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Background: Urena sinuata L. is a shrubby wild plant used for centuries in folk medicine to treat bronchitis, rheumatism, fever,
and waist pain. Itis evident that it possesses antioxidant, anti-diarrheal, anti-atherothrombotic, sedative, anxiolytic, and analgesic
effects in various test systems.

Objectives: The goal of this research was to evaluate the anti-inflammatory, antioxidant, and anxiolytic activity along with the
preliminary phytochemical investigation of the ethanolic leaf extract of U. sinuata (ELEUS). Additionally, we also performed an
in silico study to see the possible anxiolytic effects of its previously reported phytochemicals.

Methods: Scavenging methods for nitric oxide (NO*®), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and hydroxyl radical (*OH) were
used to determine antioxidant activity. The egg albumin model was used to assess anti-inflammatory action, while the elevated
plus maze tested anxiolytic activity in adult male Swiss albino mice. For the latter case, the control group received vehicle (10
mL/kg), the standard group received diazepam (DZP: 2 mg/kg), and the test groups received ELEUS at 200 and 400 mg/kg.
Additionally, both the test groups were combined with DZP 2 mg/kg. All these treatments were given via oral gavage. Finally,
we performed an in silico study to check the possible interactions of its literature-claimed compounds with gamma-aminobutyric
acid (GABA) 4 receptor subunits.

Results: Findings suggest that the ELEUS exhibited significant (p < 0.05) concentration-dependent antioxidant and anti-
inflammatory effects. The highest activity was observed at 100 pg/mL. In mice, the extract had an anxiolytic effect that was
significant (p < 0.05) and was dose-dependent. ELEUS 200 and 400 mg/kg were seen to potentiate the anxiolytic activity of the
standard drug DZP (2 mg/kg) significantly (p < 0.05). Quercetagetin-6,7-O-dimethylether-3'-3-D-gluco-pyranoside, querceta-
getin-6,7-O-dimethylether-4’-3-D glucopyranoside, and quercetagetin-6,7-O-dimethylether-3-3-D-glucopyranosid of U. sinuata
showed better interaction capacity with the GABA 4 receptor protein (o1, a2, as, o, a5, and o) than the standard drug (di-
azepam).

Conclusions: ELEUS possesses many important phytochemical groups and exhibits concentration-dependent antioxidant and
anti-inflammatory effects as well as dose-dependent anxiolytic effects. U. sinuata may be a good source of plant-based therapeu-
tically active lead compounds for inflammation, oxidative stress, neurological diseases, and disorders like anxiety.
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Introduction

Oxidative stress occurs when the formation of reac-
tive oxygen species (ROS) and their removal are out of bal-
ance. Itis one of the leading causes of chronic inflammation
in our bodies and various disorders [1]. Apoptosis, oxida-
tive stress, neuroinflammation, and reduced neurogenesis
are the major consequences developing of anxiety and re-
lated diseases in the brain [2].

On the other hand, anxiety is a multifaceted psychi-
atric condition with an unidentified etiology that affects
multiple neurotransmitters in the brain [3]. Apart from
the ‘conventional’ gamma-aminobutyric acid (GABA) er-
gic system, the serotonergic, endocannabinoid, opioidergic,
glutamatergic, neurokinin, and cholinergic systems may be
investigated as potential novel therapeutic targets. How-
ever, there is still an unmet need to discover and develop
more effective anxiolytics with the highest safety [4]. A
growing interest in phytomedicine among health practition-
ers and patients has been evident in a number of recent
clinical cases [3]. Urena sinuata L. (Family: Malvaceae),
also known as ‘Kunjia’ in Bangladesh, is an herbal rem-
edy found in Bangladesh, India, and some other regions.
U. sinuata is an erect subshrub that is up to 1-2 m tall.
Leaves are 4 to 8 cm long, palmately deeply lobed with
rounded sinuses (curves), downy gray pubescent, and have
star-shaped hairs. Flowers are pinkish-violet and clustered,
measuring approximately 1 cm across. The velvety fruit is
coated in hooked bristles (http://www.flowersofindia.net/c
atalog/slides/Burr%20Mallow.html).

