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This study aims to explore the anti-asthmatic potential of
Emblica officinalis seed extract by assessing its effect on
inflammatory markers in RAW 264.7 cell line. The preliminary
evaluation of Emblica officinalis seed extract performed and
characterized by UV, HPLC, and GCMS. Molecular docking was
carried out using Schrodinger. DPPH, ABTS, and nitric oxide
production were determined to study antioxidant effects, and
cytotoxicity was assessed by MTT assay. The expression of IL-
4, IL-13, TNF-alpha in LPS induced RAW 264.7 cell lines was
analyzed using FACS method. The hydroalcoholic extract
produced an extractive and ash values of 2.85% w/w and 3.47
+0.15% w/w, respectively. The determination of total phenolic
and flavonoid content was favorable. The characterization of
the extract was performed and analyzed through HPLC
chromatograms. The GCMS chromatogram showed peaks at
various retention times, indicating the presence of
phytoconstituents. In silico studies showed good interactions
between selected ligandsand the target proteins. The
antioxidant studies proved that the extract possesses free
radical scavenging activity, reduces nitric oxide production,
and MDA levels. The extract proved to be non-toxic in the MTT
assay. In LPS induced RAW 264.7 cells the expression of the
target proteins that actively involved in the pathogenesis of
asthma was decreased.
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Introduction hyperresponsiveness (BHR), airway

Allergic asthma, a chronic inflammatory
disease of the airways that is becoming
increasingly prevalent and responsible for 0.4
million deaths each year, affects over 350 million
people globally [1-7]. Along with its financial
implications [1,8-11], the disease can lead to a
marked deterioration in quality of life, especially
in cases of severity and lack of control. To begin
with, asthma can be categorized into two
primary subtypes: Th2-low, or non-type 2
asthma, and Th2-high, or type 2 asthma [7]. Type
2 asthma is characterized by the presence of Th2
cytokines, especially interleukin (IL)-4, IL-5, and
IL-13 [1,3,12]. This condition involves dendritic
cells, type 2 innate lymphoid cells (ILC2), smooth
muscle cells, M2 macrophages, epithelial cells,
fibrocytes, smooth muscle cells, Th2
lymphocytes, and natural killer (NK)-T cells that
produce type 2 cytokines, eosinophils and mast
Asthma marked by bronchial

cells. is

inflammation, mucus obstruction, and airway
remodeling, leading to symptoms such as
respiratory distress, wheezing chest tightness,
coughing, intolerance to exercise and sputum
production [6,13,14]. Remarkably, a significant
number of difficult to treat asthma patients
present with chronic type 2 inflammation, in
spite of the high sensitivity of Th2 cells for
suppression by corticosteroids—the promising
drugs for asthma. According to emerging
research, patients with uncontrolled asthma
have higher levels of ILC2s and Th2 cells, which
can develop corticosteroid-resistant states [1].
In an effort to create new molecules, the so-
called "asthma endotypes" have been defined in
light of the disease's complexity
heterogeneity [8,15,16].

Interleukins (IL)-4 and -13 play key roles in
type-2 asthma. IL-4 is significantly involved in

and

Th2 cell differentiation, immunoglobulin class

switching and eosinophil trafficking. IL-13




E. Kannan et al.

567

works with IL-4 in promoting IgE synthesis and
also induces nitric oxide production, fibroblast
proliferation, and goblet metaplasia.
Furthermore, elicits hyperplasia of airway
smooth muscle cells and contractile responses.
In type-2 asthma, cytokines cause bronchial

cell

inflammation and remodeling. IL-13 s
responsible for airway hyper-responsiveness,
mucus hyperproduction, and changes in

bronchial structure. Thus, both IL-13 and IL-4
actively participate in the initiation of bronchial
epithelial dysfunction, which is a hallmark
symptom of asthma [17-19]. Levels of IL-4, IL-5,
and IL-13 in sputum and BALF are higher in the
asthmatic population. One pleiotropic Thl
cytokine that plays a major role in the
pathophysiology of asthma is tumor necrosis
factor-a  (TNF-a). Severe asthma and
neutrophilic asthma have elevated TNF-a
expression. TNF-a encourages the recruitment
of neutrophils by activating cytokines.
Nevertheless, TNF-a might also play a role in the
synthesis of Th2 cytokines like 1L-4, IL-5, and IL-
13. Moreover, TNF-a increases the contraction of
smooth muscles in the airways, causing hyper-
responsiveness [20]. The present research is
focused on finding a complementary alternative
medicine; in this, the seeds of Emblica officinalis
Gaertn belonging to the family Euphorbiaceae
have been selected based on ethnobotanical
claims by tribal community for respiratory
disorders. The phytoconstituents present in the
seeds may have the activity against asthma
[21,22]. Hence, the study aims to investigate the
constituents present in hydroalcoholic extracts
of seeds and to estimate their antiasthmatic
activity [23,24].

