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INTRODUCTION

The generation of oxygen free radicals is basic to any
biochemical process and this constitutes a pivotal part of life
processes. Generation of ROS like hydroxyl radical ("OH),
superoxide (O,™*), hydrogen peroxide and singlet oxygen ('O5)
are associated with several degenerative diseases such as cancer,
diabetes, cardiovascular diseases, Alzheimer’s disease and infla-
mmation [1,2]. A balance must exist between the generation
of these free radicals and scavenging activities of antioxidants.
Whenever there is a change in this balance, oxidative stress is
generated [3,4]. Antioxidants provide protection against the
oxidative stress in the cells and thus, useful in the treatment of
many human diseases, such as cancer, cardiovascular diseases
and inflammatory disorders [5].

Sphaeranthus indicus Linn. belonging to Compositae
family is a branched herb with purple flowers. It grows plenti-
ful in rice field and dispersed throughout India. It is used
natively in the traditional system of medicine as anthelmintic.
It possesses a broad range of medicinal properties and was
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In present study, the total phenolic, flavonoid, tannin contents and the antioxidant activity of various solvent extracts of Sphaeranthus |
indicus collected from three different regions of central India were assessed. Plants extracts were prepared using Soxhlation method,
while the total phenols, flavonoids and tannins were measured by the spectrophotometric method. DPPH, metal chelating, nitric oxide,
superoxide oxide scavenging activity and FRAP, reducing power, total antioxidant assays were also evaluated. The highest phenolic
contents 268.22 GAE equivalent, flavonoids 441.33 QE equivalents and tannin content was 120.32 tannic acid equivalents (mg/g) obtained
from ethanolic extracts of sample SIEE-1 compared to other two plants extract. Similarly, the highest flavonoid contents was observed in
SIAE-1 aqueous extract and lowest in SIAE-2 and STAE-3. Extract of SIEE-1 possessed maximum antioxidant potentiality and SIAE-2
shown the least antioxidant activity in all assays. It could be concluded that different agroclimatic conditions have effects on the total
phenolics, flavonoids, tannin contents and antioxidant potentiality of S. indicus plant.

used in jaundice, diabetes, fever, hemicranias, hernia, leprosy,
pectoralgia, gastropathy, leprosy, hemorrhoids, helminthiasis,
cough, dyspepsia, nerve tonic and skin diseases [6,7]. Various
pharmacological activities were reported on this plant such
as, antimicrobial [8,9], immunomodulatory [10], antibacterial
[11,12], wound healing [13], anxiolytic action [7]. Many bio-
active constituents isolated from this plant are isoflavonoids
[14], eudesmanolides [15], 7-hydroxy eudesmanolides [16],
essential oil (ocimene, cadiene, citral, p-methoxycinnamalde-
hyde, eugenol, geraniol and geranyl acetate) [17], eudesmano-
lides [18] and sterol glycoside [19].

The present study attempts to investigate novel plant
materials as a rich source of antioxidants. This study focus on
the comparison of total phenolic, flavonoids, tannins content
and in vitro antioxidant potentiality of various solvent extracts
of S. indicus collected from different climatic zones of Central
India. India is a home to an extraordinary variety of climatic
regions. These climatic variations can lead to a difference in
the phytocomponents of plant species.

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.
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EXPERIMENTAL

Plant material: The taxonomic identification of the whole
plant of S. indicus collected from different locations (Rajgarh,
Nagda and Rewa) of central India was confirmed and authen-
ticated by Dr. H.B. Singh, Raw Materials Herbarium and
Museum (RHMD) of NISCAIR, New Delhi. (Ref. letter No.
of SI-1 from Rajgarh-NISCAIR/RHMD/Consult/-2017/3065-
14-1), (Ref. letter No. of SI-2 from Nagda-NISCAIR/RHMD/
Consult/-2017/3065-14-2), (Ref. letter No. of SI-3 from Rewa-
NISCAIR/RHMD/Consult/-2017/3065-14-3)

Processing of plant material: Sphaeranthus indicus L.
grows as a weed in paddy field and these plant samples were
collected from three different regions of India for the proposed
study. Sample 1 (SI-1) collected from Rajgarh, sample 2 (SI-2)
from Nagda and sample 3 (SI-3) from Rewa of central India.
The collected plant samples were cleaned thoroughly with
distilled water to remove sticky dirt, naturally dried under shade
and subjected to size reduction using a mechanical grinder.
The coarsely dried, powder were stored in hermetically sealed
containers for further use.

