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ailments in folk medicine. The present study was conducted to
demonstrate antioxidant potentiality of Michelia champaca bark in two
different solvents and evaluate their in vitro antidiabetic activity along
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powder of Michelia champaca bark was exhaustively extracted with
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ethanol (MCBEE) and water (MCBWE). The antioxidant activity of
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resulted extracts was determined by several assays: total antioxidant
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capacity assay, DPPH, ABTS, lipid peroxidation, Nitric oxide and
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Superoxide
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assays.
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phytochemicals such as total phenolics, flavonoids, flavonols and
proanthocyanidins contents were also measured. In vitro anti-diabetic activity was
determined in terms of DNSA and starch iodine colorimetric assay. All the extractives
showed strong antioxidant activities related to the standard. The total antioxidant capacity of
extracts in most of the cases was in the following order: MCBEE>MCBWE. In free radical
scavenging assay, the percent scavenging value of the extracts were concentration dependent
manner and ethanol extract showed the most potent inhibitory activity, which was
significantly different (p< 0.05) from water extract. At the highest concentration, 51.59 and
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41.94% of α-Amylase inhibition were observed in DNSA method by MCBEE and MCBWE
respectively, where standard Acarbose exhibited 65.84% inhibition. Total phenolics content
and total flavonoids content were strongly correlated (p< 0.01) with antioxidant activity. The
present study suggests that ethanol extract of Michelia champaca bark possess significant invitro antioxidant and anti-diabetic activity. Bark of M. champaca may therefore be a good
source for natural antioxidants and a possible pharmaceutical supplement.
KEYWORDS: Phytochemicals, Antioxidants, Antidiabetic, Michelia champaca, Bark.
1. INTRODUCTION
From the ancient time plants have been used not only as food, but also as materials for
alternative medical therapy because of their nutritional properties and pharmaceutical
activities.[1] Experimental and epidemiological evidences ascribe a wide array of positive
health effects due to the presence of phytochemicals in plants.[2-3] Medicinal plants can
contain a wide variety of free radical scavenging molecules, including phenolics, terpenoids
etc., which are rich in antioxidant activity.[4-6] Phytochemicals may protect us from severe
pathological conditions such as coronary heart diseases, inflammatory disease and cancer,
which are caused by exposure to oxidative stress.[7-8] Oxidative stress caused by reactive
oxygen species which play a pivotal role in the generation of such chronic diseases.[9-10]
However, protecting the body against the consequences of oxidative stress may be achieved
by improving the manner by which the available antioxidant in food is maximized. In this
regard, scientific studies have suggested that antioxidant compounds from natural sources,
such as fruits and vegetables, have higher bioavailability and lower side effects than synthetic
antioxidant agents.[11] Natural antioxidants from plants offer an alternative source of dietary
ingredients, for example, α-amylase, α-glucosidase inhibitors are considered as one of the
effective measures for regulating type II diabetes by controlling glucose uptake and
increasing secretion of insulin hormone.[12] The natural products today symbolize safer in
contrast to the synthetic drugs that are regarded as unsafe to humans and environment. Hence,
researchers are keen to the natural products with the hope of safety and security.[13]
Michelia champaca Linn is a large evergreen tree belongs to the family of Magnoliaceae and
locally known as sornochampa or champa. It is native to Bangladesh, China, India, Indonesia,
Malaysia, Myanmar, Nepal, Thailand, and Vietnam. It is a medicinal plant used traditionally
in the treatment of fever, colic, leprosy, eye disorders, inflammation, cough rheumatism,
gonorrhea, cephalagia, gout and a number of diseases including inflammatory conditions.[14www.wjpr.net
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Michelia champaca leaves, flowers, stem bark and seed extract have antioxidant and

antimicrobial activity.[15] Methanolic and aqueous extracts of leaves of Michelia champaca
showed robust antihelmintic, anti-diabetic and diuretic activity.[16-18] Flower buds of Michelia
champaca is commonly used as herbal preparations for diabetes and kidney diseases.[19-20]
The active constituents reported in this plant are alkaloids, saponins, tannins, sterols,
flavonoids and triterpenoids.[21]
To the best of our knowledge, few data is available about antioxidant activity of M.
champaca bark in the literature but detail analysis is still in scarce. Thus, the aim of the
present work is to quantify phytochemical composition of M. champaca bark extracts and
using in vitro tests to evaluate its toxicity as well as antioxidant, and antidiabetic properties.
2. MATERIALS AND METHODS
2.1 Chemicals
1,1-diphenyl-2-picrylhydrazyl

