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Abstract

Background. The leaves of Bersama abyssinica are used for the treatment of diabetes mellitus in folk medicine system of Ethiopia.
The present study was done based on the traditional claim of B abyssinica for the treatment of diabetes mellitus. Methods. The
a-amylase inhibition and antioxidant activities of B abyssinica extracts were evaluated by using 3,5-dinitrosalicylic acid method and
diphenyl-2-picrylhydrazyl assay model, respectively. Blood glucose lowering activity of the extracts was studied in 4 animal
models; normoglycemic, oral glucose loaded, and streptozotocin-induced diabetic mice models. Results. Among the extracts, the
crude extract showed the highest a-amylase enzyme inhibition activity with an 1Csq of 6.57 ng/mL. The water fraction showed
the strongest antioxidant activity with an ICso of 3.43 pg/mL. The crude extract at doses of 200, and 400 mg/kg showed
significant (P < .05) hypoglycemic activity in normoglycemic mice. All doses of the crude extract significantly (P < .05) reduced
blood glucose levels of oral glucose-loaded mice. In streptozotocin-induced diabetic mice models, both the crude and solvent
fractions showed a significant (P < .05) blood glucose lowering effect as compared with the negative control group post 8 hour
treatment. Conclusion. The results demonstrated the beneficial biochemical effects of B abyssinica extract by inhibiting a-amylase
and scavenging the free radicals. The crude extract and solvent fractions of B abyssinica had significant blood glucose lowering
effect in all animal models.
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Diabetes is a group of metabolic diseases characterized by
hyperglycemia resulting from defects in insulin secretion, insu-
lin action, or both.' It is an important public health problem,
1 of 4 priority noncommunicable diseases targeted for action
by world leaders.” The epidemiology of diabetic mellitus esti-
mated that there were 451 million (age 18-99 years) people
with diabetes worldwide. These figures will be expected to
increase to 693 million by 2045. In 2017, approximately
5 million deaths worldwide were attributable to diabetes in the
20- to 99-year age range.’ In Ethiopia, the number of people
aged 20 to 79 years living with diabetes was estimated to be
1.3 million adults with diabetes, and the prevalence was 2.9%.
This figure is projected to reach 1.8 million by 2030.*
Alternative systems of medicine based on plant extracts
have thrived through the ages and are still practiced by a large

population for the management of diabetes.” Globally, medic-
inal plants have been used as a source of medicine and 80% to
85% of populations rely on these medicinal plants using the
extracts or their active components as a traditional medicine to
meet their primary health care needs.® Currently, more than
1000 plants have been described as efficacious in the treatment
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of diabetes mellitus. Many of the currently available drugs have
been directly or indirectly derived from plants. The popular
oral antidiabetic drug glucophage (metformin) is derived from
Galega officinalis.”® During the past few years, some of the
new bioactive drugs isolated from hypoglycemic plants showed
antidiabetic activity with more efficacy than oral hypoglycemic
agents used in clinical therapy.”'® Several plant species have
been used for prevention or management of diabetes. Some of
herbal drugs with proven antidiabetic and related beneficial
effects used in treatment of diabetes are Allium sativum, Aloe
vera, Coccinia indica, Eugenia jambolana, Ficus bengalensis,
Momordica charantia, Ocimum sanctum syn., Trigonella foe-
num graecum, Vernonia amygdalina,'""? Falcaria vulgaris,"
and Stevia rebaudiana."*

The antidiabetic activity of medicinal plants depends on a
variety of mechanisms. Generally, the mechanisms of action
could be grouped as pancreatic beta cell potassium channel
blocking; cyclic adenosine monophosphate (cAMP; second-
ary messenger) stimulation; providing certain necessary ele-
ments like calcium, zinc, magnesium, manganese, and copper
for the beta-cells; Inhibition of B-galactocidase and a-gluco-
cidase; preventing oxidative stress that is possibly involved in
pancreatic B-cell dysfunction found in diabetes'”; stimulation
of glycogenesis, glycolysis, and citric acid cycle and hexose
monophosphate shunt; inhibition of gluconeogenesis and gly-
cogenolysis'®; improvement in digestion along with reduction
in blood sugar and urea; protection of destruction and promo-
tion of regeneration of the B-cells, initiate insulin release;
reduction in insulin resistance and/or inhibition in renal glu-
cose reabsorption.'’

Free radical, which cause damage and mutation of cells, are
harmful to human health. Antioxidants play a significant role
against them, and recently consumption of natural materials,
including cereals, pulses, nuts, fruits, and vegetables that have
antioxidant activity, has increased.'® Natural products play a
major role in the discovery of new therapeutic agents and have
received much attention as sources of bioactive substances,
including antioxidants.'®2!

Antioxidant action has beneficial effects on preservation of
B cell function in diabetes.'***?* Induction of oxidative stress
is a key process in the pathogenesis of different illnesses,
including diabetes mellitus and its complications, and the role
of antioxidants in treating diabetes and its complications
through prevention of oxidative stress has been explained in
different studies.?®?*2¢ Interestingly, the current study
revealed that Bersama abyssinica leaves have strong in vitro
antioxidant activities indicating that the plant could possess
antidiabetic activity.

