DW.
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Glibenclamide (5mg/kg) was selected as a standard drug
based on reports of previous studies [31–33]. The three doses
of the plant extract were determined based on the result of
the acute oral toxicity study. Oral route of administration was
used in the study because people traditionally use the plant
material orally [10, 11]. All the doses were given using an oral
gavage after dissolving the plant extract in distilled water at
a volume not exceeding 10ml/kg body weight of the mouse
[27].

2.7. Measurement of Blood Glucose Level. Blood samples were
withdrawn from the tail vein of each animal aseptically, and
blood glucose level (BGL) was measured using i-QARE DS-
W� blood glucose meter. In all cases, BGL measurement was
done in triplicate and the average value was taken.

2.8. Induction of Experimental Diabetes. Streptozotocin
(STZ) was used to induce experimental diabetes. STZ was
first dissolved in 0.1M cold citrate buffer (pH=4.5). Then,
the freshly prepared solution was given intraperitonially
to the mice at a dose of 150mg/kg [34]. Mice were fasted
overnight for 16 hours prior to STZ administration. Food and
water were allowed to the animals thirty minutes after the
administration of STZ. Six hours after STZ administration,
animals were allowed to drink 5% glucose solution for the
next 24 hours to prevent hypoglycemic shock and death.
Four days after STZ injection, animals were screened for
diabetes. Mice with fasting blood glucose level > 200mg/dl
were included in the study as diabetic [32, 35]. Immediately
after screening, STZ-induced diabetic animals were assigned
randomly into different groups to perform the experiment.

2.9. Assessing Hypoglycemic Activity of the Extract in Nor-
moglycemic Mice. Overnight (for 16 hours) fasted mice were
randomly divided into five different groups (each group
containing six animals). Then, the animals were treated
according to their respective grouping as mentioned above.
BGL of each mouse was measured just before treatment
(at 0 hr) as baseline, and then at 1, 2, 4, and 6 hours after
treatment.

2.10. Evaluating Effect of the Extract on Oral Glucose Tolerance
in Normal Mice. Overnight fasting increases insulin depen-
dent glucose utilization specifically inmice [36, 37].Thus, it is
logical to use mice for the oral glucose tolerance test in order
to have a sensitive animal model for screening antihyper-
glycemic activity of the plant extract. After overnight fasting
for 16 hours, mice were randomly divided into 5 groups (each
group containing six animals). Then, animals were treated
with distilled water, plant extract, and glibenclamide accord-
ing to their respective grouping as mentioned above. Thirty
minutes following each administration [31, 38], 2.5 g/kg
glucose in a form of solution (40% w/v) was given orally to
each animal [31]. BGL was measured for each animal just
before treatment (at 0 minutes) as baseline, and then at 30,
60, and 120 minutes following the oral glucose load [31, 39].

2.11. Evaluating Antihyperglycemic Activity of Single Dose
of the Extract in Streptozotocin-Induced Diabetic Mice.
Overnight fasted (for 16 hours) diabetic mice were assigned

randomly into 5 groups (each group containing 6 animals).
Then, mice were treated with distilled water, plant extract,
and glibenclamide according to their respective grouping.
BGL was measured just before treatment (at 0 hr) as baseline,
and then at 2, 4, 6, and 8 hours after treatment.

2.12. Assessing Antihyperglycemic Activity, Effect on Body
Weight, and Antidyslipidemic Activity of Repeated Daily Doses
of the Extract in Streptozotocin-Induced Diabetic Mice. After
overnight fasting for 16 hours, STZ-induced diabetic mice
and normal mice were randomly assigned into 6 groups
(5 groups of diabetic mice and 1 group of normal mice, 6
animals per group). Then, mice were treated with distilled
water, plant extract, and glibenclamide once daily for 14
days according to their respective grouping as explained
above. Blood glucose level and body weight of mice were
measured just before starting treatment on the 1st day of
treatment (four days after STZ injection) as baseline and then
on the 7th and 14th day of treatment following overnight
fasting for 16 hours [40]. On day 15, overnight fasted mice
were first sacrificed using overdose of an anesthetic, sodium
pentobarbitone at a dose of 150mg/kg IP, and then blood
samples were collected from each animal in a sterile gel tube
via cardiac puncture [33, 40]. The blood samples were left
at room temperature for 2 hours and then centrifuged. The
supernatant was immediately separated from the pellet to
prepare serum samples in order to determine the level of
triglyceride (TG), total cholesterol (TC), and high density
lipoprotein cholesterol (HDL-C) using automated chemistry
analyzer.

2.13. Ethical Considerations. The proposal of the study was
submitted and approved by the Ethical Review Committee
of the School of Pharmacy, University of Gondar, before
the commencement of the study (ethical approval number,
SOP4/77/09). The experiment was conducted in accordance
with the Guide for the Care and Use of Laboratory Animals
[41].

2.14. Statistical Analysis. All the data were expressed as mean
± standard error of the mean (SEM). Between and within
group analysis were carried out using one-way ANOVA
followed by Tukey’s post hoc multiple comparison test. The
results were considered to be significantwhen the P-valuewas
less than 0.05. SPSS Version 20 software was used for data
processing and analysis.

3. Result

3.1. Percentage Yield of Plant Material Extraction. A total of
154 grams of dried dark-brown gummy extract was harvested
at the end of the extraction process. The extract was found
to be better soluble in water than organic solvent. The
percentage yield of the extract was found to be 17.11% (w/w).