Traditionally, U. sinuata is used to treat various
diseases, including bronchitis, anti-rheumatic, antipyretic
[5], and waist pain [6]. Scientific evidence suggests that U.
sinuata contains many phytochemicals, including carbo-
hydrates and gum, glycosides, alkaloids, reducing sugars,
steroids, and flavonoids [5,7]. Three flavonoids were
extracted from the leaves of U. sinuata: quercetagetin-
6,7-O-dimethylether-3’-3-D-gluco-pyranoside (Com-
pound 1),  quercetagetin-6,7-O-dimethylether-4’-/3-D
glucopyranoside (Compound II), and quercetagetin-6,7-
O-dimethylether-3-3-D-glucopyranoside (Compound IIT)
(Fig. 1). A different study found that this medicinal
plant contains a glycoside known as 6,7-di-O-methyl-
quercetagetin-3-O-D-glucopyranoside  dehydrate [8,9].
Although the biological effects of these isolated com-
pounds are yet to be investigated, it is evident that U.
sinuata possesses antioxidant [5], anti-diarrheal [10], clot
lysis [7,11,12], insecticidal and repellent [13], sedative,
anxiolytic, and analgesic [14] effects in various test
systems.

In this study, the antioxidant and anti-inflammatory
properties of the ethanolic leaf extract of U. sinuata are in-
vestigated in various in vitro test models. In addition, the
anxiolytic effect of U. sinuata was checked through in vivo
and in silico studies.
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Materials and Methods

In Vitro Studies
Collection, Identification and Extraction of Plant Materials

In March-May 2013, leaves of U. sinuata were
harvested in the Chittagong hill tracts (Chittagong,
Bangladesh). A scientist at the Bangladesh Forest Research
Institute (BFRI) in Chittagong recognized the plant. The
plant sample was deposited as a voucher specimen (BFRTH-
2309). The leaves were then rinsed correctly in running
water, dried in the shade (at a temperature below 45 °C),
and ground into a coarse powder using a suitable grinder.
500 g of powdered materials were steeped in 97% ethanol
for 20 days, with manual stirring occasionally. The yield
of the air-dried (at room temperature) was 5.4% w/w. Un-
til the test, the blackish ethanolic leaf extract of U. sinuata
(ELEUS) was kept at 40 °C in an amber-colored glass vial.

Reagents and Chemicals

Zenith Pharmaceuticals Ltd., Bangladesh, generously
gave diazepam (DZP), diclofenac sodium (DICLO-Na),
and ascorbic acid (AA). For the investigation, ethanol
(Merck, Darmstadt, Germany) was acquired. Analytical-
grade chemicals and solvents were employed in this study.

Preliminary Phytochemical Study

The phytochemical groups in freshly produced
ELEUS were qualitatively examined using established pro-
tocols, which included visual identification of distinctive
color changes [15,16].

Total Phenolic Content (TPC) Assay

The Folin-Ciocalteau method is used to perform this
test, which uses gallic acid as a standard [17]. In a 25-mL
volumetric flask, 1 mL of the plant extract (1 mg/mL) was
combined with 9 mL of distilled water. It was then given
2.5 mL of a 10-fold dilute Folin-Ciocalteau phenol reagent
(1:10). After 5 minutes, 10 mL of a 7.5% NayCOj3 solu-
tion, followed by distilled water, was added to the mixture.
The solution was then incubated at room temperature for
90 minutes in the dark. Gallic acid standard solutions (100,
125, 150, 175, and 200 pg/mL) were produced the same
way as the extracts. A UV-visible spectrophotometer (UV-
19001, double-beam, Shimadzu, Kyoto, Japan) was used to
measure the absorbances of the extract or standard solution
against the reagent blank at 760 nm (UV-1800, Shimadzu,
Kyoto, Japan). TPC content was calculated using a standard
curve and represented as milligrams (mg) of gallic acid for
every gram of extract.

Total Flavonoid Content (TFC) Assay

The aluminium chloride (AICI3) colorimetric assay
was used for this test [18]. In a 10-mL volumetric flask,
1 mL of the extract (1 mg/mL) was combined with 4 mL
of distilled water. The flask was filled with 0.30 mL of 5%
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Compound 1

Fig. 1. Chemical compounds of Urena sinuata L.

sodium nitrite. Following 5 minutes, 0.30 mL of a 10%
AlClI;3 solution was added to the mixture, followed by 2
mL of 1.0 M NaOH and distilled water. In the same way
the extract was made, standard solutions of quercetin (20,
40, 60, 80, and 100 g/mL) were made. A UV-visible spec-
trophotometer (UV-1900i, double-beam, Shimadzu, Japan)
was used to compare the absorbance of the extract and stan-
dard solutions to the reagent blank at 510 nm. The TFC
was calculated using the calibration curve and is measured
in milligrams (mg) of quercetin equivalent per gram of ex-
tract.

