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ABSTRACT

Clerodendrum thomsoniae is a member of the Lamiaceae family and is found throughout Asia, Australia, Africa, and
America. C. thomsoniae (CT), mostly utilized in the floriculture sector, is sometimes referred to as bleeding heart
vine or bag flower due to its exquisite decorative qualities. Apart from its high value in the floriculture industry, the
plant has been utilized in traditional Indian and Japanese medicine to treat a variety of ailments. There is a dearth of
information on the biological properties of the plant and its putative ingredients. Therefore, this study evaluated the
antioxidant, anti-inflammatory, and anti-cancer potentials of the extract, as well as identified its phytocompounds.
The antioxidant screening was based on nitric oxide (NO), hydrogen peroxide (I1,0,), hydroxyl, and superoxide radical
scavenging assays. In vitro anti-inflammatory activity of the extract was based on the egg albumin denaturation (EAD)
assay, while the 3-(4,5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT) cell viability assay was used to
determine its anti-cancer potential. The chemical composition of the extract was determined using the hyphenated gas
chromatography-mass spectrometry (GC-MS) method. Lastly, the identified phytocompounds were molecular docked
against the inflammatory [NF-kf (4DN5)] and cancer [mdm2 (3W69)] proteins. At 200 pg/mL, CT extract-treated
Vero normal cells exhibited more viability (78.32+1.19%) than the one treated with the human renal adenocarcinoma
(ACHN) cell line (33.45£0.66%), which suggests CT extract to be selectively cytotoxic to the cancer cells. The extract
also demonstrated considerable inhibition of EAD (IC, =164.59%17.85 ug/mL). Thus, the observed anti-cancer and
anti-inflammatory properties of CT extract may be attributed to its notable NO and 1,0, radicals scavenging activitics,
with IC, values of 205.7+11.44 and 69.74%6.50 ug/mL respectively. GC-MS analysis of the extract revealed sixteen
major compounds. In silico studies indicated o-tocopherol and stigmasterol as the most promising compounds, having
exhibited the highest binding energy scores of -9.9 and -8.7 kcal/mol against NF-xf (4DN5) and mdm? (3W69) proteins
respectively. In conclusion, C. thomsoniae leaf extract showed considerable antioxidant, anti-inflammatory, and anti-
cancer properties, which may be attributed to its o-tocopherol and stigmasterol contents.

KEYWORDS: Clerodendrum thomsoniae, Antioxidant, Anti-inflammatory, Anti-cancer, In vitro and in silico biological
studies, a-Tocopherol, Stigmasterol

INTRODUCTION

cell death (Hirayama et al., 2017). However, reactive oxygen
species (ROS) or free radicals such as superoxide anions,

The immune system uses free radical generation as a tactic
to keep the body homeostasis so that invasive pathogens
are climinated (Chaplin, 2010). Free radical creation is a
byproduct of cell metabolic activity. According to Wolfe
et al. (2008), free radicals are extremely reactive molecules
with unpaired electrons in their outer orbitals that have the
capacity to exist on their own. Numerous immune cell types,
especially phagocytes including dendritic cells, neutrophils,
and macrophages, are crucial in eradicating sick and damaged
cells by generating free radicals and triggering programmed

hydroxyl radicals, and hydrogen peroxide are produced if
the amount of oxygen supply is excessive or its reduction is
insufficient in the system (Kris-Etherton et al., 2004). The
reactive oxygen species (ROS) or reactive nitrogen species
(RNS) are chemically very reactive molecules containing an
unstable oxygen species having unpaired electrons with reactive
chemical properties, along with different types of free radicals
like IO, formed through any route in cells as a consequence
of oxidative biochemical reactions (Kris-Etherton et al., 2004).
These free radicals have the ability to change components that

changes were made.
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are important to biology, including proteins, carbohydrates,
membrane lipids, DNA, and lipids, which can ultimately result
in cellular malfunction or death (Phaniendra et al., 2015). In
addition to an endogenous source, some of the exogenous
factors contributing to the generation of ROS such as toxic
gases, lonizing radiation smoking cigarettes, etc. Therefore,
ROS along with various types of free radicals are responsible
for chronic inflammation that leads to the development
and progression of various diseases. Various aspects of
immunological and inflammatory responses are primarily
responsible for inflammation (Phaniendra et al., 2015). Pro-
inflammatory cells are frequently an important source of
several inflammatory mediators such as cytokines (TNF-a,
IL-1, and IL-6) and ROS, which either directly or indirectly aid
in the development of various discases like cancer, diabetes,
aging, cardiac dysfunction (atherosclerosis and hypertension),
rheumatoid arthritis, neurodegenerative disorders (Parkinson’s
disease, Alzheimer’s disease, and multiple sclerosis), cataracts
and respiratory ailments (Phaniendra et al., 2015). Plants are
long been utilized as the basis of many traditional medicines
exerting protective effects against several diseases due to
their antioxidative properties (Patel et al., 2014). Therefore,
antioxidants derived from natural sources, including plant
materials, are becoming more and more important because
it has been shown that these chemicals are essential for the
regular upkeep of cellular functions as well as overall health and
well-being. Thus, increasing the consumption of antioxidants
which have the ability to scavenge free radicals might be a
safer and more effective way to combat illnesses (Wolfe et al.,
2008). In recent decades, an increasing number of researches
have concentrated on plant extracts that include antioxidant
properties that may lower the chance of acquiring chronic
diseases. The bleeding heart vine, or bag flower, is a beautiful
decorative plant used in the floriculture industry. It belongs to
the family Lamiaceae and the genus Clerodendrum (Patel et al.,
2014). In Asia, Australia, Africa, and America, Clerodendrum
thomsoniae is widely spread (Shrivastava & Patel, 2007). It
is used as a folk remedy by traditional healers of Cameroon
to treat diabetes and obesity. According to Shrivastava and
Patel (2007), the plant is also used as medication in Indian
and Japanese traditional systems to cure a number of serious
illnesses, including cancer, typh(nd syphilis, jaundice, and
hypertension. C. thomsoniae is claimed to have a variety
of ethnomedicinal uses, however, there is not enough data
to support these claims. The background information and
limitations drove us to execute the study using C. thomsoniae.
Therefore, an initiative was undertaken to evaluate the free
radical scavengmg activity of C. thomsoniae leaf extract
(CT) using different in vitro antioxidant methods, justifying
its beneficial effects on oxidative stress. In addition, anti-
inflammatory and cytotoxicity of CT were measured to
evaluate possible cytotoxic mechanisms of C. thomsoniae.
Gas chromatography-mass spectroscopy (GC-MS) was further
employed to identify the putative compounds. Based on the
ethnomedicinal importance of CT in various discases, we
eventually designed an in silico molecular docking to find out
the binding pattern between the identified compounds of CT
and inflammation and cancer proteins, asserting the probable
anti-inflammatory and anti-cancer functions of CT.
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MATERIALS AND METHODS
Collection and Extraction of Clerodendrum thomsoniae