Preparation of extract by successive solvent extraction
method: Air-dried Sphaeranthus indicus Linn. (100 g) were
extracted by successive soxhlet extraction method for 72 h
were carried by using solvents with increasing polarity viz.
petroleum ether, chloroform, ethanol and macerated to form
an aqueous extraction. Extracts were filtered and solvents were
evaporated by distillation process under reduced pressure and
the resulting extracts obtained were dried. Dried extracts were
stored in well closed air tight bottles for further use [20].

Quantitative phytochemical assays

Determination of total phenolic contents: Phenolic comp-
ound reacts with phosphomolybdic acid in presence of Folin-
Ciocalteau phenol reagent (1:10) in an alkaline medium and
produce a blue colored complex (with molybdenum blue),
which can be estimated by colorimetric method. The total
phenolic content of the plant extracts was determined by Folin-
Ciocalteu’s phenol method [21] with certain modifications.
Contents of total phenolics in the ethanolic and water extract
of whole plant of S. indicus collected from different regions
of central India were estimated by a UV-visible spectrophoto-
meter. Different concentrations of extracts and (gallic acid)
standard were prepared. Basically, 1 mL of each SI-1, SI-2,
SI-3 ethanolic and water extracts with different concentration
0.1,0.2, 0.4, 0.6, 0.8 and 1 mg/mL) was added separately to
10 mL flask and mixed 1 mL of Folin-Ciocalteau phenol reagent.
After 3 min, 1 mL of saturated sodium carbonate solution was
added to the above mixture and volume made up to 10 mL
using distilled water. The reaction mixture was kept in dark
for 1 h. After 0.5 h until blue color was developed tube were
centrifuged at 2000 rpm for 10 min, after which the absorbance
was measured against prepared blank (reagent) at 725 nm. A
calibration curve was generated by plotting concentration of
gallic acid versus absorbance (Fig. 1). All the determinations
were performed three times (n = 3) and the mean of three tests
were used.
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Fig. 1. Determination of phenolic contents using gallic acid as a standard

Determination of total flavonoid content: A 1 mL of
each SI-1, SI-2, SI-3 ethanolic and water extracts with different
concentrations (0.1,0.2,0.4, 0.6, 0.8 and I mg/mL) and standard
solution of quercetin (0.1, 0.2, 0.4, 0.6, 0.8 and 1 mg/mL) was
added separately to 10 mL volumetric flask with 4 mL distilled
water. To the above mixture 300 UL of 5% NaNO, was added,
followed by the addition of 300 puL of 10% AICls. After 5 min
of incubation, 2 mL of 1 M NaOH solution was added and the
total volume were increased upto 10 mL using distilled water.
The above solution was thoroughly mixed and the absorbance
was measured at 510 nm by spectrophotometer against blank
[22,23]. A calibration curve was generated by plotting concen-
tration of quercetin versus absorbance.

Determination of total tannins content: Total tannin
contents of plant extracts was determined by Folin-Ciocalteu
method [24]. Different concentrations of extracts and standard
(tannic acid) solutios were prepared. Basically, 1 mL of each
SI-1, SI-2, SI-3 ethanolic and water extracts with different
concentration 0.1, 0.2, 0.4, 0.6, 0.8 and 1 mg/mL) was mixed
with 8 mL of distilled water, 0.5 mL of Folin-Ciocalteu reagent
(1:20) and 1.5 mL of Na,CO; (20%). Absorption was recorded
at 775 nm against blank.

Calculation of phytoconstituents in plant extracts: The
total content was calculated using the linear regression equation
(1) and expressed in terms mg of standard equivalent per gm
of extract.

y=mx+c (1)
where y = absorbance, x = standard compound concentration
(mg/mL), ¢ = interception, m = slope.