Test for Antioxidant Activity
2,2-Diphenyl-1-Picrylhydrazyl (DPPH) Test

The procedure given by Manzocco et al. (1998) [19]
was used with minor modifications for this test. Ina 2.7 mL
ethanolic solution of DPPH, 0.3 mL of the sample at varied
concentrations (20, 40, 60, 80, and 100 g/mL) was added
(0.5 mM). The absorbance was measured at 517 nm with
a spectrophotometer (UV-1900i, double-beam, Shimadzu,
Japan) after 30 minutes. The positive control had a simi-
lar concentration of ascorbic acid (AA), while the control
(vehicle) group received only 0.3 mL of vehicle (ethanol)
added to the DPPH solution. The following formula was
used to compute the DPPH radical scavenging potential:

% Inhibition of DPPH® scavenging = [(Abr — Aar)/Abr]
%100

(1)
where, the absorbance of DPPH free radicals before and af-
ter the reaction is represented by A, and A, respectively.
Half-minimal inhibitory concentration (ICs() values for the
test and standard were determined using non-linear regres-
sion analysis using the software below.

Nitric Oxide (NO®) Radical Scavenging Test

In a nutshell, 0375 mL of the test sample
(ELEUS/AA) was mixed with 1.5 mL sodium nitro-
prusside (10 mM) and 0.375 mL PBS in a 1.5 mL flask

Compound II
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(pH 7.4). At 546 nm, the absorbance (Ap,-) was measured.
1 mL of the solution was combined with 1 mL of Griess
reagent after incubating the reaction mixture at 37 °C for 1
hour. After 30 minutes of room temperature incubation, the
reaction mixture’s final absorbance (A, ) was measured at
546 nm. The ethanol concentration in the control (vehicle)
group was only 0.375 mL [20]. The following equation
was used to compute the quantity of NO+ inhibition:

% Scavenged NO® = [(Abr — Aar)/Abr] x 100 (2)

where, the absorbance of NO® free radicals before and after
the reaction with the Griess reagent are Ay, and A,;., re-
spectively. The 1C5( values were also determined, as men-
tioned in the above-mentioned test.

Hydroxyl Radical (*OH) Scavenging Test

The test samples’ ability to scavenge *OH was as-
sessed using the method outlined by Ruch et al. (1989)
[21]. In phosphate buffer, a solution of 40 mM H,045 was
produced (50 mM; pH 7.4). By analyzing the absorbance at
230 nm, the quantity of HoO5 was determined spectropho-
tometrically. After 10 minutes, the test sample or stan-
dard (20 to 100 g/mL) was added to the H2O5, and the ab-
sorbance at 230 nm was measured. The following equation
was used to compute the percentage of *OH scavenging:

% OH scavenged = [(A0 — A)/A0] x 100  (3)

where, the absorbance of the control sample/standard is
Ay, while the absorbance of the test sample/standard is A.
The IC5q values were also determined, as mentioned in the
above-mentioned test.

Anti-Inflammatory Test (Egg Albumin Model)

The approach outlined by Sakat et al. (2010) [22] was
used to conduct this test. In a nutshell, the reaction mixture
(5 mL) contains 0.2 mL of egg albumin (from a fresh hen’s
egg), 2.8 mL of phosphate-buffered saline (pH: 6.4), and 2
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mL of ELEUS or DICLO-Na at various concentrations. An
equivalent volume of ethanol was used as a control. The
mixtures were heated at 70 °C for 5 minutes after being in-
cubated at 37 &£ 2 °C for 15 minutes in an incubator. The
optical density was measured at 660 nm after cooling, using
the reagent as a blank using a colorimeter (AE-11M, Win-
con Co., Ltd., Hunan, China). The following formula was
used to compute the percentage inhibition of protein denat-
uration:

% inhibition = 100 — [(AControl — ATest)/

“)
AControl] x 100
The half-maximal effective concentration (ECs) val-
ues for the test and standard were determined using non-
linear regression analysis using the below-mentioned soft-
ware GraphPad Prism (version 9.5, Insightful Science, La
Jolla, CA, USA, accessed on 10 June 2022).

Acute Toxicity Study and Dose Determination

The test dose for this study of ELEUS was selected by
the acute toxicity study following the OECD guidelines us-
ing Swiss albino mice [23]. Briefly, the ELEUS was admin-
istered orally at 500, 1000, and 2000 mg/kg doses. The ani-
mals were then frequently observed for behavioral changes,
toxicological symptoms, and death for 2 days [24]. The ani-
mals’ source and other necessary details have been provided
under Experimental Animals of /n Vitro Study section.