Leaves of C. thomsoniae were collected in January 2024 from
Shivmandir, Siliguri, West Bengal (26.712°N, 88.366° E). Fresh
C. thomsoniae leaves (CT) that had been air-dried for three
weeks and free of disease were ground into a fine powder using
a mechanical grinder. Adopting the soxhlation process, 10 g of
crushed leaves were extracted in 70% methanol (v/v) for 7 h.
The extract was concentrated using a rotary evaporator. The
extract was then lyophilized to create a dry powder that could
be used later.

Determination of in vitro Antioxidant Activity
Nitric oxide (NO) radical scavenging assay

The quantification technique of the Griess-1-Llosvoy reaction at
physiological pH (Garratt, 2012) was used to measure the nitric
oxide radical scavenging activity with minor adjustments. Briefly,
phosphate-buffered saline (pH 7.4), sodium nitroprusside
(SNP; 10 mM), and different concentrations of CT' extract
(0-200 pg/mL) were mixed and made the final volume of 3 mL.
After the mixture was thoroughly vortexed and incubated
for 150 mins at 25 °C, 0.5 mL of the pre-incubated reaction
mixture was mixed with 1 mL of sulfanilamide (0.33%), which
was diluted in 20% glacial acetic acid, and allowed to sit at
room temperature for 5 mins. To facilitate color production,
I mL of N-(1-Naphthyl) cthylenediamine dihydrochloride
(NEED; 0.1%) was added and the mixture was kept at 25 °C
for an additional 30 mins. Using distilled water as a blank, the
absorbance was measured at 540 nm. Curcumin functioned as
a standard reference. The percent of inhibition was measured
according to the following Equation 1:

A0—Al
Percentage of scavenging = ————x100 (1)

Where, AO=absorbance of the control and Al =absorbance in
the presence of samples and standard.

The concentration that inhibited NO radical by 50% was taken
as the IC, value and this was calculated as per lincar regression.

Hydrogen peroxide scavenging assay

The CT extract’s hydrogen peroxide (H,0O,) scavenging capacity
was calculated using a modified version of Long et al. (1999).

,O, (50 mM) and different concentrations of CT extract
(0-200 pg/mL) were combined in a screw-capped bottle,
and the mixture was allowed to dark-incubate for 30 mins at
room temperature (=25 °C). Next, 90 pL of 11,0, 10 uL of
HPLC-grade methanol, and 0.9 mL of FOX reagent (made by
combining 9 volumes of 4.4 mM butylated hydroxytoluene in
HPLC-grade methanol with 1 volume of 1 mM xylenol orange
and 2.56 mM ammonium ferrous sulfate in 0.25 M H,50,) were
added. After giving the mixture a gentle vortex and letting it sit
for 30 mins, the absorbance at 560 nm was determined. Ascorbic
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acid was utilized as a positive control. The percentage inhibition
was measured as before using equation I. The concentration that
inhibited I1,O, radical by 50 % was taken as the IC, value, and
this was calculated as per linear regression.

Hydroxyl radical scavenging assay

Hydroxyl radical scavenging activity of the CT extract was
conducted using the Fenton reaction model (Kunchandy
& Rao, 1990) with a small modification. 2-deoxy-2-ribose
(2.8 mM), monopotassium phosphate-potassium hydroxide
buffer (KI,PO,-KOH; 20 mM; pH 7.4), FeCl, (100 uM),
ethylene diamine tetraacetic acid (EDTA; 100 pM), hydrogen
peroxide (I,0,; 1.0 mM), ascorbic acid (100 uM), and varying
concentrations of CT extract (0-200 ug/mL) were added to the
reaction mixture until a final volume of 1 mL was achieved.
After carefully mixing the reaction mixture, it was incubated for
60 mins at 37 °C. Following the completion of the incubation
period, the 0.5 mL mixture was carefully transferred into a fresh
tube and mixed with 1 mL each of aqueous thiobarbituric acid
(TBA; 1%) and trichloroacetic acid (TCA, 2.8%). Once more,
the finished mixture was incubated for 15 mins at 90 °C. The
absorbance at 532 nm was measured after the mixture had
cooled to room temperature in comparison to an appropriate
blank solution. A positive control was employed as ascorbic
acid. The percentage inhibition was measured as before using
Equation 1. The concentration that inhibited hydroxyl radical
by 50% was taken as the IC, value, and this was calculated as
per linear regression.

