
RESEARCH ARTICLE Open Access

Defatting of acetone leaf extract of Acacia
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potential
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Abstract

Background: Conventional drugs used to treat diabetes are too expensive, toxic and rarely available to rural
communities. This study was aimed at investigating the phytochemical differences and hypoglycaemic effects
(α-amylase enzyme inhibition, glucose uptake, GLUT4 translocation and phosphorylation of MAPKs) of non-defatted
and defatted acetone leaf extract of Acacia karroo.

Methods: Qualitative phytochemical analyses of extracts were determined using standard chemical tests and total
phenolic contents using the Folin-Ciocalteu reagent method. Presence of antioxidant constituents was determined
using DPPH scavenging and ferric reducing power assays. Alpha amylase enzyme inhibitory potential was determined
chromogenically and cytotoxicity of the extracts on C2C12 muscle and 3T3-L1 cells using the MTT assay. Glucose uptake
by the cells was determined colorimetrically and the most active extract was evaluated for its ability to translocate
GLUT4 and MAPKs phosphorylation potential using immunofluorescence microscopy and dot blot analysis, respectively.

Results: Phenols, flavonoids, tannins, saponins and cardiac glycosides were detected in both extracts. Defatting of the
plant material resulted in low amounts of phenols (0.432 ± 0.014 TAE/mg), DPPH scavenging activity (EC50 0.40 ± 0.
012 mg/ml), low toxicity and high ferric reducing power (EC50 1.13 ± 0.017 mg/ml), α-amylase enzyme inhibition (IC50
30.2 ± 3.037 μg/ml) and glucose uptake by both cells. The defatted extract showed an increase in GLUT4 translocation
(at 25 μg/ml) with decrease in Akt expression while in combination with insulin showed a decrease in GLUT4
translocation. A finding, that is implicative that the effect of the extract on GLUT4 translocation in C2C12 cells
was not Akt dependent. The defatted extract in the absence and presence of insulin show varying
phosphorylation levels of CREB, p38, GSK-3 and ERK2 which are important in cell survival and metabolism.

Conclusion: This study represents the first report on the hypoglycemic potential of A. karroo and presence of
compounds that can be exploited in the search for therapeutics with antidiabetic effect.
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Background
Diabetes mellitus is one of the major metabolic condi-
tions with leading morbidity and mortality rate, which
results in macrovascular and microvascular complica-
tions caused due to persistent glucose toxicity [1]. It is
now said to have reached epidemic status and the figure
of people living with diabetes is projected to increase to

522 million globally by the year 2030 [2]. Despite having
standard drugs for the management of diabetes mellitus,
it continues to be a challenge because so far, there are
no reports of drugs that are capable of curing the condi-
tion. Standard drugs available have been associated with
undesirable effects, in addition to their inaccessibility
[3, 4]; meaning that financially challenged people, espe-
cially from developing and underdeveloped countries
such as most African countries, including South Africa,
cannot access these medications [2, 5]. Because of his-
torical recognition [6] and economic pressure, people
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have resorted to the use of medicinal plants as a conven-
tional way to treat diabetes and its complications. Although
there are no reports that one completely recovered from
diabetes mellitus because of using medicinal plants, there
has been a surge in trying to isolate compounds of thera-
peutic interest from plants. Reduction of postprandial glu-
cose levels is very important in the management of
diabetes mellitus, and plants provide such effects which are
similar to available therapies with less to no side effects
[7, 8]. Nonetheless, their modes of action are poorly
explored.
Acacia karroo, commonly known as sweet thorn (English),

belongs to the family Fabaceae. The plant is common to the
southern Africa region and is widely distributed throughout
South Africa, Zambia, Zimbabwe and Angola [9]. The plant
is very easy to identify due to its characteristic white paired
thorns, brilliant yellow flowers and red like coffee colored
bark [10]. The name of the plant has recently been changed
to Vachellia karroo [11]. The gum produced by A. karroo is
used against oral thrush and can also be harvested for food
during hard times. The Shona people of Zimbabwe use the
roots against conditions such as convulsions, gonorrhea and
dizziness while the Ndebele people use them for general
body pains. Herbivores enjoy a great deal of nutritious for-
age from A. karroo, especially during dry seasons when the
grass is dried out. Acacia karroo is also effective against
fever, malaria, cholera, diarrhoea, dysentery and high blood
pressure [12–14]. Acacia karroo, just like Acacia nilotica
contains compounds with hypoglycaemic effects; however,
there are no reports that indicate that A. karroo induces
hypoglycaemic effects. The ability of this plant to exhibit
hypotensive effects and interact with biomolecules resulting
in inhibitory effects against digestive enzymes [14] prompted
us to examine its potential to promote hypoglycemic effects.
The aim of this study was to determine the phytochemical,
antioxidant, and possible hypoglycemic effects (alpha amyl-
ase enzyme inhibition and increased glucose uptake) of the
defatted and non-defatted extracts of A. karroo and possible
modes of action (GLUT4 translocation and phosphorylation
of MAPKs) of the most active extract on cells with high
glucose uptake.

Methods
Plant collection and preparation
Fresh leaves of Acacia karroo were collected from Uni-
versity of Limpopo and authenticated at the Larry Leach
Herbarium, the plant was assigned a specimen number
(UNIN: 121,020) and deposited in the herbarium. Col-
lected leaves were dried at room temperature, protected
from light and thereafter ground to a fine powder using
a commercial electric blender. Two types of extracts
were obtained from the dried leaf material namely, the
defatted and non-defatted acetone extracts. For defat-
ting, each plant material (5 g) was extracted (defatted)

using hexane (Sigma-Aldrich, S.A) overnight, followed
by extraction with acetone (Sigma-Aldrich, S.A). The non-
defatted extracts were extracted using acetone (Sigma-
Aldrich, S.A) only. The supernatants of each plant ma-
terial were filtered using a Whatman no.1 filter paper
into pre-weighed vials and the filtrates were dried
under a stream of air.

Phytochemical screening
Qualitative tests for various secondary metabolites were
conducted using published methods [15, 16].

Total phenolic content
The quantity of phenols present in each plant extract
was determined by the Folin-Ciocalteu reagent method
[17]. One milligram per milliliter (1 mg/ml) of each plant
extract (0.1 ml) was diluted with 0.4 ml of distilled water,
followed by addition of 0.25 ml of Folin reagent. To stop
the reaction, 1.25 ml of sodium carbonate (NaCO3) was
added and the mixture incubated at room temperature in
the dark for 30 min, after which absorbance was taken at
725 nm. The blank was prepared by adding all the re-
agents excluding the plant extracts. The amounts of phe-
nols were determined using the tannic acid standard
curve and were expressed as TAE/mg.

