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ABSTRACT
Background: Swintonia foribunda, a member of the Anacardiaceae family, is a traditional medicinal plant in Bangladesh. The
present study aimed to identify potential therapeutic agents from Swintonia foribunda leaves. Accordingly, we evaluated the
methanolic extract of Swintonia foribunda leaves (MESFL) for anti-infammatory, antinociceptive, antipyretic, and antidiarrheal
activities using both in vitro and in vivo approaches.
Methods: The anti-infammatory efect of MESFL was determined using protein denaturation andmembrane stabilization assays.
Antinociceptive activity was assessed inmice using acetic acid–inducedwrithing, formalin-induced paw-licking tests, and hot plate
and tail immersion methods. The yeast-induced pyrexia model was used to evaluate antipyretic activity, while castor oil–induced
gastrointestinal motility was assessed to evaluate antidiarrheal potential. GC-MS analysis confrmed the presence of bioactive
compounds. Molecular docking and ADMET studies were conducted to elucidate binding mechanisms, pharmacokinetics, and
safety profles.
Results: MESFL exhibited signifcant antipyretic activity in vivo and moderate antidiarrheal activity by reducing intestinal
motility. Both acetic acid–induced writhing inhibition, suppression of paw licking, and increased latency period in both the hot
plate and tail immersion methods confrmed its strong antinociceptive efect. Anti-infammatory activity was evident through
inhibition of protein denaturation and protection against red blood cell lysis. GC-MS and docking studies revealed several active
phytoconstituents; among them, gamma-tocopherol demonstrated the strongest binding afnities to COX-2 (PDB Code: 1CX2) and
5-lipoxygenase (PDB Code: 5Y3Z), while benzene derivatives showed interactions with heat shock protein 90α (PDB Code: 4U14)
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and voltage-gated sodium channel Nav1.7 (PDB Code: 4YK5). ADMET analysis confrmed favorable pharmacokinetic and safety
characteristics, supporting the drug-likeness of the compounds.
Conclusion: MESFL exhibits notable anti-infammatory properties, along with signifcant antinociceptive and antipyretic ac-
tivities and moderate antidiarrheal potential. These fndings highlight its promise as a natural source of novel therapeutic agents.

1 | Introduction

Natural sources of medications have been used for the treatment
and recovery of various diseases since ancient times. Many plants
with medicinal value have been studied for their various prop-
erties. Traditional plants are excellent sources of modern med-
icines and could lead to valuable therapeutic alternatives [1].
People in developing countries, particularly those with low in-
comes and living in rural areas, rely on traditional plants as the
primary means of counteracting and curing illnesses [2].

Swintonia foribunda Grif is a medicinal plant that typically
grows up to 30m tall but can reach heights of 45 m. The trunk
can be 50–90 cm in diameter, rarely with erect plank buttresses
up to 2m high. The plant’s bark was processed to make juice,
which is used as a CNS stimulant, and a paste of its leaves is also
used [3]. The leaves and bark of this plant are used to ward of
insects [4]. The plant is also characterized by a naturally high
content of phenolic compounds, favonoids, and other
antioxidant-enriched phytochemicals, which are typically asso-
ciated with dietary antioxidant potential and contribute to the
overall nutritional quality of many wild species. In addition to
these secondary metabolites, the leaf matrix contains primary
nutrients such as carbohydrates and proteins, suggesting that,
once edible parts are established, Swintonia foribunda could
provide both energy-yielding macronutrients and protective
micronutrient-like components relevant to functional food
applications [5].

In considering the medicinal properties of such plants, it is es-
sential to note that nociception is a localized or widespread
unpleasant sensation that causes varying degrees of physical
discomfort and emotional distress, often resulting from bodily
discomforts (such as injury or illness). It arrives in diverse forms:
intense, refractory, visceral, irritant, or neuropathic [6]. Pain-
killers derived from traditional medicinal plants have been
discovered and utilized to alleviate pain, as they contain various
efective metabolites responsible for antinociceptive activity [7].