Materials and Methods
Materials

Cell line: Raw 264.7 (murine macrophage cell
line, NCCS, Pune), Cell culture medium: DMEM

high glucose (#ALO0O7A, Himedia), Fetal Bovine
Serum (#RM10432, Himedia), Antibiotic
Antimycotic Solution-Penicillin & Streptomycin
(#A001A, Himedia), Trypsin-EDTA solution
(#TCL155, Himedia), D-PBS (#TL1006,
Himedia), DMSO (#PHR1309, Sigma), MTT
Reagent (# 4060, Himedia), Paclitaxel
(#RM9750, Himedia), T25 flask (#12556009,
Biolite - Thermo), 96-well plate for culturing the
cells (Corning, USA), 1.5 mL centrifuge tubes
(TARSON), multichannel pipettes and a pipettor
(#Eppendorf), 10 to 1,000 L tips (TARSON), 50
mL centrifuge tubes (# 546043 TARSON),
adjustable pipettes (2-10 pL, 10-100 pL, and
100-1,000 pL).

Methods
Collection and authentication of plant material

Fruits of the Emblica officinalis plant were
gathered in January 2010 from the Nilgiri district
in Tamil Nadu, India. The obtained plant was
verified by Dr. S.P. Subramani, a botanist and
Chief Technical Officer of the Indian Council of
Forestry Research and Education's Institute of
and Tree Breeding in
the voucher
the lab

Genetics
For future use,
specimen has been stored in
(333/FRC/ID/FECC/IFGTB/2024).

Forest
Coimbatore.

Extractive value

2 g of the coarsely powdered dried seed of
Emblica officinalis was weighed using a weighing
balance and transferred into a dry stoppered
conical flask (250 mL). Then the flask was filled
with ethanol and water (30 mL) and stored at
room temperature for 24 h with frequent
shaking. Then filter the mixture using Whatman
No. 1 filter paper. The resulting filtrate was
shifted into a Petri plate that had been previously
weighed. By completely evaporating the solvent,
the resulting extract was dried out. Using the
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following formula, the extractive value was
computed as a percentage and noted [25]:
(Weight of dried extract/Weight of plant
material) X 100 = extractive value (%)).

Ash value

A silica crucible was filled up that had been
previously mixed with 2 g of powdered dried
Emblica officinalis material. In the crucible, the
material was distributed in an even layer. The
temperature was gradually increased to 500-
600 °C until free of carbon. After cooling, the
crucible was weighed. The percentage of ash in
relation to the air-dried plant material was used
to compute the total ash [26].

Extraction of plant material

The 300 g of P. emblica seeds were removed
from the fruits, shade-dried, and milled with a
milling machine. They were extracted through a
cold maceration process with absolute ethanol
(99.5%) and distilled water in a 30:70 ratio,
involving intermittent shaking for 10 days and
filtration. The solvent was evaporated at a
maximum temperature of 55 °C using a rotary
evaporator (Rota vapor, R-210/215, Buchi,
Switzerland) under reduced pressure. The
concentrated semi-solid material was dried in a
desiccator  to produce dark  green
hydroalcoholic, or HAE, which is now 3.28% on
the dry weight. Qualitative phytochemical
studies were performed on the extract [27].

Phytochemical analysis

The preliminary phytochemical tests were
performed for the hydroalcoholic extract of
Emblica officinalis seeds to identify the presence
of alkaloids, steroids and sterols, glycosides,
saponins, flavonoids, tannins, proteins, amino
acids, fatty acids, and resins [27-30].

Determination of total phenolic and flavonoid
content

The Folin-Ciocalteu technique was used to
calculate the total phenolic content. At 765 nm,
the absorbance was measured. A standard
calibration curve was obtained using gallic acid
(15-120 mg/mL). The results were reported as
gallic acid equivalents/mg of extract dry weight.
The aluminum chloride colorimetric technique
was used to determine the total flavonoid levels.
Absorbance at 510 nm was measured for the
mixture three times. The results were shown as
rutin per mg/g of extract's dry weight [31].

Characterization of the hydroalcoholic extract

Due to the fact that plant extracts usually
occur as a combination of phytoconstituents, the
extract was subjected to UV and HPLC to study
the compounds  present [32].
Phytoconstituents present in the extract were
recognized by GC-MS associating the results of
the mass spectrum with the inbuilt NIST library
database [33].

active

Molecular docking

A molecular docking study was performed
using Schrodinger version 2024 - 1, for the
compounds identified by the characterization of
the extract using GC-MS with the targets IL-4, IL-
13 and TNF-a. According to their binding
affinities and interaction patterns the following
compounds given below were determined to be
the most promising candidates among the
compounds evaluated [34].