Antioxidant activity
DPPH free radical scavenging activity
The antioxidant potential of the extracts was determined
by the 2, 2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging activity assay [18]. The extracts were serially
diluted with distilled water in a 96 well plate, such that
the final volume of each plant extract was 100 μl. One
hundred microliter (100 μl) of 0.2% DPPH solution was
added to each well containing 100 μl of each plant ex-
tract at different concentrations. Methanol was used as a
blank and DPPH solution was used as a standard con-
trol. The 96 well plates were then incubated in the dark
for 20 min after which the absorbance was measured at
560 nm using a microtiter plate reader (Promega, U.S.A).
The ability of ascorbic acid to scavenge free radicals was
used as a standard from which SC50 of each extract was
compared.

Ferric reducing power
The ability of the extract to reduce ferric ions to a fer-
rous complex was determined using the ferric reducing
power assay [19]. Different concentrations of each ex-
tract (100 μl) were mixed with 250 μl of phosphate buf-
fer (0.2 M, pH 6.6) and 250 μl of Potassium fericcyanide
and then incubated at 50 °C for 20 min. To stop the re-
actions, 250 μl of trichloroacetic acid (TCA) was added
and the mixtures centrifuged at 3000 rpm for 10 min.
The supernatants of each mixture (250 μl) were
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aspirated and mixed with 500 μl of deionized water into
new aliquots; this was followed by addition of 50 μl of
freshly prepared ferric chloride solution. The absorbance
of each sample was then read at 700 nm. A blank was
prepared using all the reagents except for the plant ex-
tract. Ascorbic acid (EC50 in mg/ml) was used as a
standard to which extracts were compared.

Pancreatic α-amylase enzyme inhibition
The partial inhibition of pancreatic α-amylase was deter-
mined using the chromogenic method adapted by Sigma-
Aldrich with minor modifications [20]. Serial dilution of
each plant extract (40 μl plant and 160 μl distilled water)
reconstituted in DMSO was pre-incubated with 200 μl
(4 U/ml) of pancreatic α-amylase (Sigma-Aldrich) (dis-
solved in ice-cold distilled water) for five minutes at room
temperature. The reaction was initiated by addition of
400 μl of 0.5% potato starch solution (prepared in 20 mM
phosphate buffer at pH 6.9, containing 6.7 mM sodium
chloride) and incubated at 37 °C for 5 min. Final concen-
trations in each reaction mixture were 0.5 to 0.031 mg/ml
of each plant extract, 1 U/ml of α-amylase and 0.25%
(w/v) potato starch. The reaction was stopped by add-
ing 100 μl of DNS reagent (96 mM 3,5-dinitrosalicyclic
acid, 5.31 M sodium potassium tartrate in 2 M sodium
hydroxide) and heating the mixture for 15 min at 85 °C
in a water bath. After heating, 900 μl of distilled water
was mixed with 100 μl aspirated from each sample mix-
ture and absorbance read at 540 nm. The control mixtures
were done in a similar manner except that the plant ex-
tract was replaced by 40 μl of DMSO or Acarbose (serial
dilution) and with the blank; the enzyme solution was re-
placed by distilled water. Background readings were elimi-
nated by subtracting the absorbance of the extract without
substrate and enzyme from the absorbance of the extract
and substrate mixture. The final results were expressed
as IC50.

Cell culture maintenance and differentiation
The C2C12 muscle and 3T3-L1 pre-adipocyte cells were
provided by the Department of Biochemistry, Microbiol-
ogy and Biotechnology, University of Limpopo. The cell
lines were maintained in Dulbecco’s minimum-eagles
medium (DMEM) (Hyclone, Thermo Scientific) supple-
mented with 10% (v/v) fetal bovine serum (FBS) and 1%
(v/v) PSN (Penicillin: streptomycin: Neomycin) cocktail
and incubated at 37 °C and 5% CO2 in a humidified incu-
bator (Heracell 150i CO2 Incubator, Thermo Scientific).
The culture medium was replaced with fresh medium
every 2–3 days. C2C12 differentiation was induced by
refreshing the growth medium (DMEM supplemented
with 10% FBS and 1% PSN) with differentiation medium
(DMEM supplemented with 2% horse serum and 1%
PSN) for 4 days. The morphology of the C2C12 within

this period changed to that of myotubules [21]. On the
other hand replacing the growth medium with 3T3-L1
differentiation medium (0.5 mM IBMX, 1 μM dexa-
methasone, 5 μg/ml Insulin, DMEM, 10% FBS and 1%
PSN) induced differentiation of the 3T3-L1 cells. On
day 4, the differentiation medium was replaced with
post differentiation medium (DMEM, Insulin, 10% FBS
and 1% PSN) until day 8, with the medium changed
every 2 days. By day 8, the pre-adipocytes were fully
differentiated [22].

Cytotoxicity assays
Toxic effects of each plant extract was determined by the 3-
(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) (Sigma Aldrich, SA) assay [23]. The C2C12
muscle and 3T3-L1 cells were seeded at a density of
5 × 103 cells/well in 96 well plates and incubated at
37 °C and 5% CO2 overnight. Both cell lines were
treated with various concentrations of each plant ex-
tract for 24 h. After 24 h of treatment, the treatment
medium was aspirated carefully and replaced with
100 μl of MTT (1 mg/ml) in each well and further in-
cubated for 3 h at 37 °C in the incubator. The formazan
product was solubilized in 100 μl of DMSO the absorb-
ance reading at 560 nm recorded using the Glomax mi-
crotiter plate reader (Promega, U.S.A). Untreated cells
served as an experimental control from which the toxic
effects of the extracts were determined. Results obtained
were expressed as CC50 in μg/ml.

Glucose uptake assay
The ability of the extracts to induce glucose uptake was
determined using a published method [24]. Differentiated
C2C12 and 3T3-L1 cells were treated with non-cytotoxic
concentrations of the extracts for 3 h in a humidified
incubator at 37 °C. After 3 h of incubation, 1 μl of each
sample treatment was mixed with 99 μl of glucose per-
fect plus reagent (Audit Diagnostics, SA) and further
incubated at 37 °C for 30 min. The absorbance was
then read at 500 nm using the Glomax microtiter plate
reader (Promega, U.S.A). The initial amounts of glucose
present in each well were determined prior to incubation,
just after treatment. Untreated cells served as a standard
control and insulin (3000 mIU/ml) served as a positive
control. The results obtained were expressed as % glucose
uptake by the cells.

GLUT4 translocation
The amount of GLUT4 translocated to the cell membrane
was determined using immunocytochemistry [25]. Differ-
entiated cells that induced high amounts of glucose uptake
were chosen and seeded in 6 well plates at the density of
1.5 × 104 cells/well on coverslips and incubated at 37 °C
overnight. The medium was decanted and replaced with
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various treatments including the combination of insulin
(3000 mIU/ml) and the plant extract. Untreated cells
served as a standard control and insulin (3000 mIU/ml) as
a positive control. The samples were incubated at 37 °C in
a humidified incubator with 5% CO2 for 3 h. After 3 h of
incubation, the treatment medium was decanted and
the cells were washed once with 1 x phosphate buffered
saline (PBS). The cells were then fixed with 80% ice-cold
methanol for 10 min. This was followed by washing the
cells once with 1 x PBS and blocking the non-specific
binding with 0.5% bovine serum albumin (BSA) at room
temperature for 30 min. The blocking buffer was decanted
and the cells were washed twice with 1 x PBS and further
incubated with primary rabbit anti-GLUT4 antibody (In
0.5% BSA blocking buffer) for 1 h. The cells were there-
after washed twice with 1 x PBS and incubated with
goat-anti-rabbit FITC conjugated secondary antibodies
(IgG) for 30 min and again washed with 1 x PBS and
incubated with Wuchi stain (30 μg/ml) for 10 min. Fi-
nally, the cells were washed with 1 x PBS and mounted
on slides and viewed using immunofluorescence micro-
scope at 40X magnification.