Alongside the relief of discomfort, another key aspect of tradi-
tional medicine is its role in reducing fever. Pyrexia is also known
as a rise in body temperature above the normal range. An an-
tipyretic is a substance that minimizes fever. Antipyretics in-
fuence the hypothalamus to counteract prostaglandin-induced
temperature elevation, and most antipyretics act by suppressing
the enzyme cyclooxygenase, as well as reducing the levels of
PGE2 within the hypothalamus [8].

In addition to pain and fever, plant-based medicines are often
used to address digestive concerns such as diarrhea. Diarrhea is
a loose, watery, and probably more frequent bowel movement
and is a very common problem. Sometimes, it may be associated
with other syndromes, such as nausea, vomiting, abdominal
pain, or weight loss [9]. The antidiarrheal action may be at-
tributed to secondary phytochemicals, and this study suggests the
plant’s use in treating diarrhea [10].

Extending beyond gastrointestinal relief, infammation is a host
defense mechanism and a fundamental process that enables
organisms to react to pathogenic stimuli [11]. It suggests an
important process as it provides a favorable physiology to attack
harmful pathogens or stimuli. However, the process must be
maintained as uncontrolled infammation is dangerous for
pathophysiological states like cancer [12]. There is compelling
evidence indicating that the resistance of the cyclooxygenase
enzyme is the key mechanism underlying the anti-infammatory
properties of nonsteroidal anti-infammatory drugs (NSAIDs). A
signifcant percentage of the rural people in tropical Africa and
China found themselves dependent on traditional herbal treat-
ments due to expense, limited availability, and adverse efects of
contemporary synthetic pharmaceuticals [13]. In this regard,
extensive research has been conducted on plant-based anti-
infammatory agents, and the fndings appear favorable due to
their fewer adverse efects compared to synthetic
medications [14].

Therefore, based on the limited literature available and a local
survey, the leaves of this plant were chosen for the evaluation of
in vivo antipyretic, antidiarrheal, antinociceptive, and in vitro
anti-infammatory activities.

2 | Methodology

2.1 | Chemicals and Drugs

Chemicals, which were an essential part of our investigation,
were purchased from the following sources: normal saline,
diclofenac sodium, and indomethacin, which was acquired from
a well-known pharmaceutical company in Bangladesh. All of the
chemicals, which were of an analytical grade, were purchased
from a supplier located in the immediate vicinity.

2.2 | Plant Identifcation, Collection, and
Extraction

In January 2023, we carefully selected and harvested approxi-
mately 2 kg of fresh Swintonia foribunda leaves from the
Hazarikhil Wildlife Sanctuary (22°40′00°N and 91°40′00″E) in
the afternoon, located in Fatikchari, Chittagong, Bangladesh.
This specifc location was chosen for its unique environmental
conditions, which contribute to the distinct properties of the
plant [15]. A renowned botanist (Prof. Dr. Shaikh Bokhtear
Uddin) carried out the authentication and identifcation of the
sample. A specimen voucher (Accession No. FA-16012024-0012)
was kept at the Flora of Bangladesh Chittagong University
Herbarium Center for further analysis. The gathered leaves were
meticulously cleaned before being dried under the shed for 30
days at room temperature. After combining in a commercial
blender and fltering through test sieve No. 50 (Endecotts, UK),
a fne powder was obtained. For 10 days, powder (290 g) was
macerated in 750mL of solvent (methanol) while being
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periodically shaken. After that, the mixture of solvents was fl-
tered using Whatman flter paper and a new cotton plug [16].
After that, we obtained a crude methanol extract of Swintonia
foribunda using a hot water bath at 45°C. The yield value of the
methanolic extract was 5.11% by weight. The animals were given
a solution containing dried extracts and 1% Tween 80 in
distilled water.

2.3 | Acute Toxicity Study

The study of the acute toxicity of the methanol extract of
Swintonia foribundawas undertaken to identify the proper dose,
in accordance with the OECD standards. The extract was ad-
ministered orally at increasing dosages of 500, 1000, and
2000mg/kg. The individuals were monitored for 48 h to detect
any changes in behavior, toxicity, or death. There were no deaths
or other acute adverse efects identifed. The present research
employed dosages of 200 and 400mg/kg body weight to in-
vestigate analgesic and CNS depressive efects. The efective
dosage will be lower than the median lethal dose (LD50).