Preparation of ligand

The ChemDraw program was used to
generate the ligand structure (Table 1), and the
Discovery Studio visualizer was used to create its
three-dimensional structures.
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Table 1. Preparation of ligand structure with ChemDraw

Vinyl crotonate

Vinyl crotonate

o o]
3-Hexen-2-one,3- o 0
. . HO
methyl \/Yk Acetic acid cyano
N=
Borane, Methyl - _ ~o~
. Borane trimethyl
dipropyl ) |
Borane, tris (1- )\B)\ 3-Methyl -1,2 diazinine
methylethyl) )\
N—N
9
3-Methyl-3- . . OMOH
nitrobut-1-ene = o Propanal, 2,3-Dihydroxy-,(S) o
Prenyl bromide Y\/Br 1 -Butanamine /\/\NHZ
(0]
Acetonitrile =N Oxalic acid, Allylethyl ester /\/O\[HJ\O/\
(0]
Methyl isocyanide ot 1-Propanamine, N,2-dimethyl-N- O//N\N
=N nitroso |
H 0
Borane carbonyl H—B=C=0 3,3-D1met}.1ylox1rane-2-carboxy11c _
H/ acid, methyl ester (0]
O

Receptor protein preparation

SwissPDB Viewer was used to study the
protein structures, which were retrieved from
the Protein Data Bank. For the purpose of study,
target proteins such TNF-a (PBD ID: 2AZ5), IL-4
(PBD ID: 2B8U), and IL-13 (PBD ID: 4177) were
produced.

Molecular docking

Using the Discovery Studio visualizer, the 2D
and 3D structures of ligands and receptor

proteins were created, and predictions such as
the docking score, binding affinity, and hydrogen
bonding between the target proteins' amino acid
pockets were studied.

In vitro studies
DPPH assay

100 pL of the test substance at various
concentrations (10, 20, 40, 60, 80, and 100
pug/mL) was added to the wells. Each well
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received 100 pL of 0.1 mM DPPH reagent (4
mg/100 mL), bringing the amount of the
reaction mixture to 200 pL. The reaction was
then dark-incubated for 30 min at room
temperature. A spectrophotometer was used to
measure the absorbance at 515 nm. The linear
equation Y= M(x) + C was used to calculate the
ICso value. Here, Y= 50; M and C values were
derived from the scavenging activity [35-37].

ABTS activity assay

7 mM ABTS was prepared in water and
radical cation generation was done by adding
2.45 mM potassium persulfate to the stock
solution and incubating at room temperature for
12 to 16 h in the dark. After that, PBS (pH 7.4)
was used to dilute the ABTS until it had an
absorbance of 0.7 at 750 nm.

Additionally, 100 pL of the test compound at
various concentrations (10, 20, 40, 60, 80, and
100 pg/mL) was added to each well. Next, 100 pL
of the reagent that made up the reaction mixture
was added to 200 uL, and the plates were shaken
for 10 seconds at a medium speed. At 750 nm, the
absorbance
spectrophotometer. The logarithmic equation,
Y= Mx+C, and linear regression were used to
calculate the ICso value. The scavenging activity
graph was used to determine the M and C values
for Y = 50 in this case [38,39].

was measured with a

MTT assay

The MTT assay is a colorimetric method for
determining cell proliferation and cytotoxicity,
by reducing the yellow,
tetrazolium dye MTT into formazan crystals,
which turn purple when dissolved in the
appropriate solvent and whose intensity is

water-soluble

proportional to the number of viable cells. At 570
nm, it can be detected spectrophotometrically.
For the test, a 200 pL seed cell suspension is

placed into a 96-well plate at the necessary cell
density. Overnight, the cells were allowed to
proliferate. The test agent was then added in the
proper doses of 200, 400, 600, 800, and 1,000
(pg/mL) and incubated for 24 h at 37 °C in an
environment with 5% CO. After the incubation
period, MTT reagent was added to the spent
media at a concentration of 0.5 mg/mL of total
volume, but only for adherent cell lines. After
that, the plate was covered with aluminum foil
and left to incubate for 3 h. Lastly, to improve
solubility, 100 pL of DMSO was added and gently
swirled with a gyratory shaker. Using a reference
wavelength, the absorbance was measured on a
spectrophotometer at 570 and 630 nm. The
logarithmic equation, Y=MIn (x) + C, and the
linear regression equation, Y = Mx+C, were used
to calculate the ICso value. Here, the viability
graph was used to obtain the M and C values for
Y =50 [40-42].

Nitric oxide inhibition

Cultured cells were seeded in 96 well plates
at a density of 20,000 cells/well and incubated
for the 24 h. After incubation, the cells were
treated with given test compound at different
concentrations (20, 40, 60, 80, and 100 ug/mL),
except untreated (Negative Control) for 1 h.

Then, the cells were treated with 1 pg/mL LPS
and incubated for 24 h. After incubation period,
the supernatant was collected from all the wells
and gently washed with cold PBS by
centrifugation at 1,000 x g for 5 min. The whole
supernatant was collected in the assay and
transferred into a clean tube;
medium was used as a blank. The tubes were

the culture

kept on ice and the experiment was performed
based on EZ Assay Nitric Oxide Estimation Kit
instructions. The average absorbance of each
standard and sample was noted.

The corrected absorbance was calculated by
subtracting the absorbance value of the standard
A (0 pM) from itself and all other values (both
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standards and samples). The corrected
absorbance values of each standard as a function
of NaNO; concentration were plotted. From the
standard curve and by using formula, the values
of total nitric oxide for each sample were

determined [43-46].
Lipid peroxidation assay

Cultured cells were seeded in a 6-well plate
with the density of 0.5 x 106 cells/well and
incubated for 24 h. Later, the spent media was
removed and the cells were treated with the test
compounds (20, 40, 60, 80, and 100 pg/mL) for
24 h and then with H;0; (1 mM) for 24 h.

