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Abstract
The inhibition of enzymes like α-amylase and α-glucosidase delay the rate of glucose absorption therebygnilnulb
blood glucose levelsin diabetic patients. Diabetes has a close link with oxidative stress. Traditionally, many plants
have been employed as supplements of antioxidants in the treatment of diabetes. The current study aimed to
investigate the in vitro antioxidant and antidiabetic potential of methanol extracts of MicheliaChampaca, Scoparia
dulcis and Ziziphus mauritina. Total phenolic, flavonoid and tannin contents were assessed along with in vitro
antioxidant and antidiabetic assays. The results suggested that all the three plants extracts possesses DPPH radical,
nitric oxide, ABTS radical and hydrogen peroxide scavenging activities. The ydsesln enirpdemonstrated that plants
had significant in vitroα-amylase and α-glucosidase inhibitory activity, which might be due to the presence of
secondary plant metabolites like phenolic compounds ,flavonoids, tannins. Prominent effect was noted in Ziziphus
mauritina which revealed highest amounts of total phenolics. Thus current study confirm that methanol extracts of
MicheliaChampaca bark, Scoparia dulcis whole plant, Ziziphus mauritina leaves had remarkable antioxidant and 1
antidiabetic activities and hence holds future potentials as nutraceuticals in treatment of diabetes and various free
radicals-dependent ailments.
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Introduction
Diabetes mellitus (DM) is a serious challenge across
the globe, as it affects around 463 million people in
2019. [ IDF Diabetes Atlas, 2019]. In diabetic
patients, high postprandial blood glucose
level/Postprandial hyperglycemia(PPHG) is mainly
responsible for micro and macro-vascular
complications, dlrcontrol of PPHG issuggested to
be important in the edldbsment of DM andrelated
secondary complications.The inhibition of enzymes
like α-amylase and α-glucosidase delay the rate of
glucose absorption thereby gnilnulb blood glucose
levelsin type 2 diabetic patients. [Reddy GJ. et al.,
2020]. DM has a close link with other metabolic
irregularities like oxidative stress, where there is
an increased generation of Reactive Oxygen Species
(ROS) and diminished antioxidant scavenging