3.2. Acute Oral Toxicity Study. The acute toxicity study of
Calpurnia aurea leaf extract (CALE) did not show mortality
in the animals at the limit dose of 2000mg/kg during the
observation period. Thus, the median lethal dose (LD50)
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Table 1: Hypoglycemic activity of hydromethanolic leaf extract of Calpurnia aurea in normoglycemic mice.

Group Blood glucose level (mg/dl)
0 hr 1 hr 2 hr 4 hr 6 hr

DW 10ml/kg 68.17 ± 7.97 70.22 ± 7.90 72.33 ± 8.09 73.5 ± 7.33 68.06 ± 7.99
CALE 100mg/kg 70.67 ± 4.36 73.78 ± 2.76 72.61 ± 3.42 66.33 ± 2.08 64.00 ± 3.88
CALE 200mg/kg 68.83 ± 4.14 73.83 ± 4.08 71.56 ± 4.59 65.56 ± 2.56 56.33 ± 4.92
CALE 400mg/kg 76.72 ± 3.21 79.11 ± 5.96 83.17 ± 3.89 67.17 ± 5.29 67.39 ± 6.61
GLC 5mg/kg 70.56 ± 5.86 54.00 ± 5.34 47.72 ± 5.03a1 b1 c1 d2 𝛽1 41.89 ± 2.73a2 b1 d1 𝛽3 37.67 ± 2.4a1 d1 𝛽3

Each value representsmean± SEM; n=6 for each treatment. aCompared to the negative control, bcompared toCALE 100mg/kg, ccompared toCALE 200mg/kg,
dcompared to CALE 400mg/kg, and 𝛽compared to baseline blood glucose level. 1p < 0.05, 2p < 0.01, and 3p < 0.001. CALE = Calpurnia aurea leaf extract, DW
= distilled water, and GLC = glibenclamide.

Table 2: Effect of Calpurnia aurea leaf extract on oral glucose tolerance in normal mice.

Group Blood glucose level (mg/dl)
0 min 30 min 60 min 120 min

DW 10 ml/kg 87.06 ± 8.25 202.95 ± 15.84𝛽3 142.17 ± 15.66𝛽1 𝜇1 112.45 ± 13.29𝜇3

CALE 100 mg/kg 85.83 ± 8.55 199.50 ± 15.22𝛽3 138.06 ± 16.56𝛽1 𝜇1 84.33 ± 6.94𝜇3

CALE 200 mg/kg 86.17 ± 5.87 213.00 ± 7.51𝛽3 137.00 ± 9.01𝛽2 𝜇3 93.50 ± 5.98𝜇3

CALE 400 mg/kg 77.61 ± 7.23 211.72 ± 20.84𝛽3 137.61 ± 14.28𝛽1 𝜇2 81.94 ± 4.18𝜇3

GLC 5 mg/kg 81.44 ± 1.24 180.72 ± 8.75𝛽3 82.83 ± 5.43a1 𝜇3 61.78 ± 8.59a3 c1 𝜇3

Each value represents mean ± SEM; n=6 for each treatment. aCompared to the negative control, ccompared to CALE 200mg/kg, 𝛽compared to baseline blood
glucose level, and 𝜇compared to the blood glucose level at 30 minute. 1p < 0.05, 2p < 0.01, and 3p < 0.001. CALE = Calpurnia aurea leaf extract, DW = distilled
water, and GLC = glibenclamide. Time refers to time after oral glucose loading.

of the leaf extract is greater than 2000mg/kg. Besides, the
toxicity study of CALE did not reveal any signs of toxicity:
behavioral, neurological, autonomic, or physical changes.

3.3. Hypoglycemic Activity of the Hydromethanolic Leaf
Extract in NormoglycemicMice. The effect of hydromethano-
lic extract on fasting blood glucose level of normal mice
is summarized in a table (Table 1). Between groups analysis
revealed no significant difference in baseline fasting BGL
across groups. All the three groups treated with different
doses of CALE did not show a statistically significant reduc-
tion in BGL at all time points compared to the negative
control group. But, it was found that BGL was significantly
reduced by glibenclamide (5mg/kg) at the 2nd (p<0.05), 4th
(p<0.01), and 6th (p<0.05) hours compared to the negative
control. Similarly, comparing GLC treated group with extract
treated groups, it was revealed that 5mg/kg GLC significantly
reduced the BGL at the 2nd and 4th hours (p<0.05) compared
to 100mg/kg CALE treated group; at the 2nd hr (p<0.05)
compared to 200mg/kg CALE treated group; at the 2nd
(p<0.01), 4th (p<0.05), and 6th (p<0.05) hours compared to
the 400mg/kg CALE treated group.There was no statistically
significant difference in BGL when groups treated with
different doses of the leaf extract were compared with each
other at all time points.

Within group analysis showed that treatment with all
the three doses of the extract and distilled water did not
significantly reduce the BGL at all time points compared to
the respective baseline level. But, the standard dug (gliben-
clamide) reduced the BGL significantly at the 2nd (p<0.05),
4th (p<0.001), and 6th (p<0.001) hours compared to the

baseline level with percentage reduction, 32.37%, 40.63%, and
46.61%, respectively.