(DPPH),

2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic

acid) (ABTS), potassium ferricyanide, potassium acetate, phosphate buffer, catechin (CA),
ferrous ammonium sulphate, butylatedhydroxytoluene (BHT), gallic acid (GA), ascorbic acid
(AA), AlCl3, Trichloro acetic acid (TCA), sodium phosphate, ammonium molybdate, tannic
acid, quercetin (QU), DMSO, EDTA, thiobarbituric acid (TBA), acetyl acetone, α-amylase
enzyme and FeCl3 were purchased from Sigma Chemical Co. (St. Louis, MO,USA); vanillin
was obtained from BDH; Folin-Ciocalteus’s phenol reagent and sodium carbonate were
obtained from Merck (Damstadt, Germany).
2.2 Collection of plant materials
Bark of Michelia champaca was collected from Rajshahi University Campus, Rajshahi,
Bangladesh in October, 2017 and was identified by an expert taxonomist from the
Department of Botany, Rajshahi University, Rajshahi, Bangladesh. Plant materials were then
washed with fresh water to remove dirty materials and were shade dried for several days with
occasional sun drying. The dried materials were ground into coarse powder by grinding
machine, and the materials were stored at room temperature for future use.
2.3 Preparation of extracts
About 200 gm of dried powdered plant materials was taken in two amber colored extraction
bottles. Ethanol and water were used for the preparation of the extracts. The powered plant
material was soaked in ethanol and water. The sealed bottles were kept for 7 days with
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occasional shaking and stirring. The extracts were filtered through Whatman No.1 filter
paper. Then the extracts were concentrated with a rotary evaporator under reduced pressure at
45°C to afford crude bark extract. The crude extracts were then stored at 4°C for further
analysis.
2.4 Qualitative phytochemical analysis
The freshly prepared extract of M. champaca bark was qualitatively tested for the presence of
chemical constituents. Qualitative phytochemical tests for the identification of alkaloids,
flavonoids, steroids, carbohydrates, saponins, reducing sugar, tannins and terpenoids were
carried out for the extract by the method described previously.[22]
2.5 Quantitative analysis of phytochemicals
2.5.1 Determination of total phenolics
Total phenolics content of the extracts was determined by Folin-Ciocalteu method as
described by Wolfe et al., with slight modification.[23] A 300µl of the extracts/standard
dissolved in ethanol was mixed with 2 ml Folin-Ciocalteu reagent (previously diluted with
water 1:10 v/v) and 2 ml (75 g/l) of sodium carbonate. The tubes were vortexed for 15
seconds and allowed to stand for 20 minutes at 25°C for color development. Absorbance was
then measured at 760 nm using UV-spectrophotometer. Samples of extracts/standard were
evaluated at a final concentration of 1 mg/ml. Total phenolic contents were expressed in
terms of gallic acid equivalent, GAE (standard curve equation: y = 0.00202x+0.0036, R2 =
0.9994), mg of GA/g of dry extract.
2.5.2 Determination of total flavonols
Total flavonols was estimated as Quercetin equivalents, expressed as mg of Quercetin per
gram of dry extract by the method of Miliauskas et al.,[24] The Quercetin calibration curve
was prepared by mixing 2 ml of Quercetin solution with 2 ml (20 gm/l) AlCl3 and 6 ml (50
gm/l) sodium acetate. The absorption at 440 nm was read after 2.5 hours at 25ºC. The same
procedure was carried out with 2 ml of plant extracts (10 gm/l) instead of Quercetin solution.
Samples of extracts/standard were evaluated at a final concentration of 1 mg/ml. Total
content of flavonols was expressed in terms of Quercetin equivalent, QUE (standard curve
equation: y = 0.0008x + 0.00337, R2 = 0.9942), mg of QU/g of dry extract.
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2.5.3 Determination of total flavonoids
Total flavonoids were estimated using the method described by Ordonez et al., with some
modification.[25] To 0.5 ml of samples/standard, 1.5 ml of methanol, 100 μl of 10% aluminum
chloride, 100μl of 1M potassium acetate solution and 2.8 ml of distilled water was added.
After one hour 30 minutes of incubation at room temperature, the absorbance was measured
at 420 nm. Samples of extracts/standard were evaluated at a final concentration of 1 mg/ml.
Total flavonoid contents were expressed in terms of catechin equivalent, CAE (standard
curve equation: y = 0.0041x+0.0335, R2 = 0.9884), mg of CA/g of dry extract.
2.5.4 Determination of total proanthocyanidins
Determination of proanthocyanidins was based on the procedure reported by Sun et al.,[26] A
volume of 0.5 ml of 0.1 mg/ml of extracts/standard solution was mixed with 3 ml of 4%
vanillin-methanol solution and 1.5 ml hydrochloric acid; the mixture was allowed to stand for
15 minutes. The absorbance was measured at 500 nm. Samples/standard was evaluated at a
final concentration of 0.1 mg/ml. Total content of proanthocyanidins was expressed in terms
of catechin equivalent, CAE (standard curve equation: y = 0.0157x + 0.014, R2 = 0.9985), mg
of CA/g of dry extract.
2.6 Determination of antioxidant activity
2.6.1 Determination of total antioxidant capacity
The antioxidant activity of the extract was evaluated by the phosphomolybdenum method in
accordance with the procedure described by Prieto et al.,[27] The assay was based on the
reduction of Mo (VI) to Mo (V) by the extracts/standard and subsequent formation of a green
phosphate/Mo (V) complex at an acidic pH. A 0.3 ml of samples/standard at different
concentrations was mixed with 3 ml of reaction mixture containing 0.8 M sulphuric acid, 14
