
O R I G I N A L  R E S E A R C H

Hypoglycemic, Anti-Hyperglycemic and Anti- 
Hyperlipidemic Effects of Bersama abyssinica Fresen 
(Melianthaceae) Leaves’ Solvent Fractions in 
Normoglycemic and Streptozotocin-Induced 
Diabetic Mice

This article was published in the following Dove Press journal: 
Journal of Experimental Pharmacology

Zemene Demelash Kifle 1 

Demssie Ayalew Anteneh2 

Seyfe Asrade Atnafie 1

1University of Gondar, College of 
Medicine and Health Sciences, School of 
Pharmacy, Department of Pharmacology, 
Gondar, Ethiopia; 2Department of 
Hospital Clinical Pharmacy, College of 
Medicine and Health Sciences, University 
of Gondar, Gondar, Ethiopia 

Background: The leaves of Bersama abyssinica are used by traditional healers and the 
community for the treatment of diabetes mellitus. Thus, the current study intended to 
evaluate the hypoglycemic, anti-diabetic, and anti-hyperlipidemic effects of Bersama 
abyssinica.
Methods: The solvent fractions of Bersama abyssinica leaves were prepared. A total of 132 
healthy, male Swiss albino mice weighing 20–28 grams (age of 6–10 weeks) were used. The 
antidiabetic activity of all the doses (100, 200, and 400 mg/kg) of Bersama abyssinica 
solvent fractions was evaluated by animal models: normoglycemic mice, oral glucose loaded 
mice, and diabetic mice. Diabetes was induced by a single intraperitoneal injection of 
streptozotocin (150mg/kg body weight). The effect of the plant extract on body weight and 
serum lipid levels were measured in diabetic mice. Statistical analysis was performed by 
using statistical package for social sciences version 24. The analyses were carried out using 
one-way ANOVA, followed by Tukey’s multiple comparison tests. The result was considered 
significant when p <0.05.
Results: The solvent fractions of B. abyssinica at all tested doses (100, 200, and 400 mg/kg) 
exhibited significant (P<0.05–0.001) BGL reduction in all animal models. In hypoglycemic 
activity, the percentage reduction of baseline BGL was 25.90%, 26.36%, 38.43%, 30.96% 
and 49.42% for EAF200mg/kg, AQF200mg/kg, EAF400mg/kg, AQF400mg/kg, and GLC 
5mg/kg, respectively. B. abyssinica at the dose of AQF 200 mg/kg (p<0.05), AQF 400mg/kg 
(p<0.001), EAF 200mg/kg (p<0.01), and GLC 5mg/kg (p<0.001) significantly reduced the 
BGL following 1-hour post-treatment as compared to the negative control. Likewise, the 
higher doses of the solvent fractions (400mg/kg) significantly (p<0.001) reduced the BGL 
following 2- and 3-hours post-treatment as compared to the negative control. Daily admin
istration of aqueous fraction of B. abyssinica caused a maximum reduction in fasting BGL at 
the fourteenth day of administration by 33.29%, 38.59%, 52.71%, and 59.66%, respectively, 
for AQF100, AQF200, AQF400, and GLC 5mg/kg. The aqueous fraction of B. abyssinica 
and the glibenclamide significantly (p<0.05) prevent loss of body weight and showed 
improvement in serum lipid levels.
Conclusion: The solvent fractions of Bersama abyssinica exhibit noticeable antidiabetic 
activity in all animal models (normoglycemic mice, oral glucose loaded mice, and diabetic 
mice) and showed improvement in body weight and serum lipid profile levels, which 
rationalizes the claimed use of the B. abyssinica in the treatment of diabetes mellitus.
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Introduction
Diabetes mellitus is a widespread disease that leads to 
impairment of glucose homeostasis and causes different 
complications, for instance, angiopathy, nephropathy, reti
nopathy, neuropathy, and neurological disorders.1 The 
cause of DM can be genetic, but environmental factors 
play a significant role.2 The prevalence of diabetes melli
tus has increased in developing countries than in devel
oped countries. According to the world health organization 
report, half of the diabetes mellitus cases were from South- 
East Asia and Western Pacific Regions.3 According to the 
International diabetes federation, about five million deaths 
were reported due to diabetes mellitus in 2017.4

World health organization recommends plant-derived 
traditional products for the treatment of diabetes mellitus. 
The use of traditional medicines for the treatment of DM 
has increased because of several reasons, including the 
participation of different concerning bodies in the produc
tion and investigations of herbal-based medicines.5,6 

Previously, several studies were conducted in elucidating 
the medicinal values of herbal medicines for the treatment 
of diabetes mellitus.7 Metformin is an effective hypogly
cemic medication that was discovered by the traditional 
method, through the use of Galega officinialis.8

Amino acids, alkaloids, glycopeptides, terpenoids, pepti
doglycan, glycosides, carbohydrates, hypoglycans, polysac
charides, galactomannan gum, guanidine, and steroids are 
some of the main active constituents derived from medicinal 
plants that have anti-diabetic activity.9 Anti-hyperglycemic 
and anti-dyslipidemia activities of these secondary metabo
lites are accredited by several mechanisms such as improving 
the function of pancreatic beta-cells.10

B. abyssinica belongs to the genus Bersama which 
contains 4 species.11 The two subspecies of Bersama 
abyssinica (B. abyssinica Fresen. subssp. abyssinica and 
B. abyssinica subsp. Paullinioides) were found in East 
Africa. They are distributed in a different part of Africa 
such as Zambia, Angola, Ethiopia, Mozambique, Nigeria, 
Uganda, Kenya, Tanzania, Sudan, and Zimbabwe.12