3.4. Antihyperglycemic Activity of the Hydromethanolic Leaf
Extract of Calpurnia aurea in Oral Glucose Loaded Mice.
There was no significant difference in baseline BGL across
groups just before the administration of DW, CALE and
glibenclamide (Table 2). Between groups analysis showed
that all doses of CALE did not show a significant reduction
in hyperglycemia at all time points compared to the negative
control, whereas 5mg/kg GLC reduced the hyperglycemia
significantly at the 1st (p<0.05) and 2nd (p<0.001) hours
after glucose administration compared to the vehicle treated
group. Comparing the GLC treated group with plant extract
treated groups, 5mg/kg GLC significantly reduced the hyper-
glycemia at the 2nd hour (p<0.05) compared to 200mg/kg
CALE.There was no statistically significant difference in BGL
at all time points when all the three plant extract treated
groups were compared with each other.

Within a group analysis revealed that oral glucose loading
caused a statistically significant (p<0.001) increment in BGL
after 30minutes in all groups compared to the baseline fasting
BGL regardless of the treatments given. Additionally, signif-
icant hyperglycemia was observed at 1 hr after glucose load
in all groups, except GLC (5mg/kg) treated group, compared
to the respective baseline BGL. But there was no statistically
significant difference in BGL at the 2nd hour compared to
the baseline level in all groups. Besides, significant reduction
in BGL was observed at 60 and 120 minutes in all groups
including the negative control compared to the respective
BGL at 30 minutes after glucose administration.
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Table 3: Antihyperglycemic activity of single dose of Calpurnia aurea leaf extract in STZ-induced diabetic mice.

Group Blood glucose level (mg/dl)
0 hr 2 hr 4 hr 6 hr 8 hr

DW 10 ml/kg 394.11 ± 31.03 383.06 ± 27.65 396.39 ± 26.71 397.45 ± 18.52 399.61 ± 22.00
CALE 100 mg/kg 377.72 ± 43.57 364.39 ± 35.29 288.83 ± 51.29 261.33 ± 54.28 254.67 ± 48.16
CALE 200 mg/kg 314.39 ± 31.99 291.11 ± 38.52 254.78 ± 56.26 250.06 ± 51.84 246.50 ± 56.51
CALE 400 mg/kg 342.67 ± 58.07 313.39 ± 73.93 266.39 ± 53.99 290.00 ± 57.78 264.72 ± 56.88
GLC 5 mg/kg 368.50 ± 43.02 283.39 ± 39.09 176.61 ± 14.01a1 𝛽3 171.72 ± 18.27a1 𝛽3 155.72 ± 13.59a2 𝛽3

Each value represents mean ± SEM; n=6 for each treatment. aCompared to the negative control and 𝛽compared to baseline blood glucose level. 1p < 0.05, 2p
< 0.01, and 3p < 0.001. CALE = Calpurnia aurea leaf extract, DW = distilled water, and GLC = glibenclamide.

Table 4: Antihyperglycemic activity of repeated daily doses of Calpurnia aurea leaf extract in STZ-induced diabetic mice.

Group Fasting blood glucose level (mg/dl) Percent reduction in baseline BGL
Baseline 7th day 14th day 7th day 14th day

Diabetic control 394.11 ± 31.0n3 383.67 ± 45.83n3 387.00 ± 47.77n3 2.60% 1.80%
CALE 100 mg/kg 377.72 ± 43.57n3 251.39 ± 28.86a1 n2 250.44 ± 28.84a1 𝛽1 n1 33.45% 33.69%
CALE 200 mg/kg 314.39 ± 31.99n2 243.56 ± 24.58a1 n1 239.94 ± 35.81a1 n1 22.53% 23.68%
CALE 400 mg/kg 342.67 ± 58.07n3 252.72 ± 14.43a1 n2 250.61 ± 14.42a1 n1 26.25% 26.87%
GLC 5 mg/kg 368.50 ± 43.02n3 145.56 ± 26.72a3 𝛽3 136.67 ± 26.41a3 𝛽3 60.49% 62.91%
Normal control 76.83 ± 2.51 77.67 ± 2.50 78.67 ± 2.75 -1.09% -2.40%
Each value represents mean ± SEM; n=6 for each group. aCompared to the diabetic control, ncompared to the normal control, and 𝛽compared to baseline
blood glucose level. 1p < 0.05, 2p < 0.01, and 3p < 0.001. CALE = Calpurnia aurea leaf extract and GLC = glibenclamide.

3.5. Antihyperglycemic Activity of Single Dose of the
Hydromethanolic Leaf Extract of Calpurnia aurea in
Streptozotocin-Induced Diabetic Mice. Between and within
group analysis were performed to see BGL differences across
the various groups and time points, respectively (Table 3).
The between group analysis indicated no significant
difference in baseline fasting BGL across all groups.
Similarly, there was no significant difference in BGL across
all groups at the 2nd hour after treatment. Compared to
the negative control, plant extract treated groups did not
show a statistically significant reduction in BGL at all time
points. Similarly, there was no significant difference in BGL
at all time points when groups treated with plant extract
were compared to each other and compared to the positive
control.

Within a group comparison showed that there was no
significant BGL reduction observed in CALE 100mg/kg,
CALE 200mg/kg, and CALE 400mg/kg treated groups at all
time points compared to the baseline fasting BGL. However,
percent reduction in BGL was recorded as 32.58% in CALE
100mg/kg treated group, 21.59% in CALE 200mg/kg treated
group, and 22.75% in CALE 400mg/kg treated group at
the 8th hour compared to the respective baseline fasting
level. The standard drug (glibenclamide, 5mg/kg) produced
a significant BGL reduction at the 4th, 6th, and 8th (p<0.001)
hours compared to the initial level.

