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Abstract
Myrianthus arboreus is used traditionally in the management of diabetes in Ghana. The study seeks to evaluate
the antioxidant, glucose uptake, α-glucosidase and α-amylase inhibitory activities of the stem bark to support its
folkloric use. The ethanol stem bark extract of M. arboreus was partitioned successively with petroleum ether,
chloroform, ethyl acetate and n-butanol. The extract and fractions were evaluated for their glucose uptake effects in
C2C12 myotubes and 3T3-L1 adipocytes. Their inhibitory action on α-glucosidase and α-amylase were also
investigated whereas their antioxidant activities were evaluated using the DPPH and nitric oxide scavenging assays.
The crude extract was further evaluated for its phenolic content, antioxidant capacity and reducing power. The stem
bark extract significantly (P<0.05) stimulated glucose uptake in C2C12 myotubes and 3T3-L1 adipocytes when
compared to control and also showed potent inhibitory activities against α-glucosidase and α-amylase with 11-fold
and 5-fold better activity than acarbose respectively. The DPPH and nitric oxide radical scavenging effect of the
extract were comparable with the ascorbic acid and α-tocopherol respectively. The extract had high phenol content
with tannic acid equivalent of (114.70 ± 10.48) mg/g with an ascorbic acid equivalent of (98.34 ± 14.50) mg/g. The
fractions demonstrated varying glucose uptake and enzyme inhibitory activities with the ethyl acetate fraction being
the most potent. The ethyl acetate fraction demonstrated the highest scavenging effect on the DPPH and nitric oxide
radicals. M. arboreus stem bark extract showed significant antioxidant, glucose uptake and enzyme inhibitory
activities justifying its use in traditional medicine.

Keywords: Myrianthus arboreus; Antioxidant; α-Amylase inhibition;
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Introduction
Diabetes mellitus is a metabolic disorder, of multiple aetiology,
characterized by chronic hyperglycemia, with disturbances of
carbohydrate, fat and protein metabolism. This is as a result of the
defects in the secretion of insulin, action of insulin or both [1]. There
are two types of diabetes mellitus; Type 1 diabetes mellitus and Type 2
diabetes mellitus. The disease affects about 382 million people
worldwide and is expected to increase to 592 million people by 2035,
with majority of the people living in low- and middle-income
countries [2]. The number of people with diabetes appears to be
increasing in every country and this has been attributed to the rapid
rise in unhealthy life style, urbanization and aging [3].
Type 2 diabetes mellitus is caused by insulin resistance which is
defined as defective insulin signaling and a decreased insulin efficiency
to induce the glucose transport from blood into peripheral tissues such
as the muscles and fat cells [4]. This results in increased levels of blood
glucose. Some of the currently available antidiabetic drugs improve
blood glucose levels by increasing the glucose uptake in peripheral
tissues. However, such drugs are associated with adverse side effects,
which limit their use in diabetic patients. Therefore, it is highly
desirable to discover antidiabetic agents that improve blood glucose
levels with minimal side effects.
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Postprandial hyperglycemia observed in type 2 diabetes mellitus
could induce the nonenzymatic glycosylation of several proteins
resulting in the development of chronic complications in diabetes [5].
Therefore, control of postprandial plasma glucose levels is critical in
the treatment of diabetes and in preventing chronic vascular
complications. One therapeutic approach for reducing postprandial
hyperglycaemia is by retarding the absorption of glucose through the
inhibition of carbohydrate metabolizing enzymes, α-glucosidase and
α-amylase, in the digestive tract. Inhibition of these enzymes retard the
catabolism of dietary carbohydrates to D-glucose and delay the
absorption of glucose into the blood stream thereby reducing
postprandial hyperglycemia [6].
In diabetes mellitus, chronic hyperglycemia results in the increased
production of reactive oxygen species leading to oxidative stress. A
well-known mechanism involved in the pathogenesis of diabetic
complications such as retinopathy, neuropathy and nephropathy [7].
Antioxidants have been shown to attenuate the diabetic-induced
oxidative stress and lipid peroxidation observed in diabetic animals [8]
thus medicinal plants with hypoglycemic effects containing natural
antioxidants which can preserve β-cell function [9] and retard the
formation of diabetes – induced reactive oxygen species (ROS) may
provide potential alternative therapeutic approaches for managing the
disease [10].