Dots blot analysis of MAPKs
Parallel determination of the relative levels of phosphor-
ylation of Mitogen Activated Protein Kinases (MAPKs)
was done using the protocol provided by the KIT (Hu-
man phosphor-MAP array kit) (R&D Systems). The dif-
ferentiated C2C12 cells were treated for 3 h after which
the cells were washed once with 1 x PBS. The cell lysates
were obtained by solubilizing the cells in 300 μl lysis
buffer, pipetting up and down and rocking at 4 °C for
30 min, then centrifuging at 13000 rpm and supernatant
stored at −20 °C. The non-bindings sites on the mem-
branes (provided by the kit) were blocked for 1 h. During
this time, a concentration of 300 μg/ml of protein from
each treatment was mixed with 20 μl of detection anti-
body cocktail and incubated for 1 h. After blocking the
membranes for 1 h, they were incubated at 4 °C overnight
with the mixture of sample/antibody. After incubation
overnight, the membranes were placed into individual
containers containing 20 ml of 1 x wash buffer and subse-
quently washed three times (10 min each) with 1 x wash
buffer. After ensuring that the entire wash buffer was
removed, the membranes were further incubated with
streptavidin-HRP on a shaker for 30 min at room
temperature. The membranes were thoroughly washed
3X after incubation and ensuring the entire wash buffer

is dried up before adding the chemi reagent mix by
blotting the edges on a paper towel. The chemi reagent
mix was evenly distributed on the membranes and cov-
ered by plastic protectors, by pressing on the surface to
remove all the bubbles. The plastic protector was re-
placed by plastic wraps and the antigen-antibody com-
plex was then visualized by photo-detection using the
Syne-Gene Image analyzer (Bio-Rad, S.A).

Statistical analysis
Data was analysed using Graphpad Instat Statistical Soft-
ware, version 3.0; the results were expressed as ± SEM
of the mean, from triplicates of 3 to 4 independent ex-
periments. Statistical evaluation of the results was deter-
mined using the one way analysis of variance (ANOVA),
employing Turkey-Kramer multiple comparison test and
the results were considered significant at P < 0.05.

Results
Phytochemical screening
Table 1 shows the phytochemical screening of the defatted
and non-defatted extracts of A. karroo. The results shows
the presence of phenols, flavonoids, tannins, saponins and
cardiac glycosides and the absence of steroids, terpenoids
and carbohydrates in the defatted and non-defatted ex-
tracts. However, low amounts of saponins were detected
in the defatted extract as compared to the non-defatted
extract.

Phenolic, antioxidant and α-amylase enzyme inhibition
Total amounts of phenols are shown to decrease with
defatting of the plant material (0.432 ± 0.014 TAE/mg)
as represented in Table 2. Also, the potential of ascorbic
acid to scavenge DPPH free radicals was lower (SC50

0.59 ± 0.003 mg/ml) than both extracts of A. karroo
(P < 0.001), with the highest scavenging activity observed
for the non-defatted extract (SC50 0.37 ± 0.027 mg/ml)
(Table 2). As opposed to DPPH free radical scavenging
activity, the ability of ascorbic acid to reduce ferric ions
to ferrous ions showed a greater potential (EC50

1.06 ± 0.006 mg/ml) than both extracts, with the de-
fatted extract having more potent activity (EC50

1.13 ± 0.017 mg/ml) than the non-defatted. Furthermore,
both extracts significantly (P < 0.001) reduced enzyme ac-
tivity compared to the standard control acarbose (IC50

109.8 ± 3.914 μg/ml), with the highest activity observed in
the defatted extract (IC50 30.2 ± 3.037 μg/ml) (Table 2).

Table 1 Qualitative phytochemical tests of A. karroo extracts

Phenols Flavonoids Tannins Terpenoids Cardiac glycosides carbohydrates Steroids Saponins

Non-defatted ++ ++ ++ _ ++ _ _ ++

Defatted ++ ++ ++ _ ++ _ _ +
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Cytotoxicity
The defatted extract of A. karroo showed low toxicity
effects in both C2C12 muscle (568.09 ± 5.029) and
3T3-L1 adipose cells (329.71 ± 10.0) following 24 h of
treatment (Table 3.3). Toxic effects of both extracts
were low in C2C12 muscle cells than 3T3-L1 adipose
cells as shown in Table 3.

Glucose uptake
Undifferentiated cell lines elicit poor glucose disposal,
therefore, both cell lines were differentiated prior to treat-
ment. The amounts of glucose taken up by differentiated
C2C12 muscle (Fig. 1A) and 3 T3-L1 adipose (Fig. 1B)
cells following 3 h of various treatments was measured
and presented as % glucose uptake. Results obtained show
that insulin resulted in the highest amounts of glucose up-
take by C2C12 muscle (34.49% ± 0.599) and 3T3-L1 adi-
pose cells (29.37% ± 1.559). Treatment with the defatted
and non-defatted extracts at both 25 and 50 μg/ml re-
sulted in significant glucose uptake by C2C12 muscle and
3T3-L1 adipose cells when compared to the untreated
controls, except for the non-defatted extract at 25 μg/ml
in 3T3-L1 adipose cells. The most active extract was the
defatted extract at 25 μg/ml which shows an increase in
glucose uptake by C2C12 muscle (31.52%) and 3 T3-L1
adipose cells (26.24%). Although glucose uptake induced
by insulin was high above all treatments, there was no sig-
nificant difference between insulin and both extracts at 25
and 50 μg/ml with both cell lines. The C2C12 muscle cells
showed increased glucose uptake for all treatments com-
pared to the 3 T3-L1 adipose cells. Furthermore, DMSO
did not influence the amount of glucose taken up by both
cell lines.

GLUT4 translocation
GLUT4 translocation in the C2C12 muscle cells was
only assessed for the most active extract, in which case

the defatted extract resulted in low toxicity and high en-
zyme inhibition and glucose uptake in both cell lines
(particularly the C2C12 cells). Treatment of C2C12 cells
with insulin, extract alone and treatment combination
(extract + insulin) for 3 h show variations in the levels of
GLUT4 translocation as seen both qualitatively (Fig. 2A)
and quantitatively (Fig. 2B). GLUT4 translocation was
significantly lower in the standard control than insulin
(P < 0.001), extract (P < 0.001) and treatment combination
(P < 0.05). Treatment of cells with insulin significantly in-
duced GLUT4 translocation compared to the extract
alone (P < 0.001) and treatment combination (P < 0.001),
with the treatment combination being significantly lower
than the extract alone (P < 0.001).