In Vivo Study

Experimental Animals

Adult Swiss albino male mice (25-35 g b.w., 5-6
weeks old) were purchased from the animal research branch
of the Bangladesh Council of Scientific and Industrial Re-
search (BCSIR), Chittagong, and acclimatized for 4 days at
25 £ 1 °C (relative humidity 55-60%) with a 12 h light/dark
cycle. During this time, the animals were fed a BCSIR-
recommended standard laboratory diet with access to un-
limited water. After all test and analysis, the mices were
euthanized by cervical dislocation.

Anxiolytic Activity Study

Elevated Plus Maze (EPM) Test

This experiment involved six groups of six animals per
group. The first group was given the vehicle (0.5 percent
tween 80 dissolved in 0.9 percent NaCl solution) (Control
10 mL/kg, p.o.), the second group was given DZP (2 mg/kg,
i.p.), and the third and fourth groups were given ELEUS200
and ELEUS400 mg/kg, respectively (p.o.). After 30 min-
utes of administration of treatments, the animal was placed
in the plus maze’s center, with its nose pointing in the di-
rection of one of the closed arms, and monitored for 5 min-
utes to calculate the following parameters: time spent in
the open arms (TSOA), number of entries in the open arms
(NEOA), and a total number of arm entries (TNAE). The
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equipment was cleansed with washing after each test, sani-
tized with 70% alcohol, and dried at room temperature. Ad-
ditional groups of fifth and sixth animals were administered
with ELEUS200 + DZP2 and ELEUS400 + DZP2, respec-
tively. The metrics described were confirmed identically
after 30 minutes of therapy.

Statistical Analysis

The mean and standard error of the mean (SEM) are
used to calculate the results. GraphPad Prism (version 9.5,
Insightful Science, La Jolla, CA, USA, accessed on 10 June
2022) was used to analyze the data, which included an anal-
ysis of variance (ANOVA) and a ¢-student’s Newman-Keuls
post hoc multiple comparison test with p < 0.05 at the 95%
level of confidence [25]. Statistical (version 13.0, StatSoft
Polska, Krakéw, Poland, accessed on 7 January 2023) was
also used to determine the correlation.

Molecular Docking (in Silico) Study
GABA Homology Model and Macromolecule

The Swiss model online server (https://swissmodel
.expasy.org/interactive) was utilized to simulate gamma-
aminobutyric acid (GABA) homology [26]. Prior to build-
ing the models, the sequence was retrieved from UniProt
[27], and the template was chosen using BLAST analysis
with the NCBI BLAST [28] tool. PROCHECK [29] was
used to verify the Homology Model. The binding mech-
anism of GABA was investigated using molecular dock-
ing of QUR 3’-O-beta, QUR 4’-O-beta, QUR 3-O-beta, and
DZP molecules.

Ligand Preparation

Prior to docking, we used the Swiss-PDB Viewer soft-
ware tool (version 4.1.0, Swiss Institute of Bioinformatics,
Biozentrum, Basel, accessed on 23 May 2021) to minimize
the energy of the crystal structure. Furthermore, the
chemical structures of quercetagetin-6,7-O-dimethylether-
3’-5-D-gluco-pyranoside (QUR 3’-O-beta) (PubChem
ID: 5748594), quercetagetin-6,7-O-dimethylether-4'-
B-D glucopyranoside (QUR 4’-O-beta) (PubChem ID:
54758556), quercetagetin-6,7-O-dimethylether-3-3-
D-glucopyranoside (QUR 3-O-beta) (PubChem ID:
5280804), and diazepam (DZP) (PubChem ID: 3016)
have been published. Chem3D Pro21.0 (PerkinElmer
Informatics, Inc., Waltham, MA, USA, accessed on 29
April 2022) software packages were used to optimize all
ligand internal energies [30].

Docking Protocol

Computing docking research simulation is a comput-
erized tool for drug design in drug discovery. The PyRx-
virtual assessment tool (version 0.8, Scripps Research, San
Diego, CA, USA, accessed on 7 September 2022) is used
to examine the pharmacodynamic features of an active drug
(ligand) by analyzing and putting molecules at specific
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Table 1. Free radical scavenging capacity of the test sample and controls.