mM sodium phosphate and 0.4% ammonium molybdate into the test tubes. The test tubes
were incubated at 95°C for 10 minutes to complete the reaction. The absorbance was
measured at 695 nm using a spectrophotometer against blank after cooling at room
temperature. Ascorbic acid was used as standard. A typical blank solution contained 3 ml of
reaction mixture and the appropriate volume of the same solvent used for the
samples/standard were incubated at 95°C for 10 minutes and the absorbance was measured at
695 nm. Increased absorbance of the reaction mixture indicated increase total antioxidant
capacity. Here Ascorbic acid was used as reference standard.
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2.6.2 Determination of ferrous reducing antioxidant capacity
The ferrous reducing antioxidant capacity of samples/ standard was evaluated by the method
described by Oyaizu et al.,[28] A 0.25 ml of extracts and ascorbic acid as standard of different
concentration were mixed with potassium buffer (0.625ml, 0.2 M, pH 6.7) and 0.625 ml of
1% potassium ferricyanide [K3Fe(CN)6]. The mixture was incubated at 50°C for 20 minutes.
After incubation, 0.625 ml of 10% trichloroacetic acid solution was added to each tube and
the mixture was centrifuged at 3000 rpm for 10 minutes. Clear supernatant (1.8 ml) was
mixed with equal amount of distilled water, 0.36 ml of ferric chloride (0.1% w/v) solution
was added and absorbance was recorded at 700 nm. Reducing capacity of the extracts was
linearly proportional to the concentration of a sample. Here Ascorbic acid was used as
reference standard.
2.6.3 DPPH free radical scavenging assay
DPPH free radical scavenging activity was determined spectrophotometrically as described
by Cheel et al., with some modification.[29] Ascorbic acid was used as reference control. In
brief, 1ml of different extract solution in methanol and ascorbic acid were mixed with 3 ml of
DPPH solution (0.1 mM) in methanol. The mixture was allowed to stand for 30 minutes to
perform complete reaction. Finally, the absorbance of each extract was measured at 517 nm
by using UV spectrophotometer. Free radical scavenging activity of each sample was
calculated by using the following formula:
DPPH Radical scavenging rate (%) = [{A0 – A}/ A0] × 100
Where A0 (control) was the absorbance of DPPH blank solution, and A was the final
absorbance of the tested sample after 30 minutes of incubation. The concentration which
caused a half-maximal reduced DPPH radical level (IC50) was determined. Percent of
inhibition was plotted against concentration, and IC50 was calculated from the nonlinear
regression curve using graph pad prism software.
2.6.4 ABTS radical scavenging assay
The ABTS method was used according to Re et al., with some modifications.[30] ABTS was
dissolved in distilled water at a final concentration of 7 mM and mixed with 88 µl of 140
mmol/l potassium persulfate solution. The mixture was left to stand for 12 hours in the dark
before use. For each experiment, ABTS·+ solution was diluted with water to an absorbance of
0.70 ± 0.02 at 734 nm. Then, 1ml of various concentrations of sample was mixed with 3.0 ml
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of ABTS·+ solution. Ascorbic acid was used as positive control. The scavenging rate was
calculated using the formula:
ABTS Radical scavenging rate (%) = [{A0 – A}/ A0] × 100
Where A0 (control) was the absorbance of ABTS blank solution, and A was the final
absorbance of the tested sample after 6 minutes of incubation. The concentration which
caused a half-maximal reduced ABTS radical level (IC50) was determined. Percent of
inhibition was plotted against concentration, and IC50 was calculated from the nonlinear
regression curve using graph pad prism software.
2.6.5 Nitric oxide radical scavenging activity
NO· reacts with oxygen to produce stable products (nitrate and nitrite), the quantities of
which can be determined using Griess reagent procedure described by Marcocci et al.,[31]
Two (2) ml of 10 mM sodium nitroprusside dissolved in 0.5 ml phosphate buffer saline (pH
7.4) is mixed with 0.5 ml of sample at various concentrations. The mixture is then incubated
at 25ºC. After 150 minutes of incubation, the incubated mixtures were then mixed with 0.5
ml of Griess reagent [(1.0 ml sulfanilic acid reagent (0.33% in 20% glacial acetic acid at
room temperature for 5 minutes with 1 ml of naphthylethylenediamine dichloride (0.1%
w/v)]. The mixture is then incubated at room temperature for 30 minutes and its absorbance
was measured at 546 nm. Catechin was used as reference standard. The amount of nitric
oxide radical inhibition is calculated following this equation:
Percent (%) inhibition of NO radical scavenging = [{A0 – A}/ A0] × 100
Where A0 is the absorbance of the blank control (NO radical solution without test sample)
and A is the absorbance of the test sample. Percent of inhibition was plotted against
concentration, and IC50 was calculated from the nonlinear regression curve using graph pad
prism software.
2.6.6 Superoxide scavenging assay
The assay was done following the method of Rao et al.,[32] A 0.1ml each of the plant extracts
and standard were added to the reaction mixture containing 50mM phosphate buffer (pH 7.6),
20µg/ml riboflavin, 12 mM EDTA and 0.1 mM NBT. The reaction was initiated by
illuminating the reaction mixture for 5 minutes and the absorbance was measured at 590 nm.
Qurecitin was used as reference standard. The percent (%) of nitric oxide radical inhibition is
calculated following this equation:
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Superoxide scavenging assay (%) = [{A0 – A}/ A0] × 100