Superoxide radical scavenging assay

The assay was conducted in accordance with Fontana et al.
(2001). The nitro-blue tetrazolium (NBT) is reduced to purple
formazan in the presence of the nonenzymatic PMS/NADII
system, which produces superoxide radicals when exposed to
oxygen. Phosphate buffer (20 mM, pH 7.4), NBT (50 uM), PMS
(15 uM), NADH (73 uM), and varying doses (0-200 pg/mL) of
CT extract were combined to create a reaction mixture (1 mlL).
After gently vortexing the mixtures, they were incubated for five
mins at room temperature. The amount of formazan produced
was estimated by measuring the absorbance at 562 nm in
comparison to the equivalent blank samples. Quercetin served
as a positive reference. The percentage inhibition was measured
as before using Equation 1. The concentration that inhibited
superoxide radical by 50% was taken as the IC value, and this
was calculated as per linear regression.

GC-MS Analysis

The CT extract was chemically profiled on a Bruker 450
Gas Chromatograph hyphenated to a 300 MS/MS mass
spectrometer (GC-MS), according to a standard method by
Nodola et al. (2024). The GC-MS system comprised an HP-5
MS fused silica capillary system with phenylmethylsiloxane
as the stationary phase, operating at 70 ¢V in an EI mode.
The capillary column dimension was 30 m x 0.25 mm (length
x internal diameter), with a film thickness of 0.25 um. The
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column’s initial temperature was set at 50 °C and heated to
240 °C at the rate of 5 °C/min, while the final temperature was
kept at 450 °C for a run time of 66.25 min. Helium was used
as the carrier gas at a flow rate of 1.0 mL/min, while the split
ratio was 100:1. Scan time was 78 min at a scanning range of
35 to 450 amu. The CT extract (500 mg) was first solubilized
in 5 mL of methanol. The filtrate (1 mL) was reconstituted
in 300 mL of n-hexane and centrifuged at 12000 rpm for
15 mins. The supernatant (200 uL) was treated with 100 pL
of Tris(trimethylsiloxy) (vinyl)silane. Finally, 1 uL of the
treated sample was injected for analysis. The GC-MS system
was operated at 70 ¢V in a negative electron ionization (EI)
mode. The retention time (RT), and mass-to-charge ratio (m/z)
of cach of the compounds identified in the CT extract were
obtained. The major peaks were scanned for the molecular
weights of the compounds at m/z 40-990.

In vitro Anti-inflammatory Study

The in vitro anti-inflammatory property of CT' extract was
determined by its inhibitory effect on protein denaturation,
using the egg albumin denaturation assay (Ameena et al.,
2023) with slight modification. A 0.2 mL of albumin from a
fresh chicken egg, 2.8 mL of phosphate buffer saline at pH 6.4,
and 2 mL of CT extract at 12.5, 25, 50, 100, and 200 ug/mL
concentrations, were mixed in three replicates. The reaction
mixture was incubated at 37 °C for 15 mins away from direct
light. Then, it was boiled at 70 °C for 5> mins in a thermostatic
water bath. The resulting mixture was allowed to cool
before the absorbance was measured at 655 nm wavelength.
Diclofenac was used as the reference anti-inflammatory
drug. The percentage inhibitory effect of CT on egg albumin
denaturation (EAD) was calculated according to the following
Equation 2:

Percentage inhibition of EA «100 (2)

D= A0-Al
A0

Where, EAD=egg albumin denaturation, A0=absorbance of
the control, and Al=absorbance in the presence of samples
and standard. The concentration that inhibited EAD by 50%
was taken as the IC; value, and this was calculated as per linear
regression.

Cytotoxicity Study
Cell culture

The South African company Highveld Biologicals (Pty) Ltd.,
located in Lyndhurst, provided the normal (Vero) cell line and
the human renal adenocarcinoma (ACHN) cell line. The cells
were maintained using Dulbecco’s Modified Fagle Medium/
Nutrient Mixture F-12 Ham (DMEM/F12). 10% fetal bovine
serum (FBS), 100 mg/mL streptomycin, 100 units/mL penicillin,
0.14% sodium bicarbonate, and 0.1 mM sodium pyruvate were
added as supplements. For duration of 24 h, cells were cultured
on 35 mm petri dishes at 37 °C, 5% CO,, and 95% humidity in
a CO, incubator.
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MTT assay

Astandard 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium
bromide (MTT) test was used to assess cell viability, following
Denizot and Lang (1986) instructions. The effects of different
doses of CT extract on the inhibition of cancer cell proliferation
were examined using the Vero normal cell line and the ACIHIN
human renal adenocarcinoma cell line. The cells were grown to
confluence in a DMEM complete medium that was enhanced
with 10% FBS and 1% penicillin-streptomycin solution. The
medium was kept at 37 °C in an incubator with 5% CO,
humidity and a humidified environment. Trypsinized and
counted exponentially developing cultured cells were sown at
a density of 2x10* cells/well in a 96-well plate. The cells were
treated with escalating doses of CT extract (40, 80, 120, 160,
200 pg/mL) for 48 h following a 24 h period of adherence.
Following the above-mentioned conditions of incubation, 10 pL
of MTT solution (5 mg/mL) was applied to each well, and the
wells were left in the dark for 3 h. After the medium was carefully
removed, 50 uL of isopropanol was used to dissolve the formazan
that had developed in the wells, and the plates were left on a
plate shaker for five mins. The absorbance was determined
at 595 nm with an iMarkTM Microplate Absorbance Reader
(Bio-Rad, USA). Every experiment was run in four replicates.