Parameter DPPH test NO* scavenging test *OH scavenging test
Conc. (ng/mL) AA ELEUS AA ELEUS AA ELEUS
20 61.67 +£0.13* 4315+ 0.18% 5451 £0.39* 31.01 +£0.10¥  59.19 + 0.96* 39.09 £+ 0.15%*
40 71.78 £ 0.48*  59.23 +0.32*  59.24 £ 0.08*  39.06 + 0.18*  63.11 &+ 0.09* 45.23 + 0.92%
60 77.81 £0.19*  67.31 £0.28%  69.23 £ 0.11* 4459 £+ 1.06* 68.25 + 0.16* 62.61 + 0.98*
80 81.89 + 1.08*  79.19 £ 0.31* 7424 £ 0.65* 60.04 + 0.38*  79.23 + 0.12* 69.21 £+ 0.34*
100 88.11 £ 0.11*  82.09 +0.78* 84.29 + 0.28*  75.15 £ 0.87* 89.11 £ 0.36* 78.54 + 0.29%
IC50 (pg/mL) 10.87 £ 0.26 29.85 +£0.35 13.38 +£0.37 70.74 + 0.53 12.09 + 0.42 53.42 +0.44
CI (ug/mL) 5.28t022.36  22.77t040.86 4.26t042.00 55.00to 77.17  2.43 to 60.25 42.08 to 65.40
R? 0.92 0.93 0.80 0.77 0.71 0.85
Control 1.87 £ 0.21 2.08 £0.08 2.11 £0.96

Values are mean + SEM (n = 5); ANOVA followed by #-student’s Newman—Keuls post hoc test; *p < 0.05 when compared to the
Control (vehicle); ELEUS, ethanolic leaf extract of Urena sinuata; 1Cs(, half-minimal inhibitory concentration; CI, confidence
of interval; R2, coefficient of determination; DPPH, 2,2-diphenyl-1-picrylhydrazyl; NO®, nitric oxide; *OH, hydroxyl radical;

ANOVA, analysis of variance; AA, ascorbic acid; SEM, standard error of the mean.

binding sites [31]. The docking results determine the de-
gree ligands attach to a target molecule’s catalytic site. The
properties of the ligands in the original target protein grids
[32] are investigated using Pymol Edu (version 1.7.4.5,
Schrodinger, Inc., New York, USA, accessed on 2 July
2022) and BIOVIA Discovery Studio (version 21.1.0, Das-
sault Systemes, San Diego, CA, USA, accessed on 22 May
2021) for these active binding areas of the target protein
[33-35].

Results

In Vitro Studies
Free Radical Scavenging Capacity

The preliminary phytochemical study suggests that
ELEUS contains alkaloids, glycosides, steroids, flavonoids,
reducing sugars, and gums. The TPC and TFC of the
ELEUS were 52.37 + 0.83 mg gallic acid/g and 139.10 +
0.17 mg quercetin/g, respectively.

Both ELEUS and AA scavenged DPPH radicals in a
concentration-dependent manner. The scavenging capac-
ity is significant compared to the control group (p < 0.05).
The highest DPPH scavenging capacity was recorded at
100 ug/mL of AA and ELEUS. Similarly, ELEUS and AA
also exhibited *OH and NO® scavenging capacities. The
calculated half-maximal inhibitory concentration (IC5) of
ELEUS for the DPPH, *OH, and NO® scavenging capac-
ities are 29.85 + 0.35, 53.42 4+ 0.44, and 70.74 + 0.53
ug/mL, respectively (Table 1).

All methods of determining antioxidant activity
showed a high correlation of 0.930-0.961 (Table 2; Fig. 2).

ELEUS at all test concentrations (20—-100 pg/mL) sig-
nificantly (p < 0.05) inhibited heat-induced egg albumin
denaturation, where the highest inhibition was seen at 100
pg/mL (59.29 + 0.39). ELEUS markedly (p < 0.05) de-
creased heat-induced egg albumin denaturation at all test
concentrations (20-100 pg/mL), with the maximum inhi-

Table 2. Correlation matrix of different antioxidant assays.

Scavenging test DPPH NO* *OH
DPPH

NO* 0.930*

*OH 0.961*  0.930*

*p < 0.05.

ey BEERCR

Fig. 2. 3D spread of scavenging tests (*OH versus DPPH and
NO?*® scavenging tests).

bition reported at 100 pg/mL (59.29 + 0.39). DICLO-Na
exhibited a better protein denaturation inhibitory effect at
all concentrations. The EC5 calculated for DICLO-Na and
ELEUS are 61.14 4+ 0.57 and 70.10 £ 1.01 pg/mL, respec-
tively. Control exhibited negligible anti-inflammatory ef-
fects (Table 3).
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Table 3. Protein denaturation inhibition capacity of the test sample and controls.