Bersama abyssinica (Melianthaceae) belongs to the genus
Bersama, which comprises 4 species. Other species include
B engleriana, B swynnertonii, B swinnyi, and B yangambien-
sis.”” The antidiabetic activity of medicinal plants is due to
the presence of phenolic compounds (anthraquinones,
C-glycosylated anthrones, 2-hydroxy-3-methyl-anthraquinone,
physcion, etc), flavonoids, terpenoids, alkaloids, glycosides,
steroid, peptides, lipids, and other constituents.?>°

Phytochemical analysis carried out in Ethiopia showed that the
leaf extract of B abyssinica contains alkaloids, glycosides, fla-
vonoids, steroids, phenols, tannins, triterpenene, anthraqui-
nones, polysterols, and coumarins.>’ Consequently, this
phytoconstituents may contribute for antidiabetic activity.

Plant extracts with cytotoxic actions are also therapeutically
useful for diabetic treatment.>*>® In line with these, B abyssi-
nica has been used for its cytotoxic effect.®'***¢ More impor-
tant, this study has shown that the leaf crude extract and solvent
fractions of B abyssinica possess in vitro o-amylase enzyme
inhibitory activity, suggesting that the plant could be a poten-
tial candidate for diabetes mellitus. The practice of using plants
for management of diabetes is also documented in Ethiopia just
like other ailments. The leaves of B abyssinica have been used
in the treatment of diabetes mellitus in Ethiopian folk medicine
without any scientific proof for safety and efficacy.’”-*®
Accordingly, this study has been taken up to investigate the
in vitro and in vivo antidiabetic activity of leaves crude extract
and solvent fractions of B abyssinica.

Methods
Plant Materials

The fresh leaves of B abyssinica were collected from Tara Gedam,
South Gondar zone, Amhara region, in December 2018. The botanical
identification and authentication of the plant material was performed
by Mr Abiyu Enyew (botanist) and the voucher specimen was depos-
ited in the herbarium of Biology Department, Faculty of Natural and
Computational Science, University of Gondar.

Experimental Animals

Healthy Male Swiss albino mice (weighing 20-28 g and age of 6-10
weeks) were purchased from the Ethiopian Public Health Institute
(EPHI). Female rodents were excluded for greater compatibility
nature of males for the models,*® except for oral toxicity study. The
animals were kept in polypropylene cages, maintained under standard
condition (12 hours light and 12 hours dark cycle), and were allowed
for free access to a pellet diet and water ad libitum. After a randomized
grouping and before initiation of the experiment, the animals were
acclimatized to the laboratory conditions. The mice were maintained
and cared according to the international guidelines given by Organi-
zation for Economic Cooperation and Development (OECD). In all
animal models, an inhalational anesthetic, halothane, was used to
alleviate animal pain, and they were euthanized by cervical disloca-
tion after completing the experiments.

Preparation of Plant Crude Extract

The leaves of the plant were thoroughly washed with distilled water to
remove dirt and then dried under shade at room temperature (25 to
27 °C). The dried plant materials were ground into coarse powder by
the electrical mill. Then, the coarse powdered plant materials were
macerated separately in 80% methanol for 72 hours and then the
extracts were filtered by using Whatman filter paper no. 1. The marc
was remacerated 2 times with fresh solvent, each for 72 hours, and the
filtrates obtained from the successive maceration were concentrated
under reduced pressure using rotary evaporator (Hamato) followed by
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hot air oven (Medit-MedizinTechnik) set at 40 °C. The semidried
residues were frozen in the refrigerator overnight and then, dried using
a lyophilizer (Labfreez) to completely remove the solvent residue.
Then, the dried leaves extracts were kept separately in a desiccator
until used for the experiment.***!

Fractionation of Crude Extract

Solvent fractionation of leaf crude extract was carried out using water,
ethyl acetate, and chloroform. Briefly, the leaf crude extract was dis-
solved in 400 mL of distilled water and this solution was transferred
into a separating funnel. An equal volume of chloroform was added to
it and was shaken vigorously. The mixture was separated into 2 layers,
and after waiting for a while, the chloroform fraction was removed.
The partition with chloroform was repeated 2 times. The chloroform
layer was combined and subjected to evaporation using 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 2 layers, and then the ethyl acetate was
separated, and the procedure was repeated 2 times. The ethyl acetate
layer was pooled and concentrated using hot air oven set at 40 °C to
obtain the ethyl acetate fraction. The remaining aqueous layer was
concentrated using hot air oven set at 40 °C and frozen in the refrig-
erator 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.*>**

Induction of Experimental Diabetes

Diabetes was induced by using streptozotocin (STZ), which was dis-
solved in 0.1 M cold citrate buffer (pH = 4.5). A 150 mg/kg dose of
the freshly prepared STZ solution was administered intraperitonially
to overnight fasted mice. After 30 minutes’ administration of STZ,
food and water were allowed freely to the animals. Following 6 hours’
administration of STZ, 5% glucose solution in a volume of 1 mL/kg
was given to the animals for the next 24 hours to prevent death sec-
ondary to hypoglycemic shock. Animals were screened for diabetes
after 3 days of STZ injection and those with fasting blood glucose
level >200 mg/dL were included in the study as diabetic mice.**