Myrianthus arboreus P. Beauv (Moraceae), commonly known as
“Anyankoma” by the Akans in Ghana is a tree that grows in the West
African rainforests [11]. The plant is used in traditional medicine with
various parts employed in treatment of several diseases. The leaves are
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used in the treatment of dysentery, diarrhoea and vomiting [12].
Myrianthus arboreus leaves are used as analgesic in the treatment of
muscular pains, fractures and hemorrhoids. Bark decoctions of the
plant are used in the treatment of malaria; fever and diabetes. The
roots are diced and prepared together with the seeds of Aframomum
melegueta K.Schum as a vapour bath against headache [13].
In our previous study on Myrianthus arboreus, reported that the
ethanol stem bark extract exhibited hypoglycemic and
antihyperlipidemic activities in Streptozotocin-induced diabetic rats
[14]. In this report, we present the glucose uptake stimulatory effect
and the α-amylase and α-glucosidase inhibitory activities of the extract
and fractions as some of the mechanisms by which the plant exerts its
hypoglycemic action. The study also reports on the in vitro antioxidant
activities of the ethanol stem bark extract and fractions.

Materials and Methods
Chemicals and reagents
Acarbose, rat intestinal acetone powder, porcine pancreatic αamylase, 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric chloride, FolinCiocalteu reagent, p-nitrophenyl-α-D-glucopyranoside, dinitrosalicylic
acid (DNS), potassium ferricyanide, Griess reaction reagent, accutase,
cytochalasin B, 3-Isobutyl-1-methylxanthine (IBMX), 2-Deoxy-Dglucose were products of Sigma (St. Louis, MO, USA). in Dulbecco's
modified Eagle's Medium (DMEM), fetal calf serum (FCS), newborn
calf serum (NBCS), L-glutamine, horse serum and Penicillin/
Streptomycin were purchased from Gibco (Berlin, Germany). C2C12
myoblasts (CRL-1772) and 3T3-L1 pre-adipocytes (CL-173) were
obtained from American Type Culture Collection (ATCC). [3H] 2DOG ([3H] 2-deoxyglucose) and liquid scintillation cocktail, Ultima
Gold XR, were obtained from Perkinelmer (Waltham, MA, USA). All
solvents and chemicals used in the experiments were of analytical
reagent grades.

Plant material collection, extraction and fractionation
The stem bark of M. arboreus was collected from Kwahu, in the
Eastern Region of Ghana, in March 2013. The plant was identified and
authenticated at the Department of Herbal Medicine, College of Health
Sciences, Kwame Nkrumah University of Science, and Technology
herbarium where voucher specimen (KNUST/HM 1/2013/S005) has
been deposited. The stem barks were cut into pieces, dried in an oven
at 40°C and coarsely powdered. 1.5 kg of the powder was Soxhlet
extracted for 48 h using 70% ethanol and the liquid extract
concentrated under reduced pressure at 40°C until the solvent for
extraction was completely removed to obtain a brown residue (MAB).
(Yield: 5.1% w/w.). 70 g of the crude extract so obtained was solvent
fractionated by partitioning the suspended extract in water with
petroleum ether, chloroform, ethyl acetate and n-butanol successively
to yield fractions: MAB1, MAB2, MAB3 and MAB4 respectively. The
aqueous residue obtained was considered as fraction MAB5.