Where A0 is the absorbance of the control, and A is the absorbance of the
extractives/standard. Then percent (%) of inhibition was plotted against concentration, and
from the graph IC50was calculated
2.6.7 Lipid peroxidation inhibition assay
Malondialdehyde content was estimated according to the methods described by Rani et al.,[33]
15% w/v Trichloroacetic acid, 0.375%w/v thiobarbituric acid and 0.25N Hydrochloric acid
were mixed to form the stock Thio-barbituric acid (TBA)-Tricholoro acetic acid (TCA)-HCl
reagent. This solution was mildly heated to assist the dissolution of TBA. Male Albino rats
weighing about 180-200g was used for the study. After decapitation, the liver was removed
carefully. The tissue was immediately weighed and homogenated with cold 1.15%w/v KCl to
make 10%v/v homogenate. The homogenate (0.5ml) was added to 1 ml of various
concentrations of the extracts. Then the mixture was incubated for 30 minutes. The peroxidation was terminated by the addition of 2 ml of TBA-TCA-HCl reagent. The solution
was heated for 15 minutes in a boiling water bath. After cooling, the flocculent precipitate
was removed by centrifugation at 1000 rpm for 10 minutes. The absorbance of the
supernatant was measured at 535 nm. Quercetin was used as reference standard. The percent
of inhibition of various concentrations was calculated by using the formula.
Lipid peroxidation assay (%) = [{A0 – A}/ A0] × 100
Where A0 is the absorbance of the control, and A is the absorbance of the
extractives/standard. Then percent of inhibition was plotted against concentration, and from
the graph IC50 was calculated.
2.7 In vitro anti-diabetic activity (α-Amylase inhibition test)
2.7.1 3, 5-Dinitrosalicylic acid method (DNSA)
The inhibition assay was performed according to Miller et al., using DNSA method.[34] A 500
µl of extracts at different concentration were added to 500 μl of 0.02 M sodium phosphate
buffer (pH 6.9 containing 6 mM sodium chloride) containing 0.5 mg/ml of α-amylase
solution and were incubated at 37°C for 10 minutes, followed by addition of 500 μl of 1%
starch solution in 0.02 M sodium phosphate buffer (pH 6.9) all the test tubes. The reaction
was stopped with 1.0 ml of 3, 5 DNSA reagent. The test tubes were then incubated in a
boiling water bath for 5 minutes and cooled to room temperature. The reaction mixture was
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then diluted after adding 10 ml distilled water and absorbance was measured at 540 nm. The
control samples were also prepared accordingly without any plant extracts and were
compared with the test samples containing various concentrations of extracts prepared. The
results were expressed as percent of inhibition calculated using the formula:
α-amylase inhibition activity = [1 – {(A1-A2)/A0}] ×100
Where A1 is the absorbance of test sample, A2 is the absorbance of product control (sample
without α-Amylase solution) and A0 is the absorbance of negative control (α-Amylase
without extract).
2.7.2 Starch iodine color assay
The inhibition assay was performed according to Islam et al., using starch iodine color
assay.[35] Different concentration (200 to 1000 µg/ml) of 500 µl extracts and acarbose were
added to 500 μl of 0.02 M sodium phosphate buffer (6 mM sodium chloride at pH 6.9)
containing 0.5 mg/ml of α-amylase solution. Then the reaction mixture was incubated at 37°C
for 10 minutes. This was followed by the addition of 500 μl soluble starch (1%, w/v) and was
incubated at 37°C for 15 minutes. The enzymatic reaction was stopped by adding 1 M HCl
(20 μl), followed by the addition of 100 μl of iodine reagent (5 mM I2 and 5 mM KI). The
color change was noted and the absorbance was recorded at 620 nm.
The results were expressed as percent (%) of inhibition calculated using the formula: αamylase inhibition activity = [1 – {(A1- A2)/A0}] ×100
Where A1 is the absorbance of test sample, A2 is the absorbance of product control (sample
without α-amylase solution) and A0 is the absorbance of negative control (α-amylase without
extract).
2.8 Brine Shrimp lethality bioassay
Brine shrimp lethality bioassay was carried out according to the method described by Islam et
al., for the determination of cytotoxic property of the sample extracts.[36] The eggs of Brine
Shrimp (Artemia salina Leach) were hatched in a tank with 48 hours oxygen supply facility
at 37°C. Samples of different concentrations were prepared. 10 living naupliis were taken to
each of the test tube containing different concentrations of test sample with Pasteur pipette.
Then the extracts at different concentration were added to the test tube containing ten living
brine shrimp nauplii in 5ml simulated sea water. After 24 hours, the test tubes were inspected
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using a magnifying glass and the number of survived nauplii in each vial were counted. From
this data, the percent (%) of lethality of the brine shrimp nauplii was calculated for each
concentration.
2.9 Statistical analysis
All analyses were carried out in triplicates and data were expressed as mean ± standard
deviation. Statistical analyses were performed by ANOVA. Duncan’s test was used to
determine the significance of differences between the groups. Differences at p< 0.05 were
considered significant. Free graph pad prism software was used to determination of IC50
value. Correlation coefficients were determined by using SPSS software of version 15. LC50
of compounds were determined using probit analysis application software.
3. RESULTS
3.1 Preliminary phytochemical analysis
The extracts of M. champaca showed the presence of several phytochemicals including
alkaloids, flavonoids, tannins and steroids etc. Phytochemical compositions of two extracts
were given in Table 1.
Table 1: Phytochemical constituents of extracts of MCB.

