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Acalypha indica L., an Indian medicinal plant with remarkable ethno-medicinal significance, possesses promising
antioxidant, anti-inflammatory, and anticancer features. Extracts obtained from the aerial parts of this plant by utilising four
different solvents exhibited a great deal of variation in the total phenolics and flavonoid content, in addition to considerable
differences in the in vitro experimental systems in terms of the free radical scavenging ability. The methanolic extract
showed the highest metal-chelating ability, with 85.82+0.38% and 72.51+3.27% for Fe** and Cu”" ions, respectively, at the
highest extract concentrations used. The methanolic extract also exhibited the greatest Nitric oxide (NO) inhibitory potential
in Lipopolysaccharide-induced macrophages, demonstrating its anti-inflammatory potential. The ethyl acetate extract was
potent in inhibiting MCF-7, HeLa, K562, and AGS cancer cells, with ICs, values of 60.05+1.84, 49.04+1.60, 19.46+4.70,
and 29.39+2.90 pg/mL, respectively. Overall, these results provide foundational validation of the plant's therapeutic benefits
in traditional systems and also recommend that this weedy plant can be a good candidate for the discovery and development

of bioactive molecules in future.
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Introduction

Due to their proven pharmacological utility,
medicinal plants and their derived natural products have
attained a significant position in the research domain all
over the world. The World Health Organisation (WHO)
has emphasised time and again the key role of traditional
medicine, a large part of which is based on medicinal
herbs, in the large populace of developing countries due
to its easy accessibility as well as affordability’. Local
communities all over the world use different medicinal
plants on a day-to-day basis for common ailments such
as digestive issues, constipation, respiratory problems,
skin diseases, fever, diarrhoea, joint pain management,
wound healing, headache, etc™. With the ethnobotanical
clues as well as random approaches, many compounds
have been isolated from medicinal plants during
the twentieth century that form an integral component
of drug development, especially as antitumor and
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antibacterial agents. It is pertinent to note that even in
the advent of the 21st century, about 11% of 252 drugs
regarded as essential for public healthcare are
exclusively derived from medicinal plants’. Recently,
even in the backdrop of the COVID-19 pandemic,
researchers showed keen interest in formulations from
medicinal plants owing to their reported immune-
boosting activity in other viral infections’.

A large number of diseases are either caused by or
aggravated by free radical entities, especially reactive
Oxygen species (ROS), since they cause extensive
oxidative destruction of lipids, proteins, and nucleic
acids. Medicinal plants continue to remain a top priority
natural base of phenolics, flavonoids, vitamins, and
other numerous secondary metabolites, which express
considerable antioxidant activity. These antioxidant
molecules have the potential to nullify the onslaught of
these harmful free radicals and, therefore, are very
essential for the prevention of consequent diseases like
cancer, theumatoid arthritis, neurodegenerative diseases,
etc’. A plethora of medicinal plants have been known to
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have immense significance for anti-inflammatory
activity and tremendous prospects to contribute to the
development of therapeutic approaches to counter
diseases linked with inflammation’. Some medicinal
plant products are currently in use for the treatment and
management of cancer. A vast number of plant-derived
extracts and compounds have shown promise as
anticancer agents in in vitro systems and in animal
models, but are in the process of being determined to
show the requisite efficacy in the treatment of cancer in
humans®.

Acalypha indica L., commonly referred to as Indian
Acalypha, Indian nettle, or Indian Copper leaf, belongs
to the family FEuphorbiaceac and is abundantly
distributed throughout the African and Asian continents.
In traditional systems, especially in rural regions, the
plant, particularly its leaves, is used for the treatment of
many health disorders like pneumonia, asthma, skin
injuries, abdominal pains, rheumatism, etc’. In the
Indian context, in Ayurveda and Siddha systems of
medicine, it is used as a laxative, emetic, expectorant,
anti-irritant, etc'®'. A substantial number of studies
have been previously undertaken to establish and
confirm various parts of this plant for antioxidant, anti-
inflammatory”"", antihyperglycemic'’, hepatoprotective',
wound healing”, anti-fungal’, anti-obesity'>, and
analgesic''  properties. Due to its promising
pharmacological significance, several nanoformulations
of extracts of this plant have been tested for several
biological activities for improvement in efficiency,
especially antibacterial, wound healing, antioxidant,
cancer cell cytotoxicity etc'®’. Although the plant
grows in abundance like a weed and is wused
either entirely or leaves and roots are consumed
separately for medicinal benefits, the most common
practice is to use its leaves for the preparation of
decoctions, juices, pastes, infusions, etc”>'®, Therefore,
in this study, we aimed to further determine and
establish the antioxidant activity of polar and
non-polar extracts of aerial parts of 4. indica by a
number of assays. Further, anti-inflammatory activity
was tested in macrophages in addition to the
antiproliferative activity of these extracts against
a few selected cancerous cell lines. Although
studies of such biological activities have been reported
for this plant from time to time, this is an exhaustive
study with a multitude of in vitro assays across
varied biochemical facets, in addition to the use of
cancer cells of diverse origins and natures to
determine bioactivity vis-g-vis the non-polar to very
polar extracts.