Inhibition of α-amylase
The α-amylase inhibitory activity was determined by an assay
modified from the Worthington Enzyme Manual [15]. A total of 500
µL of the experimental sample (MAB, fractions and acarbose) was
added to 500 µL of 0.02 M phosphate buffer (pH 6.9) containing αamylase (0.5 mg/mL) solution. The mixture was incubated at 25°C for
10 min. 500 µL of a 1% starch solution in 0.02 M sodium phosphate
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buffer (pH 6.9) was added to each tube. The reaction mixtures were
then incubated at 25°C for 10 min after which the reaction was
stopped by adding 1.0 mL of 3,5-dinitrosalicylic acid colour reagent
(1% 3,5- dinitrosalicylic acid and 12% sodium potassium tartrate in 0.4
M NaOH). The test tubes were incubated in boiling water for 5 min
and cooled to room temperature. Absorbance was measured at 540 nm
after diluting the reaction mixture with 10 ml of distilled water. The αamylase inhibitory activity was expressed as percentage inhibition and
calculated as follows:
%��ℎ������� =

��������
− ��������
540
540
��������
540

× 100

Inhibition of α-glucosidase

A modified version of the assay described by Worthington Enzyme
Manual [15] was followed. A volume of 50 µL of sample (MAB and
fractions) (1-100 µg/mL) and acarbose (10-1000 µg/mL) and 100 µL of
0.1 M phosphate buffer (pH 6.9) containing crude α-glucosidase
solution (25 mg/mL) was incubated in 96-well plates at 25°C for 10
minutes. 50 µL of 5 mM p-nitrophenyl-α-D-glucopyranoside solution
in 0.1 M phosphate buffer (pH 6.9) was then added to each well at
timed intervals after incubation. The reaction mixture was then
incubated for 30 minutes at 37°C. Before and after incubation, the 4nitrophenol absorbance was measured at 405 nm using a micro-array
reader (Thermomax, Molecular Device Corp., Sunnyvale, CA) and
compared to a control that had 50 µL of buffer solution in place of the
extract. The α-glucosidase inhibitory activity was expressed as
percentage inhibition and calculated as follows:
%��ℎ������� =

Cell culture
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405
405
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× 100