MAPK phosphorylation levels
Figure 3 shows the phosphorylation levels of MAPKs as-
sociated with glucose metabolism following 3 h of treat-
ment and results are presented as mean phosphorylation
density. From the results obtained, insulin shows a sig-
nificant increase in phosphorylation levels of Akt1
(P < 0.001) compared to the control, extract, and extract-
insulin combination. Treatment with the plant extract
alone completely suppressed phosphorylation of Akt1,
while the treatment combination shows a significant re-
duction in the phosphorylation levels of Akt1. The control
and plant extract did not show any phosphorylation of
Akt pan (combination of Akt1, 2 and 3) as opposed to in-
sulin and the treatment combination (insulin + extract),
with the treatment combination showing significantly high
phosphorylation levels (P < 0.001) among all treatment
groups. Phosphorylation levels of P38α is shown to be sig-
nificantly lower in the control compared to all treatment
groups (P < 0.01), with no significant difference among
treatment groups. A different trend was observed in the
phosphorylation levels of CREB, where treatment with the
extract alone and extract-insulin combination show sig-
nificant phosphorylation levels as opposed to insulin,
with no significant difference when compared to the
control. Furthermore, treatment with the extract alone
and extract-insulin combination show a significant in-
crease in the phosphorylation levels of CREB compared
to insulin alone. Treatment with insulin and extract alone
show a significant reduction in the phosphorylation levels

Table 2 Total phenols, antioxidants and pancreatic α-amylase enzyme inhibition

Phenols (TAE/mg) DPPH scavenging activity S
C50 (mg/ml)

Ferric Reducing power EC50 (mg/ml) α-amylase enzyme inhibition IC50 (μg/ml)

Non-defatted 0.449 ± 0.025 0.37 ± 0.027***a 1.65 ± 0.023***a 39.3 ± 1.715***a

Defatted 0.432 ± 0.014 0.40 ± 0.012***a 1.13 ± 0.017a 30.2 ± 3.037***a

Ascorbic acid _ 0.59 ± 0.003 1.06 ± 0.006 _

Acarbose _ _ _ 109.8 ± 3.914

Data is expressed as ± SEM from averages of three to four independent repeats. Significant difference between the control and extracts and between the extracts was
considered at P < 0.05. A superscript asignifies significant difference between the extracts and the asterisk significant difference between the control and extracts

Table 3 Cytotoxic concentration killing 50% of cells

Cytotoxic concentration values (CC50 μg/ml)

C2C12 Muscle cells 3T3-L1 Adipose cells

Non-defatted 491.95 ± 2.309 312.74 ± 1.975

Defatted 568.09 ± 5.029 329.71 ± 10.0

Data is presented as ± SEM from three average determinations
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of ERK2 (P < 0.001) as opposed to the treatment with ex-
tract-insulin combination which show significantly high
phosphorylation levels of ERK2 (P < 0.001) when com-
pared to the control. Compared to the control, all treat-
ment groups show a significant increase in the
phosphorylation levels of both GSK-3α/β and GSK-3β;
among all treatment groups, treatment with extract-insulin

combination resulted in the most phosphorylation levels of
GSK-3α/β and GSK-3β at P < 0.001.

Discussion
Modulation of postprandial glucose levels through de-
creased glucose liberation from diet and glucose disposal
by peripheral tissues such as muscle and adipose tissues
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Fig. 1 Glucose uptake by C2C12 muscle (a) and 3T3-L1 adipose cells (b) following 3 h treatment with extracts of A. karroo. Insulin at 3000 mIU/ml was
used as a positive control. Untreated cells and DMSO were used as standard controls. NDAK = Non-defatted extract of A. karroo, DAK = Defatted ex-
tract of A. karroo. The results are presented as ± SEM from triplicate of three independent experiments. The statistical significance of the results was
tested using One-way Analysis of Variance (ANOVA) employing the Turkey-Kramer multiple comparison test between the control and different groups
and between groups. The results were considered significant at (*) P < 0.05, (**) P < 0.01 and (***) P < 0.001
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are widely acceptable primary modalities for testing
hypoglycaemic effects. In this study, we examined the
phytochemical, phenolic and antioxidant constituent
differences of the defatted and non-defatted extracts of
A. karroo. Furthermore, biological activities that are de-
terminants of antidiabetic effects were evaluated.
Medicinal plants contain diversity of phytochemicals

that serve to protect them against pathogens. These phy-
tochemicals have a proven history in the treatment of
various diseases in humans and have served as a source
for proven templates for drug development [26]. A re-
view of available literature on antidiabetic effects of
plants report that phytochemicals such as polyphenols,
flavonoids, tannins, saponins, coumarins, anthraglyco-
sides and terpenoids have the potential to induce antidi-
abetic effects [5, 26]. Our qualitative tests for the
presence of phytochemicals showed the presence of phe-
nols, tannins, saponins, flavonoids and cardiac glycosides
in both defatted and non-defatted extracts and absence
of terpenoids, carbohydrates and steroids. Presence of
steroids [27] and carbohydrates in the extract were eval-
uated in the study because they can negatively affect the
associated hypoglycaemic effects. Furthermore, defatting
of the plant material did not influence the presence of
inherent compounds.
Phenols are a diverse group of polar compounds at-

tributed to the treatment and management of various
conditions including; haemorrhagic shock, ageing, ische-
mia, Alzheimer, Parkinson’s disease, arthritis, gastro-
intestinal disorders, carcinogenesis, atherosclerosis and
most importantly diabetes mellitus [28–30]. Following

the determination of the qualitative presence of phenols
in both extracts of A. karroo, the amounts of phenols
contained in each extract were quantified. Defatting of
the plant material influenced the outcome of the amounts
of phenols, although the difference was not significant, the
non-defatted extract had slightly higher amounts of phe-
nols compared to the defatted extract. A previous study
reported that the acetone leaf extract of Vachellia karroo
(Acacia karroo) showed low amounts of phenols [31]. This
is contrary to our finding in this study, where the acetone
extract (non-defatted) is shown to have high amounts of
phenols possibly due to geographical location, environ-
mental factors, parasitic infestation or season of plant col-
lection. On the other hand, we could not correlate the
findings of the defatted extract with any previous study on
the plant. In trying to understand the reasons behind
the observed differences, we correlated our findings to
findings on other plants other than A. karroo. A previ-
ous study [32] compared the phytochemical, antioxi-
dant and bioactivity differences between the defatted
and non-defatted extracts of various plants. Defatting
of plant materials have been associated with yields con-
taining high amounts of highly polarisable medium sized
compounds, mostly phenols; which could be the exact
reason why defatted extracts had high amounts of phe-
nols. Hence we could attribute our findings to the nature
of compounds present in the plant extract.
Phenols are considered as natural hosts of antioxi-

dants. Antioxidants are molecules with the ability to pre-
vent auto oxidation of bio-molecules and have also been
greatly implicated in the prevention and progression of