Materials and Methods

Chemicals and reagents

The chemicals and solvents of analytical grade
were obtained from HiMedia and Merck, India.
Standard grade chemicals were procured from Sigma
Aldrich Chemicals Co. (St. Louis, USA). Media for
cell culture (RPMI-1640 and DMEM), fetal bovine
serum (FBS), and the antibiotics were purchased from
Gibco (Invitrogen, USA).

Plant material collection and extraction process

A. indica plants were collected from within the
campus of the University of Hyderabad (Telangana,
India) (Fig. 1). The plant material was subsequently
identified and affirmed by the Botanical Survey of India,
Deccan Regional Centre, Hyderabad, with reference no.
BSI/DRC/2012-13/Tech/588, and a voucher specimen
was kept for reference. The above-ground aerial plant
material was shade-dried at the usual room temperature
for a number of days and ground to a coarse powder
utilising an electric blender. Extracts were prepared from
100 g powder by Soxhlet extraction apparatus using
solvents of increasing polarity sequentially, i.e., n-
Hexane, ethyl acetate, methanol, and water. For the
purification of extracts, they were passed through
Whatman No.1 filter paper. A rotary flash evaporator
(Buchi, Germany) was used to dry these extracts. The
resultant yield of every extract was noted. The resultant
extracts were labelled as AIH (Hexane), AIE (Ethyl
acetate), AIM (Methanol), and AIW (water). The
extracts were stored in the dark at -20°C in air-tight
amber vials for future use. Consequently, stock solutions
of the extracts in Dimethyl sulfoxide (DMSO) with a
concentration of 20 mg/mL were made, and working
concentrations that were appropriate to different tests or
experiments were used.

Quantification of total phenolics and flavonoids
The phytochemical determination of total phenolics
and flavonoids of the subsequent extracts were carried
out by standard methods described previously'*?.
Results were subsequently expressed as milligram Gallic
acid equivalent per gram dry weight of the material
(mg GAE / g dw ) and milligram Quercetin equivalent
per gram dry weight of the material (mg QE/ g dw) for

total phenolics and flavonoids, respectively.
In vitro antioxidant activity studies

Phosphomolybdenum method
The total antioxidant activity (TAA) of the
resultant extracts was derived by using the
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Fig. 1 — (a) Acaypha indica L. plant, (b) collected material sample of the aerial part of the plant.

Phosphomolybdenum assay with reference standard
as Ascorbic Acid'’. Briefly, aliquots of 100 pL of
extracts or standard reference were mixed with 1 mL
prepared solution of reagent (0.6 M Sulfuric acid,
28 mM Sodium Phosphate, and 4 mM of Ammonium
molybdate) in 1.5 mL microcentrifuge tubes. These
tubes, after being capped, were subsequently
incubated for one and a half hours at 90°C in a
thermal dry bath. Later on, they were removed and
waited for some minutes to cool down at room
temperature. The reading of absorbance was taken at
695 nm against blank samples on a UV-Visible
spectrophotometer (Shimadzu, Japan) and calculated
as mg Ascorbic Acid equivalent(AAE) per gram dry
weight (dw) of the material.

Metal ion chelation ability

Ferrous (Fe*? chelation ability

The extracts of the plant were set to analysis with
respect to their capability to contend with Ferrozine
for chelating free iron (II) (ferrous, Fe*") ions in any
solution, as implied by a decline in absorbance as per
the defined method?". Concisely, to a solution of 100
puL of 2 mM FeCl,.4H,0, extracts in the concentration
ranging from 20-200 pg/mL were added. This
reaction was initiated by the introduction of 200 pL of
5 mM Ferrozine, followed by vigorous shaking of the
mixtures. The solutions were left undisturbed for ten

minutes at room temperature. The spectrophotometric
absorbance was acquired at 562 nm against the blank
sample solution prepared with FeCl, and distilled
water. For this essay, Ethylenediaminetetraacetic acid
(EDTA), a recognised metal ion chelator, was used as
a positive control. The calculations were performed
using the given equation:

Ferrous ion chelating activity (%)
= (ABc - ABs)/ABcX 100

Where ABc refers to the absorbance of the negative
control reaction minus any extract, and ABs implies
the absorbance of the sample added with the extract
and positive control, EDTA.