(+) sign indicate the presence of phytochemical and (-) sign indicate the absence of
phytochemical.

MCBEE;

Micheliachampaca

bark

ethanol

extract

and

MCBWE;

Micheliachampaca bark water extract.
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3.2 Total phenolics, flavonoids, flavonols and proanthocyanidins content
Table 2 showed the results of total phenolics content of two extracts of M. champaca bark.
Total phenols and total flavonoids contents of the extracts were expressed in gallic acid and
catechin equivalents respectively. Ethanol extract has highest phenolics and flavonoids
contents, on the other hand, water extract contains more flavonols and proanthocyanidins
than ethanol extract. Total flavonols and total proanthocyanidins content of the extracts were
expressed in catechin and quercetin equivalents respectively. Total phenolics and flavonoids
content of the extracts correlate with their antioxidant activity.
Table 2: Polyphenols content of two extracts of M. champaca bark.
Polyphenols content
MCBEE
MCBWE
1
b
Phenolics
113.16±5.39 68.50±3.80c
2
Flavonoids
179.55±4.41a 41.89±3.97c
3
Flavonols
80.38±5.04b 87.17±3.36b
Proanthocyanidins 2
0.47±0.69c
8.55±0.52b
Each value is the average of three analyses ± standard deviation 1, 2 and 3 expressed in
terms of GAE, CAE and QUE respectively (mg of GA, CA and QU/g of dry extract,
respectively). Means with superscript with different letters in the rows are significantly
(p<0.05) different from each other
3.3 ANTIOXIDANT ACTIVITY
3.3.1 Total antioxidant capacity
The total antioxidant capacity of MCB extracts was shown in Fig. 1A. MCB extracts showed
lower antioxidant activity compared to standard ascorbic acid at all the concentrations. The
absorbance of MCB extracts found to be increased with the increasing concentration. In
lower concentration, absorbance of the MCB extracts was approximately same but in higher
concentration starting from about 150 µg/ml, absorbance became higher. Ethanol extract of
MCB showed higher antioxidant capacity at the concentration of 200 µg/ml than water
extract.
3.3.2 Ferrous reducing antioxidant capacity
In ferrous reducing antioxidant assay, antioxidant sample causes the reduction of the
Fe3+/ferricyanide complex to the Fe2+/ferrous form, so the reducing power of the sample can
be monitored by measuring the formation of Perl’s Prussian blue. The ferrous reducing
antioxidant capacity of MCB extracts is shown in following (Fig. 1B). A higher absorbance
indicates a higher reducing power, but sample showed moderate reducing activity than
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standard ascorbic acid. The reducing activity increased with the increasing concentration of
the MCB sample.