Fig. 3 The C2C12 muscle cells were either untreated or treated with insulin (3000 mIU/ml), defatted extract of A. karroo (25 μg/ml) and a combination of
the plant extract and insulin for 3 h. Data shown are from a four minute exposure to X-ray. The results obtained were expressed as means ± SEM. The
statistical significance of the results was tested using one way ANOVA employing the Tukey-Kramer Multiple Comparisons Test. The P value significance
was represented by an asterisk (*) for P < 0.05, two asterisks (**) for P < 0.01 and three asterisks (***) for P < 0.001
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diabetes. The current findings in this study indicated
that defatting of the plant material influenced the out-
come of its antioxidant potential. The DPPH free radical
scavenging potential was shown to decrease with defat-
ting (0.40 ± 0.012), although the difference was not sig-
nificant. Both the defatted and non-defatted extracts
were shown to have very high electron donating abilities
to quench DPPH free radicals when compared to ascor-
bic acid (0.59 ± 0.003) at P < 0.001. Contrary to the
findings of DPPH free radical scavenging activity, the
ferric reducing power was significantly (P < 0.001) im-
proved with defatting (1.13 ± 0.017). Ascorbic acid had
the high ability to reduce ferric ions Fe3+ to ferrous ions
Fe2+ (1.06 ± 0.006) when compared to both extracts, with
the non-defatted extract showing significantly low
(P < 0.001) ferric reducing power (1.65 ± 0.023). This find-
ing is consistent with a previous study [32] where the
same trend was observed with other plants and was attrib-
uted to the removal of fats and oils (defatting). Adding to
that, the nature of compounds present in the plant might
have a direct bearing on the outcome, since phytochemi-
cals produced in plants are a function of environment in-
fluences. However, looking at other phenolic compounds
such as flavonoids and tannins might also give a clear pic-
ture to the outcome. Furthermore, the reducing power po-
tential could be as a result of the number of phenol
groups and position/number of hydroxyl groups and the
scavenging activity could be attributed to the number of
hydroxyl groups with redox properties [33].
Partial inhibition of carbohydrate digesting enzymes is

one of the primary targets in the discovery of drugs with
antidiabetic effects. These enzymes liberate glucose en-
tering the blood circulation, thereby contributing to the
levels of postprandial glucose [34, 35]. Hence, partial in-
hibition of these enzymes would result in the reduction
of postprandial glucose levels. The extracts of A. karroo
had high inhibitory effects on pancreatic α-amylase com-
pared to acarbose, by more than 3 fold for the defatted
and 2 fold for the non-defatted extracts. The observed
inhibitory effects against α-amylase could be as a result
of polyphenols [36, 37], in which case, antioxidants in
this study could have also influenced the outcome of the
inhibitory effects. Also, that defatting of the plant mater-
ial yielded more compounds with inhibitory effects or
unmasks their inhibitory potential against alpha amylase
is a possibility. Furthermore, the interactive ability of
proteins with phenols, perhaps due to the degree of hy-
droxylation and conjugation, could be the reason for the
observed outcome. To the best of our knowledge, this is
the first time this plant is reported to have α-amylase in-
hibitory effects.
Cytotoxic evaluation of the extracts showed the defat-

ted and non-defatted extracts to be non-toxic against
3T3-L1 and C2C12 cells, with CC50 values >300 μg/ml.

However, defatting of the plant material resulted in low
toxicity effects against both cell lines. Furthermore, the
toxic effects of the extracts were less on the C2C12 cells
compared to the 3T3-L1 cells, possibly due to distinctive
roles of the cell lines.
Apart from reducing enzyme activity, uptake of glu-

cose from the circulation into peripheral tissues such as
the liver, muscle and adipose tissue is the major process
regulating blood glucose homeostasis [38]. It is widely
accepted that adipose and muscle tissues are the major
site of insulin-mediated glucose disposal due to their
large contribution to body mass and serve as great mo-
dalities in diabetes studies. A majority of diabetics suffer
a great loss of insulin resistance; hence compounds that
mimic or increase insulin sensitivity are of major im-
portance in the treatment of diabetes mellitus [7]. We
examined the ability of the extracts of A. karroo to in-
duce glucose disposal into the muscle and adipose cells.
Results obtained revealed that both extracts have the po-
tential of being a source of drug leads for treating dia-
betes mellitus; this is because both extracts increased
glucose uptake at 25 and 50 μg/ml in both cell lines. De-
fatting of the plant material seemed to have improved
the biological efficacy, probably as a consequence of the
removal of interfering compounds. Also glucose uptake
may differ from cell to cell as seen in our findings, where
the C2C12 muscle cells improved glucose uptake as
compared to the 3T3-L1 cells, which could be attributed
to the distinct roles of different cells, as the compounds
present in each extract may have distinctive effects on
different cell lines. As to whether the observed glucose
uptake is due to insulin mimicking/sensitising effects or
other mechanisms is yet to be conclusively elucidated.
Furthermore, we could as well not correlate our findings
to any hypoglycaemic study on A. karroo because there
are no reports on its hypoglycaemic potential, at least to
the best of our knowledge. However, the capacity to
which glucose was taken up in a period of 3 h is com-
parable to available studies on other plants with antidia-
betic effects [8, 39].
Glucose disposal in peripheral tissues is mediated by

insulin through special glucose transporters. Any defect
in the translocation of these glucose transporters (most
importantly GLUT4) from the intracellular vesicles to
the surface membrane is associated with insulin resist-
ance, thereby leading to hyperglycaemia. Glucose dis-
posal in the muscle and adipose tissues is dependent
upon GLUT4 translocation [40, 41]. In our study, we de-
termined the major cause of the observed glucose uptake
in the C2C12 muscle cells. The reason for this choice
was the potential to induce high glucose uptake and low
toxicity when treated with the extracts. Furthermore, the
extract with overall best enzyme inhibition activity and
glucose uptake was chosen; in this case, the defatted
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extract of A. karroo at 25 μg/ml. In this assay, a combin-
ation of insulin and the extract was included in order to
ascertain whether the extract has additive or antagonistic
effects when combined with insulin. The results ob-
tained correlate with that of glucose uptake, suggesting
that the glucose uptake observed was due to GLUT4
translocation. Furthermore, a combination of insulin and
the extract showed antagonistic effects, suggesting the
possibility of the extract’s ability to interact with one or
more factors associated with insulin-mediated glucose
transport signalling pathway, thereby blocking signal
transduction caused by insulin. The possible role of che-
micals, physical or biological alterations of factors in-
volved in GLUT4 translocation can also not be ruled
out. Despite the antagonistic effects observed with the
treatment combination, this finding is beneficial since an
extract that exerts such effects and equally promote
GLUT4 translocation can serve as an alternative to insu-
lin (insulin mimetic) treatment; and could be highly
beneficial in the case of absolute absence of insulin and
severe insulin resistance.
For GLUT4 molecules to translocate to the surface