capacity ultimately leads to cellular and tissue
damage in diabetic patients. These effects can be
alleviated by the supplementation of potent
antioxidants in the body, where oxidants are
neutralized or scavenged.[Alimi AA. et al., 2017].
Glucose-lowering medications exhibit some
inadequacies and serious adverse effects as well.
The growing trend of DM has flagged for the
research towards conveying natural therapeutic
alternatives to successfully treat diabetes.
Traditionally, many plants and their active
compounds, have been employed in the treatment
of diabetes, typically the secondary metabolites
together with phenolics, flavonoids, alkaloids,
steroids, terpenoids, glycopeptides etc.[Barapatre
A. et al., 2015].
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MicheliaChampaca (family-Magnoliaceae) bark has
been traditionally used to treat diabetes and leaves
used for the treatment of fever, colic, leprosy,
postpartum protection and in eye disorders. [Aruna
G. et al., 2012 ]. Scoparia dulcis (Plantaginaceae) is
traditionally used to lower blood glucose level,and
has been reported for antipyretic, cytoprotective,
antiulcer, diuretic, antifungal, antibacterial,
antihyperlipidemic,
hepatoprotective,
neuroprotective properties. [Satyanarayana K. et
al.,1969]. Ziziphus mauritina Lam. (Rhamnaceae)
commonly called as Indian jujube, Indian Plum,
traditionally used for the treatment of diabetes
mellitus and has been reported for diuretic,
analgesic, anti-inflammatory, antihyperlipidemic,
hepatoprotective, antioxidant properties.[Jarald
EE. et al., 2009 ]. The current study aimed to
investigate the in vitro antioxidant and antidiabetic
potential of methanol extracts of the three plants
viz., MicheliaChampaca bark, Scoparia dulcis whole
plant, Ziziphus mauritina leaves.
Materials and methods
nottcelloCof plant material
Three medicinal plants viz., Scoparia dulcis whole
plant, Micheliachampaca bark and Ziziphus
mauritiana leaf were collected by Dr. K. Madhava
Chetty, Asst. Professor, Sri Venkateshwara
University, Tirupati and authenticated by Prof. P.
Jayaraman, Plant Anatomy Research Centre,
Tambaram, Chennai.
Chemicals
P-Nitrophenyl-α-D-Glucopyranoside (PNPG), 3,5DinitroSalicylicAcid (DNSA), pancreatic Porcine
amylase α-amylase, α-glucosidase and acarbose
were purchased from M/S Sigma–Aldrich sseuidne
L n Ptdedlbdnnds ,. Folin-ciocalteu reagent from
M/S Merck Specialties, Mumbai. Gallic acid,
quercitin and ascorbic acid were purchased from
M/S QualiKems Fine Chem pvt Ltd. All other
chemicals and reagents used were of analytical
grade available commercially.
Successive solvent extraction
The three collected plants were carefully examined
for the foreign material if any, shade dried and
mechanically pulverized using grinder. Successive
solvent extraction of Scoparia dulcis whole plant,
Micheliachampaca bark and Ziziphus mauritiana
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leaf was performed by employing different solvents
like n-hexane, chloroform, ethyl acetate, methanol,
water and hydro alcoholic blend (at a proportion of
3:2) by cold maceration method continuously for 3
days. The extracts thus obtained were filtered,
concentrated, dried and stored in desiccators until
further use. The methanol extracts of the plants
were labelled as follows in the present study;
MC:Micheliachampaca;
SD:Scoparia
dulcis;
ZM:Ziziphusmauritina.
Qualitative phytochemical analysis
All the extracts thus obtained by above method
were subjected to preliminary phytochemical
screening for the detection of different
phytoconstituents using standard methods.[Kokate
CK. 2000].