2.4 | Animals Used in Experiments

For this study, Swiss albino mice, 23–30 g and 6–7 weeks old,
were collected from Rajshahi, Bangladesh. During their 14-day
adaptation period, the mice were subjected to a temperature of
25� 2°C, a 12 h light/dark cycle, fresh water, and food pellets
[17]. Every behavioral session was run from 8.30 a.m. to 2 p.m.,
and the animals were observed for an hour following the con-
clusion of each trial. All experimental protocols were reviewed
and approved by the Planning and Development (P & D)
Committee, Department of Pharmacy, International Islamic
University Chittagong, Bangladesh, with the ethical approval no
IIUC/Nipa-Pharm2023 for animal use. For the human partici-
pant Planning and Development (P & D) Committee, De-
partment of Pharmacy, International Islamic University
Chittagong, Bangladesh also gave the ethical approval with the
reference no IIUC-Pharm-2023/045. Following treatments, the
animals were anesthetized with a controlled, gradual-fll in-
halation of carbon dioxide 20%–30% of the total chamber air
volume and subsequently euthanized.

2.5 | Treatment Design

At random, we used four groups, each containing three animals:
one serving as a control, one receiving standard medicine, and
two serving as test subjects (MESFL at 200 and 400mg/kg,
orally). As standard drugs, diclofenac sodium (10mg/kg b.w.,
orally) was used for pain relief and infammation tests, in-
domethacin (4 mg/kg b.w., IP) was used for fever tests, and
loperamide (5 mg/kg b.w., orally) was used for diarrhea tests. A
1% solution of Tween-80 was administered to the negative
control group.

2.6 | Qualitative Analysis of Phytochemicals

For the purpose of preparing a stock solution, 1 g of MESFL was
dissolved in 100mL of methanol. A standard methodology was
used to conduct a qualitative phytochemical study on the stock
solution [18]. The purpose of this examination was to determine
which secondary metabolites are present, namely, terpenoids,
tannins, phenols, glycosides, favonoids, carbohydrates, qui-
nones, saponins, and steroids.

2.7 | Antidiarrheal Activity

2.7.1 | Gastrointestinal Tract (GIT) Motility

MESFL was investigated for its potential impact on GIT motility
by Ahmad et al., with a modest modifcation [17]. We started by
giving eachmouse half a milliliter of castor oil. Following 60min,
mice were randomly assigned four groups according to the
treatment design in Section 2.4 and weighed between 20 and 25 g.
Following a 60-min treatment period, mice received a 0.5-mL
oral aqueous charcoal suspension [19]. The fow of charcoal was
measured in the small intestine, and the reduction of GI motility
was calculated by applying a formula that is presented below. In
this equation, LI stands for the length of the small intestine, while
TC shows the total distance traveled by charcoal

% GIT motility =
(LI − TC)

LI
[ ] × 100. (1)

2.8 | Antipyretic Activity

To fnd out how well the methanol extract of Swintonia fori-
bunda lowered body temperature, in order to produce pyrexia
in mice, we administered Brewer’s yeast (10 mL/kg, bw)
through subcutaneous injection [20, 21]. Despite being granted
unlimited access to water, the animal models in this study were
prohibited from consuming sustenance overnight before the
experiment. Using a digital thermometer, initial rectal tem-
peratures were recorded. Mice were only chosen for the
evaluation of their antipyretic properties if their rectal tem-
perature had risen by 0.3–0.5°C within 18 h of receiving
a subcutaneous injection of a 2% yeast solution. In accordance
with the protocol for the treatment design, this experiment
used four diferent mouse groups. Finally, a digital ther-
mometer was used to record the rectal temperature at 0, 1, and
3 h following administration of the substance. The results were
subsequently tabulated.

2.9 | Antinociceptive Activity

2.9.1 | Acetic Acid–Induced Writhing Test

The antinociceptive action of Swintonia foribunda was assessed
following the established technique [17, 22]. In accordance with
the protocol for the treatment design, this experiment used four
diferent mouse groups. Thirty minutes later, acetic acid (1%) had
been administered via intraperitoneal injection. For the sub-
sequent 15min following the acetic acid injection, abdominal
writhes (contractions) were assessed.