3.6. Antihyperglycemic Activity of the Repeated Daily Doses
of the Hydromethanolic Calpurnia aurea Leaf Extract in
Streptozotocin-Induced Diabetic Mice. The effect of repeated
daily doses of the plant extract on blood glucose level of
diabetic mice is shown in Figure 1. Between group analysis
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Figure 1: Effect of repeated daily doses of Calpurnia aurea leaf
extract on blood glucose level of diabetic mice. CALE = Calpurnia
aurea leaf extract, GLC = glibenclamide, and BGL = blood glucose
level.

indicated no significant difference in baseline fasting BGL
across all groups of diabetic mice, but the baseline BGL of the
diabetic groups was significantly (p<0.001) higher than the
baseline BGL of the normal control (Table 4). All the three
doses of CALE significantly (P<0.05) reduced the BGL on
the 14th day of treatment compared to the diabetic control.
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Table 5: Effect of repeated daily doses of the hydromethanolic leaf extract of Calpurnia aurea on body weight of STZ-induced diabetic mice.

Group Body weight (g)
Before induction of Diabetes Baseline 7th day of treatment 14th day of treatment

Diabetic control 28.67 ± 0.95 26.77 ± 0.89 23.88 ± 1.24n2 20.88 ± 1.15n3 𝛽2

CALE 100 mg/kg 28.83 ± 1.09 27.98 ± 0.95 25.07 ± 1.06n1 23.78 ± 0.86n3 𝛽1

CALE 200 mg/kg 28.83 ± 0.91 26.82 ± 1.18 24.83 ± 0.98n1 22.97 ± 0.76n3 𝛽1

CALE 400 mg/kg 28.75 ± 0.96 27.70 ± 0.99 25.00 ± 1.02n1 23.25 ± 1.16n3 𝛽1

GLC 5 mg/kg 28.75 ± 0.48 26.07 ± 0.73 25.95 ± 0.71 26.53 ± 0.72a2

Normal control 29.00 ± 0.47 29.45 ± 0.36 30.03 ± 0.53 30.70 ± 0.59
Each value represents mean ± SEM; n=6 for each group. aCompared to the diabetic control, ncompared to the normal control, and 𝛽compared to baseline
body weight. 1p < 0.05, 2p < 0.01, and 3p < 0.001. CALE = Calpurnia aurea leaf extract and GLC = glibenclamide.

Table 6: Effect of repeated daily doses of hydromethanolic Calpurnia aurea leaf extract on serum lipid level of diabetic mice.

Groups Serum lipid level (mg/dl)
TC TG HDL-C

Diabetic control 191.33±4.07n3 164.83±13.49n3 22.17±3.05n3

CALE 100 mg/kg 168.83±3.67n3 154.00±6.71n3 28.17±2.10
CALE 200 mg/kg 171.67±15.40n3 154.67±6.28n3 29.83±3.91
CALE 400 mg/kg 168.87±11.17n3 148.33±4.68n3 30.50±1.34
GLC 5 mg/kg 99.50±8.27a3 b3 c3 d3 77.50±5.55a3 b3 c3 d3 38.50±2.68a2

Normal control 83.83±5.36 73.50±7.26 41.17±4.88
Each value represents mean ± SEM; n=6 for each group. aCompared to the diabetic control, bcompared to CALE 100mg/kg, ccompared to CALE 200 mg/kg,
dcompared to CALE 400mg/kg, and ncompared to the normal control. 1p < 0.05, 2p < 0.01, and 3p < 0.001. CALE = Calpurnia aurea leaf extract, GLC =
glibenclamide, TC = total cholesterol, TG = triglyceride, and HDL-C = high density lipoprotein cholesterol.

The GLC treated group also showed significant reduction in
blood glucose level on the 7th and 14th day of treatment
compared to the diabetic control. But, GLC treated group
showed no significant difference in BGL at all time points
when compared to plant extract treated groups. There was
no statistically significant difference in BGL at all time points
when groups treated with plant extract were compared with
each other.

Within a group analysis revealed that 100mg/kg CALE
significantly (P<0.05) reduced the BGL on the 14th day of
treatment compared to the baseline level, but the diabetic
control and the normal control did not show a significant
change in BGL on 7th and 14th days compared to the
respective baseline level.The standard drug reduced the BGL
significantly (P<0.001) on the 7th and 14th days compared to
the baseline level.

3.7. Effect of the Repeated Daily Doses of the Hydromethanolic
Leaf Extract of Calpurnia aurea on Body Weight of Diabetic
Mice. There was no significant difference in body weight
of mice across all groups including the normal control just
before induction of DM with STZ (Table 5). STZ produced
significant loss of body weight in the diabetic control on
the 7th and 14th day of treatment compared to the normal
control. It was revealed that all the three doses of CALE (100,
200, and 400mg/kg) showed no significant improvement in
body weight at the 7th and 14th day of treatment compared to
the diabetic control, but glibenclamide significantly improves
the body weight loss of STZ-induced diabetic mice on the
14th day of treatment as compared to the diabetic control.