In silico Molecular Docking

Preparation and refinement of the protein and ligand
structures

Robust molecular docking research was performed on the
phytocompounds against inflammation and cancer proteins that
are currently considered attractive targets for future therapeutic
development. The PDB structures of NF-xf (PDB ID 4DN5;
2.50 A resolution) (Liu et al., 2012) and mdm2 (PDB ID 3W69;
1.90 A resolution) (Miyazaki et al., 2013) were retrieved from
the Protein Data Bank (http:/www.rcsb.org). The NF-xf and
mdm? proteins were in a complex with a native ligand. The
associated native ligand and water molecules were removed from
the appropriate protein structures using Pymol software prior
to analysis. To get ready for docking in AutoDockTools, polar
hydrogen atoms, and Kollman charges were added to the protein
structures. The concerned phytocompounds were downloaded
from the NCBI PubChem (https://pubchem.ncbi.nlm.nih.
gov/). The Open Babel Server was then used to transform the
downloaded sdf structures into pdb structures (O’Boyle et al.,
2011). The ligand structures underwent energy minimization
using the Gromos 96 force field after the PRODRG server was
used to optimize their energy (Schiittelkopt et al., 2004).

Determination of the active site and molecular docking

The NF-xf and mdm? proteins were in a complex with a
native ligand. The active site of the proteins was predicted
using the literature (Liu et al., 2012; Miyazaki et al., 2013)
and validated through the CASTp 3.0 (Computed Atlas of
Surface Topography of Proteins) online server (Binkowski et al.,
2003). The processed protein without a native inhibitor was
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uploaded to the CASTp 3.0 server and the top result from the
best 3 potential ligand-binding sites was chosen for docking.
The amino acid residues predicted by CASTp 3.0 were then
compared with the amino acids in the active site of the native
inhibitor-NF-xf co-crystallized complex and native inhibitor-
mdm2 co-crystallized complex. This was done by manually
opening the co-crystallized complex in the Discovery studio
visualization tool (Kar et al., 2022a, b) to verify the active site.
This allowed for the identification of the interacting residues,
which were found to be quite similar to those predicted by the
CASTp 3.0 server. The Autodock and Autogrid tools integrated
with Autodock4 were used to generate grid maps (X; Y; and
7. confirmations; Box center and Box dimension) for each
atom of the native inhibitor ligand. In order to obtain the X,
Y and 7 confirmations (Box center and Box dimension) as a
potential target site, molecular docking was carried out using
the Autodock4. The ligands of interest were molecularly docked
at the active binding sites of the relevant proteins utilizing a
stiff protein receptor and a flexible ligand docking methodology
through the use of a grid-based molecular docking technology
(Karet al., 2021, 2022a, b). A grid box involving the active site
residues of the NF-«f protein was created, with center_x=-
8.0, center_y=30.1, center_z=-4.6, size_x=24.0, size_y=15.1,
and size_z=18.9. Similarly, a grid box covering the active
binding pocket of mdm2 was employed, with center_x=-34.4,
center_y=29.1, center_z=-11.1, size_ x=15.7, size_y=18.5,
and size_z=28.9. After Autodock Vina finished the molecular
docking procedure, the docked complexes were visualized using
the Discovery Studio visualization tool (Kar et al., 2022a, b).

Validation of docking protocol by redocking

The conformation of the native ligand which was bound to
the active site of the protein was identified. In addition, the
conformation of the new ligand (oi-tocopherol and stigmasterol)
bound at the active site of the protein was also identified.
The conformation of the native and new ligands was matched
through superimposition and the RMSD values were calculated

(Joshi et al., 2014; Saleh-e-In et al., 2019).
Statistical Analysis

"To compare the activity of CT extract and references, Student’s
t-Test integrated with the KyPlot program (version 5.0) was used
for statistical analysis.

RESULTS AND DISCUSSION

Evaluation of in vitro Antioxidant Activity

The result showed that the CT extract is a powerful nitric oxide
radical scavenger with an IC, value of 205.7+11.44 ug/mL
(Figure 1a). Nitric oxide (NO) produces peroxynitrite (ONOO),
a strong cytotoxic oxidant that has the power to turn healthy
cells into malignant ones when it combines with O, in
addition to producing ROS (Chaplin, 2010). The nitration
of protein tyrosine residucs, lipid peroxidation, DNA,
and oligonucleosomal fragment destruction are possible

203



Kar et al.

100 1 oy €7 extiiet 100 o T extract
0 Curcnmin 0 Ascorbic acid

= I s |

£ £

2 Z 60

= =

= £

s T

= 2 o

L]
[] 50 30 100 150 200 [} 50 80 100 150 200
a| Concentration (pg/ml) [b] Concentration (ug/ml)
100 I g 7 extranct o
1 Ascorbie acid B Queretin

o 80 * - 80 *

2 o S .

£ 6if NS 2 60| W

= =

2 = *

5 4bf NS S ) .

£ NS 13

Wt 20 f
0 50 80 100 150 200 0 50 B0 100 150 00

Concentration (pg/ml) [d) Congentration (ug/ml)

Figure 1: Antioxidant activity of Clerodendrum thomsoniae a) Nitric oxide, b) Hydrogen peroxide, c) Hydroxyl radical and d) Superoxide anion
(Results are given as mean+S.D (n=3). *p<0.05; **p<0.01; NS=non-significant)

mechanisms of action for oxidative damage (Hemnani & Parihar,
1998). As a two-electron reductive product of oxygen, hydrogen
peroxide (I1,0,) is commonly considered a harmful agent whose
concentration needs to be controlled by the antioxidant system.
Merely a mild oxidizing or reducing agent, I1,O, is engaged
in multiple signal transduction pathways and determines the
fate of cells (Lennicke et al., 2015). 11,0, is soluble in water, it
can readily pass through biological membranes in the presence
of transition metal ions, damaging biomolecules including
proteins, lipids, and DNA by producing hydroxyl radicals
(Chaplin, 2010). According to the results of this investigation,
CT extract demonstrated significant hydrogen peroxide
scavenging activity with an IC, value of 69.74%6.50 pg/mL
(Figure 1b). Remarkably, the CT extract also demonstrated a
substantial capacity to scavenge the hydroxyl radical (Figure lc)
and the superoxide anion (Figure 1d). These actions would
perfectly complement antioxidant supplements in conjunction
with a potent therapeutic intervention involving oxidative stress.
Table 1 lists the specific IC;  values for cach of the corresponding
in vitro antioxidant assays.