The antihyperglycemic effect of plant extracts is because 
of the existence of different secondary bioactive compounds 
such as lipids, alkaloids, anthraquinones, glycosides, flavo
noids, terpenoids, peptides, steroid, and additional secondary 
metabolites.8,13,14 In the previous study, different parts of 

B. abyssinica contain secondary metabolites such as steroid, 
vitamin, terpenes, carotenoid, flavonoids, and fatty acids. 
These bioactive compounds possess antiseptic, antioxidant, 
antimicrobial, preservative, and antitumor activities.15 An 
additional study revealed the existence of other phytocon
stituents (phenols, tannins, alkaloids, triterpene, flavonoids, 
anthraquinones, steroids, polysterols, coumarins, glycosides, 
and absence of saponins).16

B. abyssinica has been used for the treatment of varieties 
of illnesses such as malaria, diarrhea, cholera, intestinal 
worms, amoebiasis, leprosy, diabetes, hypertension, febrile 
illness, and typhoid in Africa including Ethiopia.17–21 The 
leaves of Bersama abyssinica has been used for the treatment 
of diabetes mellitus in a different part of Ethiopian.17,22 

Significant in vitro alpha-amylase inhibition, free radical 
scavenging activities, and antidiabetic activity in single- 
dose diabetic mice, normoglycemic mice, and oral glucose 
loaded mice were reported in Ethiopia.23 However, there is 
no previous study in the hypoglycemic, anti-hyperglycemic, 
and anti-hyperlipidemic effects of Bersama Abyssinica 
Fresen (Melianthaceae) leaves solvent fractions in normo
glycemic and streptozotocin-induced diabetic mice. Thus, 
this study aimed to evaluate the anti-diabetic, anti- 
hyperlipidemic activity, and effect on the bodyweight of the 
repeated doses of the solvent fractions of Bersama abyssinica 
in normoglycemic and streptozotocin-induced diabetic mice.

Methods
Drugs, Reagents, and Instruments
Glibenclamide (Sanofi-aventis, France), glucose solution 
(Reyoung pharmaceuticals, China), 2, 2-Diphenyl-1-picryl
hydrazyl, 3.5 (Sigma Aldrich, Germany), Streptozotocin 
(Fisco Research laboratories, India), deep freezer (Labfreez 
instrument group, Germany), Hot air oven (Medit-Medizin 
Technik, Germany), automated chemistry analyzer 
(Shenzhen Mindray Bio-medical Electronics Co., Ltd, 
China), pH meter (Bante Instruments, UK), desiccators, and 
digital electronic balance (EPH-400 Abron Exports) were 
used in the study.

Plant Materials
The Fresh leaves of Bersama abyssinica Fresen were col
lected from Tara Gedam, South Gondar zone, Amhara region 
in December 2018. The botanical identification and 
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authentication of Bersama abyssinica Fresen were done by 
a botanist and the voucher specimen (001-A/A/A) was 
deposited in the Biology Department, University of 
Gondar, Ethiopia.

Preparation of Plant Extract and Solvent 
Fractionation
The leaves of Bersama abyssinica was thoroughly washed 
with distilled water to remove dirt and dried at room 
temperature (25–27°C). The plant material was coarsely 
grounded into powder by the electrical mill. Then, the 
powdered plant material was macerated separately in 
methanol for about 72 hrs., then the plant material was 
filtered via Whatman filter paper. Likewise, fresh methanol 
was used to re-macerate the marc, and then the filtrate of 
each successive maceration was concentrated by using 
a rotary evaporator. Lastly, the semi-dried residue was 
frozen in the refrigerator and dried using a lyophilizer 
(Lab freez, China) to entirely confiscate the remaining 
solvent.24,25 Solvent fractionation of the leaves extract of 
Bersama abyssinica was carried out using water, ethyl 
acetate, and chloroform. Briefly, the leaves extract of 
Bersama abyssinica was dissolved in 400 mL of distilled 
water and this solution was transferred to a separating 
funnel. An equal volume of chloroform was added to it 
and was shaken vigorously. The mixture was separated 
into two layers, and then chloroform was removed. The 
partition with chloroform was repeated two times. The 
chloroform layer was combined and subjected to evapora
tion using a hot air oven set at 40°C to get the chloroform 
fraction. To the separating funnel containing aqueous 
layer, 400 mL of ethyl acetate was added. The mixture 
was separated into two layers, and then the ethyl acetate 
was separated and the procedure was repeated two times. 
The ethyl acetate layer was pooled and concentrated using 
a hot air oven set at 40°C to obtain the ethyl acetate 
fraction. The remaining aqueous layer was concentrated 
using a hot air oven set at 40°C and frozen in a refrigerator 
overnight and then, concentrated in a lyophilizer to 
remove the water. After drying, the solvent fractions 
were stored in a desiccator until used for the 
experiment.26,27

Experimental Animals
A total of 132 healthy, male Swiss albino mice weighing 
20–28 grams (age of 6–10 weeks) were purchased from 
Ethiopian Public Health Institute, Adds Ababa. The mice 

were contained in a plastic cage and kept under standard 
laboratory conditions with 12 h light and dark cycles. Free 
access to standard pellets and water ad libitum were 
allowed to all groups of mice. Before starting the study, 
all mice were acclimatized to the laboratory condition of 
the department of pharmacology for about seven days. 
Animal handling and care were carried out according to 
international laboratory animal guidelines.28 At the end of 
each experiment, all animals were sacrificed using 
halothane followed by cervical dislocation.