Now, the concentration of total contents in sample was
determined as milligram of standard sample equivalent (eqn.
2):

C= cX 2)
m
where C = total content (mg/g plant extract), ¢ = concentration
of sample established from the calibration curve of standard
(mg/mL), v = volume of extract (mL), m = weight of pure plant
extract (g).

in vitro antioxidant assay

DPPH free radical scavenging assay: Free radical scav-
enging analysis of various extracts of S. indicus collected from
different regions was measured by DPPH method [25,26] with
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few modifications. A 1 mL of different concentrations of extracts
and standard (0.1, 0.2, 0.4, 0.6, 0.8 and 1 mg/mL) were added
to the separate test tube and then an equal amount of DPPH
(0.0001 M) methanol solution was added. The mixture was
shaken vigorously and allowed to stand at room temperature
for 0.5 hin a dark place. Decreasing absorbance was measured
against the blank at 517 nm using a standard spectrophotometer
(UV-Vis) in the presence of sample extracts and at different
concentrations. A blank reading was taken using ethanol in
place of sample extract.

Metal chelating scavenging assay: A 1 mL of different
concentrations of extract and standard (disodium EDTA) (0.1,
0.2,0.4,0.6,0.8 and 1 mg/mL) were added to the separate test
tube and allow to react with 0.1 mL FeCl; and 3.7 mL distilled
water. To a above reaction mixture, 0.2 mL ferrozine was added.
The mixture was agitated vigorously and allow to stand at
room temperature for 20 min. The absorbance was noted at
562 nm against reagent blank [27].

Nitric oxide scavenging assay: A 0.5 mL of different
concentrations of extracts and standard (0.1, 0.2, 0.4, 0.6, 0.8
and 1 mg/mL) were added followed by the addition of 0.5 mL
of phosphate buffer (pH = 7.4) and then 2 mL of sodium
nitroprusside solution (10 mM). This reaction mixture was
shaken gently and allowed to stand for 150 min at room temper-
ature. About 0.5 mL reaction mixture solution was separated
from above solution and diluted with 1 mL of sulphanilic acid
(0.33% in 20% GAA) and allowed to stand for 5 min for
completing the diazotization. Then, 1 mL of naphthyl ethylene
diamine dihydrochloride (0.1%) was added, mixed and allowed
to stand again for 30 min at room temperature. A pink colored
chromophore was formed in diffused light. Absorbance was
recorded at 540 nm against blank [28].

Superoxide scavenging assay: A 1 mL solution of NBT
(156 pM nitro blue tetrazolium prepared in 0.1 M phos-phate
buffer, pH 7.4), 1 mL nicotinamide adenine dinucleotide
solution (468 uM NADH prepared in 0.1 M phosphate buffer,
pH 7.4) and 1 mL of different concentrations (0.1, 0.2, 0.4, 0.6,
0.8 and 1 mg/mL) of extracts and standard (ascorbic acid)
were added to the separate test tube and mixed thoroughly.
The reaction begins by adding 100 puL of phenazine metho-
sulfate solution (60 uM PMS prepared in 0.1 M phosphate
buffer, pH 7.4) to the mixture. The reaction mixture solution
was incubated for 5 min at room temperature. Decreasing
absorbance was measured against the blank at 560 nm [29].

Percentage scavenging (inhibition) capacity and ICs,
values: The free radical scavenging and chelating activity of
the different extracts of S. indicus were calculated according
to eqn. 3:

Scavenging (%) = AOA A, x100
where, A, = Absorbance of the control (without test sample),
A= Absorbance of the test sample.

The ICs, values were calculated by regression equation,
which was obtained from the standard curve. The ICs, (inhib-
itory concentration) value is inversely proportional to the anti-

oxidant scavenging activity.

Reducing power assay: A 1 mL of different concentra-
tions of extracts and standard (0.1, 0.2, 0.4, 0.6, 0.8 and 1 mg/
mL) were mixed with 2.5 mL of 0.2 M Na,HPO,-2H,O buffer.
In the above mixture, 2.5 mL of 1% potassium ferricyanide
was added. The reaction mixture was agitated vigorously and
allowed to stand at room temperature for 20 min at 50 °C. To
the above incubated mixture, 2.5 mL of 10% trichloroacetic
acid was added for the reaction termination and centrifuged at
6000 rpm for 10 min. The supernatant was collected in a tube
then 2.5 mL distilled water and 0.5 mL 0.1% FeCl; was mixed
in the solution. Increasing absorbance was measured using
spectrometer against the blank at 700 nm [30].