Acute Toxicity Study

Based on the limit test standard of the OECD No. 425 Guideline,45
acute oral toxicity test was carried out for leaf crude extract of
B abyssinica. One female Swiss albino mouse was fasted for 4 hours
on the first day of the test and then 2 g/kg of the extracts was given
orally by oral gavage and was observed strictly for physical or beha-
vioral changes like changes in skin, urination, lacrimation, reduction
in feeding activity, excitation, paw licking, increased respiratory rate,
decreased motor activity, diarrhea, weight loss, and paralysis for 1 day
and given special attention during the first 4 hours. Based on the
results from the first mouse, the other 4 female mice were recruited
and fasted for 4 hours and then 2 g/kg single dose of the crude extract
was given and were observed strictly in the same manner. The obser-
vation was continued for a total of 2 weeks for any signs of toxicity.*’

Grouping and Dosing of Animals

For all mice models (normoglycemic, oral glucose loaded, and STZ-
induced diabetic model) male mice were used since male mice are
more sensitive to STZ and insulin than female mice (female mice are

insensitive to STZ and insulin).***® In all cases, mice were assigned
randomly into 5 groups of 6 mice each (n = 6).

In the normoglycemic and oral glucose loaded animal models,
there was a negative control group (groups I), which received distilled
water (DW); a positive control group (group II), which received glib-
enclamide 5 mg/kg (GLC 5 mg/kg); test groups (groups III-V)
received 3 different doses of the B abyssinica crude extract (BAC).

In the single dose—treated diabetic animal model, there was a neg-
ative control group (groups I), which received the vehicle (distilled
water = DW); a positive control group (group 1), which received the
standard drug (GLC 5 mg/kg); 12 test groups (group III-XIV) received
different doses of the B abyssinica crude extract (BAC); chloroform
fraction (CFF); ethyl acetate fraction (EAF); and aqueous fraction
(AQF).

As per the OECD guideline, the extract doses to be administered
were determined based on the acute toxicity study and the volume of
administration was 1 mL/100 g of body weight of the mouse.*’ The
middle dose was one-tenth of the limit dose (200 mg/kg), the higher
dose was twice the middle dose (400 mg/kg), and the lower dose was
calculated as half of the middle dose (100 mg/kg). Glibenclamide was
selected as a standard drug for the study based on earlier studies.'>*
The study was conducted using the oral route of administration
because the plant materials are traditionally used by people via the
oral route.*’

Determination of a-Amylase Inhibition Activity

The o-amylase inhibition assay was performed using the
3,5-dinitrosalicylic acid (DNSA) method.>® The crude and solvent
fractions of B abyssinica were dissolved in buffer ((Na,HPO4/
NaH,P04 (0.02 M), NaCl (0.006 M) at pH 6.9) to give concentrations
ranging from 50 to 1000 pg/mL. A volume of 200 pL of a-amylase
solution (Molychem) (2 units/mL) was mixed with 200 pL of the
extract and was incubated for 10 minutes at 30 °C. Thereafter, 200
uL of the starch solution (1% in water w/v) was added to each tube and
incubated for 3 minutes. The reaction was terminated by the addition
of 200 pL DNSA reagent (12 g of sodium potassium tartrate tetrahy-
drate in 8.0 mL of 2 M NaOH and 20 mL of 96 mM 3,5-DNSA
solution) and was boiled for 10 minutes in a water bath at 85 °C. The
mixture was cooled to ambient temperature and was diluted with 5 mL
of distilled water, and the absorbance was measured at 540 nm using a
UV-visible spectrophotometer (Agilent Technologies). The blank
with 100% enzyme activity was prepared by replacing the plant
extract with 200 pL of the buffer. A blank reaction was similarly
prepared using the plant extract at each concentration in the absence
of the enzyme solution. A positive control sample was prepared using
acarbose (Bayer) and the reaction was performed similarly to the
reaction with plant extract as mentioned above.

The inhibition of a-amylase was expressed as percentage of inhibi-
tion and was calculated by the following equation: Inhibition (%) =
[(Ac — Acb) — (As — Asb) / (Ac — Acb)] x 100, where Ac is the
absorbance of control; Acb is the absorbance of control blank; As is the
absorbance of sample; and Asb is the absorbance of sample blank. The
% a-amylase inhibition was plotted against the extract concentration
and the 1Cs values were obtained from the graph.

In Vitro Antioxidant Activity in DPPH Assay Model

The free radical scavenging activity of the plant crude, solvent frac-
tions, and ascorbic acid were determined in vitro by diphenyl-2-
picrylhydrazyl (DPPH; Sigma Aldrich) assays according to the
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method described earlier.’'* Aliquots of 100 pL of a methanolic
solution containing different concentrations ranging from 50 to
1000 pg/mL were added to 3.9 mL of a 0.004% methanolic solution
of DPPH. Absorbance at 517 nm was determined after 30 minutes, and
the percent inhibition activity was calculated. ICs, values denote the
concentration of the sample required to scavenge 50% DPPH free
radicals. The percentage of the scavenging of the DPPH free radical
was calculated by the formula: (A0 — A1)/A0 x 100, where AO is the
absorbance of the control and Al is the absorbance of the extract/
standard.