Chelation of Cuprous (Il) ions (cu®)

The Cu®" chelation potential of the extracts was
evaluated according to the method defined with some
alterations™. Precisely, 60 pL of CuSO4 aqueous
solution (20 mM) was put in Hexamine-HCIl buffer
(30 mM; pH 5.3) comprising 0.20 mM Murexide and
30 mM KCIl. After keeping the mixture intact at room
temperature for almost one minute, additions of 10 pL
of the extracts and positive control Sodium citrate
(SC) with concentrations ranging from 40 — 400
ug/mL were made to the mixtures. The final volume
was prepared with methanol to 1.5 mL. These
solution mixtures were briskly vortexed and incubated
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yet again at room temperature for 10 minutes.
Ultimately, the absorbance reading was taken with a
UV-visible spectrophotometer at 485 nm and 520 nm.
The ratio of the absorbances (A485/A520) specified
the free Cu®" content. Therefore, the intensity of the
cuprous ion chelating effect was computed as:

Cuprous chelating activity (%)

[<A485) (A485) 1 ]
4520) "~ \4520) S2MP€

=| |X100
(A485) B (A485) )
| {4520/ ™ ~\Z520) ™"

A485 . .
Where (H) max designates the ratio of absorbance
A4

o . 85 . :
in mixtures without samples, (M) sample is the ratio

L . A485\ .
of absorbance in mixtures with samples and (M) min

is the absorbance ratio of mixtures without any sample
and CuSO,.

Free radical scavenging assays

1,1-Diphenyl-2-picryl-hydrazyl (DPPH) assay

DPPH radical scavenging activity of the extracts
was performed by the method described earlier”.
Ascorbic acid (AA) was used as a positive standard
for this experiment, while methanol (95 %) was taken
as a blank reference.

2, 2'- Azino-bis — (3-ethylbenzothiazoline-6-Sulfonic acid) ABTS
scavenging assay

This cation radical decolourisation assay in vitro was
done as per the described method with slight
modifications™. Briefly, for the generation of the radical
cation of ABTS™,7 mM solution of ABTS in water was
prepared and then mixed with a 2.45 mM Potassium
persulphate solution. The solution mixture so formed
was stored in a dark milieu at room temperature for 12-
16 hours for a blue colour appearance. This solution of
ABTS was diluted correspondingly by ethanol so that an
absorbance value of 0.700+0.02 at 734 nm wavelength
is obtained. In a 96-well plate, 10 uL of plant extracts
with a concentration from 10 to 100 pg/mL was loaded
in each well, possessing 190 pL of already prepared
ABTS solution. After gentle shaking, the whole plate
containing wells with reaction mixtures was further
incubated in dark conditions for 15 minutes. Ascorbic
acid (AA) was used as a positive control. The
absorbance reading was taken spectrophotometrically at
a wavelength set at 734 nm on a microplate reader
(InfiniteProTecan, Switzerland). The calculations were
done as:

ABc — ABs

ABTS scavenging activity (%) = X100

ABc

where ABc and ABs refer to the absorbance value
of the control and sample solution, respectively.

Hydroxyl (OH) radical scavenging assay

These assays were done following the method
described earlier”. Ascorbic acid was taken as a
reference standard for this free radical scavenging
assay.

Lipid peroxidation inhibition assay

The in vitro effect of extracts on lipid peroxidation
was experimented in goat liver homogenate by the
Thiobarbituric acid reactive substances (TBARS)
method with minor modifications®. This assay
typically detects lipid peroxidation by quantification
of its oxidation products, mostly malondialdehyde
(MDA), which react with thiobarbituric acid (TBA)
under high temperature and acidic pH to form a
pink chromogen. Goat liver (5 g) tissue purchased
fresh from the local market was cut into coarse pieces,
followed by homogenization in 10 mM KCI-Tris-
HCl buffer (pH 7.4). The uniform homogenate
was subsequently subjected to centrifugation at 800 g
at 4°C for 15 minutes, and the lipid-rich supernatant
was collected separately. With the supernatant
so obtained, the extracts at several concentrations
(20-200 pg/mL) were mixed, and the tubes were
incubated at 37°C for 30 minutes in the presence and
absence (blank) of Fenton's reagent (50 pL of 10 mM
FeCl;; 10 pL of 2.5 mM H,0,) in phosphate buffer
(0.2 M, pH 7.4). The volume was adjusted to 1 mL.
Further, 2 mL of ice-cold HCIl (0.25 N) containing
15% Trichloroacetic acid (TCA), 0.5% thiobarbituric
acid (TBA), and 0.5% Butylated hydroxy toluene
(BHT) was added to the tubes, followed by
heating them at 100°C for about 10 minutes. The
reaction mixture was allowed to cool on an ice bath
for about 5 minutes. Finally, the mixture was
centrifuged at 1000 g for 10 minutes. The lipid
peroxidation process and its inhibition by samples
were quantified by measurement of the pink
chromogen spectrophotometrically at 532 nm.
Ascorbic acid was taken as a positive control for this
assay. A diminution in the development of pink
colour in the mixtures incubated with extracts is
indicative of the ability to impede the peroxidation
of lipids.
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Evaluation of anti-inflammatory and antiproliferative activity

Cell lines and culture

RAW 264.7 murine macrophages, K562 (Chronic
myeloid leukaemia), HeLa (Cervical carcinoma),
AGS (Human Gastric adenocarcinoma), and MCF-7
(breast carcinoma) cell lines were acquired from the
National Centre for Cell Science (NCCS), Pune,
India. These cell lines were accordingly cultured in
recommended media, DMEM and RPMI-1640,
subsequently augmented with 10% FBS, antibiotics,
penicillin (100 Units/mL), and streptomycin (100
pg/mL). The cells were grown in a humidified 5%
CO, air incubator at a temperature of 37°C. Negative
control for the experiments with cells was
characterised by a non-treated medium including
vehicle solvent as cell culture grade Dimethyl
Sulfoxide DMSO (0.1%).