Quantitative Phytochemical Analysis
Estimation of Total Flavonoid Cntent (TFC)
Aluminum chloride colorimetric method was used
for flavonoids determination.[Akinpelu DA. et al.,
2010]. One milliliter of sample was mixed with 3 2
mL of methanol, 200 µL of 10% aluminum chloride,
200 µL of 1 M potassium acetate and 5.6 mL of
distilled water and remains at room temperature
for 30 min. The absorbance of the reaction mixture
was measured at 420 nm with ultraviolet (UV)
visible spectrophotometer. The content was
determined from extrapolation of calibration curve
which was prepared by using quercetin solution
(6.25-100µg/mL) in methanol. The concentration
of flavonoid was expressed in terms of mg of
quercetin equivalents/g of dried sample.
Determination of Total Phenolic Content (TPC)
The amount of total phenolic content of the extracts
was determined by Folin-Ciocalteau reagent as
oxidizing
agent,
gallic
acid
as
standard.[Nagulendran KR. et al., 2007]. Exactly 0.1
mL of the extract was transferred to a 100 mL
Erlenmeyer flask and the final volume was adjusted
to 46 mL by addition of distilled water. 1 mL of
Folin-Ciocalteu reagent diluted 10 times was added
and incubated at room temperature for 3 min. 3 mL
of 2% sodium carbonate solution was added and
the mixture was shaken on a shaker for 2 h at room
temperature. The absorbance was measured at 760
nm. Gallic acid was used as the standard (15.625250µg/mL) for a calibration curve. The phenolic
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compound content was expressed in terms of mg of
gallic acid equivalents/g of dried sample.
Estimation of Total Tannin Content (TTC)
The tannins were determined by FolinCiocalteumethod.[ Naima Saeed. et. al., 2012].
About 0.1 mL of the sample extract was added to a
volumetric flask (10 mL) containing 7.5 mL of
distilled water and 0.5 mL of Folin-Ciocalteu phenol
reagent, 1 mL of 35% sodium carbonate solution
and dilute to 10 mL with distilled water. The
mixture was shaken well and kept at room
temperature for 30 min. a set of reference standard
solutions of tannic acid (20, 40, 60, 80, 100 µg/mL)
were prepared in the same manner as described
earlier. Absorbance for test and standard solutions
were measured against the blank at 700 nm with an
UV/ Visible spectrophotometer. The estimation of
the tannin content was carried out in triplicate. The
tannin content was expressed in terms of mg of
tannic acid equivalents/g of dried sample.
In Vitro antioxidant assays
DPPH radical scavenging activity
The free radical scavenging activity of extracts was
measured using DPPH, employing previously
described method. [Alam MB. et al., 2017]. In this,
one mL of extract and the reference compound in
various concentrations (10, 25, 50, 75 and 100
µg/mL) were added to 1 mL of 0.1 mM solution of
DPPH in methanol. After 30 minutes, absorbance
was measured at 517 nm. A 0.1mM solution of
DPPH in methanol was used as control, whereas
ascorbic acid was used as a reference material. All
tests were performed in triplicate. Percent
inhibition was calculated using equation-1.
Percentage Inhibition = (A contol-A test)/(A
control) X 100 - (Eq-1)
A control = Absorbance of control reaction and
A test = Absorbance of sample
Nitric oxide scavenging activity
Using Sodium nitroprusside (SNP) in aqueous
solution at physiological pH spontaneously
generates NO which interacts with oxygen to
produce nitrite ions that can be estimated by the
use of Griess Reagent.[Alimi AA. et al., 2017]
Scavengers of NO compete with oxygen leading to
reduced production of NO. SNP (10mM) in
phosphate buffer saline (PBS) was mixed with 1mL
of different concentration of extracts (20-100
μg/mL) and incubated at 25°C for 150 minutes. To
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1mL of incubated solution, 1mL of Griess reagent
(1%
sulphanilamide,
0.1%
naphthyl
ethylenediamine dichloride and 3% phosphoric
acid) was added. The absorbance of the
chromophores formed during the diazotization of
nitrite with sulphanilamide and subsequent
coupling with naphthyl ethylenediamine dichloride
was read at 546 nm. All the analyses were
performed in triplicate and results were averaged
and ascorbic Acid used as a positive control treated
in the same way with Griess reagent. The
percentage inhibition of nitric oxide generated was
measured by using equation-1.
ABTS radical scavenging assay
ABTS radical cation decolourization assay was
employed to estimate free radical scavenging
activity of three plant extracts. [Ang LZ. et al., 2015]
Here ABTS and cation radical leads to a reaction
between 7mM ABTS in H20 and 2.45 mM
Potassium persulfate KPS (1:1), deposited in the
darkroom at 25±2 oC temperature about 12-16 hr
before usage. ABTS·+ solution was then diluted
with methanol to obtain the desired absorbance at
734 nm. Further, about 5 μL of plant extracts were 3
added to 3.995 mL of diluted ABTS·+ solution later
after 30 mins, the absorbance was measured. A
suitable solvent (methanol) blank was employed
for each assay. All the assay were carried out in
triplicate. Percent inhibition was measured through
the formula,
ABTS·+ scavenging effect (%) = ((AB–AA)/AB)×100
(2),
where, AB is the absorbance of ABTS radical +
methanol; AA is the absorbance of ABTS radical +
sample extract/standard. The standard used was
Trolox.
Hydrogen peroxide scavenging activity
Different concentrations of three plant extracts are
prepared in (20-100g/mL) was mixed with 0.6 mL
of 4 mM H2O2 solution prepared in phosphate
buffer (0.1 M pH 7.4) and kept for 10 min
incubation. The mixture's absorbance was taken at
230 nm against blank comprising the H2O2 lacking
plant extracts served as control. All the studies
were performed in triplicate, and results were
averaged, and ascorbic acid used as a positive
control preserved in the same way with H2O2
solution. [Ozyurek. M et al., 2010]. H2O2
scavenging activity was calculated by the
percentage of inhibition using equation-1.
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α-Amylase inhibitory assay
In Vitro antidiabetic activity
A 1% w/v of the starch solution was prepared by
mixing 1 g of starch in 100 mL of 20mM of
phosphate buffer (pH 6.9) comprising 6.7mM salt.
The enzyme solution was prepared by mixing
27.5mg of pancreatic Porcine amylase α-amylase
(PPA) into 100mL of 20mM of phosphate buffer
(PBS, pH 6.9) containing 6.7 mM of NaCl. To 100µL
of (20-100 µg/mL) three plant extracts, 200µL
porcine pancreatic amylase was poured, and the
mixture was nurtured at 37 oC for 20 min. The
reaction mixture 100µL of 1% starch solution was
added and incubated at 37 oC for 10 min. The
reaction was ended by placing 200µl DNSA and set
it aside in a hot water-bath for 5 min.[Reddy. GJ. Et.
al.,] .The reaction mixture distilled with 2.2mL of
water and absorbance was read at 540nm. For each
concentration, blank tubes were prepared by
replacing the enzyme solution with 200µL in
distilled H2O. Control, representing 100% enzyme
activity, was prepared similarly, without extract.
The experiments were repeated using the same
protocol. The % inhibition of α-amylase was
calculated using equation-1.