Untreated cells were used as a Negative
Control. Following the incubation phase, the cells
were collected by trypsinization. The collected
cells were used to estimate MDA levels by ELISA
method, as per the manufacturer's instructions
[47,48].

Anti-inflammatory effect of test compound (HAE)
by analyzing IL-4, IL13, and TNF-alpha expression
on LPS induced RAW 264.7 cell lines

Culture cells were transferred to a 96-well
plate at a density of 5 x 105 cells/2 mL, and were
incubated for 24 h at 37 °C in a CO; incubator.
Then, the spent medium was and treated with
LPS (1 pg/mL) for 3 h. 2 mL of culture media
were then filled with the
concentrations of the experimental compounds
and control, and the mixture was incubated for
24 h. LPS (1 pg/mL) is an inflammatory inducer;
untreated cells serve as the negative control, and
dexamethasone (5 pg/mlL) is the standard. The
medium from each well was aspirated and
cleaned with PBS. Afterward, 2 mL of culture
medium was added, and the cells were collected

necessary

directly into 12 x 75 mm polystyrene tubes. The
tubes underwent centrifugation for 5 min at 300
x g and a temperature of 25 °C. The supernatant
was discarded, and PBS was used for washing.
Subsequently, the PBS was entirely removed and
1 mL of cold 70% ethanol was used to fix the
cells. The cell pellet added dropwise while
vortexing and incubated for 30 min in a -20 °C
freezer. The supernatant was discarded and
pellets were carefully collected. Due to their
increased buoyancy after fixation, the ethanol-
fixed cells were spun at a higher centrifugal
speed than the unfixed cells. The cells were
washed with PBS and 10 uL of desired sample
added. The prepared mixture
thoroughly mixed and incubated for 0.5 h in the
dark at room temperature (20-25 °C). Finally
treated with 500 pL of DPBS and mixed. FACS
was analyzed using FCS Express software [49-
53].

was was

Results

Physicochemical and phytochemical evaluation of
Emblica officinalis seed extract

The preliminary evaluation of Emblica
officinalis seed extract involves determination of
extractive value, ash value, and phytochemical
constituents. The hydroalcoholic extract yielded
an extractive value of 2.85% w/w. The total ash
content was determined to be 3.47 + 0.15% w/w
(mean * SD, n = 3), indicating the absence of
excessive earthy matter and
adulterants. Phytochemical screening of the
hydroalcoholic extract showed the presence of
multiple bioactive compounds. The extract
tested positive for proteins, alkaloids, saponins,
phenols, tannins, flavonoids, phytosterols, fixed

extraneous

oils, and fats.
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Total phenolic content quantification and
characterization of the hydroalcoholic extract of
Emblica officinalis seeds

Total phenolic and flavonoid content

The hydroalcoholic extract of FEmblica
officinalis seeds was evaluated for its total
phenolic and flavonoid content. The total
phenolic content, determined using the Folin
Ciocalteu method and expressed in terms of
gallic acid equivalents (GAE), was found to be
7.025 + 0.025 mg/mL (gallic acid equivalent).
The total flavonoid content, quantified by the
aluminum chloride colorimetric method and
expressed as rutin equivalents, was found to be
5.012 + 0.007 mg/mL (rutin equivalent). This
confirms the presence of key antioxidant
phytochemicals in the extract.

structures. These absorbance maxima further
support  the  presence of  UV-active
phytoconstituents (Figure 1).

HPLC analysis and GC-MS profiling

The HPLC chromatogram at 220 nm showed
two prominent peaks at retention times of 1.925
min and 3.914 min, with the first peak
accounting for 99.97% of the total peak area.
This indicates the presence of a major compound
contributing to the extract's chemical profile,
along with a
Chromatography-Mass Spectrometry (GC-MS)
was used to analyze chemical composition of the
hydroalcoholic extract of Emblica officinalis
seeds. The chromatogram showed peaks at
retention times (Rt) of 5.1 min, 7.2 min, and 7.8

minor constituent. Gas

Table 2. UV peaks obtained for the extract

UV spectral analysis Peak
number X (nm) YA
UV spectrophotometric analysis revealed two
major absorption peaks for the extract at 253.70 1 360.20 0.13
nm (0.65 A) and 360.20 nm (0.13 A) (Table 2), 2 253.70 0.65
suggesting the presence of conjugated systems
typically associated with phenolic and flavonoid
1.6,
1.84
1.64
1.44
1.24
1.4
o
0.8 253 T0nm, 0654
0.6
0.4 360.20nm, 0.13A
02
822003 , I —
200 300 400 500 600 TOO