Determination of Nitric Oxide (NO) in macrophages (Anti-
inflammatory activity)

The quantification of Nitrite, a stable NO oxidation
product, in RAW 264.7 murine macrophage cells was
performed at non-toxic concentrations of the extracts™.
Briefly, cells were seeded into 96-well plates with a
density of 1x 10° cells/mL. After an incubation time of
24 hours, they were washed with a fresh medium,
followed by treatment with several non-toxic
concentrations of the extracts (AIH, AIM, AIW) and
N-Nitro-L-Arginine  methyl ester  hydrochloride
(L-NAME) as a positive control. Thereafter, the
cells were stimulated by Lipopolysaccharide (LPS)
(1 pg/mL). Again, after an incubation time of 24 hours,
100 uL of culture supernatant was mixed with
the same volume (100 pL) of Griess reagent
(1% sulphanilamide and 0.1% naphthylethylenediamine
in 5% phosphoric acid), followed by keeping the
reaction mixtures at room temperature for 10 minutes.
The sodium nitrite standard curve was used for
quantification after the absorbance value was taken at
540 nm on a microplate reader.

Antiproliferative activity

The cytotoxic effect of extracts of A. indica was
evaluated in vitro using four different cancer cell types
(K562, HelLa, AGS, and MCF-7) by the well-known
3-(4,5-Dimethylthiazol-2-y1)-2,5-Diphenyltetrazolium
Bromide (MTT) assay”. Briefly, cells after being
plated at a density of 5x10° cells in each of the wells
in 96-well culture plates were incubated for 24 hours.
Fresh medium (200 puL) with the extracts at increasing
concentration values (5, 25,50, 100, 200, 250 pg/mL)

was added to the wells and further incubated for the
next 48 hours. Thereafter, the medium from every
well was removed cautiously and substituted with
new media added with 20 pL of 5 mg/mL of MTT
dissolved in Phosphate-buffered saline (PBS, pH 7.4).
The cells were kept for further incubation at 37°C for
4 hours. Eventually, 100 pL Dimethyl Sulfoxide
(DMSO) was put in each of the wells to dissolve the
crystals of formazon that were formed. The
absorbance reading was taken at 540 nm on a
microplate reader (InfinitePro, Tecan Switzerland).
Curcumin was considered a positive control for K562
cells, and Doxorubicin for other cell types. The
percentage inhibition of cancer cells in this activity
was calculated by means of the formula:

Cell inhibition (%) = [1 (ABt)] X100
ell inhibition (%) = ABO
Where ABt and ABO are the absorbances of treated
and untreated control wells, respectively.

Statistical analysis

The results of the independent triplicate experiments
were expressed as mean + standard deviation (SD)
values. The ICs, values represent the concentration of
extracts or standards required for 50% scavenging of
radicals, chelation of metal ions, and inhibition of cancer
cells. The statistical analysis, along with calculations
and graphical representations, was accomplished
by GraphPad Prism Version 6 software. Statistical
differences among the experimental results were
assessed using proper tests (one-way ANOVA, Tukey's,
and Student's t-tests). Overall, p <0.05 was considered
statistically significant.

Results

Phytochemical determination

The total phenolic content of the extracts was
highest in AIM (2.59 = 0.29° mg GAE/g dw),
followed by AIW (1.18+0.11° GAE /g dw). The
quantification value of the same was determined to be
0.95+0.06°GAE /g dw in AIE, and it was found to be
lowest in AIH with the value of 0.23+0.04° GAE /g
dw. Likewise, the flavonoid content decreased in the
order AIW > AIM> AIE with values of 5.33+0.56%
3.24i0.40b, 2.16+0.14° QE /g dw, and could not be
observed in AIH within a detectable range. Each
value is represented as mean + SD (n = 3) and
different superscript letters in each imply statistically
significant difference among them (p <0.05).
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Fig. 2 — Total antioxidant activity of Acalypha indica's four
extracts by the Phosphomolybdenum method in terms of mg
Ascorbic Acid equivalent per g dry weight of the plant material.
Each value is represented as a mean = Standard deviation (n=3).

Antioxidant activity of extracts

Phosphomolybdenum assay

The phosphomolybdate method is a very simple
but useful indicator of the antioxidant capacity of
extracts and pure compounds, which involves the
reduction of Mo (VI) to Mo (V) by such substances,
forming a greenish complex solution at acidic pH
with an absorption peak at 695 nm. Among all the
extracts, AIW showed the maximum total antioxidant
capacity of 5.11+0.02 mg AAE/g dw of the material.
The antioxidant ability of the other three extracts was
lower. The antioxidant activity of AIH, AIE, and AIM
was noted to be 2.66+0.01, 2.96+0.01, and 2.39+0.02
mg AAE/g dw, respectively (p <0.05) (Fig. 2).