C2C12 myotubes: C2C12 myoblasts (CRL-1772) were cultured in
Dulbecco's modified Eagle's Medium (DMEM; Gibco, Berlin,
Germany) containing 10% fetal calf serum (FCS), 2 Mm glutamine,
100 unit/ml penicillin, and 100 mg/mLstreptomycin. The cells were
cultured at 37°C in a humidified atmosphere containing 5% CO2
pressure. When the cells had achieved 70% - 80% confluence,
differentiation of myoblasts into myotubes was induced by replacing
the media with DMEM containing 2% horse serum, 2 mM glutamine,
100 unit/mL penicillin, and 100 mg/mL streptomycin. Four days after
fusion, the differentiated myotubes were used for the experiments.
3T3-L1 adipocytes: 3T3-L1 fibroblasts (CL-173) were cultured in
DMEM supplemented with 10% newborn calf serum (NBCS) and 1%
Penicillin/Streptomycin in 5% CO2 at 37°C. Differentiation was
initiated by treating the cells with DMEM containing 3-Isobutyl-1methylxanthine (IBMX, 0.5 mM), 1 μM dexamethasone, 1% Penicillin/
Streptomycin and 10% FCS for 48 hours. The cells were re-fed with
DMEM containing 10% FCS, 1% Penicillin/Streptomycin and 10 µM
human Insulin for the next 48 hours after which cells were kept in
maintenance media (DMEM+10% FCS and 1% Penicillin/
Streptomycin). More than 90% of the cells expressed adipocyte
phenotype between 12 and 16 days after the initiation of differentiation
and were used for the glucose uptake.
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Glucose uptake assays
Glucose uptake in C2C12 myotubes: Glucose uptake was assayed by
measuring the uptake of [3H]2-DOG ([3H] 2-deoxyglucose)
(Perkinelmer, NET549A) in 24-well plates [16]. Glucose uptake
measurements were performed in three independent experiments. The
experiments were carried out at room temperature and every well was
processed individually. Briefly, after 5 days of differentiation, C2C12
myotubes were serum starved for 4 h in DMEM containing 1%
Penicillin/Streptomycin. Myotubes were then treated with MAB and
fractions (10 and 30 µg/mL) for 60 min and washed two times with 500
µL HBS-buffer [10 mM HEPES (pH 7.4), 140 mM NaCl, 5 mM KCl,
2.5 mM MgSO4., and 1 mM CaCl2]. The HBS-buffer was aspirated and
immediately replaced with 400 µL of Glucose uptake-buffer (HBSbuffer containing 2 µCi [3H] 2-DOG/mL and 10 µM 2-DOG) and the
cells incubated for 5 min. The glucose-uptake buffer was then aspirated
and the uptake of glucose terminated by the immediate addition of
CB-stop solution (HBS-buffer containing 10 µM Cytochalasin B). The
cells were kept on ice for 15 min and then washed thrice with ice-cold
PBS solution which was afterwards aspirated to the last drop. The cells
were lysed in 400 µL of 0.2 M NaOH overnight with slight agitation (60
rpm), at 37°C. This was done in a humid chamber to avoid
evaporation. The dissolved cells were transferred into a 500 µL deep
well plate. [3H] 2-DOG levels were counted in 200 µL cell lysate in 4
mL of Ultima Gold XR using a liquid scintillation analyzer (Packard
TRI-CARB® 2200CA). The BCA-protein content of dissolved cells were
determined using the Pierce BCA-Protein Assay Kit and compared to a
BSA Standard-curve prepared in 0.2 M NaOH. The glucose uptake
data was expressed in cpm/mg of protein. 10 nM IGF-1 was used as a
positive control. Non-specific glucose uptake was determined by
adding 10 uM of Cytochalasin B to 200 µL of radioactive glucose
uptake buffer. This solution was incubated and processed in parallel to
the test samples for glucose uptake.
Glucose uptake in 3T3-L1 adipocytes: Glucose uptake was assayed
by measuring the uptake of [3H] 2-DOG ([3H]2-deoxyglucose) in 24well plates [17]. Glucose uptake measurements were performed in
three independent experiments. The experiments were carried out at
room temperature and every well was processed individually. 3T3-L1
adipocytes 15 days of post initiation were washed thrice with
starvation medium (DMEM, high glucose containing 1% Penicillin/
Streptomycin) and serum starved for 4 h at 37°C in a humidified
atmosphere of 5% CO2. The adipocytes were then treated with MAB
and fractions (10 and 30 µg/mL) for 60 min and washed with 400 µL
KRP-buffer [10 mM Na2HPO4 (pH 7.4), 130 mM NaCl, 5 Mm KCl, 1.3
mM MgSO4., and 1.3 mM CaCl2]. 400 µL of Glucose uptake-buffer
(KRP-buffer containing 1 µCi [3H] 2-DOG/mL and 100 µM 2-DOG)
was added to each well after aspiration of the KRP-buffer and
incubated for 10 min. The glucose-uptake buffer was then aspirated
and glucose uptake terminated immediately by the addition of CB-stop
solution (KRP-buffer containing 10 µM Cytochalasin B). The cells were
kept on ice for 10 min and then washed thrice with ice-cold PBS
solution which was afterwards aspirated to the last drop. The cells were
lysed in 400 µL of 0.2 M NaOH overnight with slight agitation (60
rpm), at 37°C. This was done in a humid chamber to avoid
evaporation. The dissolved cells were transferred into a 500 µL deep
well plate. 200 µL cell lysate of each well was well mixed with 4 mL of
liquid scintillation cocktail and the amount of radioactivity
incorporated into the cells measured with a liquid scintillation counter
(Packard TRI-CARB® 2200CA). This was normalized with its protein
content. The BCA-protein content of the dissolved cells were
determined using the Pierce BCA-Protein Assay Kit and compared to a
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BSA Standard-curve prepared in 0.2 M NaOH. The glucose uptake
data was expressed in cpm/mg of protein. 0.1 nM insulin was used as a
positive control. Non-specific glucose uptake was measured in the
presence of 10 µM of Cytochalasin B as an inhibitor of glucose
transport.