Effect of Plant Extract on Blood Glucose Level of
Normoglycemic Mice

Healthy normal mice were fasted overnight for 14 hours, but water
was allowed ad libitum, and then randomly divided into 5 different
groups (6 mice in each). Using aseptic conditions, blood samples were
collected from tips of the tail of each mouse to determine blood
glucose level (BGL) just before treatment (at 0 hours) as a baseline,
and then at 1, 2, 4, and 6 hours posttreatment.53

Effect of Plant Extract on Blood Glucose Level After Oral
Glucose Tolerance Test

Mice were used for the oral glucose tolerance test (OGTT) after fast-
ing overnight for 14 hours, as there is increased insulin sensitivity
(insulin-stimulated glucose utilization) specifically in mice.’*>> Mice
were grouped and treated as described above and the baseline blood
glucose level was determined. Then 2 g/kg of glucose solution was
administered orally to each mouse after 30 minutes of extract admin-
istration. Blood sugar level was measured for each animal just before
treatment (at 0 minute) as a baseline, and then at 30, 60, and
120 minutes following glucose administration.>®

Antihyperglycemic Activity of a Single Dose of the
Extracts on STZ-Induced Diabetic Mice

In this model, STZ-induced diabetic mice were assigned randomly into
5 groups (n = 6) after fasting for 14 hours. Then, mice were treated with
distilled water, glibenclamide, and 80% methanolic crude extracts and
solvent fractions according to their respective grouping as described
above. Blood glucose level was measured just before treatment (at 0
hour) as a baseline, and then at 2, 4, 6, and 8 hours posttreatment.53 S7

Statistical Analysis

All the results were expressed as the mean + standard error of means
(SEM) for 6 mice in each group. Statistical analysis was performed by
using the Statistical Package for Social Sciences (SPSS) version 24
software. Between- and within-group analysis were carried out using
1-way analysis of variance, followed by Tukey’s multiple comparison
tests. The result was considered significant when P < .05.

Results
The Percentage Yield of Plant Material Extraction

From 129 g (12% yield) of 80% leaves crude extract, the yields
of ethyl acetate chloroform, and aqueous fractions of leaves
B abyssinica were 9%, 11.44%, and 70.62%, respectively.

Acute Toxicity Test

The acute toxicity study indicated that the crude extract caused
no mortality in limit dose of 2000 mg/kg within the first
24 hours as well as for the following 14 follow-up days. Phys-
ical and behavioral observations of the experimental mice also
revealed no visible signs of overt toxicity. This indicates that
median lethal dose (LDso) of the extract is greater than
2000 mg/kg.

In Vitro a-Amylase Inhibition Activity of Crude Extract and
Solvent Fractions

In vitro o-amylase inhibitory study evaluating the percent of
a-amylase inhibition as a function of extract concentrations and
the 1Csq values were calculated (Figure 1). Concentration-
dependent inhibitions were observed for various concentrations
of the tested extracts and the standard. Among the extracts, the
crude extract exhibited the lowest ICsq of 6.57 + 0.74 pg/mL
and the ICs, values of water fraction, ethyl acetate fraction, and
the chloroform fraction were 13.33 + 0.57,20.34 + 0.67, and
30.97 + 0.84 pg/mL, respectively. The standard positive con-
trol acarbose showed an ICso 0of 2.26 + 0.53 pg/mL (Table 1).

Antioxidant Activity of Crude Extract and Solvent
Fractions

The leaf crude extract and solvent fractions of B abyssinica
were tested for antioxidant activity using DPPH free radical.
The extracts showed antioxidant activity as shown in Figure 2.
The DPPH free radical scavenging activities of the B abyssi-
nica extracts were concentration dependent with an ICs, value
of 343 + 0.57, 535 £+ 0.67, 8.54 + 0.92, and 14.64 +
0.49 pg/mL for the water fraction, crude extract, ethyl acetate
fraction, and the chloroform fraction, respectively (Table 2).
The highest antioxidant activity was observed in the water
fraction with an ICs, value of 3.43 + 0.57 pg/mL, and ICs
of ascorbic acid was found to be 2.65 + 0.84 pg/mL.

Hypoglycemic Activity on Normoglycemic Mice

The activity of the leaf crude extract of B abyssinica on normo-
glycemic mice was as shown in Table 3. Within-group analysis
showed that DW treated negative control and BAC100 mg/kg
treated groups did not reduce blood glucose level significantly
(P > .05) as compared with baseline blood glucose level at all
points of time. However, BAC 200 mg/kg, BAC 400 mg/kg, and
GLC 5 mg/kg treated groups lowered their baseline blood glu-
cose level significantly. The percentage of reduction of baseline
blood glucose level were 25.59%, 42.60%, and 49.42% for BAC
200 mg/kg, BAC 400 mg/kg, and GLC 5Smg/kg, respectively.
Between-groups analysis showed that there was no signifi-
cant difference in blood glucose level of all groups at baseline.
During subsequent measurement of blood glucose level, it was
found that GLC 5 mg/kg treated group lowered blood glucose
level significantly as compared with negative control (DW)
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Figure |. a-Amylase inhibitory activity of the leaves crude extract and solvent fractions of Bersama abyssinica.

Table I. a-Amylase Inhibitory Activities of the Crude Extract and Solvent Fractions.”

