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Detarium microcarpum commonly known as ‘‘sweet detar’’ has been used for centuries in Nigerian traditional
system of medicine for the treatment of diabetes. The present study deals with the scientific evaluation of the invitro alpha amylase, alpha glucosidase and the antioxidant potential of various leaf extracts of the plant by
examining the free radical scavenging activity on DPPH using Rutin, Gallic acid and Ascorbic acid as standards.
The Total Phenolic Content (TPC) and Total Flavonoid Content (TFC) of the leaf extracts were also determined
using standard methods. The ethyl acetate, aqueous, and crude leaf extracts of D. microcarpum showed a
significant amount of phenolic content 2014.22mg, 933.33mg and 766.81mg of GAE/g of extract respectively.
Total flavonoid content in the ethyl acetate, aqueous and crude leaf extracts was discovered to be also high with
values of 132.90mg, 30.50mg and 49.50mg of rutin equivalent (RE)/ g of extract respectively. The radical
scavenging activities of extracts were significantly higher at all concentrations used than the standard
compounds. The half-maximal inhibitory concentrations (IC50) of D. microcarpum crude and aqueous leaf
extracts on α-amylase and α-glucosidase were lower than that of the ethylacetate fraction but all were higher
than that of Acarbose. The present study provides evidence that the leaf extract of D. microcarpum is rich in
flavonoids and other polyphenolic compounds and also possesses potent alpha amylase, alpha glucosidase and
antioxidant activities and this may justify its use in ethnomedicine in the management of diabetes.
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INTRODUCTION
Diabetes mellitus (DM) is a metabolic disorder
characterized by chronic hyperglycemia with disturbances in
carbohydrate, lipid and protein metabolism, resulting from
defects in insulin secretion, action or both (WHO, 1999). The
disease is a major global health concern and It is projected that
by 2030, the number of diabetic patients will increase to about
366 million (Shaw et al., 2010), with type 2 diabetes accounting
for 90–95% of the cases. Despite the advent of oral
hypoglycemics and other synthetic drugs, the search for new
agents which are less toxic, cheaper and possessing better
efficacy is still a matter of great priority. Natural products
constitute a large and useful source of drugs for managing
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numerous diseases and the large number of plants used to manage
diabetes in various countries across Africa may provide a useful
source for the discovery of new compounds that can be used as
lead compounds for further drug development or as simple dietary
adjuncts to existing therapies (Hostettmann et al., 2000; TraBi et
al., 2008). Detarium microcarpum (Fabaceae) is an African
leguminous medicinal plant found in the tropical forests
(Mabberly, 1987).
A range of phytochemicals have been isolated from the
plant such as diterpenes (Witting and Guinko, 1998), water soluble
polysaccharides,
proteins
and
coumarins
(Neuwinger,
1996).Various parts of the plant have been used in ethno-medicine
as phyto-therapeutics for the treatment and management of
numerous conditions. It has been reported to possess activities such
as antimicrobial, anti-rheumatic,cytotoxic properties (Abreu et al.,
1998; Abreu et al., 1999), anti-plasmodial activities (Kouyate,
2005). The plant is also used to manage leprosy and impotence
(Baerts et al., 2002).
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D. microcarpum and it closely related species Detarium
senegalensis are used in the treatment of syphilis, dysentery,
bronchitis, leprosy, sore throat, pneumonia, diabetes, diarrhoea,
malaria and meningitis in African ethno-medicine (Ebi et al.,
2011; Peter et al., 2012).
The stem bark extract has also demonstrated good
inhibitory activity against the Hepatitis C virus (Olugbuyiro et al.,
2009) and also shown significant molluscidal activity against
Lymnaea natalensis (Kouyate and van Damme, 2006). The plant
was also shown to be effective as an anti-epileptic (Ngobum et al.,
2011). The root extract of the plant has been shown to possess
antidiabetic activity (Okolo et al., 2012) but there is no scientific
investigation of the anti-diabetic potential of the leaves of the
plant. This study is therefore aimed at investigating the antioxidant
and anti-diabetic properties of various leaves extract of D.
microcarpum using an in-vitro approach with the view to further
substantiating some of the claims associated with its
ethnomedicinal uses.
MATERIALS AND METHODS
All reagents used were of analytical grade and products
of Sigma-Aldrich, USA. They include: Methanol, n-Hexane, Ethyl
acetate, Butanol, Ammonia.All solutions were prepared in distilled
water.DPPH, Rutin, Gallic acid, Folin-Ciocalteau reagent, Sodium
Carbonate, Sodium Nitrite, Sodium Hydroxide, Aluminium
Chloride, Ascorbic acid, Porcine pancreatic α-amylase (EC3.2.1.1,
type VI), p-nitrophenyl-α-D glycopyranoside (pNPG), αGlucosidase were also obtained from Sigma-Aldrich Germany.
Readings of sample absorbance were carried out using a Shimadzu
UV-Vis spectrophotometer 1650 (Japan).
Sample collection
D. microcarpum Guill and Perr leaves were collected in
July, 2015 from Zaria, North-West Nigeria. Authentication was
done in the Department of Biological Sciences, Ahmadu Bello
University, Zaria, Nigeria, by Mallam Namadi Sunusi. A voucher
specimen with No. 901451 was deposited in the herbarium of the
Department of Biological Sciences Ahmadu Bello University,
Zaria.
Preparation of extracts
Leaves of Detarium microcarpum plant were air dried at
room temperature for seven days. One thousand grams (1000g) of
the pulverized part were extracted exhaustively by maceration with
70% methanol at room temperature for 48 hours. A rotary
evaporator was used to evaporate the extract to dryness at 40 °C to
produce dried crude extract (CEDM) with yield of 160.3g
(16.03%). Subsequently, slurry of the crude extract was made by
dissolving it in distilled water and the slurry was transferred into a
separating funnel and successive sequential extraction; was carried
out to give an Ethyl acetate and aqueous fraction. The extracts
were collected at each point and evaporated to dryness using a
rotary evaporator at 40 °C to produce dried Ethyl acetate fraction