GC-MS Analysis

The GC-MS spectrum of CT extract (Figure 2) showed
sixteen major peaks (% composition) with their retention
times. The masses of the identified compounds are presented
in their molecular ion peaks in the negative mode. The extract
was found to be rich in fatty acids, with compounds such as
heptadecanoic acid (24.29%), hexadecanoic acid (22.44%),
palmitic acid (22.44%), trimethylsilyl ester (20.47%), and
linoleic acid (13.44%) among the prominent compounds in
the extract. The molecular weights and chemical formula are
presented in Table 2. Studies have shown that heptadecanoic
acid, a-tocopherol, and stigmasterol are strong antioxidants
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Table 1: IC,, values of Clerodendrum thomsoniae extract and
standard for different antioxidant assays

Parameters CT extract Standard
Nitric Oxide 205.7+11.44 Curcumin
61.17+0.41
Hydrogen Peroxide 69.74+6.50 Ascorbic acid
48.91+0.12
Hydroxyl Radical 97.81+3.32 Ascorbic acid
92.75+5.91
Superoxide Anion 148.88+9.40 Quercetin
94.5+3.7

Units in pg/mL. Data expressed as mean=S.D (n=3)

and can effectively prevent a number of oxidative stress-
related diseases (Yoshida & Niki, 2003; Amarowicz, 2009;
Aparna et al., 2012).

Evaluation of in vitro Anti-Inflammatory Activity

Protein denaturation has been linked to the occurrence of
inflammatory responses that lead to various inflammatory
discases (Osman et al., 2016). Therefore, egg albumin was
employed as a model protein in this study to induce denaturation
by exposing it to extremes of heat and pH, causing a disruption
of its physical characteristics, original chemical conformation,
and functional activity (Madhuranga & Samarakoon, 2023).
The EAD assay is a fast, reliable, and cost-cffective bioassay
method that measures the capacity of a substance to prevent or
lessen egg albumin denaturation (Goryanin et al., 2022). It was
adopted in this study based on the fact that substances having
anti-inflammatory properties may be able to stabilize protein
structures and prevent denaturation, which is often associated
with inflammation and tissue damage. As a result, natural
products that significantly decrease the denaturation of egg
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Figure 2: GC-MS chromatogram of CT extract

Table 2: List of phytocompounds identified in C. thomsoniae leaf extract by GC-MS analysis

S.No. RT Compound name % Composition Found Mol Wt? (m/2) Theoretical Mol Wt (m/z)  Formula
1. 12.69  2-Hexenoic acid 0.61 113.1 114.1 C,H,0,
2 15.33  Butanedioic acid 1.85 117.1 118.1 CH.0,
3 16.42  Glutaric acid 1.11 131.0 132.1 C.H,0,
4 21.15  Dodecanoic acid 0.49 199.2 200.3 C,H,,0,
5. 24.70  Azelaic acid 0.37 187.2 188.2 C.H,0,
6. 27.88  3,7,11,15-tetramethyl 2-Hexadecen-1-ol 0.86 295.4 296.5 C,oH,,0
7 28.87  Tetradecanoic acid 0.74 227.2 228.4 C,H,.0,
8 32.68 Palmitelaidic acid, trimethylsilyl ester 20.47 327.5 328.6 C,,H,,0,Si
9. 35.65 Hexadecanoic acid (Palmitic acid) 22.44 255.4 256.5 C,H.,0,
10. 35.92  Heptadecanoic acid 24.29 269.5 270.5 C,H,0,
11. 36.30 Linoleic acid 13.44 279.5 280.4 C,H,,0,
12. 39.19  Stearic acid 0.86 283.5 284.5 CH,.0,
13. 45.10 Eicosanoic acid 7.02 311.4 312.5 C,oH,0,
14. 48.60  Squalene 0.49 409.5 410.7 C,,H.,
15. 49.41  «o-Tocopherol 1.60 429.6 430.7 C,,H.,0,
16. 51.95  Stigmasterol 3.33 411.6 412.7 C,,H,0

aMolecular ion peak read in the negative mode [M-H1-

albumin may be considered potential anti-inflammatory agents

(Dharmadeva et al., 2018; Madhuranga & Samarakoon, 2023).

In this study, a concentration-dependent steady increase in
the percentage inhibition of EAD was observed for both CT
and diclofenac (Figure 3). At 200 pg/mL, CT extract exhibited
a similar anti-inflammatory response, with 54.24+4.72%
inhibition of EAD, compared to diclofenac, but at a reduced
concentration of 50 ug/mL. Furthermore, the inhibitory
effects of the extract on EAD were significantly lower than
those exhibited by diclofenac at the same concentrations
of 25, 50, and 100 pug/mL. Overall, CT extract with an IC,
value of 164.59+17.85 ug/mL, possesses a reduced anti-
inflammatory activity compared to the reference drug
(diclofenac, 1C, =48.08+1.64 ug/mL). Although our study
findings have shown that diclofenac is more potent as an anti-
inflammatory agent than C'T extract, there is empirical evidence
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alluding to the adverse effects of diclofenac use, which include
hepatorenal toxicity and injury in rats (Alabi & Akomolafe,
2020). Conversely, CT extracts have been previously reported
to show no visible sign of toxicity (mortality) at 2000 mg/kg
b.w. in rodents (Muhammed Ashraf et al., 2021). However,
the study further reported that CT extract at 600 mg/kg shows
significant elevation of two liver enzymes (SGPT and ALP) ina
dose-dependent manner after 28 days, which suggests possible
toxicity when administered at a high dose.