Total antioxidant capacity (TAC): An aliquot of 1 mL
of different concentrations (0.1, 0.2, 0.4, 0.6, 0.8 and 1 mg/
mL) of extracts and standard gallic acid were treated with 1 mL
of total antioxidant reagent which comprised of 0.6 M H,SOs,
28 mM Na,HPO,-2H,0 buffer and 4 mM (NH,).Mo0O.. The
tubes were capped and incubated at 95 °C for 90 min in a water
bath. After incubation period, the mixture was cooled to room
temperature and absorbance was observed at 695 nm against
blank [31]. The total antioxidant activity of plant extract is
expressed as the number of equivalents of gallic acid (mg/g).

Ferric reducing antioxidant power (FRAP) assay:
Different concentrations of extract and standard (FeSO,) were
prepared. A 2.85 mL working solution of FRAP was mixed
with 150 pL test sample and then incubated for 30 min in the
dark condition. Absorbance of the colored product (ferrous-
2,4,6-tripyridyl triazine complex) were observed at 593 nm
[32]. Results were expressed in term UM of Fe** equivalent
per gram of extract (UM Fe(II)/g dry mass).

RESULTS AND DISCUSSION

Secondary metabolites like phenol, flavonoids and tannins
were analyzed in ethanol and aqueous extracts of various
samples of S. indicus (S1-1, SI-2 and SI-3), which are present
in the extracts are shown in Table-1. Total flavonoid, phenolic
and tannin contents in different ethanolic and aqueous extract
samples of S. indicus (S1-1, SI-2 and SI-3) was calculated as
gallic acid equivalents (GAE), quercetin equivalents and tannin
acid equivalents using regression equations obtained from
standard graphs (Figs. 1-3).

The phenolic content obtained from the extracts of S. indicus
collected from three different regions of central India was
found to be different. The highest phenolic content was 268.22
GAE equivalents (mg/g) obtained from ethanolic extracts of
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Fig. 2. Determination of flavonoid content using quercetin as a standard
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TABLE-1
COMPARATIVE QUANTITATIVE ANALYSIS OF VARIOUS BIOACTIVE COMPOUNDS IN
ETHANOLIC AND AQUEOUS EXTRACTS OF S. indicus S1-1, SI-2 AND SI-3

Total phenol (mg in gallic acid

Total flavonoid (mg in quercetin

Total tannin (mg in tannin acid

Eack equivalent/g of dried plant extract) equivalent/g of dried plant extract) equivalent/g of dried plant extract)
SIEE-1 268.22 = 0.002 441.33 + 0.0080 120.32 + 0.0060

SIEE-2 12.39 + 0.006 109.84 + 0.0010 1.05 + 0.0005

SIEE-3 74.31 = 0.004 233.34 + 0.0120 8.62 +0.0010

SIAE-1 - 22.74 £ 0.0010 -

SIAE-2 - 3.24 +0.0010 -

SIAE-3 - 9.75 + 0.0005 -

All values are expressed as Mean + SD of 3 observations; SIEE = S. indicus ethanolic extract; SIAE = S. indicus aqueous extract
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Fig. 3. Determination of tannin content using tannic acid as a standard

SIEE-1. The next highest 74.31 GAE equivalents (mg/g) was
observed in SIEE-3 ethanolic extracts and the lowest phenolic
content was found to be about 12.39 GAE equivalents (mg/g)
in SIEE-2 ethanolic extract. Total phenolic content was not found
in the aqueous extracts of all three samples as shown in Fig.
4.The highest flavonoid content was 441.33 QE equivalents
(mg/g) obtained from ethanolic extracts of SIEE-1. The next
highest 233.34 QE equivalents (mg/g) was observed in SIEE-3
ethanolic extracts and the lowest flavonoid content was found
to be about 109.84 QE equivalents (mg/g) in SIEE-2 ethanolic
extract. Whereas, STAE-1, STAE-3 and SIAE-2 were found to
the lowest flavonoid content, which are 22.74, 9.75 and 3.24
QE equivalents (mg/g), respectively (Fig. 4). The highest tannin
content was 120.32 tannic acid equivalents (mg/g) derived from
ethanolic extracts of SIEE-1. The lowest tannin was found to
be about 1.05 tannic acid equivalents (mg/g) in SIEE-2 and
8.62 in SIEE-3, indicating that there is little or no tannin content
in it. Total tannin content was not found in the aqueous extracts
of all three samples (Fig. 4).
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Fig. 4. Comparative diagrammatic representation of total phenolic, flavo-
noid and tannin content in ethanolic and aqueous extracts of S.
indicus (SI-1, SI-2 and SI-3)