2.9.2 | Formalin-Induced Paw-Licking Test

For this investigation, four distinct mouse groups were used in
accordance with the experimental treatment design procedure.
In the 30 min preceding the investigation, the animals were
administered MESFL and standard medication, diclofenac
sodium. The animals were given 20 μL of a solution containing
formalin (2.5%) in NaCl solution. Then, this solution was ad-
ministered to the underside of the paw (right hind), specifcally
to the ventral surface. As a marker of nociception, the licking
time (sec) of the injected paw was noted. The animals were
monitored during both the phase of infammation (which
lasted 15–30 min) and the neurogenic phase (which lasted the
frst 5 min) [23].
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2.9.3 | Hot Plate Test

The antinociceptive activity of MESFL was evaluated using the
hot plate test, which was conducted in accordance with the
method of Eddy and Leimbach with some slight modifcations
[24–26]. The surface of Eddy’s hot plate was maintained at
a steady temperature of 55.0� 0.5°C. Mice were divided into
groups of three and given either a vehicle (1% Tween-80 in
distilled water, given orally) orMESFL (200 and 400mg/kg, given
orally) 30 min before the experiment began. The mice had fasted
the night before. Administered 15min before the experiment,
morphine sulfate acted as a positive control (5 mg/kg, i.p.). At 0,
30, 60, 90, and 120min after being placed on the heated surface,
the mice that had been treated were observed for their latency
time to a nociceptive refex, which could be characterized as
forepaw licking, paw withdrawal, or jumping. To prevent
damage to the paw tissue and ensure complete analgesia, a cutof
contact time of 20 s was employed. To double-check that the
opioid receptor was involved, the technique was performed
15min before administering morphine or MESFL with nal-
trexone hydrochloride (2 mg/kg, intraperitoneally).

2.9.4 | Tail Immersion Test

This experiment followed a previously described protocol in an
efort to identify MESFL’s potential central antinociceptive ef-
fects [27]. The temperature of the water bath was maintained at
55� 0.5°C, allowing the mice to dip their tails in it. There were
three groups of mice, each given a diferent treatment: a control
group (n= 6), a standard medicine group (group II) that con-
tained 5mg/kg of morphine administered intraperitoneally, and
test groups III and IV, which included 200 and 400mg/kg of
MESFL administered orally, respectively. Following that, a small
portion, around 1–2 cm, of each mouse’s tail was submerged in
hot water. It was thought that the tail’s abrupt withdrawal from
the hot water was a reaction to pain. Reaction timings were noted
for the length of duration of tail immersion as well as tail de-
fection at 0, 30, 60, 90, and 120 min following administration of
all test samples. Amaximum submersion time of 20 s was used to
avoid tail tissue damage in mice. The procedure was identical to
that of the hot plate test, with the addition of an intraperitoneal
injection of naltrexone hydrochloride (2 mg/kg) before the
trial began.

2.10 | In Vitro Anti-Infammatory Activity

2.10.1 | Protein (Egg Albumin (EA)) Denaturation
Assay

The anti-infammatory property of Swintonia foribunda was
evaluated by reducing the breakdown of EA using previously
published methodologies with some alterations [28]. The re-
actionmixture, which consisted of 5 mL, contained 0.2 mL of EA,
2.8 mL of PBS (pH 6.4), and 2mL of plant extract with varying
concentrations of 31.25, 62.5, 125, 250, and 500 μg/mL. In the
positive control, extract solutions were substituted with diclo-
fenac sodium solutions. In the negative control, the extract so-
lution was substituted with distilled water. After 15 min at
37� 2°C, the fnal solutions were heated to 70°C in an incubator
for 5 minutes. After the temperature was lowered to 30°C, the
absorbance was measured at 660 nm. The method for estimating
the % inhibition of protein denaturation is provided by Chandra
et al. [29].