Percentage inhibition

Concentration (pig/mL) Chloroform fraction Ethyl acetate fraction Aqueous fraction Crude extract Acarbose

50 521 + 0.36 12.54 + 0.67 27.24 + 1.34 31.24 + 046 55.31 + 0.66
100 10.94 + 0.84 18.95 + 0.49 3392 + 0.94 3993 + 1.27 66.57 + 0.38
200 22.71 + 0.55 25.73 + 1.08 39.94 + 0.67 5848 + 0.92 748 + 1.07
400 2847 + 0.94 4431 + 0.66 5248 + 0.57 71.52 + 0.77 86.35 + 0.64
600 37.90 + 0.27 52.64 + 0.87 66.57 + 0.38 79.65 + 0.64 91.93 + 0.55
800 44.63 + 0.49 6292 + 0.37 7349 + 0.77 85.64 + 0.61 94.37 + 0.48
1000 52.82 + 0.67 72.19 + 0.73 81.67 + 0.64 88.34 + 0.8 95.94 + 0.64
ICsp 30.97 + 0.84 20.34 + 0.67 13.33 + 0.57 6.57 + 0.74 226 + 0.53

Abbreviation: ICsg, half maximal inhibitory concentration.

*Each value of percentage inhibition of a-amylase is presented as means + standard error of the mean (SEM), n = 3.
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Figure 2. Free radical scavenging activity of the leaves crude extract and solvent fractions of Bersama abyssinica.
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Table 2. Antioxidant Activities of the Crude Extract and Solvent Fractions.

Concentration (ug/mL)

% inhibition of DPPH

Chloroform fraction

Ethyl acetate fraction

Crude extract

Aqueous fraction

Ascorbic acid

50 17.24 + 1.6l 31.07 + 0.87 40.19 + 0.85 44.37 + 0.66 4937 + 1.24
100 32.64 + 0.95 44.54 + 1.08 54.67 + 1.07 66.40 + 0.57 63.24 + 0.99
200 47.37 + 0.88 5422 + 0.67 7151 + 0.38 7437 + 1.0l 75.19 + 0.84
400 5594 + 0.17 60.37 + 0.52 7527 + 0.44 76.79 + 0.67 79.55 + 0.37
600 59.37 + 1.03 67.79 + 0.38 7827 + 0.67 81.27 + 0.59 88.34 + 0.84
800 66.84 + 0.66 78.64 + 047 81.27 + 0.82 8349 + 0.64 92.27 + 0.55
1000 69.32 + 0.37 81.71 + 1.28 8544 + 1.34 88.37 + 0.55 95.74 + 0.16
ICs0 pg/mL 14.64 + 0.49 854 + 0.92 5.35 + 0.67 343 + 057 2.65 + 0.84
Abbreviations: DPPH, 2,2-diphenyl- | -picrylhydrazinel I1Csg, half maximal inhibitory concentration.
*Each value of percentage inhibition of DPPH free radical is presented as means + standard error of the mean (SEM), n = 3.
Table 3. Hypoglycemic Activity of the Leaf Crude Extract on Normoglycemic Mice.*

Blood glucose level (mg/dL)
Group 0 hour | hour 2 hours 4 hours 6 hours
DwWI10 84.67 + 3.04 83.83 + 3.53 80.17 + 2.74 78.83 + 2.47 74.83 + 4.26
GLC5 86.00 + 3.19 73.00 + 2.43% 57.67 + 1.02°3% 53.83 + 1.85%3% 43.50 + 1.57°>F
BACI00 80.33 + 3.54 81.17 + 2.44 7433 + 4.84™ 73.33 + 3.67" 69.17 + 2.64™
BAC200 77.50 + 2.54 7433 + 4.19 66.50 + 2.89°' 61.83 + 3.04> 57.67 + 1.81°2M3!
BAC400 91.17 + 4.83 82.17 + 4.67 63.33 + 3.03°>M 56.83 + 2.81°> 52.33 + 3.05°

Abbreviations: BAC, Bersama abyssinica leaf crude extract; DW, distilled water; GLC, glibenclamide.
*Each value represents mean + SEM; n = 6 for each treatment. *Compared with the negative control, >compared with BAC100, “compared with BAC200,
dcompared with BAC400, and Pcompared with baseline blood glucose level, "compared with GLC5. 'P < .05, 2P < .01, 3P < .001.

Table 4. Effect of the Leaf Crude Extract on Oral Glucose Loaded Mice.*

Blood glucose level (mg/dL)

Group 0 min 30 min 60 min 120 min
DWI0 85.83 + 2.23 186.33 + 3.64 141.33 + 436 114.33 + 3.33
GLC5 89.17 + 3.28 156.33 + 3.9523P3 77.00 + 6.23%3+3 73.33 4 57833
BACI100 84.17 + 2.01 178.17 + 1.07 P3n2 137.17 + 7.54 F3n3n2 87.67 + 8533
BAC200 82.83 + 26 169.50 + 3.672"P3 [13.33 4 8.552"n2P2k3 83.50 + 2.69°*+3
BAC400 87.50 + 4.01 160.83 + 2.452383 91.17 + 4.67°3+3 75.83 4+ 3.99233

Abbreviations: BAC, Bersama abyssinica leaf crude extract; DW, distilled water; GLC, glibenclamide.
*Each value represents mean + SEM; n = 6 for each treatment. *Compared with the negative control, ’compared with BAC100, “compared with BAC200,
dcompared with BAC400, “compared with the blood glucose level at 30 minutes and Pcompared with baseline blood glucose level, "compared with GLC5. 'P < .05,

2p < 01,3P < .001.

treated group. There was also significant difference in blood
glucose level of GLC 5 mg/kg treated group and extract treated
groups. The middle and the higher doses of crude extract
treated groups (200 and 400 mg) also reduced blood glucose
level significantly as compared to negative control. However,
the lower doses were failed to decrease blood glucose level
significantly as compared to negative control.