DPPH radical scavenging
The antioxidant activity of MAB and fractions were evaluated on the
basis of the radical scavenging effect of the stable DPPH free radical
[18]. The DPPH scavenging activity was determined according to
methods described by Brand WW [19] with slight modifications as
follows in a 96 well plate. MAB and fractions were serially diluted in
methanol to obtain a concentration range of 20 - 2000 µg/mL. The
reaction mixture was made up of 100 µL of 0.5 mM 2, 2-diphenyl-1picrylhydrazyl radical (DPPH), and 100 µL of each concentration of
the test sample. For positive control or standard, ascorbic acid was
used with methanol serving as the blank. Triplicate experiments were
performed. The plates were covered with aluminum foil, shaken gently
and kept in the dark for 20 min after which the absorbance was
measured at 517 nm. The mean percentage antioxidant activity for the
triplicate experiment was plotted for the standard and samples and
their effective concentration at 50% (EC50) values were determined by
nonlinear regression analysis.

Nitric oxide radical scavenging
Nitric oxide (NO) is generated from sodium nitroprusside in
aqueous solution at physiological pH. It interacts with superoxides to
produce peroxynitrite ions, which were measured using the Griess
reaction reagent [20]. 3.0 mL of 10 mM sodium nitroprusside in
phosphate buffer was added to 2.0 mL of extract (MAB and fractions)
and reference compound in different concentrations (20 - 2000 µg/ml).
The resulting solutions were then incubated at 25°C for 60 minutes. A
similar procedure was repeated with methanol as blank, which served
as control. To 5.0 ml of the incubated sample, 5.0 ml of Griess reagent
(1% sulphanilamide, 0.1% naphthyethylenediamine dihydrochloride in
2% H3PO4) were added and absorbances of the chromophore formed
were measured at 540 nm. The standard compound employed was αtocopherol.

Total antioxidant capacity
Phosphomolybdenum method as described by Prieto P [21] used to
determine the total antioxidant capacity of MAB where absorbance
was measured at 695 nm against the blank. The antioxidant activity
was expressed as the number of equivalents of ascorbic acid.

Total phenol content
Folin Ciocalteu’s reagent method [22] was used for phenol content
determination. MAB (1 ml of 0.0125-1 mg/mL) in methanol was
separately mixed with 1 ml Folin Ciocalteu’s reagent and 1 mL of
aqueous Na2CO3 (2%). The mixture was incubated at 25°C for 2 h, and
then centrifuged at 10000 g for 10 min. The absorbance of the
supernatant was determined at 760 nm. Methanol (1 mL) was also
processed in the same way as the test drugs and used as blank. The
standard curve was prepared by preparing tannic acid solutions
(0.02-0.1 mg/mL) in methanol. Total phenol values were expressed in
terms of tannic acid equivalents (mg/g of dry mass).
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Reducing power assay
Potassium ferricyanide method was used to determine the reducing
power of MAB. Absorbance was measured at 700 nm and higher
absorbance indicates stronger reducing power [23].

Statistical analysis
Results were presented as mean ± S.D values. One way ANOVA and
Dunnett's multiple comparisons test (Graphpad Prism version 6) was
carried out to compare the data with the with the level of significance
set at P<0.05 against the control. Where appropriate the significance
difference between two means was analyzed using unpaired t test.

Results
Effects of M. arboreus stem bark extract and fractions on αglucosidase and α-amylase activities
The enzyme inhibitory activities of the ethanol stem bark extract of
M. arboreus in comparison with the known antidiabetic drug, acarbose
on α-glucosidase and α-amylase are shown in Figures 1 and 2
respectively. The IC50 values obtained for acarbose and MAB in the αglucosidase inhibition assay are 121.90 ± 1.55 µg/mL and 11.11 ± 0.52
µg/mL respectively. Whereas the IC50 values obtained for the αamylase inhibitory activity was 67.20 ± 2.59 µg/mL and 13.56 ± 1.13
µg/mL respectively. Table 1 shows the α-glucosidase and α-amylase
inhibitory activities of the fractions of MAB. The fractions exhibited
varying degrees of inhibition of both enzymes, with the highest activity
being recorded with the ethyl acetate fraction (MAB3).