Acute Toxicity Study
The acute oral toxicity of B. abyssinica was conducted in 
the previous work,23 according to the Organization for 
Economic Cooperation and Development (OECD) guide
line No. 425.29 Single female Swiss albino mice fasted for 
four hours on the first day of the test then; 2000 mg/kg of 
the extract was given by oral route using oral gavage and 
the mice were observed for the manifestation of behavioral 
and physical changes and special attention was given dur
ing the first four hours. Depend on the results from the first 
mice, the next 4 females’ animals were employed and 
fasted for about four hours and then a single dose of 
2000 mg/kg of the extract was given orally and followed 
firmly in the same manner. The observation was sustained 
daily for a total of fourteen days.29

Induction of Experimental Diabetes
After overnight fasting of all groups of male mice, the 
body weight and the BGL were measured before diabetes 
mellitus induction by streptozotocin solution. Then, the 
streptozotocin solution at a dose of 150 mg/kg was 
injected through the intraperitoneal route. Following dia
betes induction, five percent glucose was given to all 
groups of mice after 6 hours of the streptozotocin solution 
administration (to avoid death secondary to hypoglycemic 
shock). Seventy-two hours later, the mice were screened 
for DM. Those mice having > 200 mg/dl blood glucose 
levels were contained within the experiment.30

Grouping and Dosing
The animals were randomly assigned into different groups 
of six animals per group to perform hypoglycemic, oral 
glucose tolerance test, and antihyperglycemic activity test. 
Dose selection was based on, acute toxicity study and 
a previous study of the plant extract,23 as well as pilot 
experiments. The middle dose was one-tenth of the limit 
dose, the higher dose was twice the middle dose, and the 
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lower dose was calculated as half of the middle dose.29 

The study was conducted using the oral route of adminis
tration since the plant materials are traditionally used by 
people via the oral route.17,22

Administration of the Solvent Fractions 
to Normoglycemic Mice
Mice were divided into eight groups (six test groups and 
two control groups), each group comprising a minimum of 
six mice (n=6). The mice were starved overnight before 
performing the experiment. The negative control group 
(Group 1) received distilled water, while the positive con
trol group (Group 2) received glibenclamide, and the test 
groups, (Group 3–5) received an aqueous solvent fraction 
of B. abyssinica at doses of 100, 200, 400 mg/kg body 
weight, and (Group 6–8) received ethyl acetate solvent 
fraction of B. abyssinica at doses of 100, 200, 400 mg/kg 
body weight. The extract was administered orally by using 
oral gavage. The effects of the solvent fractions were 
compared with the control groups. Blood sample from 
the control and test animals was collected after 0, 1, 2, 4, 
and 6 hours following the solvent fractions, standard drug, 
and water administration. Blood glucose level was mea
sured using glucometer on blood drawn from the tail of the 
mice.31

Administration of the Solvent Fractions 
to Oral Glucose-Loaded Mice
Overnight fasted mice were grouped into eight groups 
(six test groups and two control groups), of six mice 
each. Then, Group 1 received distilled water 
(10 mL/kg) and served as a negative control, Group 2 
received glibenclamide 5 mg/kg and served as 
a positive control, Group 3–5 received aqueous solvent 
fraction of B. abyssinica at doses of 100, 200, 400 mg/ 
kg body weight, and Group 6–8 received ethyl acetate 
solvent fraction of B. abyssinica at doses of 100, 200, 
400 mg/kg body weight. Then, following 30 min post 
solvent fractions, standard drug, and water administra
tion all the mice were fed with glucose (2000 mg/kg). 
Blood samples were collected from the tail vein before 
dosing and 30, 60, and 120 minutes after administra
tion of glucose to evaluate their blood glucose level. 
The blood glucose level was analyzed using glucose- 
oxidase peroxide reactive strips.32

Repeated Administration of the Solvent 
Fraction to Streptozotocin-Induced 
Diabetic Mice
Overnight fasted mice were grouped into six groups (three test 
groups and three control groups), of six mice each. 
Streptozotocin-induced diabetic mice were administered 
(orally) 100mg/kg, 200mg/kg, and 400mg/kg of the aqueous 
solvent fraction of B. abyssinica for test groups; 5mg/kg glib
enclamide for the positive control group; and 1 mL of distilled 
water for the negative control group. There was also a normal 
control group that received 1 mL of distilled water orally. 
Aqueous solvent fraction, standard drug, and water were 
administered once daily for 14 days. Blood glucose level and 
body weight were measured on 0-day, 7th day, and 14th day 
following the induction. The blood glucose level was mea
sured using glucometer blood drawn from the tail of the mice.

Effect of the Solvent Fraction on Serum 
Lipid Level of Diabetic Mice
On day 15, blood samples were collected in a sterile tube 
by cardiac puncture under halothane anesthesia from the 
overnight fasted diabetic mice. The blood samples were 
left at room temperature for 2h and then centrifuged. The 
supernatant was immediately separated from the pellet to 
prepare serum samples to determine the level of triglycer
ide, total cholesterol, high-density lipoprotein, and low- 
density lipoprotein using an automated chemistry 
analyzer.33,34

Statistical Analysis
The data that was obtained from the experiments were 
expressed as mean ± SEM. Statistical analysis was done 
using statistical package for social sciences (SPSS) version 
24. Between and within-group analyses were carried out 
by using one-way ANOVA, subsequently Tukey’s multiple 
comparison tests. Finally, the findings were considered 
significant when p-value < 0.05.