Metal ions chelation activity

Chelation of Ferrous (Fe*) ions

The ability of the four extracts of the plant for
chelation of ferrous (Fe*") ions is shown in (Fig. 3a).
Ferrozine in the reaction mixture forms a colored
complex with Fe*", which is inhibited quantitatively in
the presence of metal chelators acting as antioxidants.
AIM showed better Ferrous chelation ability than AIE,
while AIH and AIW were among the least efficacious
extracts that were used. By the maximum concentration
of 200 pg/mL used in this experiment, AIM
significantly inhibited 85.82+0.38% of ions with an
IC5y value of 63.62+1.53 pg/mL (p <0.01). AIH and
AIW extracts almost showed a saturation of chelation
activity at 120 pg/mL concentration without much
improvement at succeeding concentrations. It is very
obvious from this assay that the extracts successfully
obstructed the complex formation of ferrous ions and
Ferrozine, specifying that they bind ferrous (Fe®") ions

before Ferrozine in a concentration-dependent pattern
(Table 1).

Cuprous ions (Cu**) chelating ability

The cuprous ions chelating activity of the extracts
and the positive control Sodium citrate (SC)
conformed to a concentration-dependent pattern from
40 - 400 pg/mL as presented in Fig. 3b. Although a
Cu’" chelating activity of SC was greater than these
extracts, AIM and AIE chelated 72.51+£3.27% and
55.54+2.20% of Cu®" ions respectively at the maximal
used concentration of 400 pg/mL (p<0.01). Among
the extracts, AIW showed the lowest Cu®" ion
chelation of only 29.72+1.56% at 400 pg/mL. The
ICso values of the concerned samples are in the
decreasing order of AIH>AIE> AIM>SC (Table 1).

Free radical scavenging activity

1,1-Diphenyl-2-Picryl-hydrazyl (DPPH) assay

DPPH spectrophotometric assay is one of the
commonly used procedures for the assessment of
antioxidant activity of extracts obtained from
medicinal plants because of its simplicity and
convenience. The method is based on the lessening of
the purple colour of DPPH free radical in solution by
antioxidants. A positive correspondence was witnessed
between the increasing concentration of all the
extracts and their DPPH radical scavenging ability,
albeit the differences in activity among them were
prominent. The resultant ICs, values of the extracts in
comparison to Ascorbic acid are described (Table 1).
In this assay, AIW showed the maximum free radical
scavenging activity, inhibiting 91.76+2.41%, followed
by AIM, which inhibited 82.11+0.76% at the highest
used concentration of 400 pg/mL. Extracts of AIH
and AIE, on the other hand, were moderately effective
among the extracts for scavenging DPPH free
radicals, inhibiting only 54.98+1.20% and 59.65+
3.29% of DPPH free radicals at this concentration
(p <0.05) (Fig. 3¢).

2, 2’-Azinobis-3-ethyl-benzothiazoline-6-Sulfonic acid (ABTS)
scavenging assay

This is an electron-transfer-based assay, in which
the ABTS cation with dark blue colour changes into a
colourless solution upon reduction by antioxidant
substances. As is very apparent from Fig. 3d, AIH is
the least scavenging of this radical among the
extracts, exhibiting inhibition of just 16.55+0.87%
at 100 pg/mL, while AIW showed the maximum
inhibition of 95.29+4.16% at this concentration.
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Fig. 3 — Antioxidant ability of the 4. indica extracts at increasing concentrations by different in vitro assays. (a) Chelation of Ferrous
(Fe*") ions, (b) Chelation of Cuprous (Cu®") ions, (c) Scavenging of DPPH free radicals, (d) ABTS radicals scavenging, (¢) Hydroxyl
radical scavenging, (f) Lipid peroxidation inhibition. Each value represents a mean + Standard deviation (n=3).

Table 1 — ICsq values of four extracts of A. indica and positive controls (standards) for metal ion chelation and free radical scavenging

ability
Scavenging/ Extracts of 4. indica (ug/mL) Standard compounds
chelation assay AIH AIE AIM AIW
Ferrous ion (IT) ND 149.64+7.11 63.62+1.53 ND 7.11+0.26"
Cuprous ion (II) 353.49+4.48 264.75+8.50 253.26+6.06 ND 196.21+10.05"
DPPH’ 384.04+2.33 372.75+12.90 309.54+4.67 220.85+3.84 4.88+0.25*
ABTS’ ND 97.67+1.18 76.20+3.13 63.32+0.96 4.02+0.25*
OH’ 295.15+11.37 248.50+7.21 164.02+2.78 211.27+£7.02 58.80+1.10°
Lipid peroxidation ND ND ND 113.24+5.51 55.53+2.08

Values are expressed in pg/mL. Results are expressed as mean (n=3+SD); ND implies Not determined. Symbols: #, B, and o imply

EDTA, Sodium citrate, and Ascorbic acid, respectively

Likewise, AIE and AIM were somewhat moderately
capable in the inhibition of ABTS free radicals,
exhibiting the values 51.19+1.28 and 77.93+3.43%
inhibition, respectively. The ICs, values, therefore, are
in order of AIE>AIM> AIW>AA (Table 1).