Antihyperglycemic Activity on Oral Glucose Loaded Mice

The activity of crude extract of B abyssinica on oral glucose
tolerance test in oral glucose loaded mice is shown in Table 4.

Oral administration of 2000 mg/kg of glucose to normoglyce-
mic mice 30 minutes after treatment with distilled water, test
extracts, and glibenclamide showed peak blood glucose level in
30 minutes. At first there was no significant difference in blood
glucose level of mice.

There was a significant blood glucose level variation
between 30 and 60 minutes as compared with baseline blood
glucose level (P < .001 and P < .001, respectively) for
BAC100 mg/kg treated group; and (P < .001 and P < .01,
respectively) for BAC200 mg/kg treated group. The higher
dose and glibenclamide treated group showed significant
(P < .001) blood glucose level variation between 30 minutes



Kifle and Enyew

Table 5. Antihyperglycemic Activity of a Single Dose of Leaf Crude Extract and Solvent Fractions on Diabetic Mice.*

Blood glucose level (mg/dL)

Group 0 hour 2 hours 4 hours 6 hours 8 hours
DWI0 342.83 + 6.98 356.67 + 7.96 33467 + 11.65 330.33 + 9.89 324.83 + 7.67™
GLC5 338.33 + 12.06 283.33 + |1.14P%m3 216.33 4+ 9.67%3n3 172.17 + 8.99 P3n3 160.33 + 5.17P3"3
BACI00 328.67 + 20.05 309.00 + 17.87 284.67 + 18.67 244.83 + 19.55™ 219.00 + 10.67P2"3
BAC200 329.67 4+ 17.31 316.17 &+ 17.35 293.83 + 15.08 233.83 + [7.54P3n3 208.50 + 6.44P3n3
BAC400 35267 + 11.62 325.67 + 10.78 260.33 + 17.67P33 214.67 + 12.36P3n3 182.00 + 11.35P3n3
CFF100 347.50 + 8.8l 352.00 4 8.45 341.67 + 10.58 33367 + 11.26 321.00 + 13.05
CFF200 334.00 + 6.77 326.83 + 9.09 314.67 + 1467 294.33 + 11.04% 268.33 + 8.58°3
CFF400 355.83 + 6.52 335.83 + 6.77 320.17 + 16.32% 290.00 + 8.27%3 26433 4+ 9.7983n!
EAF100 350.67 + 7.92 340.00 + 7.79 322.00 + 12.37 305.00 + 9.52°! 273.17 + 13.40%
EAF200 365.50 + 5.58 347.17 + 471 321.00 + 20.24% 285.83 + 15.64%3 275.50 + 7.08%3
EAF400 344.67 + 9.88 318.00 + 9.27 291.17 + 19.35P 241.50 + 13.68%n3 230.00 + [4.43P3n3
AQF100 347.50 + 9.02 332.83 + 6.78 310.00 + 11.87 292.50 + 12232 252.50 + |].74P3n2
AQF200 339.50 + 6.67 315.83 + 10.23 286.17 + 1527 265.50 + 10.07P3"2 247.50 + 9.48°32
AQF400 36233 + 7.13 33267 + 6.85° 293.83 + 14.42°3 239.33 4 17.52P3n3 214.83 + 7.98P3n3

Abbreviations: BAC, Bersama abyssinica leaf crude extract; DW, distilled water; CFF, chloroform fraction; EAF, ethyl acetate fraction; AQF, aqueous fraction; GLC,

glibenclamide.

*Each value represents mean + SEM; n = 6 for each treatment. "Compared with the negative control, ﬁcompared with baseline blood glucose level. 'P < .05, 2P <

01, 3p < .001,

as compared with baseline blood glucose level; while there was
no significant (P > .05) difference between post 2-hour glucose
loading as compared with baseline blood glucose level for BAC
400 mg/kg and GLC 5 mg/kg treated groups. Within-group
analysis revealed that oral glucose loading caused a statistically
significant reduction in BGL at 60 and 120 minutes in all
groups as compared with the respective BGL at 30 minutes
after glucose administration.

Between-group analysis showed that significant (P < .05,
P <.001, P<.001) blood glucose reductions were started after
30 minutes of glucose loading for BAC 200 mg/kg, BAC
400 mg/kg, and GLC 5 mg/kg treated groups, respectively, as
compared with negative control. After 1 hour of glucose load-
ing, both BAC400 mg/kg and GLC 5 mg /kg treated groups
reduced blood glucose level significantly (P < .001) as com-
pared with negative control. Similarly, BAC 200 mg/kg treated
groups reduced blood glucose level significantly (P < .05) as
compared with negative control.

Following 2 hours of glucose loading, the BAC 100 mg/kg,
BAC 200 mg/kg, and BAC 400 mg/kg treatment groups sig-
nificantly (P < .05, P < .01, P < .001, respectively) reduced
peak blood glucose level as compared with negative control.
Likewise, GLC 5 mg /kg significantly (P <.001) reduced peak
blood glucose level as compared with negative control.

Antihyperglycemic Activity of Plant Extract on
Streptozotocin-Induced Diabetic Mice

The effects of B abyssinica crude extract and fractions on STZ-
induced diabetes are shown in Table 5. Between- and within-
group analyses were performed to see BGL differences across
the various groups and time points, respectively. The between-
group analysis indicated that there was no significant

difference in baseline fasting BGL across all groups. Similarly,
there was no significant difference in BGL at all time points
when groups treated with plant extract as compared with each
other.