Results
The Percentage Yield of Plant Material 
Extraction
Among solvents tested, aqueous fraction resulted in the 
highest extraction yield (70.62%), followed by chloroform 
fraction (11.44%), and ethyl acetate fraction (9.0%).
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Acute Toxicity Test
After a single oral administration of 2000 mg/kg of 
B. abyssinica, the mice did not show any signs of toxicity 
(lacrimation, hair erection, convulsion, coma, and death) 
during 24 hours as well as during the fourteen days of 
observation. This finding confirms that the LD50 of 
B. abyssinica is > 2gm/kg.

Hypoglycemic Activity of Solvent Fractions 
of B. abyssinica in Normoglycemic Mice
The blood glucose level was measured every 30 minutes for 
the first 1 h and then at 2nd, 4th, and 6th hours following 
administration of the three doses (100, 200, and 400 mg/kg) 
of the solvent fractions, glibenclamide 5mg/kg, and distilled 
water to each group of mice. In this study, a statistically 
significant difference in BGL was not noticed in the first 1 
h after administration of the solvent fractions. A statistically 
significant BGL reduction was noticed at two hours follow
ing administration of EAF400 mg/kg (p<0.05), AQF400 mg/ 
kg (p<0.01), and GLC5mg/kg (p<0.001), compared with 
baseline blood glucose level. However, the lower doses 
(100 mg/kg) and the middle doses (200 mg/kg) of the solvent 
fractions did not display a statistically significant variance in 
BGL at 2 h as compared to baseline blood glucose level. At 
4th h, EAF 200 mg/kg and 400mg/kg (p<0.05, for both), 
AQF 200 and 400mg/kg (p<0.01, for both), and GLC 
(p<0.001) revealed a significant BGL drop as compared 
with the negative control. Furthermore, at 6th hour after 
administration of the solvent fractions, EAF 200 and 
400mg/kg (p<0.01, for both), AQF 200 mg/kg (p<0.01), 
400 mg/kg (p<0.001), and GLC (p<0.001) revealed 
a statically significant BGL drop as compared to the negative 
control. Similarly, AQF and EAF at doses of 200 and 

400 mg/kg exhibited a significant (p<0.001) blood glucose 
decrement as compared to the baseline BGL at 6th h of 
administration of the solvent fractions. However, the lower 
dose (100mg/kg) of the solvent fractions didn`t display 
a significantly (p>0.05) BGL reduction as compared to the 
negative control group and baseline BGL at all points of 
time. The percentage reduction of baseline blood glucose 
levels was 25.90%, 26.36%, 38.43%, 30.96% and 49.42% 
for EAF200mg/kg, AQF200mg/kg, EAF400mg/kg, 
AQF400mg/kg, and GLC 5mg/kg, respectively (Table 1).

Effect of B. abyssinica Solvent Fractions on 
OGTT in Normal Mice
The effects of the solvent fractions of B. abyssinica on OGTT 
are shown in Table 2. The BGL of all groups before solvent 
fraction, GLC, and distilled water administration didn`t show 
a significant difference as compared to each other. However, 
after 2000 mg/kg glucose administration all groups of mice 
showed a significant (p < 0.001) elevation in blood glucose 
level at thirty minutes as compared to the baseline fasting 
blood glucose level irrespective of the treatments received, 
this indicates the induction of hyperglycemia by glucose 
administration. Administration of B.abyssinica at a dose of 
AQF 200 mg/kg (p<0.05), AQF 400mg/kg (p<0.001), EAF 
200mg/kg (p<0.01), and GLC 5mg/kg (p<0.001) significantly 
reduced the BGL following 1-hour post-treatment with the 
solvent fractions and the standard drug as compared to the 
negative control. Likewise, the higher doses of the solvent 
fractions (400mg/kg) significantly (p<0.001) dropped the 
BGL following 2- and 3-hours post-treatment as compared 
to negative control groups.

Within a group analysis revealed that oral glucose 
challenge caused a significant drop in BGL at 1 and 2 

Table 1 Hypoglycemic Activity of Solvent Fractions in Normoglycemic Mice

Group Blood Glucose Level (mg/dl)

0hr 1hr 2hr 4 hr 6 hr

DW10 mg/kg 84.67±3.04 83.83±3.53 80.17±2.74 78.83±2.47 74.83±4.26

GLC5 mg/kg 86.00±3.19 73.00±2.43βB 57.67±1.02aC, βC 53.83±1.85aC, βC 43.50±1.57aC, βC

AQF100 mg/kg 77.50±3.25 78.00±1.68 76.33±2.14nA 72.17±5.34nB 70.17±1.67nC

AQF200 mg/kg 79.67±2.69 77.00±2.22 69.50±5.01 59.00±3.67aB, βC 58.67±2.22aB, βC, nB

AQF400 mg/kg 89.33±3.47 84.33±4.37 68.33±3.67 βB 61.50±2.54aB, βC 55.00±5.24aC, βC

EAF100 mg/kg 81.50±4.01 79.33±3.54 80.83±4.51nB 75.33±2.67nB 73.00±4.61nC

EAF200 mg/kg 83.00±3.33 80.50±2.99 71.33±2.47 64.33±1.57aA, βA 61.50±2.71aB, βB, nC

EAF 400 mg/kg 86.67±2.87 83.17±3.54 71.17±1.54 βA 63.67±4.01aA, βC 59.83±1.69aB, βC, nB

Notes: Each value represents mean ± SEM; n = 6 for each treatment. aCompared to the negative control, and βcompared to baseline blood glucose level, ncompared to 
GLC5. Ap < 0.05, Bp < 0.01, Cp < 0.001. 
Abbreviations: DW, distilled water; and GLC, glibenclamide; AQF, aqueous fraction; EAF, ethylacetate fraction.
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hours as compared to the respective blood glucose level at 
30 minutes post 2mg/kg glucose solution administration in 
all groups (Table 2).