2.10.2 | Evaluation of the Membrane-Stabilizing
Activity of MESFL

We conducted this to ascertain the efectiveness of Swintonia
foribunda. As previously documented by Umukoro et al. and
Ansari et al., the membrane-stabilizing efects of Swintonia
foribunda were evaluated using a hypotonic solution to induce
inhibition of HRBC hemolysis [30, 31]. Written informed consent
was obtained from the participant with reference no IIUC-
Pharm-2023/045. The human blood samples were combinedwith
an equal volume of sterilized Alsever’s solution, which was
subsequently centrifuged. The packed cells underwent a total of
three washes with iso saline (pH 7.2) to remove any remaining
residue. A further 2mL of hypotonic solution in 1mL of saline
(sodium phosphate bufer) with a pH of 7.4 was added to the RBC
suspension (0.5 mL). Additionally, 0.5 mL of MESFL
(31.25–500 μg/mL) or diclofenac sodium-10 (31.25–500 μg/mL)
was added to the mixture. For the control, we used 0.5 mL of red
blood cells (RBCs) that had been completely combined with
a hypotonic-bufered saline solution. After 30 min of incubation
at 37°C, themixtures were centrifuged, and the absorbance of the
supernatant was measured at 560 nm. The method for estimating
the % inhibition of hemolysis is provided in a previously pub-
lished article [32].

2.11 | GC-MS Analysis

The Shimadzu GC-MS-QP2020 was employed to perform the
GC-MS analysis of MESFL using an RTX-5 MS capillary column
with dimensions of 30 m × 0.25 mm× 0.25 μm [33]. The carrier
gas, helium (99.99%), was introduced at a rate of 1.72 mL/min. It
all started with a 2-min preheating of the oven to 80°C. After-
ward, the temperature was increased to 150°C for 3min at a rate
of 5°C perminute. Finally, the temperature was increased to 280°
C for 5 min at a rate of 5°C per minute. Afterward, at a tem-
perature of 220°C, a 1-μL sample was injected using splitless
mode. An ion source with an energy level of 70 eV and a tem-
perature of 280°C was maintained throughout the procedure
using electron-impact ionization. To conduct broad-based pro-
fling, the 254-nm TIC peaks were examined. Chemicals with
mass spectra ranging from 45 to 350m/z were identifed using
the NIST08 database, LIB database.

2.12 | ADMET Analysis

The quantitative study of a drug’s ADME (absorption, distribution,
metabolism, and excretion) characteristics, including dose and
time, is known as pharmacokinetics. To optimize lead compounds
into clinically viable therapies, computational drug design relies on
early evaluation of pharmacokinetic parameters [34]. The Swiss-
ADME web tool (http://www.swissadme.ch/index.php) was used
to characterize the pharmacokinetic profles of the selected drugs
[35]. Drug development pipelines can beneft from this compu-
tational platform’s ability to visualize and predict important
pharmacokinetic and pharmacodynamic features.

2.13 | PASS Prediction

Based on the structural formulas of organic compounds, the PASS
Online tool (http://www.way2drug.com/passonline) is a publicly
available resource that predicts the biological activity spectra of
organic compounds for over 4000 diferent types of biological
activities [36]. This method utilizes structure–activity relationship
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(SAR) analysis, which is based on a training set of approximately
300,000 compounds with known structures and biological activi-
ties, to achieve an accuracy of over 95%. By allowing researchers to
prioritize substances for chemical synthesis and biological testing,
the platform provides guidelines for evaluating prediction results.
The practical relevance of PASS Online in drug discovery has been
highlighted by Bezhentsev et al. who noted that it helped identify
novel compounds with pharmacological activity. In the feld of
medicinal chemistry and pharmacology, PASS Online will con-
tinue to be an indispensable tool for multidisciplinary research due
to its strong prediction capabilities [37].