Percentage inhibition of protein denaturation

Treatments ECs0 (ug/mL) [CI (ng/mL); R2]
DICLO-Na ELEUS
20 29.13 £0.67% 9.13 &+ 1.08*
40  35.19 £ 0.58* 16.14 + 0.96* DICLO-Na: 61.14 + 0.57 [40.62 to
Conc. (ug/mL) 60  49.09 £ 0.28* 29.31 £ 0.78* 70.30; 0.80]; ELEUS: 70.10 +
80  60.23 £+ 1.08* 46.58 + 0.62* 1.01 [51.68 to 76.85; 0.93]
100 80.19 + 0.48* 59.29 4+ 0.39*

Control

3.96 £ 0.31

Values are mean = SEM (n = 5); ANOVA followed by ¢-student’s Newman—Keuls post hoc test; *p < 0.05
when compared to the control (vehicle); DICLO-Na, diclofenac sodium; ELEUS, ethanolic leaf extract of
Urena sinuata; ECso, half-maximal effective concentration; CI, confidence of interval; R2, coefficient of

determination.
Table 4. Anxiolytic-like effects of the test sample and controls.

Treatments TSOA (sec) NEOA TNAE
Control (10 mL/kg, p.o.) 123.7 £ 6.37 11.63 £ 0.74 27.00 £ 0.67
DZP (2 mg/kg, i.p.) 209.3 4+ 3.53*b 1473 £ 0.58* 46.27 4 0.54%bc
ELEUS (200 mg/kg, p.o.)  203.3 &+ 7.58*  16.67 £ 0.65* 39.14 4+ 0.78*
ELEUS (400 mg/kg, p.o.)  207.3 £2.10*  14.77 £ 0.74* 41.44 4+ 0.39*
ELEUS200 + DZP2 206.3 +3.08*¢  15.67 + 0.65* 46.17 £ 0.53*be
ELEUS400 + DZP2 208.3 +2.00*%¢  14.77 + 0.74* 49.43 + 0.17*abe

Values are mean = SEM (n = 6); ANOVA followed by 7-student’s Newman—Keuls post
hoc test; *p < 0.05 when compared to the control (vehicle: 0.5% tween 80 dissolved
in 0.9% NaCl solution); %p < 0.05 when compared to the DZP group; ®p < 0.05 when
compared to the ELEUS200, p < 0.05 when compared to the ELEUS400; TSOA, time
spent in the open arms; NEOA, number of entries in the open arms; TNAE, total number

of arm entries; DZP, diazepam; ELEUS, ethanolic leaf extract of Urena sinuata.

In Vivo Study
Acute Toxicity and Anxiolytic Activity

No significant behavioral changes, toxicity, or mor-
tality were observed up to a 2000 mg/kg oral dose in the
acute toxicity study in animals. Therefore, we selected the
highest test dose of 400 mg/kg (15th of 2000 mg/kg) as the
oral dose and its half-reduced dose of 200 as the lower dose
for the present study. In the anxiolytic study, ELEUS at
200 and 400 mg/kg significantly (p < 0.05) increased the
time spent in the open arms (TSOA), number of entries in
the open arms (NEOA), and total number of arm entries
(TNAE) as compared to the control group. The standard
drug DZP2 also increased all these parameters significantly
(p < 0.05) compared to the control group. ELEUS400
mg/kg produced a DZP-like effect in animals. Interestingly,
ELEUS400 mg/kg, when co-treated with DZP (2 mg/kg),
showed better activity in test animals. ELEUS400 + DZP2
group significantly (p < 0.05) increased the number of en-
tries and time spent in open arms compared to their indi-
vidual groups. This group showed similar behavior to the
DZP2 group (Table 4).

Table 4 also suggests that both ELEUS doses signifi-
cantly (p < 0.05) increased the total number of arm entries
(TNAE) in comparison to the control group. ELEUS200

co-treated with the DZP2 was found to show an almost sim-
ilar TNAE to that of the DZP2 group, while ELEUS400 co-
treated with the DZP2 exhibited better effects than the other
groups.

In Silico Studies
GABA Homology Model

Homology modeling has grown into a potent struc-
tural biology tool, dramatically decreasing the gap between
empirically reported protein structures and identified pro-
tein sequences [36]. The Uniprot amino acid sequence of
GABA (a3, as, as, oy, as, and ag) collected by UNIPROT
(Uniprot accession ID: P14867, P47869, P34903, P48169,
P31644, and Q16445, respectively) was submitted to the
NCBI Blast Programs, and the best homologous template’s
homology models for GABA (a1, as, ag, oy, as, and ag)
were constructed using the Swiss model. Fig. 3 illustrates
a 3D homology model of GABA receptors. The Swiss-
PDB View software program (version 4.1.0) was used to
optimize the GABA models prior to docking, and the Ra-
machandran plot was generated using PROCHECK to val-
idate these GABA homology models, as shown in Fig. 4.