Anti-Hyperglycemic Activity of the 
Repeated Doses of B. abyssinica Solvent 
Fraction
The antihyperglycemic activity of aqueous fraction of 
B. abyssinica on fasting BGL of STZ-induced diabetic mice 
was determined weekly in all groups of mice. Following the 
induction of diabetes by streptozotocin, all groups of diabetic 
mice exhibited significant (p < 0.001) variances in BGL as 
compared to normal mice across all time intervals. However, 
all diabetic mice didn`t show significant variance in baseline 
fasting blood glucose levels. Treatment with all doses 
(100 mg/kg, 200 mg/kg, and 400 mg/kg) of AQF displayed 
a significant (p < 0.001) reduction in BGL as compared to 
diabetic and normal control groups on the seventh and four
teenth days of treatment. Likewise, the glibenclamide treated 
group showed a significant (p < 0.001) drop in blood glucose 
level as compared to diabetic and normal control groups on 
the seventh and fourteenth days of treatment.

Within a group analysis showed that the aqueous frac
tion of B. abyssinica treated groups produced a significant 
(P < 0.001) drop in the blood glucose level on the seventh 
and fourteenth days as compared to the baseline BGL. 
Similarly, GLC 5mg/kg significantly (P < 0.001) dropped 
the blood glucose level on the seventh and fourteenth days 
as compared to the baseline BGL. As revealed in Figure 1, 
repeated treatment by aqueous fraction of B. abyssinica at 
doses of 100mg/kg, 200mg/kg and 400mg/kg produced 
a higher reduction in fasting BGL at the 14th days, 

33.29%, 38.59%, 52.71%, and 59.66%, respectively for 
AQF100, AQF200, AQF400, and GLC 5mg/kg (Table 3).

Effect of the Repeated Daily Doses of the 
Aqueous Fraction on the Bodyweight
The effect of the repeated daily doses of the solvent fraction 
of B. abyssinica on the bodyweight of both in the diabetic 
and normal mice are summarized in Table 4. Before the 
indication of diabetes with streptozotocin, all groups of 
mice didn`t show a significant difference in body weight. 
However, Streptozotocin showed a significant (P < 0.001) 
decrement in the bodyweight of the diabetic control group 
on the seventh and fourteenth days of treatment as compared 
to the normal control group. Following treatment of diabetic 
mice with an aqueous fraction of B. abyssinica for 2 weeks 
improved weight loss in STZ-induced diabetic mice as 
compared to the diabetic control group. Only AQF400 mg/ 
kg and GLC 5mg/kg improved weight loss significantly (P < 
0.01) compared with the diabetic control group after 7th 
days of treatment. In contrast, AQF100 mg/kg and 
AQF200 mg/kg failed to improve weight loss significantly 
after the 7th day of treatment. However, the three aqueous 
fraction doses AQF100 mg/kg (P < 0.05), AQF 200mg/kg 
(P < 0.001), and AQF400 mg/kg (P < 0.001) and GLC5 mg 
(P < 0.001) improved weight loss significantly as compared 
with diabetic control group following fourteen days of 
administration of the solvent fractions and the standard drug.

Effect of Repeated Daily Doses of the 
Solvent Fraction on Serum Lipid Level
Statistically significant (p<0.001) increment in serum con
centrations of very-low-density lipoprotein cholesterol, 
serum total cholesterol, serum triglyceride, and low-density 

Table 2 Effect of Solvent Fractions on OGTT in Normal Mice

Group Blood Glucose Level(mg/dl)

0min 30min 60min 120min

DW10 mg/kg 85.83±2.23 186.33±3.64 141.33±4.36 114.33±3.33

GLC5 mg/kg 89.17±3.28 156.33±3.95aC, βC 77.00±6.23aC, μC 73.33±5.78aC, μC

AQF100 mg/kg 87.33±4.51 178.33±6.32 βC 142.83±1.94 βC, μA 94.83±2.35 μC

AQF200 mg/kg 87.67±3.21 168.00±4.59aA, βC 116.83±3.67 βC, μC 87.00±1.97aB, μC

AQF400 mg/kg 84.83±2.64 154.50±2.54aC, βC 89.17±4.37aC, μC 78.00±3.33aC, μC

EAF100 mg/kg 80.17±3.21 176.50±4.01 βC 139.17±2.67 βC, μB 92.83±4.51aA, μC

EAF200 mg/kg 91.00±1.67 172.67±3.84 βC 122.17±1.57 βA, μC 88.00±3.65aB, μC

EAF 400 mg/kg 81.83±2.68 163.50±5.34aB, βC 93.17±3.28aC, βA, μC 82.83±2.54aC, μC

Notes: Each value represents mean ± SEM; n = 6 for each treatment. aCompared to the negative control, μcompared to the blood glucose level at 30 minute and βcompared 
to baseline blood glucose level. Ap < 0.05, Bp < 0.01,  Cp < 0.001. 
Abbreviations: DW, distilled water; and GLC, glibenclamide; AQF, aqueous fraction; EAF, ethylacetate fraction.
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lipoprotein cholesterol with a progressive decrease in serum 
high-density lipoprotein cholesterol were observed within 
the diabetic control group compared with the normal control 
group.