Figure 2: α-Amylase Inhibitory activity of M. arboreus stem bark
and Acarbose. Data expressed as Mean ± S.D (n=3). MAB: Ethanol
extract.

Glucose uptakea of M. arboreus stem bark extract and
fractions
The crude ethanol extract and fractions of M. arboreus were tested
for their effect on glucose uptake in differentiated C2C12 myotubes
and 3T3-L1 adipocytes using insulin-like Growth factor 1(IGF-1) and
insulin as positive controls respectively. Glucose uptake determination
in C2C12 myotubes revealed that the crude extract and fractions
exhibited varying glucose uptake stimulatory effects with significant
potentiation (ranging between 120% and 160%) of glucose uptake
occurring with the chloroform fraction (MAB2) and the ethyl acetate
fraction (MAB3) fraction as compared to the control (medium) (100%,
P<0.05) (Figure 3). The crude extract (MAB) and the aqueous fraction
(MAB5) at 30 µg/ml also demonstrated significant glucose uptake
stimulatory effect of 134.24% ± 9.41 and 128.51% ±11.02 compared to
the control respectively. All the fractions except the petroleum ether
fraction (MAB1) significantly (P<0.05) enhanced the uptake of glucose
in 3T3-L1 cells (120% - 180%) with the highest uptake recorded in cells
treated with the ethyl acetate fraction (Figure 4).

Antioxidant effects of M. arboreus stem bark extract and
fractions

Figure 1: α-Glucosidase inhibitory activity of M. arboreus stem bark
and Acarbose. Data expressed as Mean ± S.D (n=3). MAB: Ethanol
extract.

The crude ethanol extract of M. arboreus, MAB, exhibited a
concentration-dependent DPPH radical scavenging effect with an IC50
of 98.64 ± 1.99 µg/ml (Figure 5). The IC50 value of vitamin C was 23.78
± 1.38 µg/ml. It also exhibited a concentration-dependent effect against
NO radical (Figure 6) with an IC50 of 167.4 ± 2.22 µg/ml. αTocopherol, with an IC50 of 45.55 ± 1.66 µg/ml was more active than
MAB. The fractions of MAB showed significant scavenging effect on
the DPPH and NO radicals. The ethyl acetate (MAB3) fraction proved
to be the most active against both radicals (Table 2).

Total antioxidant and total phenol content of M. arboreus
stem bark
The content of total phenols measured by Folin-Ciocalteau’s reagent
in terms of tannic acid equivalents (mg/g) (Standard curve equation:
y=10.86x+0.01641, r2=0.994) was 114.70 ± 10.48. MAB showed good
antioxidant capacity which had a strong correlation with the total
phenol content of the plant. The total antioxidant capacity of the
extract in terms of ascorbic acid equivalent (mg/g) (the standard curve
equation: y=6.908x+0.046, r2=0.9832) was 98.34 ± 14.50.
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IC50 (µg/mL)
Extract/Fraction

α-Glucosidase

α-Amylase

MAB

11.11 ± 0.52

13.56 ± 1.13

MAB1

329.35 ± 10.25

321.95 ± 6.28

MAB2

47.03 ± 2.13

30.34 ± 2.15

MAB3

6.64 ± 0.36

3.75 ± 1.66

MAB4

82.10 ± 2.33

74.51 ± 0.32

MAB5

210.23 ± 6.15

96.32 ± 0.55

Acarbose

121.90 ± 1.55

67.20 ± 2.59

Table 1: Effect of M. arboreus stem bark extract and fractions on α-glucosidase and α-amylase. MAB: Ethanol extract, MAB1: Petroleum Ether
fraction, MAB2: Chloroform fraction; MAB3: Ethyl acetate fraction, MAB4: n-Butanol fraction, MAB5: Aqueous Residue.