Within-group comparison showed that there was a signifi-
cant BGL reduction observed in all doses of crude extract and
solvent fractions treated groups at different time points as com-
pared with the baseline fasting BGL. However, maximum per-
cent reduction in BGL was recorded as 25.71% in CHF400,
33.27% in EAF400, 40.71% in AQF400, 48.39% in BAC400,
and 52.61% in GLCS5 treated group at the eighth hour as com-
pared with the respective baseline fasting level.

The B abyssinica crude extract and fractions treated groups
produced a significant BGL reduction; for BAC 400 mg/kg at
4 hours (P < .001); for all doses of BAC (P < .001), EAF
400 mg/kg (P < .001), AQF 200 mg/kg (P < .01), and AQF
400 mg/kg (P < .001) at 6 hours; for all doses of BAC (P <
.001), AQF 400 mg/kg (P <.001), EAF 400 mg/kg (P <.001),
AQF 100 mg/kg (P <.01), AQF 200 mg/kg (P <.01), and CHF
400 mg/kg (P < .05) at 8 hours as compared with the negative
control. Similarly, the standard drug (GLC 5 mg/kg) produced
a significant BGL reduction at 2 hours (P < .01), 4 hours (P <
.001), 6 hours (P < .001), and 8 hours (P < .001) as compared
with the negative control.

Discussion

Diabetes mellitus is one of the most common chronic diseases
and is associated with hyperlipidemia and comorbidities such
as obesity and hypertension.’® Many new bioactive phyto-
chemicals isolated from the plants having hypoglycemic and
antihyperglycemic effects show the same antidiabetic activity
and sometimes even more potent than already known oral
hypoglycemic agents.’>®® The present study investigated the
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in vitro and in vivo antidiabetic and antioxidant activity of the
80% methanolic crude extract and solvent fractions of B abys-
sinica on normal and diabetic mice.

The acute oral toxicity profile of the hydromethanolic leaf
extract of B abyssinica was determined based on OECD guide-
lines 2008:425.*> At a dose of 2000 mg/kg, mortality and
delayed toxicity were not observed in the 14 days after the
treatment period. In this study, the LDs, value of the hydro-
methanolic root extract of B abyssinica was found to be
>2000 mg/kg. This indicates that the extract is better tolerated
and safe on oral administration.

N-methylnitrocarbamoyl-p-glucosamine popularly referred
to as streptozotocin (STZ) is a well-known and established
diabetic agent used as a screening model for evaluating the
antidiabetic potential or capacity of compounds in a wide range
of animals.®"**> The compound (STZ) is a potent methylating
agent for DNA and acts as nitric oxide donor in pancreatic cells.
Pancreatic cells are particularly sensitive to damage by nitric
oxide (via inhibition of aconitase activity) and free radicals
because of their low levels of free radical scavenging enzymes.®’
In accordance, findings from the current investigation showed
that STZ administration (intraperitoneally) at 150 mg/kg body
weight effectively (71.6%) induced diabetes mellitus in physio-
logically normal mice as reflected by hyperglycemia.

It is well known that inhibition of intestinal a-glucosidase
and pancreatic a-amylase activity results in delaying carbohy-
drate digestion of absorbable monosaccharides, causing reduc-
tion of postprandial hyperglycemia.®* The plant crude extracts
and solvent fractions showed pancreatic a-amylase inhibitory
activity. The search for a new group of agents from natural
resources especially from plant medicines become an attractive
approach for the treatment of postprandial hyperglycemia. The
finding in Table 2 showed the percentage inhibition of crude
extracts, and solvent fractions of B abyssinica against o-amy-
lase. All of them demonstrated a dose-dependent reduction in
a-amylase inhibition activity. The highest inhibition appeared
in the crude extract (88.34%); while the chloroform fraction
showed the weakest effect (52.82%). The a-amylase inhibitory
activity in crude extract might be due to higher abundance of
the compounds and is worth investigating further and isolating
pure active compounds. Flavonoids, tannins, and phenolic
acids are a major group of polyphenolic compounds that have
been reported to possess inhibitory activity against o-amy-
lase.®® In a previous study, the phytochemical analysis revealed
that the extracts were rich in polyphenolic components, which
suggests that the bioactive exerting the inhibitory effect against
a-amylase may be present in all plant extracts at different
concentration.

The maximum antioxidant activity (88.37%) was observed
in the aqueous fraction, while the lowest antioxidant activity
was observed in the chloroform fraction (69.32%). Ascorbic
acid was used as a standard and the percentage of inhibition
was found to be (95.74%). The detailed results of both fractions
are shown in Table 3. The interesting fact of our study was that
the crude extract contained more antioxidant compounds as
compared with leaf crude extract and leaf solvent fractions.

The overall results showed that the aqueous fraction has better
antioxidant potential than the crude and other solvent fractions.
The finding of the antioxidant activity of B abyssinica extract
showed a dose-dependent antioxidant activity.