DPPH free radical scavenging assay: The results obtained
from the free radical scavenge activity against DPPH free
radical are shown in Fig. 5. The variation observed between
scavenging activities of the same extract depends upon the
regions of a plant used in this study. This difference can be
attributed to the uneven distribution of antioxidant molecules
such as polyphenols, flavonoids, present in plants collected
from different locations.All the three ethanolic extracts of S.
indicus plants revealed a good DPPH radical scavenging activity
than aqueous extract. The DPPH scavenging activities of various
extracts of S. indicus depends on the extract concentrations.
Maximum DPPH scavenging activity and minimum ICs, value
were shown by ethanolic extract using the standard (ascorbic
acid), which contained the highest amount of phenol, flavonoid
and tannin. Aqueous extract has shown the minimum scaven-
ging activity and maximum ICs, value as well as less amount
of phenolic content. As comparison to SIEE-2 and SIEE-3, it
can be seen that the percentage of free radical scavenge activity
of ethanolic extract of SIEE-1, at various concentrations
exhibited high percentage inhibition at upper concentration
it, which was found to be 74.47% and its ICs, value is 0.46 +
0.005 (Fig. 5). The ascorbic acid (standard) shown maximum
scavenging potential at very low concentration which is 85.24%
percent and its ICs, value is 0.19 + 0.01. Whereas aqueous extract
of STAE-2 has shown low scavenging effect up to 1 mg/mL, it
was found to be 24.49% and its ICs, value is 3.27 + 1.00.
Thereafter, the effect of DPPH scavenging becomes greater with
the concentration of sample extracts. The potential to scavenge
50% of DPPH was found to be in order of ICsy, 0.46 = 0.005
mg/mL for SIEE-1 > SIEE-3 (0.6 + 0.03 mg/mL) > SIAE-1
(0.64 +0.005 mg/mL) > SIEE-2 (1.05 + 0.04 mg/mL) > STAE-
3(1.42 £ 0.10 mg/mL) > STAE-2 (3.27 + 1.00 mg/mL).
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Fig. 5. Comparative free radical scavenging activity (percentage inhibition)
of all three ethanolic and aqueous extracts samples of S. indicus
(SI-1, SI-2, SI-3)
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Metal chelating scavenging assay: The results obtained
from the metal chelating scavenge activity are shown in Fig. 6.
All three aqueous extracts of S. indicus revealed a good metal
chelating scavenging activity than ethanolic extracts. Metal
chelating activities of various extracts of S. indicus depends
on the concentration of the extracts. Maximum metal chelating
scavenging activity and minimum ICs, value were shown by
aqueous extract. Ethanolic extracts have shown the minimum
scavenging activity and maximum ICs, value. As compared to
SIAE-2 and STAE-3, it can be seen that the percentage of metal
chelating scavenging activity of aqueous extract of SIAE-1,
at various concentrations shown high percentage inhibition at
upper concentration (84.81%) and its ICs, value is 0.20 = 0.06,
which is lower than the positive standard EDTA as shown in
Fig. 6. Whereas the ethanolic extract of SIEE-2 showed low
scavenging effect up to 1 mg/mL and found to be 67.72%
(ICs 0.69 = 0.02); thereafter, metal chelating scavenging effect
higher with the concentration of sample extract. The Na,EDTA
standard has shown the minimum scavenging potential as
compared to other extract, which shows that the metal chelating
potential in S. indicus has higher than the standard. The potential
to scavenge 50% of metal chelating scavenging effect was found to
be in order of SIAE-1 > SIAE-3 (0.31 + 0.01 mg/mL) > SIEE-1
(0.28 = 0.04 mg/mL) > SIEE-3 (0.41 + 0.003 mg/mL) > STAE-2
(0.54 £ 0.03 mg/mL) > SIEE-2 (0.69 = 0.02 mg/mL).
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Fig. 6. Comparative metal chelating scavenging activity (percentage
inhibition) of all three ethanolic and aqueous extracts samples of S.
indicus (SI-1, SI-2, SI-3)