Sarmple-1

nm

Figure 1. UV absorption spectra for the extract
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min, indicating the presence of a diverse range of
phytoconstituents. At Rt 5.1 min, compounds
such as vinyl crotonate (6.90%), 3-hexen-2-one,
3-methyl (5.42%), borane, methyl dipropyl-
(4.04%), and prenyl bromide (4.58%) were
identified as shown in Table 3. At Rt 7.2 min, the
major components included acetonitrile
(48.9%), methyl iso-cyanide (26.7%), along with
minor constituents like borane carbonyl, acetic

acid cyano-, and 3-methyl-1,2-diazine shown in
mAU

Table 4. The peak at Rt 7.8 min revealed
compounds such as propanal, 2,3-dihydroxy-,
(8- (22.4%), 1-butanamine (12.2%), oxalic acid,
allylethyl ester (5.07%), and 1-propanamine,
N,2-dimethyl-N-nitroso (3.40%) given in Table
5. These identified phytoconstituents include
esters, amines, nitriles, and borane derivatives
(Figure 2).

4000 o
3000+
2000

1000+ ‘ "

PDA Multi 1 220nm.4nm|

T | L |
0 5 10

— T
15 20

min

Figure 2. HPLC Chromatogram of Emblica officinalis seed extract showing 2 peaks at 220 nm

Table 3. Compounds identified in hydroalcoholic extract of Emblica officinalis seeds at Rt 5.1 from GC-MS
chromatogram peaks

Compound Rt Peak area (%) Molecular Molecular formula Structure
weight
Vinyl crotonate 5.1 6.90 112 CsHs02 \/\[(Ov/
o
3-Hexen-2-one, 3- 5.1 5.42 112 C7H120 (0]
Methyl \/Yk
Borane, Methyl 5.1 4.04 112 C7H17B g
dipropyl- )
Borane, tris (1- 5.1 3.18 140 C9oH21B )\ )\
methylethyl)- B
3-Methyl-3- 5.1 2.93 115 CsHoNO2 (I)I
itrobut-1- +
nitrobut-1-ene /\{/N\O'
Prenyl bromide 5.1 4.58 148 C5HeBr

4\§
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Table 4. Compounds identified in hydroalcoholic extract of Emblica officinalis seeds at Rt 7.2 from GC-MS
chromatogram peaks

Peak area Molecular

Compound Rt (%) Molecular weight formula Structure
Acetonitrile 7.2 489 41 C2H3N =N
Methyl
ey 7.2 26.7 41 C2HsN =N
isocyanide
H\
Borane carbonyl 7.2 4.96 42 CH3BO H—B=C=0
H
0]
Acetic acid
ceticad 7.2 419 85 C3H3NO2 "o /S
cyano-
N=
~g~
Borane trimethyl 7.2 5.37 56 CsH9B |
3-Methyl-1,2-
Y 7.2 3.70 56 C2HaN2 )\
diazinine A
N——N

Table 5. Compounds identified in hydroalcoholic extract of Emblica officinalis seeds at Rt 7.8 from GC-MS
chromatogram peaks

Peak area Molecular

Compound Rt (%) Molecular weight formula Structure
p 1, 2,3-Dihyd - Z
ropana Yoy ;g 22.4 90 C3He03 o7 oH
(8)- OH
1-Butanamine 7.8 12.2 73 C4HuN < "NH,
(0]
Oxali id, Allylethyl
e 78 5.07 158 C7H1004 /\/ij\o/\
(0]
H\
Borane carbonyl 7.8 3.68 42 CH3BO H—B=C=0
H
1-P ine, N,2- _N_
ropanamine 7.8 3.40 116 CsH12N20 0% "N
Dimethyl-N-nitroso |
3,3-Dimethyloxirane-2- O

carboxylic acid, Methyl 7.8 3.13 130 C6H1003 \%)J\O/
ester

0]
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Molecular docking

Molecular docking studies were conducted
using Schrodinger (version 2024-1) to evaluate
the binding interactions of GC-MS-identified
phytoconstituents the hydroalcoholic
extract of Emblica officinalis with
inflammatory cytokine targets such as TNF-a
(PDB ID: 2AZ5), IL-4 (PDB ID: 2B8U), and IL-13
(PDBID: 4177) (Figure 3). Ligands were sketched
in ChemSketch, and energy minimization was
performed using Discovery Studio Visualizer.
The receptor proteins were retrieved from the
RCSB Protein Data Bank and preprocessed using
SwissPDB Among the docked
compounds, Propanal, 2,3-dihydroxy-, (S)-
exhibited the most promising interactions across
all targets (Figure 4). For TNF-q, it exhibited a
binding affinity of -3.780 kcal/mol and formed
strong hydrogen bonds with residues TYR151,
GLN61, and LEU120 (Figures 5 and 6), indicating
a stable occupancy in the binding cavity (Tables
6-8). A comparatively weaker binder, 1-
Butanamine, showed a binding score of -2.629
kcal/mol and lacked significant interactions,

from
seeds

Viewer.