Cytotoxicity Assessment by MTT Assay

The CT extract exhibited potent anti-inflammatory and
antioxidant properties, prompting additional research for
cell viability assays. The MTT test was used to measure the
cytotoxicity of the CT extract against the Vero and ACHN cell
lines. The two cell lines used in this study, Vero and ACHN,
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received similar quantities of the suspension medium in addition
to different dosages of CT extract. It is important to note that
the extract appeared to be non-cytotoxic to the Vero cell line
having demonstrated 78.32+1.19% viability at a concentration
of 200 ug/mL with IC, values of 246.34%3.37 ug/mL which
reveals the probable safety of this plant (Figure 4a). The CT
extract exhibited substantial dose-dependent anti-cancer
activity against the ACHN cell line with 33.45+0.66 % viability
at a concentration of 200 ug/mL (Figure 4b), with 1C; values
of 79.03£3.16 pg/mlL, after 48 h of treatment. The existence
of many phytoconstituents in this plant, the majority of which
are soluble in hydro-methanol, may account for the extract’s
selective cytotoxic activity. Ashraf and colleagues (Muhammed
Ashraf et al., 2021) reported that C. thomsoniae has significant
cytotoxicity, especially for breast cancer cell lines (MCF-7,
Hep-G2, A549, HT-29, MOLI*4, Hela), while Changade et al.
(2024) reported that C. infortunatum significantly inhibits
cervical cancer. Our findings corroborated these findings.

In silico Molecular Docking

The GC-MS identified CT phytocompounds were used for
molecular docking against the NF-kf3 and mdm? proteins. Table 3
displays the binding energy scores of the phytocompounds

100 I CT extract
[ Diclofenac
80|
=
£
g 60
s 40
=S
20
0
0 125 25 50 100 200
Concentration (pg/ml)

Figure 3: In vitro anti-inflammatory activity of the leaves of
Clerodendrum thomsoniae. [Results are given as mean+S.D.
(n=3). *p<0.05].

against the NF-kP protein. The compound a-tocopherol
interacts with the hydrophobic interaction (Leu406, Ala427,
Met469, Leu471, Lys482, Cys533) and Pi-sigma interactions
(Val414 and Leu522) of the protein NF-«f returning a binding
energy score of -9.9 kecal/mol. On the other hand, stigmasterol
interaction with NF-xf (hydrophobic interaction: Val414,
Lys482, Cys533) displayed an energy score of -9.4 kcal/mol
(Figures 5a & b). Interestingly, the binding potential of
o-tocopherol and stigmasterol was significantly higher than
that of the suggested inhibitor phosphothio-phosphoric acid-
adenylate ester (Table 3) (Liu et al., 2012). It was shown to
be associated with residues Leu406, Ala427 (hydrophobic
contacts), Gly409, Gly407, Ser476 (hydrogen bonds), Val414,
Leu522 (Pi-sigma interactions), and Met469, Asp519 at the
active binding pocket of the NF-xf protein. It’s interesting
to note that these residues found in the active site are linked
to a-tocopherol and stigmasterol, substances that have been
demonstrated to play a crucial part in the interaction between
NF-xB and small molecule inhibitors (Figures 5a & b). There
are some interesting pharmacological characteristics shown by
phytosterols. Ju et al. (2010) have reported that o-tocopherol
plays a major role in the prevention and inhibition of cancer
and suppresses inflammation (Singh & Jialal, 2004; Reiter &
Jiang, 2007). Studies have shown that stigmasterol is a strong
antioxidant that can help prevent cancer (AmeliMojarad et al.,
2022; Wang et al., 2022) and inflammation (Khan et al., 2020;
Morgan et al., 2021). Therefore, the presence of a-tocopherol
and stigmasterol in CT' extract may play a contributory role
in the observed in vitro anti-inflammatory and anti-cancer
activities. Furthermore, fatty acids have been reported to have
multiple biological activities such as diabetes, inflammatory,
and cardiovascular discases (Krupa et al., 2024). Linoleic acid
(LA) is one of the essential fatty acids that humans need in the
diet. Deficiency of LA may lead to growth retardation, infertility,
skin, and kidney degeneration, and abrupt changes in the fatty
acid composition of lipids (Dobryniewski et al., 2007). Besides,
LA has been reported to suppress human tumors (Tsuzuki
et al., 2004) and lung tissue cancer. Another metabolite,
hexadecenoic acid, and stearic acid have been reported to have
a potential protective effect against cancer (Némcova-Furstova
et al., 2019). In addition, squalenc was reported as a potent
antioxidant as well as beneficial against several carcinogens

(Yoshida & Niki, 2003).

100 1
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Figure 4: Graphical presentation of cell viability (%) of (a) Vero and (b) ACHN cell lines upon exposure to different concentrations of CT extract
for 48 h (Results are given as mean+S.D. (n = 4). *p<0.05; **p<0.01; ***p<0.001)
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Table 3: Binding energy scores of the phytocompounds in CT extract with NF-xf protein

Compound name Chemical structure Binding energy scores (kcal/mol)
NF-xf3 (4DN5)
2-Hexenoic acid ﬁ -4.2
W
HO CHj
Butanedioic acid (0] -4.5
|| OH
(0]
Glutaric acid |C|) i) -4.6
HO OH
Dodecanoic acid T) -5.2
OH

Azelaic acid -5.1
3,7,11,15-tetramethyl 2-Hexadecen-1-ol -5.9
Tetradecanoic acid -5.5
Palmitelaidic acid, trimethylsilyl ester CH3 -5.9
7
¢} P
H3C—?i/ |
CH; O
Hexadecanoic acid (0] -5.4
(Palmitic acid) I
OH
CHj
Heptadecanoic acid O -5.5
OH
CH3
Linoleic acid ﬁ -5.5
OH
= CHg