(EAFDM) with yield of 48.55 g (4.85 %) and aqueous fraction
(AQFDM) with yield of 107.92 g (10.79 %). The extracts were all
stored in a desiccator.
Determination of Total Phenolic Content (TPC)
Total phenolic content of the extracts were evaluated by
a colorimetric method utilizing Folin-Ciocalteu reagent according
to methods previously described with slight modifications
(Adedapo et al., 2008; Odumosu et al., 2015).Samples containing
polyphenols are reduced by the Folin-Ciocalteu reagent thereby
producing blue coloured complex. The phenolic concentration of
D. microcarpum extracts was evaluated from a Gallic acid
calibration curve. About 500µL aliquots of 10, 20, 30, 40, 50 and
60 µg/mL of Methanol Gallic acid solutions were mixed with
2.5ml Folin-Ciocalteu regent (diluted ten-fold) and 2.5 mL (75g/L)
Sodium Carbonate. The tubes were vortexed for 10 seconds and
allowed to stand for 2hours at 25 °C. After incubation at 250C for
2 hours, absorbance was measured at 765 nm against reagent
blank. Total phenolic content was expressed as mg Gallic acid
equivalent using the following equation based on the calibration
curve y=0.0069x + 0.0673, (correlation coefficient; r2 = 0.9947),
where x is the absorbance and y is the Gallic acid equivalent
(mg/g). A similar procedure was adopted for the extract as
described above in the preparation of calibration curve. All
determinations were performed in triplicate. Total phenolic content
was expressed as milligrams of Gallic acid equivalent (GAE) per g
of extracts
Determination of Total Flavonoid Content (TFC)
The total flavonoid content of the D. microcarpum
extracts was measured by employing Aluminum Chloride
colorimetric assay as reported (Odumosu et al., 2015). An aliquot
(1mL) of extract (40mg) or rutin standard solution with the
following concentrations (10, 20, 40, 60,80 and 100 µg/mL) was
added to a 10 mL volumetric flask containing 4 mL of distilled
water. To the flask, 300 µL of 5% NaNO2 and 300µL of 10%
AlCl3 were added. After 6 minutes, 2 mL of 1 M NaOH was added
and the total volume was brought to 10mL by the addition of 2.4
mL H2O. The solution was vortexed in order to mix the mixture
thoroughly and the absorbance measured at 510 nm against
reagent blank. The total flavonoid contents of the D. microcarpum
extracts were expressed as mg rutin equivalents mg (RE)/g of
extracts. All treatments were carried out in triplicate. The results
was calculated using the standard calibration curve of rutin in
methanol (r2 = 0.9957) and expressed as rutin equivalents (RE
mg/g)
Anti-oxidant assay
DPPH radical scavenging activity
The antioxidant activity (free radical scavenging activity)
of the D. microcarpum extracts on the stable radical 1, 1-diphenyl2-picrylhydrazyl (DPPH) was determined according to previously
described methods (Odumosu et al., 2015; Brand-Williams et al.,
1995). The following concentrations of extract were prepared in
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methanol; 500, 250, 125, 62.50, 31.25, 15.62, 7.8125, 3.91, 1.95
and 0.98 µg/ml and 2 ml of each concentration was mixed with
4ml of 50µM DPPH solution in methanol in triplicate. The
mixture was vortex mixed for 10 seconds and the test tubes were
incubated for 30 minutes at room temperature in the dark and the
absorbance was measured at 515 nm. Lower absorbance reading of
the reaction mixture indicates higher free radical scavenging
activity. Gallic acid, ascorbic acid and rutin were used as standard
at the following concentrations 100, 50, 25, 12.5, 6.25, 3.125,
1.563, 0.7812, 0.391, and 0.195 µM. Blank solutions were
prepared by mixing 2ml of methanol with 4ml of 50 µM DPPH
solutions in methanol. The difference in absorbance between the
test and the control (DPPH in methanol) was calculated and
expressed as % scavenging of DPPH radical. The capacity to
scavenge the DPPH radical was calculated by using the following
equation:
% inhibition = 100 x (Abs control – Abs sample)/Abs control
Finally, the IC50 value defined as the concentration was calculated
from the separate linear regression plots of the mean percentage of
the antioxidant activity against concentration of the test extract
(µg/ml).