suggesting poor affinity. For comparison,
Dexamethasone, the standard anti-inflammatory
drug, exhibited a stronger binding affinity of -
5.912 kcal/mol. Against IL-4, Propanal displayed
a docking score of -3.524 kcal/mol (Table 6),
forming stable hydrogen bonds with SER70,
LYS76, and ASP125 (Figure 7). In the IL-13
receptor site, it bound with an energy of -3.446
kcal/mol (Table 7), establishing interactions
with GLN85, TYR110, and ASP72 (Figure 5), thus
stabilizing within the active site. The consistent
interaction of Propanal across all targets
suggests its potential as a multi-targeted anti-
inflammatory candidate. Its favorable hydrogen
bonding and spatial compatibility within the
binding pockets of all three inflammatory
mediators  support its  pharmacological
relevance. Despite Dexamethasone showing
superior affinity, Propanal, being a naturally
occurring compound, may serve as a promising
lead for further development. The overall
findings highlight the ability of
phytoconstituents in Emblica officinalis to
modulate key inflammatory targets in biological
systems.

Figure 3. Selected ligands for docking IL-4(4177), IL-13(2B8U), and TNF-a (2AZ5)
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LEU 169
PHE LEU BLE H: 178 PO /
: H: 166, : ALA
H: 166, H:178 \ H: 167 ~. SER LEU
H: 168 H:179 H: 141
PRO
= H: 167 o= SER HP:_;
L 162
L1682 _ I
0o
o] H: 178
o e 4 Ho ~
SER )* “, /
L 176 %
s F: VAL SER
e} N
o (e} i 169 GLN / \ 177
L1160 L: 160 SER ¥
i HO
-
SER SER ,
L:176, L:176
THR
GLN GLN
iR H171 %171 78 B
e L1178 g TR LEU L“‘*;; -y S162
: i X 1178 g
L:180 H: 141 L:180
“ GLU
Lvs 0 GLN _’l:@
) 0
H:143 i 143) L 160

Propanal-2,3-dihydroxy-(S)  3,3-Dimethyloxirane-2-carboxylic acid 3-Hexen-2- one 3-methyl

Figure 4. The docking with IL-4 reveals that few compounds have good interactions with target receptors
(Table 5).

Table 6. Docking score of top hits with IL-4

Sr./No. Name Binding affinity
1 Propanal-2,3-dihydroxy-(S) -5.347
2 3,3-Dimethyloxirane-2-carboxylic acid -3.237
3 3-Hexen-2- one 3-methyl -3.553
Dexamethasone -3.900
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Figure 5. The docking with IL-13 reveals that few compounds have good interactions with target receptors
(Table 6).

Table 7. Docking score of top hits with IL-13

Sr./No. Name Binding affinity
1 Propanal -2,3-dihydroxy-(S) -3.590
2 3,3-Dimethyloxirane-2-carboxylic acid -2.631

Dexamethasone -3.346
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Figure 6. The docking with TNF-a reveals that few compounds have good interactions with target receptors
(Table 7).

Table 8. Docking score of top hits TNF-a

Sr./No. Name Binding affinity
1 Propanal-2,3-dihydroxy-(S) -3.780
2 Butanamine -2.629
Dexamethasone -5.912

In vitro studies

Antioxidant activity evaluation using DPPH and
ABTS assays

The  antioxidant potential of the
hydroalcoholic extract was assessed through
ABTS free radical scavenging assays and DPPH,
using ascorbic acid as the standard reference. In
the DPPH assay, HAE showed a concentration-
dependent radical scavenging
activity, ranging from 48.3% to 87.6% inhibition
across concentrations of 10 to 100 pg/mL. The
standard ascorbic acid demonstrated higher
activity, ranging from 91.9% to 99.1% inhibition
the The
calculated ICs value of HAE was approximately
10.42 pg/mlL, indicating a moderate antioxidant
capacity. The assay is based on the reduction of
the DPPH radical, evident from the decrease in
absorbance at 515 nm, where HAE was effective

increase in

over same concentration range.

in quenching free radicals in a dose-responsive
manner, as demonstrated in Figure 7. In the

ABTS assay, a similar trend was observed where
HAE exhibited increasing antioxidant activity
with rising concentrations, showing 52% to 94%
inhibition from 10 to 100 pg/mL. Ascorbic acid
again performed superiorly with inhibition
nearing 99% at higher doses. The ICs, for HAE in
ABTS assay was determined to be approximately
18.04 pg/mlL, which, although higher than thatin
DPPH, still indicates significant antioxidant
potential. The ABTS radical cation decolorization
assay measures electron-donating ability of
antioxidants, and the results affirm that the
extract efficiently neutralizes ABTS + radicals,
with absorbance read at 750 nm. Together, both
assays confirm that the HAE possesses
substantial free radical scavenging activity, due
to its phenolic constituents, as evidenced by the
phytochemical screening. The results support
the use of HAE as a natural antioxidant source,
and further justify its role in preventing
oxidative stress-related cellular damage Figure
8.
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Figure 8. The percentage inhibition of test compounds (HAE) and standard by ABTS radical scavenging
activity