Figure 3: Glucose Uptake Activity of M. arboreus fractions obtained
from Liquid-Liquid Extraction in C2C12 myotubes. aP<0.001,
bP<0.01 compared to control. MAB: Ethanol extract; MAB1:
Petroleum Ether fraction, MAB2: Chloroform fraction; MAB3:
Ethyl acetate fraction; MAB4: n-Butanol fraction, MAB5: Aqueous
Residue.

Figure 4: Glucose Uptake Activity of M. arboreus fractions obtained
from Liquid-Liquid Extraction in 3T3-L1 adipocytes. aP<0.001,
bP<0.01 compared to control. MAB: Ethanol extract; MAB1:
Petroleum Ether fraction, MAB2: Chloroform fraction; MAB3:
Ethyl acetate fraction; MAB4: n-Butanol fraction, MAB5: Aqueous
Residue.
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Figure 5: DPPH scavenging effect of M. arboreus stem bark and
Ascorbic acid. Data are expressed as mean ± S.D. (n=3). MAB:
Ethanol extract.

Figure 6: Nitric oxide scavenging effect of M. arboreus stem bark
and α-tocopherol. Data are expressed as mean ± S.D. (n=3). MAB:
Ethanol extract.

Reducing power of M. arboreus stem bark
The ethanol stem bark extract of M. arboreus exhibited good
reducing power potential which with was concentration dependent,
although the reductive ability of ascorbic acid was higher (Figure 7).
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IC50 (µg/mL)
Extract/Fraction

DPPH Radical

NO Radical

MAB

98.64 ± 1.99

167.4 ± 2.22

MAB1

315.26 ± 2.14

235.32 ± 1.89

MAB2

79.35 ± 2.25

86.43 ± 0.45

MAB3

32.19 ± 1.93

68.75 ± 0.78

MAB4

115.41 ± 2.62

134.56 ± 2.66

MAB5

227.04 ± 1.70

240.43 ± 3.01

Vitamin C

23.78 ± 1.38

-

Vitamin E

-

45.55 ± 1.66

Table 2: Effect of M. arboreus stem bark extract and fractions DPPH
and Nitric Oxide radicals. MAB: Ethanol extract, MAB1: Petroleum
Ether fraction, MAB2: Chloroform fraction; MAB3: Ethyl acetate
fraction, MAB4: n-Butanol fraction, MAB5: Aqueous Residue.

Figure 7: Reducing power of M. arboreus stem bark and Ascorbic
acid based on measurement of Fe3+-Fe2+ transformation. Data are
expressed as mean ± S.D. (n = 3). MAB: Ethanol extract.