Fig. 1: Total antioxidant and ferrous reducing capacity of MCB extracts and Ascorbic
acid.
3.3.3 DPPH radical scavenging activity
The effect of antioxidants on DPPH radicals is thought to be due to their hydrogen donating
ability. The reduction capability of antioxidants was determined by the decrease in
absorbance of DPPH radical than control. Fig. 2A showed DPPH free radical scavenging
activity of MCB extracts. The different concentration of sample and standard exhibited
antioxidant activities in a concentration dependent manner. The scavenging activity of MCB
against DPPH was moderate when compared with standard vitamin C. The IC50 of MCBEE
and MCBWE were 94.99±5.244 and 186.8±3.038 µg/ml whereas IC50 value of AA was
26.83±3.363 µg/ml.
3.3.4 ABTS free radical scavenging activity
The reduction capability of ABTS was determined by the decrease in absorbance than control
which is induced by antioxidants. The scavenging capacities of MCB extracts for the ABTS
radical were measured and compared with ascorbic acid. As shown in Fig. 2B, the
scavenging effect of extracts increased with increasing concentration. The IC50 value of the
two extracts were 46.07±3.331and 44.39±3.622 µg/ml respectably where the IC50 value of
reference standard was 7.40±4.043 µg/ml.
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3.3.5 Lipid peroxidation inhibition activity
Lipid peroxidation inhibition activity of two extracts of MCB was shown in Fig. 2C. It was
clear that every extract has moderate lipid peroxidation inhibition activity as compare to
reference standard at 1000 µg/ml concentration. The IC50 values were as following MCBEE
(524.1±4.318) and MCBWE (410.2±3.817). Reference standard Quercetin had IC50 value
251.7±4.130 µg/ml.
3.3.6 Superoxide Anion Radical Scavenging Activity
MCB extracts, as well as Quercetin showed moderate superoxide radical scavenging
activities at high concentration (1000 µg/ml). The scavenging capacity of the extracts
followed the order of MCBEE>MCBWE where QU having significantly higher activity than
all of the extracts (Fig. 2D).
3.3.7 NO radical scavenging activity
The reduction capability against NO was determined by the decrease in absorbance than
control. The different concentration of MCB extracts exhibited antioxidant activity against
NO radical in a concentration dependent manner (Fig. 2E). Water extract caused a mild
inhibition of nitric oxide radical with an IC50 of 1584±1.415 µg/ml and ethanol extract caused
a moderate dose-dependent inhibition of nitric oxide with an IC50 of 1113±2.440 µg/ml. The
scavenging activity of catechin showed IC50 values of 287.4±1.553 µg/ml.
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Fig 2: Inhibition percentage of MCB extracts and standard compound against various
free radicals.
IC50 values of MCBEE, MCBWE and standard compounds in different free radical assays
were given in Table 3.
Table 3: Free radical scavenging activity of MCB extracts.
IC50 (µg/ml) value
Extracts and
Standards
DPPH
ABTS
SO
NO
LP
94.99±5.24 46.07±3.33 116.4±3.97 1113±2.44 524.1±4.31
MCBEE
186.8±3.03 44.39±3.62 162.0±2.29 1584±1.41 410.2±3.81
MCBWE
26.83±3.36 7.40±4.043
AA
69.35±3.99
251.7±4.13
QUERCETIN
287.4±1.55
CATECHIN
Result were expressed as mean ± SD (n=3). Where each value were significantly different
(P<0.05) from each otherin an each Colum. SO: Supreoxide; NO: Nitric oxide; LP: Lipid
peroxidation.
www.wjpr.net

Vol 8, Issue 9, 2019.