Intragroup analysis was done to compare the baseline
body weight which was measured just before starting treat-
ment with body weight at the 7th and 14th days of treatment.
It was found that groups treated with the three doses of CALE
(p<0.05) and the diabetic control (p<0.01) showed significant
body weight reduction at the 14th day of treatment compared
to the respective baseline body weight.

3.8. Effect of the Repeated Daily Doses of the Extract on Serum
Lipid Level of Streptozotocin-Induced Diabetic Mice. There
was a significant (p<0.001) elevation of serum total choles-
terol and triglycerides, whereas there was significant reduc-
tion (p<0.001) of HDL cholesterol in the diabetic control
compared to the normal control (Table 6). Administration
of all the three doses of CALE for 14 days slightly reduced
the level of serum total cholesterol and triglyceride while
slightly increasing the HDL cholesterol level compared to the
diabetic control, but the effect was not found to be statistically
significant. The standard drug (glibenclamide) significantly
reduced (p<0.001) the serum cholesterol and triglyceride
level while increasing (p<0.01) the HDL cholesterol. There
was no significant difference in the level of serum TC, TG,
and HDL-C when groups treated with plant extract were
compared with each other.

4. Discussion

Diabetes is one of the largest global health emergencies
of the 21st century [2]. There is a need for safer, more
effective, and less costly treatment as currently available
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drug regimens of DM have limitations. Novel compounds
with pan-target antidiabetic activity and long-term safety
should be targeted for patients with coexisting diabetes and
dyslipidemia. Thus, investigating plant derived compounds
for DM is an attractive research area as they are believed to
be safe and easily accessible and do not require laborious
pharmaceutical synthesis [8, 40].

Previous acute oral toxicity tests were done on the
hydromethanolic extract of Calpurnia aurea leaves, although
there is discrepancy among the results of the studies [19,
20, 42]. The present study revealed that the median lethal
dose (LD50) of the plant extract is greater than 2000mg/kg
showing a wide margin of safety.

Streptozotocin [2-deoxy-2-(3-methyl-3-nitrosourea)-
1-D-glucopyranose] induced diabetes in mice is a known
and well-documented model of experimental diabetes [43].
STZ is a better diabetogenic agent than alloxan with greater
reproducibility and wider species effectiveness due to its
better stability in aqueous solution before and after injection
in animals [44]. DNA methylation, nitric oxide, and reactive
oxygen species production are the major mechanisms
associated with pancreatic 𝛽 cell death secondary to STZ
exposure [44]. Studies showed that single intraperitoneal
injection of STZ at a dose of 150mg/kg can produce sustained
hyperglycemia in mice at least for a period of 8 weeks [45].
Similarly, 150mg/kg STZ induced persistent hyperglycemia
in our study with no significant change in BGL during the
study period of two weeks as observed in the diabetic control.

In the present study, there were no significant differences
in baseline BGL across groups as observed in all animal
models. Similarly, the vehicle treated groups did not show
detectable reduction in BGL compared to the baseline level
in all animal models. But, significant BGL reduction was
observed in the diabetic mice after repeated daily dose
administration of the hydroalcoholic leaf extract, indicating
the change in BGL was attributed to the treatment received.

The antidiabetic activity of medicinal plants is due to
the presence of phenolic compounds, alkaloids, terpenoids,
and flavonoids [8, 9, 16–18]. Thus, the antihyperglycemic
activity of CALEmay be due to the presence of these different
secondarymetabolites known to have blood glucose lowering
activity with possible synergistic effects.

Antihyperglycemic activity was observed in gliben-
clamide treated diabetic mice, and glibenclamide produces
its effect via selective blockage of ATP sensitive K+ channels
(KATP) in the plasma membrane of 𝛽-cells of the pancreas;
thereby it leads to cytosolic depolarization and release of
endogenous insulin [46]. This suggests that single dose
intraperitoneal administration of STZ at a dose of 150mg/Kg
did not cause complete destruction of 𝛽-cells.

The antihyperglycemic activity of CALE may be due to
potentiation of insulin effect either by increasing the secretion
of insulin from beta cells of pancreas or by increasing the
peripheral glucose uptake [47]. However, detailed molecular
studies are required to identify the exact mechanism for the
antihyperglycemic activity of CALE observed in the study.

Induction of experimental diabetes using STZ causes
severe body weight loss in mice [29, 33]. Studies have shown
that severe hyperglycemia in mice is associated with an

increased body weight loss after STZ treatment [29, 45].
Similarly, our study revealed that STZ-induced diabetes
caused significant body weight loss in the diabetic control.
The induction of diabetes with STZ leads to loss of body
weight due to increasedwasting of fat stores [48], muscle, and
tissue proteins [49, 50]. Lipid abnormality is also one of the
complications of diabetesmellitus,manifestedmainly by high
serum TG, TC, and low HDL-C [7, 33]. Insulin deficiency
causes activation of hormone sensitive lipase that can lead to
increased lipolysis and increased secretion of VLDL from the
liver [6, 7]. Decreased activity of lipoprotein lipase, secondary
to insulin deficiency, also leads to decreased clearance of chy-
lomicrons and VLDL [51]. In addition, hypertriglyceridemia
stimulates the enzymatic action of cholesteryl ester transfer
protein which leads to an increase in triglyceride content of
LDL and HDL. Triglyceride-enriched HDL particles easily
undergo catabolism, andTriglyceride-enriched LDL particles
undergo subsequent hydrolysis via hepatic lipase or lipopro-
tein lipase resulting in reduced LDL particle size [7].