(effective concentration 1 U/mL) prepared in 0.1M
phosphate buffer (pH 6.9). Then, add 250μL of 0.1M
phosphate buffer to get the final concentratione. We
have pre-incubated the mixture for 20 min at 37°C.
Then added 10μL of 10 mM pNPG (0.1 M phosphate
buffer pH 6.9) and incubated again for 30 min at
37°C. 650μL of 1 M sodium carbonate was added to
stop the reaction and spectrophotometric
absorbance was taken at 405 nm against the blank
reagent. Acarbose was used as reference standard.
The experiment was repeated thrice using the same
protocol. The α-glucosidase enzyme inhibition was
calculated as percentage of inhibition using
equation-1.
The concentration of the extract required to inhibit
50% of α-amylase and α-glucosidase activity under
the assay conditions was defined as the IC50 value.
IC50 was calculated by using the percentage
inhibition activities at five different concentrations
of extracts, using linear regression analysis.
Results and discussion
4
Qualitative phytochemical constituents
The present study revealed the presence of
flavonoids, alkaloids, phenols, tannins and proteins
as major constituents. The results of qualitative
phytochemical screening in different extracts of the
three plants was reported in Table 1. Of all the
extracts screened, methanol extract was found to
possess maximum phytoconstituents and hence it
was selected for further studies.

α-Glucosidase inhibitory assay
Inhibition of α-glucosidase activity of Polyherbal
Formulation was determined using p-nitrophenylα-D-glucopyranoside (pNPG) method as described
earlier. [Medini. F. et al., 2014 ]. From stock
solution (1 mg/mL in 5% DMSO) different
concentrations of three plant extracts, acarbose
(20-100 µg/mL) were prepared. Each of the extract
and standard solution (500μL) was added to 50μL
of α-glucosidase

Table 1: Phytochemical constituents of extracts of MicheliaChampaca bark, Scoparia dulcis whole
plant and Ziziphus mauritina leaves.
S. NO.
Chemical
Hexane
Ethyl acetate Chloroform
Methanolic
Hydro
Constituent
Alcoholic
MC

SD ZM

MC

SD ZM MC

SD ZM

MC

SD ZM

MC

SD ZM

1

Alkaloids

+

+

+

+

+

+

+

+

+

++

++ ++

-
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-

2
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-

-

-

-

-
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-
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+