Nitric oxide scavenging assay: In this study, nitrite NO,
produced by incubation of sodium nitroprusside solutions in
a standardized phosphate saline buffer at room temperature
was reduced by three different ethanolic and water extracts of
S. indicus. The scavenging activity of ethanolic and water
extracts was found to be concentration-dependent. All the three
ethanolic extract of S. indicus revealed a good nitric oxide
scavenging activity than aqueous extract. Maximum nitric
oxide scavenging activity and minimum ICs, value were shown
by ethanolic extract after the standard (ascorbic acid), which
contained the highest amount of phenol, flavonoid and tannin.
aqueous extract shown minimum scavenging activity and
maximum ICs, value as well as less amount of phenolic content.
As compared to SIEE-2 and SIEE-3, it can be seen that the
percentage of nitric oxide scavenging activity of ethanolic
extract of SIEE-1, at different concentrations has shown high

percentage inhibition at higher concentration (63.24% and 1Cs,
=0.05 £ 0.004) (Fig. 7), whereas aqueous extract of SIAE-2
exhibit low nitric oxide scavenging activity up to 1 mg/mL
and found to be 6.51% (ICsy 8.59 + 0.32). The potential to
scavenge 50% of nitric oxide scavenging effect was found to
be in order of SIEE-1 (ICs, 0.05 + 0.004 mg/mL) > SIEE-3 (0.47
+0.005 mg/mL) > SIAE-1 (1.67 +0.01 mg/mL) > SIEE-2 (1.76 +
0.15 mg/mL) > STIAE-3 (7.03 + 0.80 mg/mL) > SIAE-2 (8.59 +
0.32 mg/mL). The present study has proven that the extracts
contains a powerful nitric oxide scavenging activity and can
be useful for the management of diseases in which radical nitrite
is directly involved.
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Fig. 7. Comparative nitric oxide scavenging activity (percentage inhibition)

of all three ethanolic and aqueous extracts samples of S. indicus
(SI-1, SI-2, SI-3)

Superoxide scavenging assay: The present study shows
that all the extracts were found to exhibit strong antioxidant
activity against the superoxide anion radical, when compared to
standard (ascorbic acid). All the three aqueous extract of S.
indicus revealed a good Superoxide scavenging activity than
ethanolic extracts (Fig. 8). Superoxide scavenging activity of
various extracts of S. indicus depends on the concentration of
the extracts. Maximum superoxide scavenging activity and
minimum ICs, value were shown by aqueous extract. Ethanolic
extracts have shown the minimum scavenging activity and
maximum ICs, value. As compared to SIAE-2 and SIAE-3,
the percentage of superoxide scavenging activity of aqueous
extract of SIAE-1 at different concentrations (0.1, 0.2, 0.4, 0.6,
0.8 and I mg/mL) exhibit high percentage inhibition and found
to be 59.29% (ICs, = 0.67 £ 0.005). The ascorbic acid as
standard has shown the maximum scavenging potential at low
concentration (76.28% and ICsy = 0.37 = 0.01) as shown in
Fig. 8. Whereas the ethanolic extract of SIEE-2 has shown low
scavenging effect up to 1 mg/mL (21.29%, ICs, =2.63 £ 0.02).
The ascorbic acid standard showed maximum scavenging
potential as comparisons to all extract’s samples of S. indicus.
The potential to scavenge 50% of Superoxide scavenging effect
was found to be in order of STAE-1 (ICs, 0.67 £+ 0.005 mg/mL)
> SIAE-3 (0.79 + 0.005 mg/mL) > SIEE-1 (1.74 + 0.02 mg/mL)
> STAE-2 (1.86 £0.01 mg/mL) > SIEE-3 (2.49 + 0.01 mg/mL)
> SIEE-2 (2.63 + 0.02 mg/mL).