and -amylase activity was determined by measuring the
absorbance of the mixture at 540nm. Control incubations were
conducted in an identical fashion replacing plant extract with
distilled water (250μl). For blank incubations, the enzyme solution
was replaced with distilled water and the same procedure was
carried out as above. -amylase inhibition assay was calculated
using the formula:
(%) = [(A540 control – A540 extract)/A540 control] x 100

- glucosidase inhibitory assay
-Glucosidase inhibitory activity of the extracts was
assayed using the method previously described with slight
modification (Worawalai et al., 2012; Damsud et al., 2013).
Briefly, 10 μL of the extract was mixed with -Glucosidase (0.1
U/ml, 40 μL) in 1 mM phosphate buffer (pH 6.9) and incubates at
370C for 10 minutes. Then 40 μL of 0.1 mM p-nitrophenyl- D
glycopyranoside (pNPG) was added and the mixture was then
incubated for 30 minutes prior to being quenched with the addition
of 100 μL 0.1 M Na2CO3. The enzymatic activity was determined
by monitoring the absorbance at 415 nm. The percent inhibition
was determined according of the equation:
% inhibition = (Ablank – Asample)/Ablank x 100; in which Asample and
Ablank are the absorbance of solution containing pNPG and glucosidase with and without sample respectively. The IC50value
was determined from a plot of percentage inhibition on the y-axis
against the sample concentration on the x-axis. Acarbose was used
as the positive control.