Between-group analysis showed that all tested doses of 
the aqueous fraction (AQF100 mg/kg, AQF200 mg/kg, and 
AQF400 mg/kg) revealed a statically significant improve
ment in serum lipid profiles: low-density lipoprotein choles
terol (p<0.001); serum total cholesterol (p<0.001); and serum 
triglyceride (p<0.01, p<0.01, p<0.001, respectively for the 
three doses); high-density lipoprotein cholesterol (p<0.01, 
p<0.001, p<0.001, respectively); and only AQF400 mg/kg 
displayed a significant (p<0.05) improvement in serum lipid 
profile of very-low-density lipoprotein cholesterol when 

compared with the diabetic control group. Thus, treatment 
with leaf aqueous fraction of B. abyssinica and glibenclamide 
5 mg/kg to diabetic mice significantly and dose-dependently 
improved TC, TG, and LDL-c, and VLDL-c levels as com
pared to the diabetic control group. Although considerably 
increase in serum HDL-cholesterol level was shown in the 
aqueous fraction of B. abyssinica treated groups compared to 
the diabetic control group (Table 5).

Discussion
The study was conducted to investigate the hypoglycemic, 
anti-diabetic, and anti-hyperlipidemic activity of the sol
vent fractions of Bersama abyssinica in normoglycemic 
and diabetic mice with the view to validating its traditional 
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Figure 1 Effect of repeated daily doses of Bersama abyssinica on blood glucose level of diabetic mice. 
Abbreviations: AQF, aqueous fraction; GLC, glibenclamide; and BGL, blood glucose level.

Table 3 Anti-Hyperglycemic Activity of the Repeated Doses of Solvent Fraction in STZ-Induced Diabetic Mice

Fasting Blood Glucose Level (mg/dl) % Reduction

Group Baseline 7th day 14th day 7th day 14th day

DC 342.83±7.23nC 345.33±7.21nC 351.33±9.82nC −0.729 −2.48

GLC5 mg/kg 338.33±12.06nC 147.83±9.56aC, βC, nC 136.50±5.81aC, βC, nC 56.31 59.66
AQF100 mg/kg 347.50±9.02 nC 243.83±7.77aC, βC, nC 231.83±10.29aC, βC, nC 29.83 33.29

AQF200 mg/kg 339.50±16.54nC 220.17±8.78aC, βC, nC 208.50±13.85aC, βC, nC 35.15 38.59

AQF400 mg/kg 362.33±13.64nC 195.00±5.85aC, βC, nC 171.33±7.83aC, βC, nC 46.18 52.71
NC 85.83±14.85aC 87.67±2.69aC 84.50±2.96 aC −2.14 1.55

Notes: 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. Cp < 0.001. 
Abbreviations: DC, Diabetic control; NC, Normal control; GLC, glibenclamide; AQF, aqueous fraction.
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use in the management of DM in humans. DM is a medical 
condition that is characterized by a chronic increment of 
blood glucose level secondary to a relative/absolute short
age of insulin/resistance to the action of insulin.35

The streptozotocin-induced animal model can be 
explained as a valuable animal model to investigate the 
activity of anti-diabetic agents such as glibenclamide 
against DM. STZ is well-known to induce diabetes, hyper
insulinemia, or hyperglycemia by damaging the pancreatic 
β cells.36 Streptozotocin gets into β-cell using GLUT2 
transporter and resulting in the alkylation of DNA, thereby 
brings the activation of poly ADP ribosylation. Poly ADP- 
ribosylation leads to depletion of cellular NAD+ and 
ATP.37 Abnormalities in lipid profiles are common com
plications in diabetes mellitus.38 Following the adminis
tration streptozotocin solution (150mg/kg) to all groups of 
mice, diabetes mellitus was effectively induced. This was 
validated with sustained elevation of blood glucose level 
after 72 hours of injection of streptozotocin.

In the normoglycemic model, the mice were treated 
with a single dose ranging from 100–400mg/kg of aqueous 

solvent fraction, ethyl acetate solvent fraction, and GLC 
5mg/kg for each group containing six mice showed 
a significant drop in BGL of normoglycemic mice. In 
a previous study, both the crude and its solvent fractions 
(chloroform, ethyl acetate, and aqueous) showed 
a statically significant alpha-amylase inhibition activity at 
different tested doses.23 This hypoglycemic effect of the 
solvent fractions could be because of the inactivation of 
the α-amylase activity. In the previous experimental study, 
GLC can cause hypoglycemia effect through stimulation 
of insulin secretion from the pancreatic β cells.39 

Similarly, the solvent fractions of B. abyssinica could 
possess an insulin-like effect/stimulate insulin secretion 
from the pancreas. However, the lower doses of the ethyl 
acetate solvent fraction and the aqueous solvent fraction of 
Bersama abyssinica leaves did not show any significant 
hypoglycemic effect after the solvent fractions were admi
nistered. The current findings are in agreement with pre
viously reported similar studies.40–42

After oral administration of B. abyssinica solvent frac
tions at all tested doses (100mg/kg, 200mg/kg and 400mg/ 

Table 4 Effect of the Repeated Daily Doses of Solvent Fraction on Body Weight of Diabetic Mice

Group Body Weight (g)

Before induction of DM Baseline 7th day of treatment 14th day of treatment

DC 29.87±0.59 28.03±0.36 25.37±0.75nC 23.96±0.49nC

GLC 
5 mg/kg

28.00±0.35 26.21±0.74 28.84±0.62aB, βA 29.92±0.40aC, βA

AQF100 mg/kg 27.54±1.32 25.65±0.56 25.93±0.65nB 26.49±0.54aA, nB

AQF200 mg/kg 27.78±0.74 26.43±0.60 27.67±0.58 28.00±0.55aC

AQF400 mg/kg 29.99±1.15 28.11±0.62 29.09±0.59aB 30.03±0.52aC

NC 27.98±0.90 28.04±0.42 29.22±0.43aB 29.62±0.25aC

Notes: The result presented as mean ± SEM; n=6 for each group. aCompared to the diabetic control, ncompared to the normal control, and βcompared to baseline 
bodyweight. Ap < 0.05, Bp < 0.01, Cp < 0.001. 
Abbreviations: DC, diabetic control; NC, normal control; GLC, glibenclamide; AQF, aqueous fraction.