Scavenging of hydroxyl (OH®) radicals

The antioxidant potential of the extracts was also
determined by the hydroxyl radical scavenging
activity generated in the reaction system. All four
extracts demonstrated a concentration-dependent
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pattern of increments in hydroxyl radical scavenging
activity from 30 — 300 pg/mL concentration. AIM
exhibited the highest inhibition of 96.65+3.50% at the
utmost used extract concentration of 300 pg/ mL,
followed by AIW with 75.26+2.89% at the same
concentration, significantly in comparison to the
negative control (p <0.05). The ICs, value is lowest in
AIM among the extracts, signifying its redox potential
regarding these free radicals, while it is highest
in the case of AIH, which is least effective (Fig. 3e,
Table 1).

Inhibition of lipid peroxidation activity

The results from this experiment indicated that, of all
the extracts, the addition of only AIW extract efficiently
obstructed the magnitude of lipid peroxidation in liver
homogenates at the concentrations used in this
study (p <0.01). The lipid peroxidation was inhibited
moderately up to 100 pg/mL and thereafter showed an
abrupt increase culminating with the highest inhibition
of 99.00+0.14% at 200 pg/mL extract concentration. In
contrast, AIE inhibited only 39.26+0.77% of the process
at the maximum concentration. AIH and AIM were
insignificant in terms of inhibition of lipid peroxidation,
exhibiting the values of 7.18+0.11 and 4.15+0.07%
inhibition even at the utmost concentration. It is
pertinent to note that the ICsy value for AIW is
113.2445.51 pg/mL, demonstrating its efficacy in terms
of lipid peroxidation inhibition potential (Fig. 3f,
Table 1).

Nitric oxide (NO)
inflammatory assay)
LPS is a constituent of the gram-negative bacterial
cell wall, which evokes a prominent pro-inflammatory
response in macrophages, including NO synthesis that
converts to comparatively stable nitrite in the culture
medium. The suppression of NO production by
extracts or compounds in LPS-induced cells is a good
indicator of their anti-inflammatory activity. In our
study, there was a significant increase in NO
production quantified as nitrite in macrophages by
LPS treatment (29.14£2.12 uM) in comparison to the
untreated group (2.88+0.16 uM) (p <0.01). However,
the extracts of A. indica substantially reduced the NO
levels in LPS-induced murine macrophages in a dose-
dependent pattern, which indicated their anti-
inflammatory activity at these concentrations (Fig. 4).

inhibition in macrophages (Anti-

Antiproliferative activity of extracts
The MTT assay for four cancer cell lines of varied
origin demonstrated a considerable difference in the
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Fig. 4 — Anti-inflammatory potential of 4. indica extracts on
LPS-induced RAW 264.7 macrophages as demonstrated by NO
inhibition. Results are expressed as mean + SD, n=3.7% represents
p<0.001 with respect to the untreated control cell group,while as’
p<0.05, **p<0.0land ***p<0.001 of the extracts-treated cell
groups versus the LPS-induced group. Statistical significance was
deduced by one-way ANOVA followed by a post hoc test.

antiproliferative action of different extracts of the
plant. However, a common observation was that AIE
was the most efficacious among all extracts
concerning this activity. The utmost drop in cell
viability percentage was observed at 250 pg/mL of the
extracts after an incubation period of 48 hours in
comparison to the control samples of untreated cells
(p <0.01). There was a concentration-dependent death
of cancer cells after the stipulated period of
incubation with extracts. AIE showed maximal
cytotoxicity towards all cancer cell types, with the
inhibition of 95.30+0.33%, 97.17+5.46%, 90.80+
2.58%, 98.25+6.13% for K562, HelLa, AGS, and
MCEF-7 cells, respectively. In the case of K562 cells,
the AIM was the least efficient extract, causing only
44.19+1.88% of maximum cell death. Likewise, in the
case of MCF-7, HeLa, and AGS cells, AIW was the
extract with the least activity, exhibiting only
51.86+0.66%, 37.3442.69%, and 54.91+1.87% of cell
death at the highest concentration of 250 pg/mL,
respectively. The corresponding ICs, values for each
cell line with all the extracts and standard positive
controls are presented in Table 2.