membrane, activation of the cascade involving various
mitogen activated protein kinases and serine/threonine
kinases augment to bring about desired effects. Having
been certain that the observed glucose uptake was
through GLUT4 translocation, we further assessed the
modes of action by which the extract induce GLUT4
translocation. The phosphorylation profile of MAPKs
[Akt1, Akt pan (Akt1, 2 and 3), p38α, CREB, ERK2,
GSK3α/β and GSK3β] which are involved in glucose
transport either directly or indirectly were examined
using dot blot analysis.
The results obtained indicated that GLUT4 transloca-

tion indicated by insulin was through Akt1. Treatment
combination of the defatted extract of A. karroo and in-
sulin was shown to decrease the expression of Akt1, thus
buttressing the notion that the plant extract in combin-
ation with insulin exert antagonistic effects, which could
also be seen in the translocation of GLUT4 to the sur-
face membrane. Contrary to insulin, treatment, the plant
extract alone is shown to have completely suppressed
the expression of Akt, which may suggest that the ob-
served glucose uptake and GLUT4 translocation might
not have been through Akt activation but rather through
other pathways such as aPKCλ/ζ or p38α or proteins
downstream Akt, although further studies need to be
conducted in order to elucidate the exact mechanisms
responsible for GLUT4 translocation. It was also evident
that the defatted extract of A. karroo supresses all iso-
forms of Akt, as seen by the total suppression of Akt
pan which is composed of all the three isoforms of Akt.
The expression of Akt pan with insulin and the treat-
ment combination could have been entirely through

phosphorylation of Akt1 unlike Akt2 and Akt3. These
findings are consistent with previous report [42], where
compounds present within plants such as apigenin,
kaemferol, quercetin and luteolin among a few, inhibit
Akt-mediated glucose uptake, which might explain why
Akt was completely suppressed and phosphorylation
levels of Akt1 following treatment combination was re-
duced; this is also suggestive that the plant contains such
compounds with the capabilities of inhibiting Akt. A
study undertaken [43] demonstrated that some com-
pounds such as garlic acid within plants inhibit GLUT4
translocation through suppressing Akt phosphorylation
but stimulates GLUT4 translocation through aPKC ζ/λ
phosphorylation.
Besides insulin as a stimulus, mitogenic or other stress

stimulus activates p38α, resulting to glucose uptake via
GLUT1 and GLUT4, protein synthesis and monitor cell
survival [44, 45]. This study supports the claims that in-
sulin activates p38α and could also account for the ob-
served GLUT4 translocation among other functions; the
phosphorylation levels of p38α due to insulin treatment
was significantly higher than the control (P < 0.01). Sur-
prisingly, the defatted extract of A. karroo was shown to
slightly induce the phosphorylation of p38α than that of
insulin and was also significantly different from the con-
trol (P < 0.01). This could suggest that the observed
GLUT4 translocation induced by the defatted extract of
A. karroo might be due to activation of proteins down-
stream of Akt (more especially the p38α) or other un-
known pathways. Similarly, a treatment combination of
insulin and extract also resulted in the phosphorylation of
p38α slightly above that of insulin. Relating GLUT4 trans-
location induced by the extract alone and the treatment
combination to phosphorylation levels of p38α may sug-
gest that high phosphorylation levels of these treatments
above that of insulin could be due to other stimuli such as
compounds present in the extract. Furthermore, the possi-
bility that p38α serves as the major regulator of GLUT4
translocation for the treatments, particularly the defatted
extract of A. karroo cannot be ruled out.
Akt has also been associated with downstream phos-

phorylation of glycogen synthase kinases at positions
Ser21 for alpha and Ser9 for beta respectively, thereby
deactivating them. This enables glycogen synthase (GS)
to remain active and promote glucose uptake and glyco-
gen synthesis. Although both isoforms of GSK-3 have no
direct bearing on GLUT4 translocation, they help in
maintaining glucose regulation and cellular proliferative
processes [46–48]. In this study, all the treatment groups
exhibited significantly high phosphorylation levels of
GSK-3β than the control. This suggests that there was
increased glycogen synthesis from all treatment groups
and that utilisation of energy for various metabolic pro-
cesses was rather through a compensatory mechanism
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than the entire glucose taken up by the cells [49]. The
results of GSK-3α/β phosphorylation were enhanced
compared to GSK-3β with an exception of insulin, which
suggests that insulin was more involved with phosphor-
ylation of GSK-3β than GSK-3α. These results confirm
that the plant extract has the ability to phosphorylate
proteins downstream of Akt. Dysregulation of GSK-3
results in insulin resistance as observed in diabetic pa-
tients; which could possibly make the extracts benefi-
cial in this aspect.
The cAMP response element binding protein (CREB)

is one of the major important proteins that mediate nu-
clear transcription of various factors depending on the
stimuli. The CREB is commonly known to be respon-
sible for adaptation, cell survival, differentiation and
proliferation [50, 51]. CREB can be activated by up-
stream proteins such as Akt, PKA, PKC, MSK-1,
p90RSK and CAMK, each with a desired transcriptional
response [50, 52, 53]. It was not surprising in this study
that all treatment groups showed phosphorylation of
CREB, even though only the extract and treatment
combination of extract and insulin were significantly
higher than the control at P < 0.01 and P < 0.05, re-
spectively. These results indicate that there was tran-
scription of various proteins responsible for executing
desired functions based on the stimuli. Elevated levels
in the extract and treatment combination could suggest
increased protein transcription probably due to the fact
that plants contain an array of compounds which may
act as stimulus for transcription of different proteins
and as such, the observed differences. Similar to the
function of CREB, another protein called ERK-2 has
also been associated with transcription of proteins and
is involved in differentiation, cell proliferation, migra-
tion, adhesion and survival [54, 55]. Phosphorylation of
ERK-2 due to the defatted extract of A. karroo and insulin
was significantly lower than the control (P < 0.001) and
higher in the treatment combination than the control
(P < 0.001). It is not clear as to why the control exhibited
very high phosphorylation levels of ERK-2, although it
could be suggested that a recovery from starvation might
have played a role in various processes which could be
compensatory to the cells. Also, slow glucose uptake
seems to have played a role in the untreated control rela-
tive to insulin and the extract alone. Very high phosphor-
ylation levels of the treatment combination might suggest
that there was no interference between the extract and in-
sulin resulting to an additive response. As to whether this
might have played a role in the reduction of glucose up-
take requires further investigation.

Conclusion
Both extracts of A. karroo possess hypoglycaemic poten-
tial and require further investigation, most importantly

in in vivo studies. In addition to that, the defatted ex-
tract has a great potential of providing drug leads for the
treatment of diabetes mellitus and the exact mechanism
(s) responsible for the observed biological activity needs
further elucidation. Studies are ongoing aimed at the
isolation of compounds and/or the identification of sub
fractions that can elicit the observed effects.