Cytotoxicity and nitric oxide inhibition activity

The cytotoxicity assessment of the test

compound (HAE) against RAW 264.7
macrophage cells demonstrated excellent
biocompatibility across all tested

concentrations. MTT assay results revealed that
HAE maintained cell viability above 95% at all
concentrations (200, 400, 600, 800, and 1,000
pug/mL) after 24 h of treatment, indicating non-
cytotoxic nature of the compound Figure 9. The
exhibited a linear

dose-response curve

relationship (y = 4.444In(x) + 122.46, R* =
0.9903) with minimal variation in cell viability
compared to untreated controls, confirming the
safety profile of HAE for subsequent biological
evaluations. In contrast, the positive control
paclitaxel (163.39 uM) significantly decreased
cell viability to about 45% (p < 0.001), validating
the assay's sensitivity. The nitric oxide inhibition
assay demonstrated HAE's potent anti-
inflammatory activity, with the compound
effectively  suppressing  LPS-induced NO
generation in RAW 264.7 cells in a dose-
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dependent manner. Untreated cells produced
minimal NO levels (approximately 25 pM), while
LPS stimulation dramatically increased NO
production to 300 puM (p < 0.001). HAE
treatment at concentrations of 20, 40, 60, 80, and
100 pg/mL  progressively reduced NO
production to 200, 175, 125, 100, and 75 uM
respectively (p < 0.05 for all concentrations),
representing 33.3%, 41.7%, 58.3%, 66.7%, and

controls. The standard curve for NO estimation
showed excellent linearity (y = 0.0065x - 0.107,
R? = 0.9982), ensuring accurate quantification of
nitric oxide levels. The combination of non-
cytotoxic properties significant anti-
inflammatory activity positions HAE acts as a
promising candidate for
inflammatory disorders, as demonstrated in

and
therapeutic

Figure 10.

75% inhibition compared to LPS-treated
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Figure 9. Mean % cell viability of RAW 264.7 cell line after exposing to test compound for 24 h. The dose-
response curve exhibited a linear relationship (y = 4.444In(x) + 122.46, R> = 0.9903) (p < 0.001).
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Figure 10. Comparative bar graph representing the total NO reduction in Untreated, LPS treated, LPS+
Dexamethasone and LPS + test treated Raw 264.7 cells after 24 h incubation. The standard curve for NO
estimation showed excellent linearity (y = 0.0065x - 0.107, R? = 0.9982) (p < 0.05 for all concentrations).
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H,0,-induced lipid peroxidation in RAW 264.7
cells

The antioxidant potential of HAE was
evaluated through its ability to inhibit H,0,-
induced lipid peroxidation in RAW 264.7 cells,
with malondialdehyde (MDA) serving as a
biomarker for oxidative stress. H,0, treatment
(1 mM) significantly elevated MDA levels to
approximately 58 uM compared to untreated
controls (12 pM) (p < 0.001), indicating
substantial oxidative damage. HAE
demonstrated potent dose-dependent
antioxidant activity, with concentrations of 20,
40, 60, 80, and 100 pg/mL reducing MDA levels
to 46,44,42,37,and 27 pM respectively (p < 0.05
for all concentrations), representing 20.7%,
24.1%, 27.6%, 36.2%, and 53.4% protection
against lipid peroxidation compared to H,O0,-
treated controls (Figure 11).

LPS-induced anti-inflammatory effects

The anti-inflammatory efficacy of HAE was
assessed by analyzing key cytokine expression

profiles using flow cytometry. LPS stimulation (1
pug/mkL) upregulated
inflammatory cytokines, with IL-4 expression

dramatically pro-
increasing to 52% of positive cells compared to
2% in untreated controls (p < 0.001), as
indicated in Figure 12. HAE treatment (800
pg/mL) significantly suppressed LPS-induced IL-
4 expression to 18% (p < 0.01), showing 65.4%
inhibition compared to LPS-treated controls,
while the standard dexamethasone (5 pg/mL)
achieved 13% expression, as shown in Figure 13.

Similarly, IL-13 expression was elevated to
95% following LPS stimulation versus 2% in
controls (p < 0.001) (Figure 14), and HAE
treatment reduced this to 75% (p < 0.05),
representing  21.5%  inhibition,
dexamethasone achieved 90% expression
(Figure 15). Notably, TNF-a expression showed
with LPS
increasing expression to 72% compared to 1% in
untreated cells (p < 0.001) (Figure 16). HAE
treatment reduced TNF-a expression to 38% (p
< 0.01), demonstrating 47.2% inhibition, while
dexamethasone achieved 24% expression
(Figure 17).
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Figure 11. Chart representing the MDA levels in Untreated, H202 treated, and H202 + HAE treated Raw
264.7 cells. HAE showed potent dose-dependent antioxidant activity (p < 0.05 for all concentrations).