Discussion

Plants have been the foundation of healthcare in
human civilisations from primeval times. To
acclimatise to a large number of biotic and abiotic
stresses, they produce many secondary molecules that
have biological activities'®. A great array of
medicinal plant secondary metabolites has long been
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Table 2 — Cancer cell inhibition percentage and ICs, values for extracts of 4. indica on four cancer cell lines

Cell type Extract and standards

AIH
AIE
AIM
AIW
Curcumin
AIH
AIE
AIM
AIW
Doxorubicin
AIH
AIE
AIM
AIW
Doxorubicin
AIH
AIE
AIM
AIW

K562

HeLa

AGS

MCF-7

Doxorubicin

ICsq value (ng/mL) Inhibition at highest concentration
(o)

180.57+0.57 57.50+0.25
19.46+4.70 95.30+0.33
ND 44.19+1.88
176.7+1.12 69.10+2.66
14.09+0.70 93.74+3.21
98.63+6.46 85.64+5.35
49.04+1.60 97.17+5.46
175.89+10.87 75.30£3.19
ND 37.34+2.69
1.40+0.07 91.90+4.85
62.62+3.21 93.75+1.10
29.39+2.90 90.80+2.58
229.09+5.57 67.66+2.06
ND 54.91+1.87
0.64+0.04 94.61+3.21
191.61£10.69 71.63+6.15
60.05+1.84 98.25+6.13
220.89+7.02 72.84+2.78
241.01+6.45 51.86+0.66
0.82+0.05 94.58+3.21

Results are expressed as mean + SD. (n=3). ND refers to a value not determined

recognised as significant entities for the treatment of
many human ailments. An excess generation of free
radical species, more especially the reactive oxygen
species (ROS), reactive nitrogen species (RNS), etc.,
in the human body due to exogenous or endogenous
factors, causes oxidative stress, which, if left
uncontrolled, can be detrimental, causing substantial
damage to lipids, proteins, and nucleic acids. Such a
cellular milieu has often been linked with chronic
degenerative ailments like cancer, diabetes, Coronary
artery disease, inflammatory disorders, etc. Plant-
based products are finding renewed interest nowadays
in therapeutics, mostly due to their antioxidant nature
and free radical quenching potential®®. The lack of
efficacy, unaffordable cost, and numerous unanticipated
side effects of chemotherapeutic anticancer drugs
have paved the way for the pursuit of more efficient,
inexpensive, and comparatively safer molecules from
medicinal herbs, which will have the ability to
prevent, slow, or reverse the progression of cancer™".
Such a rationale also applies to chronic inflammation,
where there are endeavours to find better therapeutic
drugs from medicinal herbs to replace the use of
NSAIDs (Non-steroidal anti-inflammatory drugs), the
latter having many side complications like gastric
disorders, renal failure, cardiovascular issues, etc’’.

Taking into consideration the various health uses of
A. indica plant in the Indian traditional system, this
study is an attempt to establish and validate its
antioxidant, anti-inflammatory and anticancer properties.

A. indica L. possesses a great miscellany of
useful compounds such as phenolics, phenolic acids,
flavonoids, anthocyanins, tannins, saponins, terpenoids,
alkaloids, anthraquinones, and coumarins according to
earlier literature, for which it has been the centre of
attention due to their antioxidant, anti-inflammatory, and
anticancer properties’. In this study, the polar extracts
AIM and AIW were shown to possess a comparatively
greater quantity of phenolics and flavonoids, which
could be the prominent contributors to the resultant
antioxidant activity. The amount of phenolics and
flavonoids, as well as the molecular composition in any
extract, depends upon the nature of the solvent, among
other factors. Previously, certain phenolic compounds or
derivatives such as Gallic acid, Caffeic acid, catechol,
Geranin, Corilagin, chebulagic acid, Ellagic acid,
Syringic acid, and flavonoids or derivatives like
catechin, kaempferol, Quercetin, Naringin, Naringenin,
Chrysin, Hesperetin, Rutin, and Quercetin 3-O-B-D-
Glucoside, etc. have been identified from this
plant'®****_ The phenolic compounds, due to their high
degree of reactivity and structural chemistry, allow them
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to perform free radical scavenging, reduction, metal
chelation, and neutralisation of singlet Oxygen and
therefore act as potent antioxidants™. Since there is a
great diversity of molecules ranging from polar to non-
polar (volatile compounds) in plant extracts with
complexity in structures, modes of action, and physical
and chemical characteristics, it is well comprehensible
that no single test can alone help in defining the
magnitude of its antioxidant properties. So, several
assays were considered in this study for this purpose.

DPPH and ABTS'scavenging assays detect the
presence of antioxidant molecules like flavonoids and
polyphenols,  while the  Phosphomolybdenum
antioxidant method detects some phenolics, Ascorbic
acid, carotenoids, and a-tocopherol”*'. A good degree
of overall antioxidant property of the studied extracts
of this plant is a substantiation of the presence of redox
and free radical neutralisation properties of these
molecules in the extracts. The discrepancies in
antioxidant or free radical scavenging activities
detected for different extracts of 4. indica in various in
vitro systems may probably be the result of distinctive
and varied mechanisms of reactions in the different
tests””. Flavonoids and other phenolic compounds are
often associated with free radical scavenging in
systems, as well as a decline in lipid peroxidation. The
hydroxyl free radicals are short-lived, known to be
implicated in the direct reaction with DNA, causing its
breakdown, resulting in harmful mutations and even
cancer’. The hydroxyl radicals are exceedingly
reactive and can wreak oxidative havoc within the cells
with the lipids, proteins, and DNA. The extracts in
comparative analysis to the standard positive control in
the Fenton reaction system demonstrated copious
hydroxyl radical scavenging ability in a concentration-
dependent manner and therefore are protective against
a number of their adverse effects. The methanolic
and aqueous extracts of A. indica exhibited abundant
lipid peroxidation inhibition, which is a great index
of their antioxidant activity. Superfluous amounts of
free metal ions in biological systems have been known
to be one of the causes for the generation of free
radicals. Transition metal ions, particularly iron and
copper, abruptly react with peroxides to form alkoxy
radicals. It 1is thus quite understandable that
antioxidants that bind these metal ions have a
considerable role in the impedance of the vicious
oxidation process®".