Abbreviations
Akt: Alpha serine/threonine kinase; aPKCλ/ζ: Protein kinase lamda and zeta;
CC50: Cytotoxic concentration exhibiting 50% activity; CREB: cAMP response
element binding protein; DPPH: 2, 2-diphenyl-1-picrylhydrazyl;
EC50: Concentration exhibiting 50% activity; ERK2: Extracellular signal
regulated kinase; GSK-3α/β: Glycogen synthase kinase-3 alpha and beta;
IC50: 50% Inhibitory concentration; MAPK: Mitogen activated protein kinases;
P38: p38α mitogen-activated protein kinase; SC50: 50% Scavenging
concentration; TAE: Tannic acid equivalence

Acknowledgments
Research reported in this publication was supported by the South African
Medical Research Council (through funding received from the South African
National Treasury), National Research Foundation and the University of Limpopo.

Consent for the publication
Not applicable.

Funding
This work was made possible by grants from the Medical Research Council
(South Africa) awarded to LJM, National Research Foundation, NRF (Thuthuka)
awarded to MPM and the University of Limpopo.

Availability of data and materials
The datasets supporting the conclusions of this article are included within
the article and is readily and freely available to any scientist wishing to use
them for non-commercial purposes.

Authors’ contributions
All authors have read and acknowledge the approval of the submission of
the final manuscript. IN, VPB and BKB carried out the field work and execution
of experiments. MPM and LM analysed the results. The study was conceived by
the LM and MPM while the manuscript was written by IN. VM and KWL proof
read the manuscript. VPB verified the scientific names.

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 20 July 2017 Accepted: 17 October 2017

References
1. Fowler MJ. Microvascular and macrovascular complications of diabetes. Clin

Diabetes. 2008;26:77–82.
2. Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global estimates

of the prevalence of diabetes for 2011 and 2030. Diabetes Res Clin Pr.
2011;94:311–21.

3. Collier CA, Bruce CR, Smith AC, Lopaschuk G, Dyck DJ. Metformin counters
the insulin-induced suppression of fatty acid oxidation and stimulation of
triacylglycerol storage in rodent skeletal muscle. Am J Physiol-Endoc M.
2006;291:182–9.

4. Eurich DT, McAlister FA, Blackburn DF. Benefits and harms of anti-diabetic
agents in patients with diabetics and heart failure: systematic review. BMJ.
2007;335:497–9.

Njanje et al. BMC Complementary and Alternative Medicine  (2017) 17:482 Page 10 of 11



5. Mohammed SA, Yaqub AG, Sanda KA, Nicholas AOW, Muhammad M,
Abdullahi S. Review on diabetes, synthetic drugs and glycaemic effects of
medicinal plants. J Med Plants Res. 2013;7:2628–37.

6. Vishwakarma AP, Vishwe A, Sahu P, Chaurasiya A. Magical remedies of
Terminalia arjuna (ROXB.). Int J Pharm Arc. 2013;2:189–201.

7. Tiwari A, Rao J. Diabetes mellitus and multiple therapeutic approaches of
phytochemicals: present status and future prospects. Cur Sci. 2002;81:30–8.

8. Seabi IM, Motaung SCKM, Ssemakalu CC, Mokgotho MP, Mogale AM,
Shai LJ. Effects of Cassia abbreviata Oliv. And Helinus integrifolius (lam.)
Kuntze on glucose uptake, Glut-4 expression and translocation in
muscle (C2C12 mouse myoblasts) cells. Int J Pharmacog Phytochem
Res. 2016;8:1003–9.

9. Barnes RD, Filer DL, Milton SJ. Acacia karroo. Tropical Forestry: Oxford
Forestry Institute, Oxford University; 1996.

10. Aubrey A. acacia karroo Hayne. south Africa: south African National
Biodiversity Institute; 2002.

11. Brown D, Ng’ambi JW, Norris D, Mbajiorgu FE. Blood profiles of indigenous
Pedi goats fed varying levels of Vachellia karroo leaf meal in Setaria
verticillata hay-based diet. S Afr J Anim Sci. 2016;46:432–40.

12. Anold HJ, Gulumian M. Pharmacopoeia of traditional medicine in Venda. J
Ethnopharmacol. 1984;12:35–74.

13. Adedapo AA, Sofidiya MO, Masika PJ, Afolayan AJ. Anti-inflammatory and
analgesic activities of the aqueous extract of acacia Karroo stem bark in
experimental animals. Basic Clin Pharmaco Toxico. 2008;103:397–400.

14. Kazembe T, Chinyuku J. In vitro babeosis assaying using Acacia karroo and
Dicomaanomala plant extracts and extract fortified antimalarial drugs,
bulletin of environment. Pharmaco Life Sci. 2012;1:26–31.

15. Yadav R, Agarwala M. Phytochemical analysis of some medicinal plants. J
Phytol. 2011;3:3–14.

16. Ntsoelinyane PH, Manduna IT, Mashele SS. The anticancer, antioxidant and
phytochemical screening of Philenoptera violacea and Xanthocercis zambesiaca
leaf, flower & twig extracts. Int J Pharmacol Res. 2014;4:2277–3312.

17. Humadi SS, Istudor V. Lythrum salicaria (purple loosestrife). Medicinal use,
extraction and identification of its total phenolic compounds. Farmacia.
2009;57:192–200.

18. Katsube T, Tabata H, Ohta Y, Yamasaki Y, Anuurad E, Shiwaku K, Yamane Y.
Screening for antioxidant activity in edible plant products: comparison of
low-density lipoprotein oxidation assay, DPPH radical scavenging assay and
Folin-Ciocalteu assay. J Agric Food Chem. 2004;52:2391–6.

19. Arulpriya P, Lalitha P, Hemalatha S. In vitro antioxidant testing of the
extracts of Samanea saman (Jacq.) Merr. Der Chemica Sinica. 2010;1:73–9.

20. Bernfeld P. Amylases, alpha and beta. Method Enzymo. 1955;1:149–58.
21. Jing L. C2C12 myoblasts. Bio-Protoc. 2012;2:1–3.
22. Reed BC, Lane MD. Insulin receptor synthesis and turnover in differentiating

3T3-L1 preadipocytes. Proc Natl Acad Sci. 1980;77:285–9.
23. Mossman T. Rapid colorimetric assay for cellular growth and survival: application

to proliferation and cytotoxicity assays. J Immunol Methods. 1983;65:55–63.
24. Foley JE, Kashiwagi A, Verso MA, Reaven G, Andrews J. Improvement in in

vitro insulin action after one month insulin therapy in obese non-insulin
dependent diabetes: measurements of glucose transport and metabolism,
insulin binding and lipolysis in isolated adipocytes. J Clin Invest. 1983;72:1901–9.

25. Monaghan P, Robertson D, Amos TA, Dyer MJ, Mason DY, Greaves MF.
Ultrastructural localization of Bcl-2 protein. J Histochem Cytochem.
1992;40:1819–25.

26. Doughari JH. Phytochemicals: extraction methods, basic structures and
mode of action as potential chemotherapeutic agents: INTECH Open Access
Publisher; 2012.