+

+
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MC:Micheliachampaca; SD:Scoparia dulcis; ZM:Ziziphusmauritina; +:Present; -:Absent;
tannic acid equivalents/g of dried sample
Quantitative Phytochemical Analysis
respectively.
5
Total Phenolic, Flavonoid and Tannin Contents
Both Phenolic and flavonoid compounds in plants
In the present investigation, total phenolic,
show good biological capacity and might be
flavonoid and tannin contents of methanol extracts
considered a potential source of antioxidants by
of Micheliachampaca, Scoparia dulcis, Ziziphus
free radical scavenging property. Various Phenolic
mauritina were determined against standard
compounds have been reported for many
curves as represented in table 2. as given in table 2.
protective effects like anxiolytic, antioxidant,
The results showed that methanol extract of
inhibiting lipid peroxidation or free radical
Micheliachampaca exhibited comparatively higher
scavenging. Moreover, flavonoids exhibit antiTPC expressed as mg gallic acid equivalents/g of
inflammatory, anti-cancer and
anti-allergic
dried sample. Similarly, methanol extract of
activities. [Crozier. A. et. al., 2006]
Scoparia dulcis exhibited relatively higher TFC and
TTC as compared to the two other plants which is
expressed as mg quercetin equivalents/g and mg
Table 2: Total phenolics, flavonoids and tannin contents in methanol extracts of SD, ZM and MC.
S.NO.
Phytochemicals
MC
SD
ZM
1
Total phenolics
134.86
64.25
214.25
2
Total flavonoids
70.02
73.12
50.62
3
Total Tannins
50
78
66
Unit for phenolics: mg gallic acid equivalents/g; DPPH is a relatively stable free radical and the
Unit for flavonoids: mg quercetin equivalents/g; assay determines the ability of extracts to reduce
Unit for Tannins: mg tannic acid equivalents/g of DPPH radical to the corresponding hydrazine by
dried sample respectively. MC:Micheliachampaca; converting the unpaired electrons to paired one’s.
SD:Scoparia dulcis; ZM:Ziziphusmauritina;
In the present study dose dependent inhibition of
DPPH radical indicates that phenolic and flavniods
present in the extract cause reduction of DPPH
In Vitro Antioxidant Activies
radical. The DPPH radical scavenging activity of all
DPPH Radical Scavenging Activity
the three extracts and standard reference in the
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form of percentage inhibition is shown in figure 1.
IC50 was found to be 243.61, 145.51 and 221.4

µg/mL for SD, MC and ZM respectively, whereas
IC50 of ascorbic acid was found to be 17.93 µg/mL.

DPPH radical scavenging activity
120

% Inhibition

100
80
SD

60

ZM

40

MC

20

AA

0
0

50

100

150

200

250

300

350

Concentration (µg/ml)
Figure 1: Effect of SD, ZM and MC on DPPH radicals
Nitric Oxide Scavenging Activity
NO is a key chemical messenger produced by
endothelial cells, macrophages etc., Excessive
generation of NO is associated with numerous
chronic diseases. Oxygen reacts with excess NO
generate nitrite and peroxynitrite anions, which act
as free radicals. In the present study the extracts

60

compete with oxygen to react with NO and thus
6
inhibit the generation of anions. NO scavenging
activity of standard and plant extracts is depicted in
figure 2. IC50 values of ascorbic acid, SD, ZM and
MC are 150.7, 230.18, 197.39 and 243.62 µg/mL
respectively.

Nitric oxide Scavenging Method
80

% Inhibition

70

60
50

SD

40

ZM

30

MC

20

AA

10
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Figure 2: Effect of SD, ZM, MC on Nitric oxide Scavenging activity
ABTS radical scavenging assay
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radical ABTS+ has been compared with the
standard Trolox. ABTS radical cation attained into
stable form through potassium persulphate. After
attaining the constant absorbance, the plant extract
was added to the reaction medium, and the
antioxidant power was measured by studying
decolourization. ABTS radical free radical

scavenging activity of three plant extracts is shown
in figure 3. The IC50 value of Trolox was 0.74
mm/mL while the three plant extracts IC50 values
were found to be 227.27, 204.08, 251.25 µg/mL for
SD, ZM, MC respectively.