Table 5 Effect of Repeated Daily Doses of Solvent Fraction on Serum Lipid Level of Diabetic Mice

Group Serum Lipid Level (mg/dl)

STC(mg/dl) STG(mg/dl HDL-c(mg/dl) VLDLc(mg/dl) LDL-c(mg/dl)

DC 190.17±1.11nC 171.33±1.09nC 22.67±0.49nC 29.65±0.67nC 126.78±1.32nC

GLC5 mg/kg 89.17±1.45aC, nA 86.17±1.66 aC 38.00±0.37 aC 21±0.91aC 42.34±1.12aC

AQF100 mg/kg 181.50±0.76aC, nC 159.17±2.64aB, nC 26.67±0.67aB, nC 29.34±1.23nC 110.45±0.34aC,nC

AQF200 mg/kg 174.80±2.61aC,nC 158.67±2.04aB,nC 27.83±0.48aC,nC 27.56±0.99nC 98.56±1.76aC, nC

AQF400 mg/kg 158.73±1.48aC, nC 147.33±0.78aC, nC 30.33±0.72aC, nC 24.56±0.37aA, nC 85.67±0.87aC, nC

NC 85.33±1.36aC 77.83±2.45aC 39.17±0.79aC 19.03±1.34aC 36.04±0.87aC

Notes: Results are expressed in mean ± S.E.M, n = 6; acompared to the diabetic control, ncompared to the normal control; Ap < 0.05, Bp < 0.01, Cp < 0.001. 
Abbreviations: DC, diabetic control; NC, normal control; GLC, glibenclamide; AQF, aqueous fraction; STC, serum total cholesterol; STG, serum triglyceride; HDL-c, high- 
density lipoprotein cholesterol; VLDL-c, very low-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.
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kg) to glucose challenged mice exhibited a significant 
(p <0.001) drop in blood glucose level at 1- and 2-hours 
post-treatment as compared to the negative control. 
Likewise, GLC 5mg/kg showed a significant reduction 
in blood glucose levels early from the 30 minutes onwards 
(Table 2). This indicates that the solvent fractions can 
effectively control the elevated blood glucose level, show
ing its possible benefit to lower postprandial hyperglyce
mia and related complications of DM. Regulator control 
of postprandial hyperglycemia is the most common 
approach for the management of DM. OGTT measures 
the body’s ability to utilize glucose and it is seen as the 
“gold standard” in diagnosing diabetes mellitus.43 The 
observed activity may fairly be a due reduction of glucose 
absorption into the bloodstreams via inhibition of α- 
amylase as a previous study supports the α-amylase inhi
bitory activity of B. abyssinica.23 Furthermore, the 
observed activity might be due to other possible mechan
isms such as decreased gluconeogenesis, stimulation of 
glycogenesis in the liver, and enhanced tissue glucose 
utilization.32

The other possible anti-hyperglycemic effect of B. 
abyssinica on the OGTT might be due to the attendance 
of phytoconstituents such as flavonoids,44 since flavonoids 
can regenerate pancreatic β-cells, inhibiting the glucose 
transporter activity from the intestine, and increasing the 
peripheral utilization of glucose.45

In the repeated daily doses, the solvent fractions of 
B. abyssinica and the standard drug have shown 
a significant reduction in fasting blood glucose levels as 
compared to the diabetic control group. All the tested 
doses of the solvent fractions (100mg/kg, 200mg/kg and 
400mg/kg) caused a maximum drop in fasting BGL at the 
14th days, 33.29%, 38.59%, 52.71%, and 59.66%, respec
tively for AQF100, AQF200, AQF400, and GLC 5mg/kg 
(Table 3). The current finding is in agreement with pre
vious similar studies.41,46 This indicates that the solvent 
fractions showed its effect in a dose-dependent manner, 
the difference between the three doses might be because of 
the higher doses of the solvent fractions contains higher 
amounts of phytoconstituents responsible for more reduc
tion of the fasting BGL than the lower doses of the solvent 
fractions. Similarly, glibenclamide reduces the fasting 
BGL by blockage of ATP sensitive K+ (KATP) channels, 
leads to membrane depolarization, activate voltage-gated 
Ca2+ channels, a rise in cytosolic (Ca2+), and then release 
of insulin in the pancreas.47

Oxidative stress plays a key role in the pathogenesis and 
progression of DM. β-cells are more sensitive to different 
free radicals which can be produced by streptozotocin.48,49 

In the previous study, the leaf crude and solvent fractions of 
B.abyssinica revealed potent antioxidant activity.23 This 
indicates that the β-cell protective effect of the solvent 
fractions of B. abyssinica may be contributed to its anti- 
hyperglycemic activity in streptozotocin-induced diabetic 
mice.