27. Van Raalte DH, Diamant M. Steroid diabetes: from mechanism to treatment.
Neth J Med. 2014;72:62–72.

28. Qader SW, Abdulla MA, Chua LS, Najim N, Zain MM, Hamdan S. Antioxidant,
total phenolic content and cytotoxicity evaluation of selected Malaysian
plants. Molecules. 2011;16:3433–43.

29. Bagchi D, Bagchi M, Stohs S, Das D, Ray S, Kuszynski C, Joshi S, Pruess H.
Free radicals and grape seed proanthocyanidin extract: importance in
human health and disease prevention. Toxicology. 2000;148:187–97.

30. Singh N, Gupta M. Effect of ethanolic extract of Syzygium cumini seed
powder on pancreatic islets of alloxen diabetic rats. Indian J Exp Biol.
2007;45:861–7.

31. Idamokoro EM, Masika PJ, Muchenje VA. Report on the in vitro antioxidant
properties of Vachellia karroo leaf extract: a plant widely grazed by goats in
the central eastern cape of South Africa. Sustainability. 2017;9:164.

32. Anokwuru CP, Adaramola FB, Akirinbola D, Fagbemi E, Onikoyi F.
Antioxidant and anti-denaturing activities of defatted and non-defatted
methanolic extracts of three medicinal plants in Nigeria. Res. 2012;4:56–62.

33. Sylvie DD, Anatole PC, Cabral BP, Veronique PB. Comparison of in vitro
antioxidant properties of extracts from three plants used for medical
purpose in Cameroon: Acalypha racemosa, Garcinia lucida and
Hymenocardia lyrata. Asian Pac J Tropic Biomed. 2014;4:S625–32.

34. Picot CMN, Subratty AH, Mahomoodally MF. Inhibitory potential of five
traditionally used native antidiabetic medicinal plants on α-amylase,
α-glucosidase, glucose entrapment, and amylolysis kinetics in vitro. Adv
Pharmacol Sci. 2014;2014:1–7.

35. Ali H, Houghton PJ, Soumyanath A. α-amylase inhibitory activity of some
Malaysian plants used to treat diabetes; with particular reference to
Phyllanthus amarus. J Ethnopharmacol. 2006;107:449–55.

36. Salehi P, Asghari B, Esmaeili MA, Dehghan H, Ghazi I. α-Glucosidase and-
amylase inhibitory effect and antioxidant activity of ten plant extracts
traditionally used in Iran for diabetes. J Med Plants Res. 2013;7:257–66.

37. Thilagam E, Parimaladevi B, Kumarappan C, Mandal SC. α-Glucosidase and
α-amylase inhibitory activity of Senna surattensis. J Acupunc Meridian Stud.
2013;6:24–30.

38. Manukumar HM, Kumar SJ, Chandrashekar B, Raghava S, Umesha S. Evidences
for diabetes and insulin mimetic activity of medicinal plants: present status
and future prospects. Crit Rev Food Sci Nut. 2016;57:1549–7852.

39. Kalekar SA, Munshi RP, Bhalerao SS, Thatte UM. Insulin sensitizing effect of 3
Indian medicinal plants: an in vitro study. Indian J Pharmacol. 2013;45:30–3.

40. Keller K, Engelhardt M. Strength and muscle mass loss with aging process.
Age and strength loss. Muscl Ligam Tend J. 2013;3:346–50.

41. Hajiaghaalipour F, Khalilpourfarshbafi M, Arya A. Modulation of glucose
transporter protein by dietary flavonoids in type 2 diabetes mellitus. Int J
Biol Sci. 2015;11:508–24.

42. Gulati N, Laudet B, Zohrabian VM, Murali RAJ, Jhanwar-Uniyal MEENA. The
antiproliferative effect of Quercetin in cancer cells is mediated via inhibition
of the PI3K-Akt/PKB pathway. Anticancer Res. 2006;26:1177–81.

43. Prasad CNV, Anjana T, Banerji A, Gopalakrishnapillai A. Gallic acid induces
GLUT4 translocation and glucose uptake activity in 3T3-L1 cells. FEBS Lett.
2010;584:531–6.

44. Nebreda AR, Porras A. p38 MAP kinases: beyond the stress response. Trends
in Biochem Sci. 2000;25:257–60.

45. Somwar R, Sweeney G, Huang C, Wenyan NIU, Lador C, Ramlal T, Amira
KLIP. GLUT4 translocation precedes the stimulation of glucose uptake by
insulin in muscle cells: potential activation of GLUT4 via p38 mitogen-
activated protein kinase. Biochem J. 2001;359:639–49.

46. Harwood AJ. Regulation of GSK-3: a cellular multiprocessor. Cell. 2001;105:821–4.
47. Mihaylova MM, Shaw RJ. The AMPK signalling pathway coordinates cell

growth, autophagy and metabolism. Nat Cell Biol. 2011;13:1016–23.
48. Frame S, Cohen P. GSK3 takes centre stage more than 20 years after its

discovery. Biochem J. 2001;359:1–16.
49. Roberts DJ, Miyamoto S, Hexokinase II. Integrates energy metabolism and

cellular protection: Akting on mitochondria and TORCing to autophagy. Cell
Death Differ. 2015;22:248–57.

50. Ichiki T. Role of cAMP response element binding protein in cardiovascular
remodelling. Arterioscl Thromb vas. Biol. 2006;26:449–55.

51. Altarejos JY, Montminy MCREB. The CRTC co-activators: sensors for
hormonal and metabolic signals. Nat rev Molec. Cell Biol. 2011;2:141–51.

52. Xing J, Ginty DD, Greenberg ME. Coupling of the RAS-MAPK pathway to
gene activation by RSK2, a growth factor-regulated CREB kinase. Sci.
1996;273:959.

53. Tan YI, Rouse J, Zhang A, Cariati S, Cohen P, Comb MJFGF. Stress regulate
CREB and ATF-1 via a pathway involving p38 MAP kinase and MAPKAP
kinase-2. EMBO J. 1996;15:4629–42.

54. Lloyd AC. Distinct functions for ERKs? J Biol. 2006;5:13.
55. Buscà R, Pouysségur J, Lenormand P. ERK1 and ERK2 Map Kinases: Specific

Roles or Functional Redundancy? Front Cell Dev Biol. 2016;4:1–23.

Njanje et al. BMC Complementary and Alternative Medicine  (2017) 17:482 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Plant collection and preparation
	Phytochemical screening
	Total phenolic content
	Antioxidant activity
	DPPH free radical scavenging activity

	Ferric reducing power
	Pancreatic α-amylase enzyme inhibition
	Cell culture maintenance and differentiation
	Cytotoxicity assays
	Glucose uptake assay
	GLUT4 translocation
	Dots blot analysis of MAPKs
	Statistical analysis

	Results
	Phytochemical screening
	Phenolic, antioxidant and α-amylase enzyme inhibition
	Cytotoxicity
	Glucose uptake
	GLUT4 translocation
	MAPK phosphorylation levels

	Discussion
	Conclusion
	Abbreviations
	Consent for the publication
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	References