(Contd...)
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Table 3: (Continued)

Compound name Chemical structure

Binding energy scores (kcal/mol)
NF-xf (4DN5)

Stearic acid

Eicosanoic acid

Squalene

a-Tocopherol

Stigmasterol

Phosphothiophosphoric acid-adenylate
ester (Inhibitor)

HO e

N\ N
@<>
NH,

-5.6

OH

-5.6

-5.7

-9.9
CHj3

CH,

-9.4

-8.0

Chronic inflammation that leads to tumor development,
progression, and metastasis is frequently triggered by
carcinogenic chemicals, environmental contaminants, UV light,
and ionizing radiation. NF-xP, a transcription factor family that
controls various aspects of immunological and inflammatory
responses, is primarily responsible for inflammation. It
contributes to the production of mRNA that codes for
chemokines and pro-inflammatory cytokines (Canli et al., 2017).
Pro-inflammatory cells are frequently an important source of
several inflammatory mediators that promote tumor growth,
such as growth factors, cytokines like TNF-a, IL-1, and IL-6, and
reactive oxygen species (ROS), which either directly or indirectly
aid in the development of tumors (Schieber & Chandel, 2014).
Therefore, inhibiting this protein might be a worthwhile goal for
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conditions linked to inflammation (Chan & Yu, 2004). When
inflammatory cells (lymphocytes, macrophages, neutrophils,
cte.) release cytokines that increase intracellular ROS and
RNS in cells, they also trigger BeL-X|, which suppresses the
mitochondria-associated multi-domain pro-apoptotic proteins
Bak and Bax, ultimately leading to unchecked cell growth and
cancer. The examined ligands suppressed the Bel-X, protein and
increased the production of endonuclease G, cyto-chrome-C,
Apoptotic protease activating factor 1 (Apaf-1), Smac/Diablo,
Caspase-9, and Caspase-3, all of which are necessary for cell

death (Chan & Yu, 2004) (Figure 6).

Table 4 displays the binding energy scores of the phytocompounds
against the mdm? protein. A binding energy score of -8.7 keal/mol

JPhytol e 2024 e Vol16



Kar et al.

A

Figure 5: The mode of interaction of a) o-tocopherol, b) stigmasterol with NF-xf3 protein. The purple ribbon represents the NF-kf3 protein.
o-tocopherol and stigmasterol have been illustrated as a red and green stick
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Figure 6: Schematic representation showing how the phytocompounds from Clerodendrum thomsoniae leaf extract plausibly inhibit inflammation

and cancer proteins, leading to apoptosis

was seen in the interaction of stigmasterol with the hydrophobic
interactions (Leu54, lle61, Met62, Tyr67, Val75, Phe91, Val93,
His96, 11e99) of the mdm?2 protein. Whereas, it was evident
that hydro-phobic interactions (Leu57, lle61, Met62, Val93,

JPhytol e 2024 e Vol16

11e99), hydrogen bond (Tyrl00), and Pi-sigma interactions
(Leu54 and His96) of the protein mdm? with another compound
o-tocopherol returned a binding energy score of -8.2 kcal/mol
(Figures 7a & b). Using the proposed inhibitor (5R,6S)-2-
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Table 4: Binding energy scores of the phytocompounds with mdm2 protein

Compound name

Chemical structure

Binding energy scores (kcal/mol)

mdm? (3W69)

2-Hexenoic acid (0] -4.1
Pz
Butanedioic acid (0] -3.5
Ho I
\H/\/\OH
(e}
Glutaric acid |C|) (0] -3.6
Ho/\/vJ\OH
Dodecanoic acid O -4.6
Azelaic acid -3.8
3,7,11,15-tetramethyl 2-Hexadecen-1-ol -4.8
Tetradecanoic acid 4.4
Palmitoleic acid, trimethylsilyl ester CHy -5.4
CHs
H3CS/OY\/\/\/\/(H/
CH; O
Hexadecanoic acid (0] -4.9
(Palmitic acid) ||
OH
CH3
Heptadecanoic acid O -4.6
OH
CHj
Linoleic acid ﬁ -4.8
OH
= CHg
Stearic acid ﬁ -4.3
OH
CHs
(Contd...)
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Compound name Chemical structure

Binding energy scores (kcal/mol)
mdm? (3W69)

Eicosanoic acid -4.2
Squalene -5.3
a-Tocopherol -8.2
CHgy
CHs
Stigmasterol -8.7
(5R,65)-2-[((2S,5R)- cl -10.7
2-{[(3R)-4-acetyl-3-methylpiperazin-1-yl] HsC
carbonyl}-5-ethylpyrrolidin-1-yl) carbonyll-5, \
6-bis (4-chlorophenyl)-3-isopropyl-6-methyl-5, n
6-dihydroimidazol[2,1-bI[1,3]thiazole (Inhibitor) . MNS_s CHs
3 N / //
N N
7/
0 0 CHs
H,e” CHs
Cl