The loss of body weight in diabetic mice is due to 
increased muscle wasting,50 and catabolism of tissue 
proteins.51 Similarly, in the current finding, streptozotocin 
produced a significant loss of weight in diabetic control. 
However, all tested doses (100mg/kg, 200mg/kg, and 
400mg/kg) of the aqueous fraction treated groups have 
shown significant body weight gain on day 14 from the 
initial (0) day when compared with the diabetic control 
group. The ability of aqueous solvent fraction to prevent 
weight loss may be due to its ability to reduce the elevated 
blood glucose level which is the sign of suitable glucose 
utilization,52 preventing muscle wasting and controlling 
protein turn over and/or improvement in diabetes mellitus 
associated disorders.53 The current finding showed that all 
tested doses (100mg/kg, 200mg/kg, and 400mg/kg) of the 
aqueous fraction have shown a significant body weight 
gain on day 14 from the initial (0) day as compared to 
diabetic control. This result is consistent with previous 
similar studies.41,42,54

Abnormalities in lipid profiles are common complica
tions in diabetes mellitus. In addition to its anti- 
hyperglycemic effect, an aqueous fraction of B. abyssinica 
was also able to alter the levels of serum lipid levels such as 
TC, TG, HDL, VLDL, and LDL cholesterol levels in dia
betic mice suggesting a remarkable anti-hyperlipidemic 
effect. The serum lipid levels are typically raised in diabetic 
patients and such increments indicate a risk factor for 
CHD.55 Activation of hormone-sensitive lipase during insu
lin deficiency causes an increase in free fatty acid mobiliza
tion from adipose tissue. In addition, hyperglycemia is 
accompanied by a rise in TC, TG, LDL-C, and a fall in 
HDL-C.56

In this study, a significant (P<0.001) increment in the 
TC, TG, and LDL levels on diabetic mice when compared 
with normal control groups. This elevated TG level in 
diabetic mice could be because of the higher production 
of triglyceride-rich lipoprotein particles in the liver and 
diminished catabolism. Since insulin has a dominant inhi
bitory effect on lipolysis in adipocytes, insulin deficiency 
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is linked with excess lipolysis and increased influx of free 
fatty acids to the liver.57 The increment of LDL and VLDL 
levels in the STZ diabetic mice could be because of the 
over synthesis of LDL and VLDL by the liver.58 Previous 
studies have revealed that the elevated TG level-rich lipo
proteins might be due to the reduction of LPL activity as 
a result of its glycation.59

The highest reduction in TC, TG, VLDL, and LDL was 
attended at the higher dose (400mg/kg) of an aqueous 
fraction. This dose-dependent activity of the aqueous frac
tion of B. abyssinica might be attributed to the higher dose 
(400 mg/kg) contains a higher amount of secondary meta
bolites responsible for a significant reduction in serum 
STG, STC, LDL-C, and VLDL-C; and increment in 
HDL-C than the lower (100mg/kg) and the middle doses 
(200mg/kg). The reductions of TG, TC, and LDL level by 
an aqueous fraction of B. abyssinica might be due to the 
involvement of polyphenolic part of the extract in prevent
ing the formation of AGEs in diabetic mice.60 The aqu
eous fraction of B. abyssinica fiber may delay the 
absorption of glucose and fatty acids, therefore providing 
fewer substrate for the production of triglycerides.61

HDL and plasma lectin cholesterol acyltransferase are 
believed to be involved in the transport of cholesterol from 
extrahepatic tissues to the liver for its excretion.62 The 
higher levels of cholesterol associated with HDL and the 
increase in the activity of plasma lectin cholesterol acyl
transferase on the administration of aqueous fraction of 
B. abyssinica may result in a higher amount of cholesterol 
being removed from extrahepatic tissues which may con
tribute to the anti-hypercholesterolemia. Thus, the lower
ing in cholesterol levels of serum and tissues by the 
administration of aqueous fraction of B. abyssinica 
would seem to be mediated through its increased rate of 
degradation to bile acids and neutral sterols.

The secondary metabolites existing in the plants have 
a role in the treatment of various diseases.63 In the previous 
study, the extract of B. abyssinica contains phytoconstitu
ents including, phenols, tannins, alkaloids, triterpene, fla
vonoids, anthraquinones, steroids, polysterols, coumarins, 
and glycosides.16 Flavonoids, tannin, and an alkaloid were 
some of the renowned compounds that were isolated from 
the extracts that are capable of reducing the elevated 
BGL.64–66 Therefore, the significant anti-diabetic and anti- 
hyperlipidemic activity of the solvent fractions of 
B. abyssinica could be because of the attendance of the 
aforementioned secondary metabolites in the plant.

Conclusions
In the present study, the administration of solvent fractions 
of B. abyssinica has shown significant antidiabetic activity 
in normoglycemic mice, oral glucose loaded mice, and 
streptozotocin-induced diabetic mice. The solvent frac
tions also improve the serum biochemical parameters 
such as lipid profile: total cholesterol, triacylglycerol, 
high-density lipoprotein cholesterols, low-density lipopro
tein cholesterol, and very-low-density lipoprotein choles
terol. From the observed antidiabetic activity of solvent 
fractions of B. abyssinica, the study may support the use of 
B. abyssinica herb for the treatment of diabetes mellitus by 
a traditional healer. Further researches are needed to iden
tify the lead compound (s) present in Bersama abyssinica 
Fresen (Melianthaceae) with its (their) molecular mechan
ism of action on PPAR, insulin sensitization, histological 
analysis, and other insulin targets based on the pathophy
siology of diabetes mellitus.
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