1518

Khanam et al.

World Journal of Pharmaceutical Research

3.4 In vitro antidiabetic activity
α-amylase inhibitory activity of M. champaca Bark extracts illustrated in Figure 3. It was
observed that each extract showed significant α-amylase inhibitory activity, which was in a
dose-dependent manner. In 3, 5 DNSA method, as much as 39.5% inhibition was exhibited
by MCBEE at the highest concentration which was relatively lower than standard acarbose
(Fig. 3A). Consistently, in starch iodine color assay, at the concentration of 1000 µg/ml,
ethanol extract had the higher inhibitory activity (51.59±1.39%) than water extract.
Nevertheless, compared with the commercial drug acarbose, no precedence of extracts
possessed higher inhibitory activities than acarbose in this test. At 1000 µg/ml concentration
(Fig. 3B) 51.59±1.39 and 41.94±1.70% of α-amylase inhibition were observed in Starch
iodine color assay method by MCBEE and MCBWE respectively, where standard Acarbose
exhibited 64.703±1.46% inhibition.

Fig. 4: α-amylase inhibition percentage of MCB extracts and ascorbic acid.
3.5 Brine Shrimp cytotoxic lethality bioassay
The median lethal concentration (LC50) in brine shrimp lethality bioassay was found to be
269.82, 140.28 and 6.25 µg/ml for MCBEE, MCBWE and gallic Acid respectively, which
was obtained from probit statistical analysis. The data and result of the test compound and
LC50 of standard gallic acid were given in Table 4. Cytotoxic effect of MCB by brine shrimp
lethality showed high value of LC50, which indicates the low cytotoxic effect of MCB.
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Table 4: Cytotoxic ability of MCB extracts and standard gallic acid.
% of mortality
LC50 (µg/ml)
Conc. Log
Gallic
Gallic
(µg/ml) conc. MCBEE MCBWE
MCBEE MCBWE
acid
acid
.99
10
20
60
6.25
10
1.39
20
30
80
25
1.69
20
40
90
269.82
140.28
50
1.99
30
50
100
100
2.30
50
50
100
200
Cytotoxic effect of MCB in brine shrimp lethality showed high value of LC50 indicates the low
cytotoxic effect of MCB extracts.
Table 5: Correlations between the biological activities and total phenolics and
flavonoids contents of different extracts of Michelia champaca Bark.
Correlations R2
TPC
TFC
Free radical
Scavenging assays
MCBEE MCBWE MCBEE MCBWE
DPPH
0.860*
0.999**
0.903*
0.995**
ABTS
0.991** 0.992**
0.984*
0.988*
NO
0.944*
0.948*
0.930*
0.931*
SO
0.906
0.983
0.920
0.982*
LP
0.870
0.834
0.850
0.807
α-amylase inhibition
0.998**
0.982*
1.0**
0.980*
The crude extracts from the MCB were used in the correlation. **Correlation is significant at
the 0.01 level, *Correlation is significant at the 0.05 level. TPC; Total phenolics content,
TFC; Total flavonoids content; SO: superoxide; NO: Nitric oxide; LP: Lipid peroxidation
4. DISCUSSION
We used two solvents to prepare extracts from the bark of M. champaca to determine
phytochemical contents, antioxidant and antidiabetic activities. The findings of our study
varied between two extracts. It was suggested that the differences in polyphenol contents and
biological activities of plant extract depend on the type of solvent used.[33,37]
Phytoconstituents such as phenolics, flavonoids, flavonols and proanthocyanidins may exert
their antioxidant activity by directly scavenging reactive oxygen species, including hydroxyl,
peroxyl and superoxide radicals to reduce the risks of several human health problems.[38-39]
Present study showed that each extracts of MCB bark contain a significant amount of total
phenolics, flavonoids, flavonols and proanthocyanidins (Table 2). These polyphenols have
attracted particular attention due to reduce free radical induced tissue injury. Six in vitro
assay models were used to evaluate the antioxidant activity of MCB extracts. The total
antioxidant potentials of MCB extracts and standard ascorbic acid were estimated from their
www.wjpr.net
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ability to reduce the reduction of Mo (VI) to Mo (V) and subsequent formation of a green
phosphate/Mo (V) complex at acidic pH. MCB extracts showed a concentration-dependent
total antioxidant activity. However, the antioxidant activity of MCB was significantly lower
(p <0.05) than standard antioxidant.
The reducing power of a compound could be used as an indicator of its potential antioxidant
capacity, and the ability to reduce Fe3+ to Fe2+ is often assayed as an indicator of electrondonating activity.[28,40] All the extracts as well as AA presented linearly concentrationdependent increase in absorbance, and their reducing power followed the order of
AA>MCBEE>MCBWE (Figure 1B). The ability to scavenge DPPH is extensively used as an
easy, rapid, and sensitive way to evaluate free radical-scavenging capacities of natural
antioxidants. The DPPH radical scavenging activity of all the extracts from MCB increased