E. Kannan et al.

581

Flow cytometric overlay analysis confirmed
the dose-dependent modulation of cytokine
expression, with distinct population shifts
observed in HAE-treated samples compared to

potential as both an antioxidant and anti-
inflammatory agent, effectively mitigating
oxidative stress-induced cellular damage while
modulating key inflammatory mediators in

LPS-stimulated controls. These findings activated macrophages.
collectively demonstrate HAE's dual therapeutic
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Figure 12. (A) The percent of cells that expressed IL-4 after being stimulated with LPS, treated with the
appropriate quantity of standard and sample (HAE). Untreated cells used as negative control. (B) Overlay of
intensities of RAW 264.7 cells treated with desired concentration of standard and sample (HAE). Untreated

cells used as negative control.
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Figure 13. Gating strategy for the analysis of IL-4 expressions on LPS induced RAW 264.7 cell lines by FACS
method
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Figure 17. Gating strategy for the analysis of TNF-alpha expressions on LPS induced RAW 264.7 cell lines by
FACS method

Discussion

It is well known that LPS-stimulated
inflammation causes macrophages to become
inflamed.
inflammatory effect of the extract which consists

of a multiple constituents,

In the present study, the anti-

was examined

through GC-MS, and the confirmation of the
binding of the ligands to the target proteins IL-4,
IL-13, and TNF-a was performed. Moreover, an
in vitro investigation employing the LPS
stimulated RAW264.7 murine macrophage cell
line revealed that the extract markedly and dose-

dependently inhibited the increased levels of IL-
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4, IL-13, and TNF-a. Macrophages are the main
targets of lipopolysaccharide activity and
important participants in inflammation. LPS-
treated RAW 264.7 murine macrophages are
well recognized as an excellent model for
studying inflammatory responses. When LPS
activates RAW 264.7 murine macrophages, nitric
oxide, MDA, cytokines—inflammatory
mediators that control inflammation—increase.
Cytokines are inflammatory mediators that
regulate inflammation. In this study, it was
found that the extract exhibited good inhibitory
activity on the LPS-induced generation of NO and
MDA in RAW 264.7 cell lines [54,55]. When
treating inflammatory conditions,
therapeutic blockade of TNF-a is very helpful.
Because it increases TNF-a activity and causes
nitric oxide, which damages tissue at the site of
inflammation, (IFN)-y,
pleiotropic cytokine, is regarded as a pro-
inflammatory cytokine. Furthermore, TNF-a and
IL-1 worked together to release inflammatory
mediators that target the endothelium [56]. Th2
cell differentiation is promoted by IL-4 and IL-
13, which help to regulate the immune system.
Thus, as demonstrated by its protective effect in
murine models, IL-4 can function as an anti-
inflammatory cytokine. Therefore, it is possible
to treat autoimmune diseases by targeting IL-4
and IL-13, but they may also be used to treat
allergic diseases like asthma [57]. In this study,
LPS-activated RAW 264.7 murine macrophages
showed lower levels of cytokine expression than
normal control. The primary cause of airway
inflammation is the overproduction of Th2 cells,
which release IL-4, IL-5, and IL-13, subsequently

and

chronic

interferon another

raising IgE production and eosinophilic
airway
hyperresponsiveness provide direct evidence of
the importance of Th2 cell activation in the

pathophysiology of asthma. Asthma's allergen-

inflammation. Murine models of

specificimmune response is characterized by the
immediate production of IL-4 by T cells and the

activation of B cells, which raises IgE secretion.
Since IL-13 causes airway hyperresponsiveness
(AHR) and various structural changes in chronic
asthma, it is currently a key therapeutic target
for the treatment of allergic asthma [58,59]. The
study proves that the presence of various
bioactive compounds in the hydroalcoholic
extract attributed to the potent antioxidant and
antiasthmatic properties of the seeds of Emblica
officinalis. The future prospect of the study is to
investigate the properties using OVA induced
models for the seed extract which can lead to
isolation of active constituents responsible for
the anti-asthmatic activity [60]. These findings
demonstrated that the gooseberry seed extract
effectively inhibited IL-4 and IL-13 activity,
cytokines that are key mediators in IgE
synthesis, eosinophil activation, mucus
hypersecretion, and airway remodeling. This
mechanism of action shows a close parallel with
the effects observed in biological therapies
targeting  these interleukins, such as
lebrikizumab and dupilumab, which have been
shown to reduce airway inflammation and
asthma severity by modulating the IL-4/IL-13
signaling pathway. The comparable inhibitory
response observed in this study suggests that
phytoconstituents from gooseberry seeds may
exert immunomodulatory potential
through interference with these shared receptor
pathways, offering a natural
alternative for managing Th2-driven airway
inflammation [61].

similar

promising

Conclusion

Based on the phytochemical analysis and
the
hydroalcoholic extract of Emblica officinalis
seeds have led compounds that bind to the target
proteins that is identified by molecular docking.
The in vitro assays performed prove that the
hydroalcoholic extract possesses antioxidant

characterization, phytoconstituents of

activity. The cytotoxicity of the test compound,
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(HAE) was evaluated by the MTT assay. The
experimental results suggested that the test
compound (HAE) was non-toxic against the RAW
264.7 cells after 24 h of incubation. The anti-
inflammatory effect of test compound (HAE) was
analyzed by assessing IL-4, IL-13, TNF-alpha
expression in LPS induced RAW 264.7 cell lines
using FACS method. The results of this study
indicated that test sample (HAE) exerted for
anti- inflammatory effects in LPS-stimulated
RAW 264.7 cell line.
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