The Ramachandran plot is a simple approach for ob-
serving the distribution of torsion angles in a protein struc-
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Fig. 3. Homology modeling of GABA receptors (A) o1, (B)
a2, (C) as, (D) as, (E) as, & (F) as through the Swiss model.
GABA, gamma-aminobutyric acid.

ture. It also gives an overview of the permissible and
banned ranges of torsion angle values, which is useful
for determining the structural integrity of protein three-
dimensional structures. The Ramachandran plot shows all
of the structure’s phi-psi torsion orientations (except those
at the chain termini). Glycine residues are shown as trian-
gles since they are not limited to the plot regions designated
for one of the other side chain variants. The plot’s color-
ing or shading indicates numerous locations: The darkest
portions (in red) correlate to the “core” regions, which in-
dicate the most advantageous phi-psi value combinations.
In an ideal world, these “core” pieces would have held
over 90% of the leftovers. One of the greatest indicators
of stereochemical integrity is the percentage of residues
in “core” sites (Fig. 4). According to Ramachandran plot
statistics, residues in the most favored areas are around
93.86%, 93.80%, 91.35%, 95.77%, 92.61%, and 90.60%
for GABA a1, as, as, ag,a5, and ag.

Interaction of QUR 3’-O-Beta with GABA Receptor

QUR 3’-O-beta binds to GABA receptor subunits as,
a9, a3, ay,a5, and ag with affinities of —8.0, —8.2, -9.0,
—1.5, —8.5 and —7.8 kcal/mol, respectively. Table 5 and
Fig. 5SA—F depict the 2D and 3D structures of QUR 3’-O-
beta non-bond interactions with GABA receptor subunits.

Interaction of QUR 4’-O-Beta with GABA Receptor

QUR 4’-O-beta binds to GABA receptor subunits a,
g, 3, iy, a5, and ag with affinities of —7.9, -7.6, —7.7,
—7.4, -8.2 and —7.4 kcal/mol, respectively. Table 5 and
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Fig. 5G-L depict the 2D and 3D structures of QUR 4’-O-
beta non-bond interactions with GABA receptor subunits.

Interaction of QUR 3-O-Beta with GABA Receptor

QUR 3-O-beta binds to GABA receptor subunits o,
a9, a3, 0y, as, and ag with affinities of 8.0, —7.9, -9.0,
—7.3, =7.0 and 7.6 kcal/mol, respectively. Table 5 and
Fig. SM-R depicts the 2D and 3D structures of QUR 3-O-
beta non-bond interactions with GABA receptor subunits.

Interaction of DZP with GABA Receptor

DZP binds to GABA receptor subunits o, ao, a3, iy,
a5, and g with affinities of —6.7,-6.8,—6.8,-7.1, —6.5, and
—6.8 kcal/mol, respectively. Table 5 and Fig. 55-X depict
the 2D and 3D structures of DZP non-bond interactions with
GABA receptor subunits.

Discussion

Our bodies’ repair systems counteract cell damage and
the cytogenetic changes it causes [37]. ROS causes dam-
age to cell macromolecules such as proteins, carbohydrates,
lipids, and genetic elements when present in high concen-
trations (e.g., RNA and DNA) [38]. Antioxidants from var-
ious sources, including plant-based antioxidants, may coun-
teract these detrimental effects [39,40].

The DPPH test is a commonly used in vitro antiox-
idant capacity test that involves the reduction of stable
DPPH free radicals by reducing compounds known as an-
tioxidants [41,42]. On the other hand, *OH is a free
radical with a relatively short half-life (about 9-10 sec-
onds), which is reflected in its immunological effect. How-
ever, excessive OH generation can harm nearly all macro-
molecules, including nucleic acids (mutations), carbohy-
drates, lipids (lipid peroxidation), and amino acids (e.g.,
conversion of Phe to m-Tyr and o-Tyr). NO plays impor-
tant biological functions, however, as it can diffuse freely
across the membranes and cause lipid peroxidation. It has
an important role in cardiovascular and neurological dis-
eases [43,44]. An earlier report suggests that U. sinuata
has free radical scavenging capacity; the authors deter-
mined the IC5q value for its chloroform extract at 10.64
pg/mL [5]. Our study demonstrates that ELEUS showed
a concentration-dependent DPPH, *OH, and NO® scaveng-
ing capacity where the IC5pvalues were 29.85 + 0.35, 53.42
4 0.44, and 70.74 + 0.53 pg/mL, respectively. It seems
chloroform extract’s DPPH radical scavenging capacity is
better than its ethanolic extract’s.