ABTS Assay
70
60

% Inhibition

50
40
SD

30

ZM

20

MC

10
0
0

50

100

150

200

250

300

Concentration )μg/mL)

61

7

Figure 3: ABTS radical free radical scavenging activity of three plant extracts
Hydrogen Peroxide (H2O2) scavenging activity
H2O2 is a weak oxidizing agent and can deactivate
certain enzymes, typically by oxidation of vital thiol
(-SH) groups. The scavenging activity of H2O2 by
ascorbic acid (AA) and the three plant extracts is

shown in figure 4. IC50 values of ascorbic acid, SD,
ZM, MC was found to be 134, 231.2, 160.82, 236.18
µg/mL, respectively.

% Inhibition

Hydrogen Peroxide method
100
90
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70
60
50
40
30
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0
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50
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200

250

300
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Figure 4: Effect of SD, ZM, MC on Hydrogen peroxide radicals.
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In Vitro antidiabetic activity
α-Amylase inhibitory Activity
The percentage inhibition exhibited by three plant
extracts in α-amylase activity is shown in figure 5.
where ZM showed maximum IC50 63.7µg/mL value

when compared with remaining plants SD and MC
with IC50 value 85.58 and 88.65 µg/mL
respectively and acarbose displayed lower IC50
value of 52.94 µg/mL.

100
90

% Inhibition

80
70
60

SD

50

ZM

40
30

MC

20

Acarbose

10
0
0

20

40

60

80

100

120

62

Concentration )μg/mL)
Figure 5: α-amylase inhibitory activity of SD, ZM, MC and acarbose.
α-Glucosidase Inhibitory Activity
There was a dose-dependent increase in the
percentage inhibitory activity against α-glucosidase
enzyme as depicted in figure 6. SD, ZM, MC and
acarbose at a maximum concentration of 100
μg/mL showed a percentage inhibition of
59.77±0.51, 70.10±2.2, 67.81±2.3 and 90.8±2.71
respectively.
100
IC50 values of
90
SD, ZM, MC

were 83.29, 67.10 and 71.28 μg/mL respectively. 8
The standard positive control, acarbose showed an
IC50 value of 50.01 μg/mL.
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Figure 6: α-Glucosidase inhibitory activity of SD, ZM, MC and acarbose
It is well known that suppression of starch
digestive enzymes like α-amylase and αglucosidase reduce elevation of postprandial blood
glucose levels. [Truscheit E. et. al., 1981]. The
ydsesln enirpdemonstrated that methanolic
extracts of MicheliaChampaca bark, Scoparia dulcis
whole plant, Ziziphus mauritina leaves had
significant in vitroα-amylase and α-glucosidase
inhibitory activity. The IC50 values of all the
extracts were comparable to that of dcarbose,
which is a marketed antidiabetic drug. These
results infers beneficial effect in minimizing
postprandial blood glucose level in diabetic
patients by impeding breakdown and intestinal
absorption of dietary carbohydrates.
The present study demonstrated in vitro
antioxidant and antidiabetic activities of all the
extracts which might be due to the presence of
secondary plant metabolites like phenolic
compounds ,flavonoids, tannins which has been
reported to possess antioxidant, antidiabetic
properties. [Sasidharan I, et al., 2011]. The present
data suggested that the extracts possesses direct
and potent antioxidant activities through multiple
mechanisms. Mainly, the DPPH radical-scavenging
activity, nitric oxide scavenging activity and
hydrogen peroxide scavenging activity of all the
three plants were significant, however, prominant
effect was noted in ZM which revealed highest
amounts of total phenolics.
Conclusion
The current study findings confirm that methanol
extracts of MicheliaChampaca bark, Scoparia dulcis
whole plant, Ziziphus mauritina leaves had
remarkable antioxidant and antidiabetic activities
and hence holds future potentials as nutraceuticals
in treatment of diabetes and various free radicalsdependent ailments. Therefore, our study justify
the traditional claim of the plants, however, in vivo
toxicity and efficacy studies has to be elucidated so
as to develop it as an excellent candidate for future
pharmacological interventions.
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