The hypoglycemic activity of B abyssinica leaf crude
extract on normoglycemic mice, the negative control, and the
lower dose (BAC 100 mg/kg) treated groups did not show
significant reduction of blood glucose level as compared to
their baseline blood glucose level. However, the higher doses
(BAC 200 mg/kg and BAC 400 mg/kg) and glibenclamide-
treated groups showed significant reduction of blood glucose
level as compared with their base line blood glucose level.
Glibenclamide is oral antidiabetic drug that reduce blood glu-
cose level by increasing insulin secretion due to closure of
potassium-ATP channels, membrane depolarization and stimu-
lation of calcium ion influx and also improve glucose utiliza-
tion.®® B abyssinica leaf crude extract showed similar glucose
lowering effect with glibenclamide in dose-dependent manner.
The mechanisms of glucose lowering effect of the extract
might be comparable to glibenclamide or other unknown
mechanisms. It might be due to the counter-regulatory effect
of pancreatic cells in mice.

In general, in OGTT the crude extract showed a significant
reduction in blood glucose level from 30 minutes compared
with negative control. Mice treated with crude extract have
better glucose utilization capacity. Postprandial glucose low-
ering ability of the extract may be attributed to inhibition of
glucose absorption, stimulation of peripheral glucose utiliza-
tion, decrease in glycogenolysis, and gluconeogenesis.®” This
suggests that the extract is endowed with the ability to enhance
regulatory mechanisms, indicating a potential advantage of the
extract in minimizing hyperglycemia-related complications of
diabetes. Although there was an increase in blood glucose level
after glucose loading from the base line glucose level, all doses
(100 mg/kg, 200 mg/kg, and 400 mg/kg) and the standard drug
reduced significantly from peak level to baseline contained by
2 hours as compared with negative control. Previous studies
showed that glucose lowering of plant extract may be due to a
decrease in glucose absorption, increased peripheral glucose
utilization and glycolysis, and decrease in glycogenolysis and
gluconeogenesis.>®

Among the 3 solvent fractions, namely ethyl acetate, chloro-
form, and aqueous, the aqueous fraction showed by far the
best and anticipated antihyperglycemic activity in STZ-
induced diabetic mice in single dose fractions treated groups
compared with the base line and diabetic control groups. This
might be because of the polar character of secondary metabo-
lites such as flavonoids®®® sterols/triterpenoids,’® alkaloids
and phenolics.”' This result was comparable to a previous
study, which reported that the aqueous fraction had superior
glucose lowering activity among the fraction used.”” In the
antihyperglycemic activity of single dose of solvent fractions
on STZ-induced diabetic mice, both the crude and solvent
fractions showed significant glucose lowering activity as
compared with negative control. This may be due to the fact
that the plant extracts may contain the most common
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phytochemical constituents and secondary metabolites, which
have potent hypoglycemic, antihyperglycemic, and glucose
suppressive effects. The selective and noninteraction of com-
pounds in the hydromethanolic extract of leaf of B abyssinica
may be responsible for its potent antihyperglycemic activity.
The leaf crude extract and solvent fractions showed a com-
paratively delayed onset of blood glucose lowering effect than
glibenclamide. This might be due to the presence of com-
pounds with higher glycemic index that could give rise to free
glucose after digestion and tend to raise blood glucose level
following absorption. The presence of such effect may delay
the action of the plant extract.*’

Plants with hypoglycemic and antihyperglycemic activities
may contain one or more chemical constituents. In this study,
the preliminary phytochemical screening of the 80% methanolic
leaf crude extract of B abyssinica, contains alkaloids, glycosides,
flavonoids, steroids, phenols, tannins, triterpenene, anthraqui-
nones, polysterols, and coumarins, but there is absence of sapo-
nins.*! Similarly, the gas chromatography—mass spectrometry
(GC-MS) analysis of the methanolic fraction revealed the pres-
ence of various phytocompounds in leaves, such as terpenes,
vitamin, carotenoid (rhodopin), flavonoids, and steroids.”® These
secondary metabolites include flavonoids,*®®® sterols/triterpe-
noids,”® alkaloids, and phenolics.”' Effects might be achieved
by facilitating insulin release from pancreatic -cells, inhibiting
glucose absorption in the gut, stimulating glycogenesis in the
liver and/ or increasing glucose utilization by the body.”* Apart
from lowering blood glucose effect, these phytochemicals are
known to regenerate the damaged B-cells and stopping oxidative
stress on beta cells in experimental diabetic rats.”” In line with
this finding, any of the secondary metabolites that are found in
B abyssinica crude extracts and solvent fractions may, therefore,
be responsible for the observed glucose suppressive and antihy-
perglycemic activity of the extract and some of the bioactive
constituents in this study could act synergistically or indepen-
dently enhancing the activity of glycolytic and glyconeogenic
enzymes. However, there is a need of bioactivity guided inves-
tigation to isolate the lead compound responsible for antidiabetic
activity and to establish the possible mechanism(s) of action.

Conclusions

The leaf extract of B abyssinica has shown significant glucose
lowering activity both in normal and STZ-induced diabetic
mice. This traditional medicinal plant extracts also showed
high a-amylase inhibitory and antioxidant activity, indicating
that the polyphenols present in the extracts have potential to
reduce o-amylase activity and scavenging DPPH. This study
therefore supports the use of B abyssinica herb for management
of diabetes mellitus by traditional healer. Further studies are
required to identify the lead compound(s) present in B abyssi-
nica with its molecular mechanism of action on peroxisome
proliferator-activated receptors, insulin sensitization, histologi-
cal analysis, and other insulin targets based on the pathophy-
siology of diabetes mellitus.
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