5. Conclusion

This study revealed that the hydromethanolic extract of
Calpurnia aurea leaves has significant antihyperglycemic
activity, but it did not significantly improve body weight loss
and diabetic dyslipidemia in diabetic animals.

Abbreviations

ANOVA: Analysis of variance
BGL: Blood glucose level
CALE: Calpurnia aurea leaf extract
DM: Diabetes mellitus
DW: Distilled water
GLC: Glibenclamide
HDL: High density lipoprotein
HDL-C: High density lipoprotein cholesterol
IP: Intraperitoneal
LD50: Median lethal dose
LDL: Low density lipoprotein
OECD: Organization for Economic Cooperation

and Development
STZ: Streptozotocin
TC: Total cholesterol
TG: Triglyceride
USD: United States Dollar.

Data Availability

All the data used to support the findings of this study are
available from the corresponding author upon reasonable
request.

Ethical Approval

The study has been approved by the Ethical Review Com-
mittee of the School of Pharmacy, University of Gondar. The
study was conducted in accordance with the Guide for the
Care and Use of Laboratory Animals [41].



8 Evidence-Based Complementary and Alternative Medicine

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Both of the authors were involved in the design and write-
up of the study. Yaschilal Muche Belayneh conducted the
actual study and the statistical analysis. Both of the authors
approved the submitted version of the manuscript.

Acknowledgments

The authors are grateful to University of Gondar for funding
this study.

References

[1] WHO,Definition and diagnosis of diabetes mellitus and interme-
diate hyperglycemia: report of aWHO/IDF consultation, Geneva,
Switzerland, 2006.

[2] IDF. Diabetes, “Atlas,” Brussels, Belgium, 2015.
[3] D. R. Whiting, L. Guariguata, C. Weil, and J. Shaw, “IDF

Diabetes Atlas: Global estimates of the prevalence of diabetes
for 2011 and 2030,” Diabetes Research and Clinical Practice, vol.
94, no. 3, pp. 311–321, 2011.

[4] P. Zhang, X. Zhang, and J. Brown, “Global healthcare expen-
diture on diabetes for 2010 and 2030,” Diabetes Research and
Clinical Practice, vol. 87, no. 3, pp. 293–301, 2030.

[5] J. Wen, J. Q. Zhang, W. Huang, and Y. Wang, “SDF-1alpha
and CXCR4 as therapeutic targets in cardiovascular disease,”
American Journal of Cardiovascular Disease, vol. 2, no. 1, pp. 20–
28, 2012.

[6] F. Bandeira, H. Gharib, A. Golbert, L. Griz, and M. Faria, “An
overview on management of diabetic dyslipidemia,” Journal of
Diabetes and Endocrinology, vol. 4, no. 3, pp. 27–36, 2014.

[7] L. Wu and K. G. Parhofer, “Diabetic dyslipidemia,”Metabolism
- Clinical and Experimental, vol. 63, no. 12, pp. 1469–1479, 2014.

[8] M. Upendra Rao, M. Sreenivasulu, B. Chengaiah, K. Jaganmo-
han Reddy, and C. Madhusudhana Chetty, “Herbal medicines
for diabetes mellitus: A review,” International Journal of
PharmTech Research, vol. 2, no. 3, pp. 1883–1892, 2010.

[9] D. K. Patel, S. K. Prasad, R. Kumar, and S. Hemalatha,
“An overview on antidiabetic medicinal plants having insulin
mimetic property,”Asian Pacific Journal of Tropical Biomedicine,
vol. 2, no. 4, pp. 320–330, 2012.

[10] M. Giday, T. Teklehaymanot, A. Animut, and Y. Mekonnen,
“Medicinal plants of the Shinasha, Agew-awi and Amhara
peoples in northwest Ethiopia,” Journal of Ethnopharmacology,
vol. 110, no. 3, pp. 516–525, 2007.

[11] S. Suleman and T. Alemu, “A survey on utilization of eth-
nomedicinal plants in Nekemte town, East Wellega (Oromia),
Ethiopia,” Journal of Herbs, Spices & Medicinal Plants, vol. 18,
no. 1, pp. 34–57, 2012.

[12] Y. Chen, C.-M. Wu, R.-J. Dai et al., “Combination of HPLC
chromatogram and hypoglycemic effect identifies isoflavones
as the principal active fraction of Belamcanda chinensis leaf
extract in diabetes treatment,” Journal of Chromatography B, vol.
879, no. 5-6, pp. 371–378, 2011.

[13] O. Mezei, W. J. Banz, R. W. Steger, M. R. Peluso, T. A.
Winters, and N. Shay, “Soy isoflavones exert antidiabetic and

hypolipidemic effects through the PPAR pathways in obese
Zucker rats and murine RAW 264.7 cells,” Journal of Nutrition,
vol. 133, no. 5, pp. 1238–1243, 2003.

[14] P. Shen, M. H. Liu, T. Y. Ng, Y. H. Chan, and E. L. Yong, “Dif-
ferential effects of isoflavones, from Astragalus Membranaceus
and Pueraria Thomsonii, on the activation of PPAR𝛼, PPAR𝛾,
and adipocyte differentiation in vitro,” Journal of Nutrition, vol.
136, no. 4, pp. 899–905, 2006.