with the increase in concentration (Figure 2A). The IC50 of MCBEE was significantly lesser
(p< 0.05) than MCBWE. It has been found that phenolics, flavonoids and tocopherols reduce
the DPPH radicals by their hydrogen donating ability.[41-42] ABTS is more reactive than
DPPH and unlike the reactions with DPPH which involves H atom transfer, the reaction with
ABTS involves an electron transfer process.[43] The ABTS scavenging activity suggested that
the phytoconstituents within the extracts of M. champaca might donate electron/hydrogen
while minimizing the oxidative stress. Reactive oxygen species induce membrane damage by
peroxidising lipid moiety, specially the polyunsaturated fatty acids with a chain reaction
known as lipid peroxidation.[44] Two extracts of MCB bark have appreciable lipid
peroxidation inhibition activity (Figure 2C). Therefore it is suggested that MCB extracts
might prevent lipid peroxidation induced cancer generation. Superoxide radicals are the most
common ROS in vivo and involve in many pathological conditions.[45] They can give rise to
stronger ROS such as singlet oxygen and hydroxyl radicals, and initiate peroxidation of
lipids. The two extracts as well as QU, showed moderate superoxide radical scavenging
activity in a concentration dependent (Figure 2D).
Nitric oxide (NO) has a role in physiologic processes and it participates in pathogenic
pathways underlying a large group of disorders including inflammation, inflammatory bowel
disorder, primary headaches and stroke.[46] M. champaca bark extracts showed NO
scavenging activity suggesting the ability to ameliorate inflammatory response associated
with NO. Diabetes mellitus (DM) is a complex disease characterized by a metabolic disorder
due to absolute or relative insulin deficiency, which leads to imbalanced carbohydrate, lipid,
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and protein metabolism.[47] The polyphenolic compounds in plants inhibit the activities of
carbohydrate hydrolyzing enzymes, such as α-amylase because of their ability to bind with
proteins.[48] In this study, the potential of MCB bark as an antidiabetic supplement was
investigated using DNSA and starch iodine method to determine α-amylase inhibitory
activity of the crude MCB extracts. The ethanol extract showed higher inhibitory effects than
water extract. The high level of α-amylase inhibitory activity of the MCB extracts can
potentially reduce postprandial hyperglycemia by delaying carbohydrate digestion. The
toxicity of all the crude extracts to brine shrimp was determined. The mortality rate of brine
shrimp was found to be increased with the increase in concentration of the test sample. The
high value of LC50, indicates the cytotoxic effect of MCB extracts. The results of this study
indicate the presence of potent bioactive principles in this crude extracts which might be very
useful as antiproliferative, antitumor, pesticidal and other bioactive agents. Taken together,
this antioxidant activity of MCB extracts can be attributed to the presence of various
phytochemicals in MCB bark. Therefore, a significant correlation between phytochemical
contents and anti-oxidant properties was found in our study (Table 5). To analyze this
correlation the Pearson correlation coefficient for TPC and TFC was employed. As shown in
Table 5, antioxidant activity and in vitro α-amylase inhibitory activity showed a good
correlation with TPC and TFC, whereas the coefficient of correlation between TPC, TFC and
lipid peroxidation activity was not significant. This finding indicates that polyphenolic
compounds are major contributors to the antioxidant activity of MCB extracts. In addition,
the absence of correlation between phytochemical content and lipid peroxidation activity
suggests that non-polyphenolic compounds that possess strong lipid peroxidation scavenging
activities are the active compounds in MCB extracts. This feature causes a nonlinear
relationship between polyphenolic content and lipid peroxidation activity.
5. CONCLUSION
The present study demonstrates the phytochemical profiling, in vitro antioxidant, antidiabetic
properties of M. chamapca bark extracts. The results serve as important insight into the
pharmacological properties of M. chamapca bark and provide valuable evidence for the
potential of this part of the plant as good source of natural antioxidant. Further works are
needed to better understand the mechanism of its preventive or protective effects. In addition,
it will be required to investigate the isolation of the bioactive compounds, mechanisms of
action, in vivo test and safety and long-term side effects of bioactive compounds. Results may
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be useful for further studies on Michelia champaca for its applications in pharmaceutical
industries.
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