DPPH Radical Scavenging Activities of D. microcarpum Leaf
Extracts and Standards
The radical scavenging activities of the extracts were
significantly higher when compared with standard gallic acid and
rutin and close to ascorbic acid, indicating that the extracts are
better radical scavengers (Table 2)

-Amylase inhibitory activity
The -amylase inhibition assay was performed using the
chromogenic method (Ali, 2006). Porcine pancreatic -amylase
(EC3.2.1.1, type VI) was dissolved in ice-cold distilled water.
Maize starch in phosphate buffer was used as a substrate solution.
According to the method, 250μl of plant extract, 125μl of
phosphate buffer and 250μl of -amylase were mixed in a tube.
The tubes were incubated at 37 °C for 5 minutes. After the
incubation, 500μl of starch solution was added to the tubes and all
tubes were incubated at 370C for 5 minutes. After that, 500μl DNS
colour reagent solution was added to the tubes at 100 0C. After 5
minutes, 3000μl distilled water was added and tubes were cooled

Statistical Analysis
Numerical data obtained from the study were expressed
as the mean value ± standard deviation. Statistical analysis where
applicable were performed using the analysis of variance
(ANOVA) followed by Tukey’s post test with the aid of IBM
Statistical Package for Social Scientist (SPSS 20) software.
Differences were considered to be significant when P < 0.05. Halfmaximal inhibitory concentration (IC50) was calculated from the %
inhibition versus extract concentration non-linear regression curve
of each extract.
RESULTS

Inhibitory Effects of D. microcarpum Leaf Extracts againstα Amylase and α-Glucosidase
The extracts also exhibited high levels of α-amylase
inhibitory activity with % inhibition (IC50µg/ml) of 63.10, 631.01,
and 63.50 for CEDM, EAFDM and AQFDM respectively when
compared with 6.38 for acarbose. Similarly, high levels of αglucosidase inhibitory activity with % inhibition (IC 50µg/ml) of
158.50, 398.10, and 65.50 respectively when compared with 12.60
for standard acarbose.
DISCUSSION
Synthetic hypoglycemics have a myriad of side effects
and are also limited by other challenges such as development of
resistance, unresponsiveness in some patient population to mention
a few. This has led to great interest in the development of plant
derived hypoglycaemics which could potentially overcome some
of these problems. The present study showed that extracts of D.
microcarpum are rich sources of antioxidants as shown in Table 1.
The coefficient of correlation from the gallic acid calibration curve
shows a good correlation of r2 = 0.9762 with equation of y =
0.016x + 0.0432. The phenolic contents in the various leaf extracts
of D. microcarpum expressed as mg of Gallic acid
equivalent(GAE)/g of extracts (Table1) showed a significant
amount of phenolics (2014.22mg, 933.33mg and 766.81mg of
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GAE/g of extract for EAFDM, AQFDM and CEDM respectively).
Furthermore, total flavonoid content in the extracts showed high
amount of flavonoids (132.90 mg, 30.50 mg and 49.50 mg of rutin
equivalent (RE)/g of extract for EAFDM, AQFDM and CEDM
respectively). The coefficient of correlation from the rutin
calibration curve shows a good correlation of r2 = 0.9681 with
equation of y = 0.0098x + 0.0157. Therefore, the high levels of
phenolic compounds present in the various extracts are most likely
responsible for the strong antioxidant activity observed in Table2
as well as the α-glucosidase and α-amylase inhibitory activities
observed in Table 3. This correlation between total phenolic
content, antioxidant potential and enzyme activities has been
observed in different plants (Apostolidis et al., 2011).
Table 1: Total flavonoid and phenolic content for the various D. microcarpum
leaf extracts.
TFC
TFC
Extracts
(mg RE/g
Extracts
(mg GAE/g
extract)
extract)
Crude
49.5±6.02
Crude
766.81±6.77
Ethyl acetate
132.9±14.7
Ethyle acetate
2014.22±27
Aqueous
30.5±1.71
Aqueous
933.33±2.24