[15] E. Korir, J. J. Kiplimo, N. R. Crouch, N. Moodley, and N. A.
Koorbanally, “Isoflavones from Calpurnia aurea subsp. aurea
and their anticancer activity,” African Journal of Traditional,
Complementary and Alternative Medicines, vol. 11, no. 5, pp. 33–
37, 2014.

[16] M. Jung, M. Park, H. C. Lee, Y. Kan, E. S. Kang, and S. K. Kim,
“Antidiabetic agents from medicinal plants,” Current Medicinal
Chemistry, vol. 13, no. 10, pp. 1203–1218, 2006.

[17] S. P. Subramanian and G. S. Prasath, “Antidiabetic and antidys-
lipidemic nature of trigonelline, a major alkaloid of fenugreek
seeds studied in high-fat-fed and low-dose streptozotocin-
induced experimental diabetic rats,” Biomedicine & Preventive
Nutrition, vol. 4, no. 4, pp. 475–480, 2014.

[18] A. K. Verma, H. Singh, M. Satyanarayana et al., “Flavone-
based novel antidiabetic and antidyslipidemic agents,” Journal
of Medicinal Chemistry, vol. 55, no. 10, pp. 4551–4567, 2012.

[19] Z. Birhanu, M. A. Wuhab, and T. Abula, “Antimalarial activity
of calpurnia aurea hydroalcoholic leaf extract in mice infected
with Plasmodium berghei,” Pharmacologyonline, vol. 2, pp. 73–
79, 2015.

[20] M. Eyasu, W. Shibeshi, and M. Gida, “In vivo antimalarial
activity of hydromethanolic leaf extract of Calpurnia aurea
(Fabaceae) in Mice infected with chloroquine sensitive Plas-
modium berghei,” International Journal of Pharmacology, vol.
2, no. 9, pp. 131–142, 2013.

[21] F. A. Matough, S. B. Budin, Z. A. Hamid, N. Alwahaibi, and
J. Mohamed, “The role of oxidative stress and antioxidants
in diabetic complications,” Sultan Qaboos University Medical
Sciences Journal, vol. 12, no. 1, pp. 5–18, 2012.

[22] U. Asmat, K. Abad, and K. Ismail, “Diabetes mellitus and oxida-
tive stress—a concise review,” Saudi Pharmaceutical Journal,
vol. 24, no. 5, pp. 547–553, 2016.

[23] P. Perez-Matute, M. A. Zulet, and J. A. Martinez, “Reactive
species and diabetes: counteracting oxidative stress to improve
health,” Current Opinion in Pharmacology, vol. 9, no. 6, pp. 771–
779, 2009.

[24] A. P. Robertson, “Chronic oxidative stress as a central mech-
anism for glucose toxicity in pancreatic islet beta cells in
diabetes,” The Journal of Biological Chemistry, vol. 279, no. 41,
pp. 42351–42354, 2004.

[25] H. Mulata, N. Gnanasekaran, U. Melaku, and S. Daniel, “Phy-
tochemical screening and assessment of in vitro antioxidant
activities of Calpurnia aurea seeds and leaves,” International
Journal of Pharmacy and Pharmaceutical Research, vol. 2, no.
2, pp. 1–12, 2015.

[26] A. A. Adedapo, F. O. Jimoh, S. Koduru, A. J. Afolayan, and
P. J. Masika, “Antibacterial and antioxidant properties of the
methanol extracts of the leaves and stems of Calpurnia aurea,”
BMCComplementary andAlternativeMedicine, vol. 8, article 53,
2008.

[27] OECD/OCDE, OECD Guideline for the testing of chemichals:
Acute Oral Toxicity; Up-and-Down Procedure (UDP), OECD,
2008.



Evidence-Based Complementary and Alternative Medicine 9

[28] P. Vital, E. Larrieta, and M. Hiriart, “Sexual dimorphism in
insulin sensitivity and susceptibility to develop diabetes in rats,”
Journal of Endocrinology, vol. 190, no. 2, pp. 425–432, 2006.

[29] M. C. Deeds, J. M. Anderson, A. S. Armstrong et al., “Single
dose streptozotocin-induced diabetes: considerations for study
design in islet transplantationmodels,” Laboratory Animals, vol.
45, no. 3, pp. 131–140, 2011.

[30] B. L. Furman, “Streptozotocin-Induced Diabetic Models in
Mice and Rats,” Current protocols in pharmacology, vol. 70, pp.
5.47.1–5.47.20, 2015.

[31] A. Tesfaye, E. Makonnen, and S. Gedamu, “Hypoglycemic
and antihyperglycemic activity of aqueous extract of Justicia
Schimperiana leaves in normal and streptozotocin-induced
diabetic mice,” International Journal of Pharma Sciences and
Research, vol. 7, no. 2, pp. 110–113, 2016.

[32] W. Tamiru, E. Engidawork, and K. Asres, “Evaluation of the
effects of 80% methanolic leaf extract of Caylusea abyssinica
(fresen.) fisch. & Mey. on glucose handling in normal, glucose
loaded and diabetic rodents,” BMC Complementary and Alter-
native Medicine, vol. 12, 2012.

[33] Y. Zhang, F. Feng, T. Chen, Z. Li, and Q. W. Shen, “Antidi-
abetic and antihyperlipidemic activities of Forsythia suspensa
(Thunb.) Vahl (fruit) in streptozotocin-induced diabetes mice,”
Journal of Ethnopharmacology, vol. 192, pp. 256–263, 2016.