[((2S,5R)-2-{[(3R)-4-acetyl-3-methylpiperazin-1-yl]carbonyl }-
5-ethylpyrrolidin-1-yl)carbonyl]-5,6-bis(4-chlorophenyl)-3-
isopropyl-6-methyl-5,6-dihydroimidazo[2,1-b][1,3]thiazole
(Miyazakiet al., 2013), we investigated how the inhibitor bonded
to the mdm?2 protein and compared its binding pattern to the
relevant phytochemicals. The inhibitor exhibited a significant
binding potential with a binding energy value of -10.7 keal/mol.
It was shown to be associated with residues Leu54, Ile61, Met62,
Tyr67, GIn72, Val75, Val93, 1199 (hydrophobic contacts), and
His96 (m-stakings) at the active binding pocket of the mdm?2
protein. Interestingly, Figures 7a and b show that these active
site residues are associated with stigmasterol and o-tocopherol,
a substance that has been shown to have a significant role in
the interaction between mdm2 and small molecule inhibitors
(Miyazaki et al., 2013). The MDM2 gene encodes human
MDM2, also known as E; ubiquitin-protein ligase MDM2,
which degrades the p53 tumor suppressor by proteasomal

means (Mendoza et al., 2014). Here, MDM2 raises the risk
Vol 16

JPhytol e 2024 e

of cancer by acting as a negative regulator on the p53 tumor
suppressor gene. Through its binding to tumor suppressors,
degradation of cell-cycle inhibitors, and induction of genomic
abnormalities, MDM2 stimulates both genomic instability and
cell proliferation. Moreover, it binds and breaks down Rb directly,
preventing Rb-E2F1 interaction (Schieber & Chandel, 2014).
In our study, the considered ligands inhibited mdm2 protein
these reliefs p53 from the suppressing effect leading to cell cycle
arrest to allow DNA repair and/or apoptosis (Figure 6).

Redocking, Superimposition, and RMSD Calculation

Redocking was performed to validate the docking protocol.
It was interesting to note that the NF-xp protein’s
native conformation and the re-docked conformation of
phosphothio-phosphoric acid-adenylate ester (native ligand)
with NF-xf protein produced the same hydrogen bonds
(Gly409), Pi-Alkyl (Leu406, Ala427), Pi-Sulfur (Met469), Pi-
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Figure 7: The mode of interaction of a) stigmasterol, b) a-tocopherol with mdm? protein. The brown ribbon represents the mdm? protein. Stigmasterol

and o-tocopherol have been illustrated as a green and red stick.
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Figure 8: Validation of docking protocol a) NF-kf3 protein’s co-crystal structure native conformation and b) Re-docked with co-crystal structure’s

native inhibitor ligand with NF-«xf protein.

Sigma (Val414, Leu522), hydrophobic interactions (Arg408,
Asp534, Asn520, GIn479, Leu471) (Figures 8a & b). On the
other hand, mdm2 native conformation and the native ligand
re-docked with mdm2 protein produced exactly the same
Pi-Alkyl bonds (Leu54, Ile61, Tyr67, Val75, Val93, 11¢99),
hydrophobic interactions (Gly58, GIn72) (Figures 9a & b).
The docking program could be employed because of the
reproducibility of significant interactions. This demonstrated
the docking protocol’s effectiveness and legitimacy (Joshi

et al., 2014).

It was found that the docked complex (o-tocopherol-
NF-kf, stigmasterol-NF-xf, and a-tocopherol-mdm?,
stigmasterol-mdm?) was superimposed completely onto the
native co-crystallized NF-xf and mdm? protein complex
without any adjustments. The atoms of amino acids of
both the complexes (a-tocopherol-NF-xf: Leu406, Leu471,
Leu522, Ala427, Met469, Cys533, Val414, and stigmasterol-
NF-xp: Cys533, Val414) were superimposed with the native co-
crystallized NF-kf protein without any constraints. Conversely,
the amino acid atoms of both the complexes (stigmasterol-
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mdm?: Leu54, lle61, Met62, Tyr67, Val75, Phe91, Val93, His9o,
1199 and a-tocopherol-mdm?: Leu54, Leu57, lle61, Met62,
Val93, His96, 11e99, Tyr100) were likewise overlaid with the native
co-crystallized mdm? protein. Figures 10a, b, 11a and b display
the superimposed images of the co-crystal structure’s native
ligand and the re-docked ligands (o-tocopherol, stigmasterol)
(Yanuar et al., 2018; Gentile et al., 2020). The findings suggest
that the phytocompounds o-tocopherol and stigmasterol, also
precisely bind to the amino acids found in the active site cleft
of the NF-«xf and mdm? proteins. To confirm the stability of
the docked chemicals in biological systems, the average RMSD
descriptor for cach was computed (Mahmud et al., 2020; Kousar
etal.,2020). The fact that the mean average RMSD value of all
the complexes is less than the 2 A stated threshold for RMSD
calculation gives us evidence that our docking procedure is valid.
Using NF-xP protein, o-tocopherol and stigmasterol produced
RMSD values of 0.50 A and 0.05 A, respectively. In contrast,
the mdm2 protein containing o-tocopherol and stigmasterol
displayed RMSD values of 1.23 A and 0.09 A (Lépez-Camacho
et al., 2016; Modi et al., 2019).
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Figure 9: Validation of docking protocol a) mdm? protein’s co-crystal structure native conformation and b) Re-docked with co-crystal structure’s
native inhibitor ligand with mdm? protein.

Figure 10: a) Redocked ligand o-tocopherol (green) superimpose
to native ligand (red) and b) Re-docked ligand stigmasterol (pink)
superimpose to native ligand (red).

Figure 11: a) Redocked ligand stigmasterol (blue) superimpose
to native ligand (red) and b) Re-docked ligand o-tocopherol (sky)
superimpose to native ligand (red).

CONCLUSIONS

This study helped to evaluate the antioxidant, anti-inflammatory,
and anti-cancer effects of the C. thomsoniae extract and identify
the putative phytocompounds. The plant extract exhibited
significant antioxidant, anti-inflammatory, and anti-cancer
activities, indicating the potential medicinal value of the
plant. The in silico molecular docking results of the putative
compounds support the in vitro anti-inflammatory and anti-
cancer activities of the extract as an inhibitor of the NF-k3
and mdm? proteins and raise the possibility of validating its
bioactivity. Further research is warranted to explore the isolation
of compounds, their pharmacological properties, bioavailability,
safety profile, and potential applications in the development of
novel therapeutic agents using in vivo models.
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