Discussion
The crude ethanol extract of M. arboreus has been shown to possess
antidiabetic activity at doses of 100, 200 and 400 mg/kg between in
STZ-induced diabetic rat model [14]. However, the exact mechanism
for its blood glucose lowering effect was not clear. The current study
therefore was designed to explore the antidiabetic potential of the
ethanol stem bark extract of M. arboreus and evaluate various fractions
of the crude extract for glucose uptake stimulatory action in skeletal
muscles and the adipose tissues, inhibition of carbohydrate
metabolizing enzymes, α-glucosidase and α-amylase, along with its
antioxidant potential. The stem bark extract of M. arboreus showed
remarkable levels of enzyme inhibition potency with about 11-fold and
5-fold better activity than the antidiabetic drug, acarbose in the anti-αglucosidase and anti-α-amylase assays, respectively. The ethyl acetate
fraction was found to possess the most potent enzyme inhibitory
activity amongst the fractions with about 20-fold and 18-fold better
activity than acarbose in the anti-α-glucosidase and anti-α-amylase
assays, respectively. Results of the current study indicate that the
antidiabetic activity of M. arboreus may be mediated by its strong
inhibitory effect on the amylase and glucosidase activity. The crude
extract and fractions remarkably stimulated glucose uptake in fully
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differentiated C2C12 myotubes and 3T3-L1 adipocytes. An important
finding of the study is that the extract of M. arboreus possesses
considerable insulin-like properties as evidenced by enhancement of
glucose uptake in the cell-based assays. Further work is required to
elucidate the mechanism by which this effect is mediated. However,
glucose uptake in C2C12 skeletal cells was much lower than observed
in the adipocytes indicating a higher affinity for glucose uptake of the
extract and fractions in adipose tissues than skeletal muscles, although
the skeletal muscle is the major site for primary glucose disposal and
utilization [24]. The ethyl acetate fraction demonstrated the highest
enhancement of glucose uptake in both C2C12 myotubes and 3T3-L1
adipocytes. These findings suggest that the hypoglycemic effect of M.
arboreus could be due to its ability to modulate the uptake of glucose
from the blood stream into the skeletal muscles and adipose tissues as
well as its inhibitory effect on digestive enzymes. It is worth noting that
this is the first-time report of the glucose uptake stimulatory action of
M. arboreus. The molecular mechanism by which the extract exerts
this activity however should be investigated
One of the well-recognized fundamental mechanism in the
pathogenesis of chronic diabetes complications is oxidative stress,
resulting from increased production of ROS [25], thus attenuating
hyperglycemia-triggered oxidative stress may provide alternative
approaches in preventing the development of diabetes and diabetic
complications. Indeed, it has been reported that ROS can induce
insulin resistance [10,26], impair insulin synthesis [27], and impair βcell insulin secretion [9]. In the present study, we reported for the first
time, the antioxidant activities of M. arboreus stem bark extract and
fractions against the DPPH and NO radicals. In the DPPH test, the
stem bark extract was able to reduce the stable radical DPPH to the
yellow colored diphenyl picrylhydrazine. The method was based on the
reduction of alcoholic DPPH solution in the presence of a hydrogendonating antioxidant to the non-radical form DPPH-H [19]. Nitric
oxide (NO), a free radial, when produced in vivo, plays important
biological functions in the body. Endothelium-derived NO modulates
blood vessels, inhibits blood clotting by preventing platelet
aggregation, regulates apoptosis and maintains endothelial cell barrier
function [28]. NO acts as a messenger for the neurons in the brain and
other parts of the body [29], whereas NO produced as part of the
immune system enables white blood cells to kill tumour cells and
bacteria [30]. NO and superoxide (O2) react to form a highly reactive
peroxynitrite which has deleterious effects on cells and cellular
function. The NO radical inhibition study showed that MAB was a
potent scavenger of nitric oxide. MAB inhibited nitrite formation by
competing with oxygen to react with NO directly and also to inhibit its
synthesis. Given the potent antioxidant activities of the crude extract, it
was worthwhile to analyze the scavenging effect of its fractions. Once
again, the ethyl acetate fraction demonstrated the highest scavenging
effect on the DPPH and NO radicals, whiles the other fractions showed
moderate to low scavenging activity.
The total phenolic content of the crude ethanol extract that could
contribute to the observed antioxidant activity was also investigated.
The Folin-Ciocalteu reagent assay indicated an incredibly high
polyphenolic value in the extract. It has also been noted that the
antioxidant effect of many compounds could be attributed in part to
their reducing power [31]. Hence, the reductive capacity of the M.
arboreus was also assessed by measuring the Fe3+ - Fe2+
transformation in the presence the crude extract. The demonstrated
concentration-dependent reducing power effect, which was
comparable with ascorbic acid, was a further demonstration of the
potent antioxidant potential of M. arboreus stem bark extract.
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12.

In conclusion, the ethanol stem bark extract of M. arboreus
demonstrated remarkable ability to enhance the uptake of glucose into
the muscle cells and adipose tissues and also showed potent activities
against α-glucosidase and α-amylase. The extract also exhibited good
antioxidant activities. Given that the most potent enzyme inhibition,
glucose uptake stimulatory and highest antioxidant effects were
recorded by the ethyl acetate fraction, further studies on the
identification of the active principles in it are warranted.
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