Polyphenols have been known to possess anticancer
effects owing to their significant contribution as
antioxidant and anti-inflammatory mediators®. The

anti-inflammatory nature of the extracts was deduced
based on Nitric oxide inhibition in LPS-stimulated
macrophages, which is a routinely cell-based method for
the assessment of the anti-inflammatory nature of
medicinal plant extracts®. The ethyl acetate extract was
excluded from this study because it caused considerable
cell death at the concentrations used. Though Nitric
oxide is considered a known mediator and regulator of
various biological processes, such as neurotransmission,
smooth muscle relaxation, etc., nevertheless, its
overproduction leading to oxidative stress is linked with
the pathophysiology of chronic inflammation®. The
extracts of A. indica at non-toxic concentrations
significantly reduced the Nitric oxide amounts in LPS-
stimulated macrophages, specifying their anti-
inflammatory effects (p<<0.05). Whether this reduction is
due to Nitric oxide scavenging or down-regulation of the
inducible Nitric oxide synthase (iNOS) gene or whether
both these are contributory factors, warrants further
research. Previously, certain important biologically
active phytochemicals have been reported to be
identified from this plant, such as Acalyphine,
Acalyphamide, Aurantiamide, Tectoquinone, Quinine,
Flindersin, Repandusinic acid, Ellagic acid, catechol,
Chebulagic acid, Syringic acid, Geranin, Glucogallin,
Sitosterol, Stigmasterol, and Quebrachitol etc. Some of
these molecular species have been known to possess
anti-inflammatory  activity'******’.  Anti-inflammatory
action of the extracts of A. indica has been reported as
the ability to lessen carrageenan-induced paw oedema in
rats by declining neutrophil infiltration, penetration, and
vascular dilation’. Nevertheless, the specific anti-
inflammatory molecules and mechanistic studies in cells
and in vivo are very limited for this plant.

The extracts were also evaluated for their
antiproliferative potential against certain cancer cells of
multiple natures and varied origins. Despite a common
observation that the ethyl acetate extract of A. indica was
the most proficient among all of them, the degree of
its inhibition of different cancer cells varied with
concentrations used, which is apparent from the
differences in ICsy values. This phenomenon could be
due to the variation in the metabolism of the cell and the
degree of susceptibility of each cell type to the
phytochemicals present in the extract. The National
Cancer Institute (NCI) has designated the 1Cs, values of
less than 30 pg/mL as criteria for effective cytotoxicity
of the extracts™. From this study, it is noted that the
ethyl acetate extract exhibited such values for K562 and
AGS cell lines and, therefore, should be considered for
further validation in in vivo models and so on. It is
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pertinent to mention that the cytotoxic effects of silver
and gold nanoparticles of the A. indica leaf extract
against MDA-MB-231 (human breast cancer cells) by
initiation of apoptosis have been reported earlier'’.
Recently, some of the anticancer compounds have
been identified or isolated from the extracts of
A. indica, such as Quercetin and Rutin, which showed
tremendous efficacy against breast cancer cells with
regard to initiation of apoptosis™>’. Solvent polarity is
one of the determinants of the differences in
phytochemical composition of the plant extracts with
ethyl acetate being moderately polar yielding molecular
scaffolds with wider chemical diversity possessing
remarkable bioactive potential as against the more polar
solvents like methanol and water, favouring antioxidant
rich polyphenols and flavonoids™®.

Conclusion

This study substantiated that A. indica extracts
possess great antioxidant capacity and free radical
scavenging activity, as corroborated by several in vitro
assays. The different extracts also showed indications
of anti-inflammatory activity in murine macrophage
cells and also anticancer properties against certain
cancer cell lines. This study provides a very
preliminary empirical basis for the claimed traditional
and community-level health benefits of this plant. The
anti-inflammatory studies need further evaluation in
terms of impact on inflammatory cytokines, gene
expression of inflammatory markers like Inducible
Nitric Oxide Synthase (iNOS), Cyclo-oxygenase-2
(COX-2), and involvement of pathways like Mitogen
activated Protein Kinase (MAPK), Nuclear factor
Kappa B (NF-«xB), etc. Further in-depth studies are, of
course, also warranted to ascertain the cell death
mechanism, such as apoptosis, cell cycle arrest,
autophagy, etc. Also, the response of non-cancerous
cell lines needs to be analysed for evaluation of
bioefficacy and safety. Subsequently, this basic study
can lay the foundation for undertaking in vivo studies
and the pursuit of isolating different pharmacologically
useful compounds for these biological activities from
this plant.
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