[34] E. Etuk, “Animal models for studying diabetes mellitus,” Agri-
culture and Biology Journal of North America, vol. 1, no. 2, pp.
130–134, 2010.

[35] N. Z. Baquer, P. Kumar, A. Taha, R. Kale, S. Cowsik, and
P. McLean, “Metabolic and molecular action of Trigonella
foenum-graecum (fenugreek) and trace metals in experimental
diabetic tissues,” Journal of Biosciences, vol. 36, no. 2, pp. 383–
396, 2011.

[36] J. E. Bowe, Z. J. Franklin, A. C. Hauge-Evans, A. J. King, S.
J. Persaud, and P. M. Jones, “Assessing glucose homeostasis in
rodent models,” Journal of Endocrinology, vol. 222, no. 3, pp. 13–
25, 2014.

[37] J. E. Ayala, V. T. Samuel, G. J. Morton et al., “Standard operating
procedures for describing and performing metabolic tests of
glucose homeostasis in mice,” Disease Models & Mechanisms,
vol. 3, no. 9-10, pp. 525–534, 2010.

[38] A. Chika and S. O. Bello, “Antihyperglycaemic activity of
aqueous leaf extract of Combretum micranthum (Combre-
taceae) in normal and alloxan-induced diabetic rats,” Journal of
Ethnopharmacology, vol. 129, no. 1, pp. 34–37, 2010.

[39] B. Rajurkar, “Phyto-pharmacological investigations of Clero-
dendrum infortunatum Gartn,” in Proceedings of the Interna-
tional Research Journal of Pharmacy, p. 130, 2011.

[40] A. Toma, E. Makonnen, Y. Mekonnen, A. Debella, and S.
Adisakwattana, “Antidiabetic activities of aqueous ethanol
and n-butanol fraction of Moringa stenopetala leaves in
streptozotocin-induced diabetic rats,” BMC Complementary
and Alternative Medicine, vol. 15, no. 1, 2015.

[41] J. D. Clark, G. F. Gebhart, J. C. Gonder, M. E. Keeling, and D.
F. Kohn, “The 1996 guide for the care and use of laboratory
animals,” ILAR Journal, vol. 38, no. 1, pp. 41–48, 1997.

[42] S. Umer, A. Tekewe, and N. Kebede, “Antidiarrhoeal and
antimicrobial activity of Calpurnia aurea leaf extract,” BMC
Complementary and Alternative Medicine, vol. 13, article 21, 5
pages, 2013.

[43] S. Arora, SK. Ojha, andD. Vohora, “Characterisation of strepto-
zotocin induced diabetes mellitus in swiss albino mice,” Global
Journal of Pharmacology, vol. 3, no. 2, pp. 81–84, 2009.

[44] C. O. Eleazu, K. C. Eleazu, S. Chukwuma, and U. N. Essien,
“Review of the mechanism of cell death resulting from strep-
tozotocin challenge in experimental animals, its practical use
and potential risk to humans,” Journal of Diabetes & Metabolic
Disorders, vol. 12, article 60, 2013.

[45] T. He-Lin, W. Li-Shun, X. Zhong-Xin, Z. Ru-Tong, J. Dong-
Ling, and G. Jin-Sheng, “Correlation between blood glucose
level and diabetes signs in streptozotocin induced diabetic
mice,” Global Jornal of Pharmacology, vol. 4, no. 3, p. 111, 2010.

[46] F. Tomai, F. Crea, A. Gaspardone et al., “Ischemic precondition-
ing during coronary angioplasty is prevented by glibenclamide,
a selective ATP-sensitive K+ channel blocker,” Circulation, vol.
90, no. 2, pp. 700–705, 1994.

[47] S. Sharma, M. Choudhary, S. Bhardwaj, N. Choudhary, and A.
C. Rana, “Hypoglycemic potential of alcoholic root extract of
Cassia occidentalis Linn. in streptozotocin induced diabetes in
albino mice,” Bulletin of Faculty of Pharmacy, Cairo University,
vol. 52, no. 2, pp. 211–217, 2014.

[48] F. Howarth, M. Jacobson, M. Shafiullah, and E. Adeghate,
“Long-term effects of streptozotocin-induced diabetes on the
electrocardiogram, physical activity and body temperature in
rats,” Experimental physiology, vol. 90, no. 6, pp. 827-35, 2005.

[49] I. Chikhi, H. Allali, M. El Amine Dib, H. Medjdoub, and B.
Tabti, “Antidiabetic activity of aqueous leaf extract of Atriplex
halimus L. (Chenopodiaceae) in streptozotocin-induced dia-
betic rats,” Asian Pacific Journal of Tropical Disease, vol. 4, no.
3, pp. 181–184, 2014.

[50] S. Kumar, V. Kumar, and O. M. Prakash, “Antidiabetic and
hypolipidemic activities of Kigelia pinnata flowers extract in
streptozotocin induced diabetic rats,” Asian Pacific Journal of
Tropical Biomedicine, vol. 2, no. 7, pp. 543–546, 2012.

[51] I. J. Goldberg, “Diabetic dyslipidemia: causes and conse-
quences,” The Journal of Clinical Endocrinology & Metabolism,
vol. 86, no. 3, pp. 965–971, 2001.



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