Reducing power assay: All the three ethanolic extracts
of S. indicus revealed a good reducing power activity than the
aqueous extracts. All the ethanolic extracts of S. indicus plants
showed some degree of electron donation. In this assay, similar
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Fig. 8. Comparative Superoxide scavenging activity (percentage inhibition)
of all three ethanolic and aqueous extracts samples of S. indicus
(SI-1, SI-2, SI-3)

pattern has been observed, when compared to SIEE-2 and
SIEE-3, the ethanolic extract of SIEE-1 at various concentra-
tions showed the high reducing power effect whereas, ascorbic
acid showed the maximum reducing power than all extracts
of S. indicus (Fig. 9). The reducing power capacity of ethanolic
and aqueous extracts was found to be in order of SIEE-1 >
SIEE-3 > SIAE-1 > SIAE-3 > SIEE-2 > SIAE-2.
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Fig. 9. Comparative reducing power activity of all three ethanolic and
aqueous extracts samples of S. indicus (SI-1, SI-2, SI-3)

Total antioxidant capacity (TAC): Using phosphomoly-
bdenum assay, the antioxidant potential values of all the
extracts of S. indicus are given in Table-2. All the ethanolic
and aqueous extracts showed increasing antioxidant activity
with increasing concentration. All the extracts of S. indicus
showed good total antioxidant capacity. The ethanolic extracts
possess the maximum total antioxidant capacity in comparison
to the aqueous extracts. Total antioxidant capacity (mg/g) of
various extracts of S. indicus was found to be in order of SIEE-1
> SIEE-3 > SIEE-2 > SIAE-1 > SIAE-3 > SIAE-2.

Ferric reducing antioxidant power (FRAP) assay: In
this study (Fig. 10), the absorbance of ethanolic extracts of S.
indicus increased due to the formation of Fe**-TPTZ complex
with increasing concentration as seen also in the standard
antioxidant. The ethanolic extracts of S. indicus demonstrated
a higher FRAP than aqueous extracts. FRAP (UM Fe(Il)/g dry

TABLE-2
COMPARATIVE TOTAL ANTIOXIDANT CAPACITY
AND FERRIC REDUCING ANTIOXIDANT POWER OF
ALL THREE ETHANOLIC AND AQUEOUS EXTRACTS
SAMPLES OF S. indicus (SI-1, SI-2, SI-3)

Extracts TA_C (mg in gallic acid FRAP (uM Fe(Il)/g
equivalent/g dry extract) dry extract)
SIEE-1 934.94 + 0.0005 9.770 = 0.0400
SIEE-2 505.88 £ 0.0010 6.720 = 0.0230
SIEE-3 644.69 + 0.0030 8.020 = 0.0009
SIAE-1 341.83 £0.0120 6.580 = 0.0130
SIAE-2 183.39 + 0.0050 5.162 + 0.0010
SIAE-3 194.61 + 0.0060 5.389 + 0.0020

All values are expressed as Mean + SD of 3 observations.
SIEE = S. indicus ethanolic extract; SIAE = S. indicus aqueous extract
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Fig. 10. Diagrammatic representation of comparative FRAP of all three
ethanolic and aqueous extracts samples of S. indicus (SI-1, SI-2,
SI-3)

Concentration (uM/g)

extract) of various extracts of S. indicus was found to be in
order of: SIEE-1 > SIEE-3 > SIEE-2 > SIAE-1 > SIAE-3 >
SIAE-2.

On the basis of result obtained, the highest antioxidant
activity has been observed in Rajgarh region (SI-1). Despite
having the same plant species, variation in phytochemicals
has been found in plants of different regions, which may be
due to environmental factors and soil elements composition.
A thorough phytochemical analysis should be performed to
identify the active phenolic and flavonoid components and
there is also a need to examine the effects of soil properties.

Conclusion

The present study showed that Sphaeranthus indicus is a
promising source of bioactive phenol and flavonoids which
has a good antioxidant activity. This study demonstrated that
the total phenolic content and flavonoid content of the plants
is responsible for antioxidant potential of S. indicus (SI-1)
plant collected from Rajgarh region which makes them more
potent antioxidant scavenger, whereas the other plant SI-2 and
SI-3 from Nagda and Rewa regions as per their phytochemical
composition showed different levels of antioxidant potential.
Further studies are needed to explore the potential phenolics
compounds of S. indicus collected from particular site and in
vivo studies are needed for better understanding their mech-
anism of action.
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