There is a relationship between excessive free radical
production and oxidative stress, leading to an inflamma-
tory reaction in our body. Certain medicinal components
like flavonoids [45,46] and alkaloids [47] have antioxidant
and anti-inflammatory capacities. Inflammation is a defen-
sive response but can cause major health concerns, includ-
ing neurologic diseases and disorders, depending on its in-
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tensity [48]. In this study, the ELEUS demonstrated strong
anti-inflammatory activity in egg albumin (in vitro) tested
in a concentration-dependent manner. To our knowledge,
U. sinuata underwent an anti-inflammatory test for the first
time in our study.

Depression and anxiety are the most frequent emo-
tional problems people face worldwide. Anxiety is a nor-
mal emotion that can become problematic if it occurs too
frequently. Anxiety disorders affect more than 20% of the
adult population worldwide at some point during their lives
[14,49]. Anxiety disorders are linked to mental problems
such as depression, stressful situations, and various physi-
cal ailments (e.g., endocrine disorders such as thyroid dis-
orders and glucose metabolic disorders, for instance, hypo-
glycemia and diabetes). In treating anxiety disorders, ben-
zodiazepines, selective serotonin reuptake inhibitors (SS-
RIs), and beta-adrenergic blocking medicines are widely
utilized. On the other hand, these medicines are known
to cause drug addiction and a variety of other side effects
[50,51]. As a result, alternative drug research is critical
for this reason. Anxiety disorders are caused by oxidative
stress, or “sensor of distress”, leading to neuroinflammation
[52]. Our findings suggest that ELEUS exerted anxiolytic-
like effects in Swiss mice. However, when we combined
ELEUS with the standard drug DZP, it showed animal anx-

iolytic effects. DZP is a GABA/benzodiazepine receptor
agonist with various adverse effects, such as tight muscles
and depression [51,53]. The results observed in this study
also agree with the findings of previous reports [12,54],
where the chloroform extract of the plant leaf was found
to exert an anxiolytic-/ike effect on test animals. Polyphe-
nolic substances are protective in nature [55]. Flavonoids,
on the other hand, have been shown to reduce the risk of
various chronic diseases, including cardiovascular disease
(CVD), cancer, and neurological disorders, when consumed
regularly [56]. The present findings suggest that U. sinuata
contains flavonoids. Moreover, the herb also contains sig-
nificant amounts of TPC and TFC.

Bioinformatics, or computational analyses, are mile-
stones in modern drug discovery and development. Many
of these strategies are now popularly used in almost all
branches of life sciences [57]. To date, numerous ad-
vanced molecular modeling software, extensive data ana-
lytical tools, and high-speed processing units have been in-
troduced, which can be used in almost all fields of drug dis-
covery, including neurological diseases and disorders [58].
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In this study, ELEUS showed promising radical scavenging
and in vitro anti-inflammatory capacities. Studies suggest
that substances with these properties may play important
roles in neuroprotection capacity [59,60]. Thus, the neu-
roprotective effect of ELEUS might be linked to its potent
antioxidant and anti-inflammatory capacities. Natural com-
pounds like alkaloids, glycosides, flavonoids, etc., have
promising neuroprotective effects [61-65]. In this study, in
silico studies suggest that compound-I showed strong inter-
actions with GABA-«3 and a5 subunits, while compound-
11 showed strong interactions with GABA-«3 subunits. In-
terestingly, all three compounds showed better interaction
capacity with six GABA subunits than the standard DZP.

Conclusions

In summary, alkaloids, flavonoids, and glycosides are
among the secondary metabolites found in ELEUS. In a
concentration-dependent way, ELEUS showed promising
antioxidant and anti-inflammatory properties. In Swiss
albino mice, ELEUS produced an anxiolytic-like effect.
ELEUS at 400 mg/kg was found to enhance DZP-mediated
calming effects in experimental animals. Compound-I
showed strong interactions with GABA-a3 (—9.0 kcal/mol)
and a; (—8.5 kcal/mol) subunits, while compound-III with
GABA-a3 (9.0 kcal/mol) subunits. These three com-
pounds showed better interaction capabilities with six sub-
units of GABA than the standard drug DZP. Thus, the
anxiolytic-/ike effects of ELEUS or its combination with
DZP might be due to synergistic effects and possibly
through the GABA receptor interaction pathway. There-
fore, ELEUS might be a good source of anti-anxiety agents.
Additional research is needed to identify the other active
chemicals responsible for each biological function and as-
sess their mechanisms of action.
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