Increase in the amount of free radicals and reactive
oxygen species in the body without a corresponding robust antioxidant defence system leads to oxidative stress and this has been
linked to the pathogenesis of degenerative diseases such as
diabetes mellitus (Halliwell and Gutteridge, 1999). The ability of
the extracts to scavenge DPPH was therefore evaluated (Table 2).
The results revealed that all three extracts scavenged DPPH to
various extents. The extracts showed good IC50 values of 8.77
µg/ml, 15.90 µg/ml and 7.20 µg/ml for AQFDM, CEDM and
EAFDM respectively as compared with those of standard gallic
acid, rutin and ascorbic acid with IC50 of 75.30, 47.40 and 11.30
µg/ml respectively. DPPH is a stable free radical and possesses a
characteristic deep purple color in solution; antioxidants react with
it thereby making it lose its characteristic deep purple color, on
accepting proton from antioxidants, leading to absorption decrease
(λmax: 515–517 nm). The degree of discoloration is therefore an
indication of the scavenging ability of the antioxidant extract.
Evidently, the ethyl acetate fraction had the strongest DPPH
scavenging ability as shown by its very low IC 50 value. This was
followed by the aqueous and finally the crude extract.
Table 2: DPPH radical scavenging activities of D. microcarpum leaf extracts
and standards.
Extracts
IC50(µg/mL)
Rutin
47.40±0.95
Gallic acid
75.30±1.12
Vitamin C
11.30±0.66
Crude extract
15.90±0.10
Ethyl acetate
7.20±2.47
Aqueous
8.77±2.13

Phenolic compounds which are usually produced in
plants as secondary metabolites are known to possess numerous
biological activities including the ability to modulate glucose

metabolism by several mechanisms including inhibition of
carbohydrate digesting enzymes (Hanhineva et al., 2010). The
ability of the extracts to inhibit both α-amylase and α-glucosidase
were thus tested. The results (Tables 3) obtained indicate that the
various leaf extracts of D. microcarpum possess significant
inhibitory activity against α-glucosidase with the IC50 of 65.50,
158.5 and 398.1 µg/ml for AQFDM, CEDM and EAFDM
respectively as against 12.60µg/ml for Acarbose. These figures
were all significantly different as compared to Acarbose. Also, the
inhibitory activity of the extracts against α-amylase (Table 3)
showed a similar trend.There was a statistically significant
difference between the groups as the post hoc test revealed that the
IC50was statistically significantly lower for the crude and aqueous
extracts as compared to the ethylacetate extract while that for
Acarbose was lower than all the extracts. There was however no
statistically significant difference between the IC50 value for the
aqueous and the crude extract. The inhibition of carbohydrate
metabolizing enzymes such as α-amylase and α-glucosidase
impedes the breakdown of carbohydrates and subsequent
glucose absorption leading to a decrease in postprandial blood
glucose level (Hanhineva et al., 2010). The inhibition of these
enzymes has been shown to be one of the most effective
approaches for the control of hyperglycemia in type 2 diabetics
(Kim et al., 2005).

Table 3: Inhibitory effect of D. microcarpum leaf extracts against α-amylase
and α-glucosidase.
IC50(µg/mL)
IC50(µg/mL)
Extracts
α-amylase
α-glucosidase
Acarbose
6.38±0.41a
12.60±0.52a
Crude
63.10±0.71b
158.50±0.64b
Ethyl acetate
631.01±0.32c
398.10±0.13c
b
Aqueous
63.50±043
65.50±0.21d
The data are expressed as mean ± SD n=3 in each group. Values in the same
column with different alphabets are significantly different (ANOVA followed
by Tukey’s post hoc test, p<0.05).

CONCLUSION
The inhibition of α-amylase and α-glucosidase activities
by the extracts of D. microcarpum leaves observed in this study
could be a possible mechanism of action supporting their use for
the management of hyperglycemia. This inhibitory effect may be
attributed to the action of their inherent polyphenols and
flavonoids. The finding of this study therefore corroborates the
traditional uses of D. microcarpum as an antidiabetic
plant.However, it is imperative that further work be carried out in
order to isolate and characterize the active principle(s) of the plant
extracts.
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