2.14 | Protein Retrieval and Preparation

Based on structural resolution (≤ 2.5 Å), biological signifcance, and
literature evidence, this work focused on four critical therapeutic
targets: μ-opioid receptor (PDBCode: 5Y3Z), cyclooxygenase-2 (PDB
Code: 1CX2), heat shock protein 90α (PDB Code: 4U14), and
voltage-gated sodium channel Nav1.7 (PDB Code: 4YK5). PyMOL
2.4.1 was used to create high-resolution crystal structures from the
RCSB PDB [38] by eliminating crystallographic water and hetero-
atoms. The structural analysis of cocrystallized ligands was per-
formed using BIOVIADiscovery Studio version 19.1, which enabled
the identifcation of binding sites and key interaction patterns. These
scientifcally confrmed sites ensured biologicallymeaningful spatial
limitations [39], thereby guiding the construction of receptor grids in
PyRx for subsequent docking studies.

2.15 | Molecular Docking

A molecular docking study was conducted using PyRx [40] to fnd
compounds that could potentially bind to the target proteins. For
virtual screening of extensive compound libraries against bi-
ological macromolecules, PyRx incorporates AutoDock 4 and
AutoDock Vina, two open-source computational platforms. The
docking technique was performed using AutoDock Vina, with the
parameters set to their default conditions. Ligand preparation
involved energy minimization in the MMFF94 force feld using
PyRx’s conjugate gradient method, followed by conversion to
PDBQT format. Centered at coordinates (18.81, 25.75, 14.27 Å),
a grid box with size 58.56 × 53.92 × 66.13 Å covered the whole
binding region of both protein targets and ligands for the docking.
This arrangement guaranteed that all potential binding positions
were thoroughly sampled during the virtual screening procedure.

2.16 | Statistical Analysis

In order to analyze the data, the mean and standard error of the
mean (SEM) were calculated. To make statistical judgments,
Tukey’s test was performed using a two-way analysis of variance
(ANOVA). A statistically signifcant diference was reported
between test values and the control group at the levels of
“a”p < 0.0001, “b”p < 0.001, “c”p < 0.01, and “d”p < 0.05.
GraphPad Prism (Version 10.2.3), and Microsoft Excel (2021)
were employed to conduct statistical analysis.

3 | Results

3.1 | Phytochemical Screening

Following the completion of the qualitative phytochemical
screening of MESFL, various compounds were identifed, as

shown in Table 1. The components involved included alkaloids,
protein and amino acids, favonoids, phenolic compounds,
tannins, saponins, coumarins, carbohydrates, and steroids, while
reducing sugars, phlobatannins, phytosterols, cholesterol, and
terpenoids were absent (Table 1).

3.2 | Efects of MESFL on In Vivo Antidiarrheal
Test

The antidiarrheal efcacy of MESFL on intestinal motility, as
evidenced by the charcoal marker, demonstrated a considerable
decrease in the peristalsis. The peristalsis index of the control,
loperamide, MESFL-200, and MESFL-400 was observed to be
88.31� 1.75, 50.13� 4.09a, 65.17� 2.63b, and 63.75� 6.17b, re-
spectively (Table 2). As shown in Figure 1, both MESFL doses
produced a clear reduction in peristalsis compared to the control
group. The 400-mg/kg dose of MESFL exhibited a 25.3 7� 2.69%
inhibition of GI motility, near that of loperamide (40.3� 3.94%).
In contrast, the 200-mg/kg dose of MESFL demonstrated
a 17.91� 3.25% reduction of intestinal motility.

3.3 | Impact of MESFL on In Vivo Yeast-Induced
Pyretic Assay

The rectal temperature was notably elevated following the
subcutaneous administration of brewer’s yeast solution for 18 h.
A considerable (p < 0.001) dose-dependent reduction of pyrexia
was recorded in mice administered indomethacin-4 and MESFL
(200 and 400mg/kg) when compared with the control group
(Table 3). The inhibition rate of MESFL 400mg/kg was nearly
identical to that of indomethacin-4 (standard drug), as evidenced

TABLE 1 | Results of qualitative phytochemical screening for
MESFL.

Constituents Test Observation

1. Alkaloid a. “Mayer” test þ

b. “Wagner” test þ

2. Reducing sugar a. “Fehling’s” test �

3. Protein and amino
acids

a. “Xanthoproteic
test”

þ

4. Flavonoids a. “Lead acetate test” þ

5. Phenolic
a. “Iodine test” þ

b. “Ferric chloride
test”

þ

6. Carbohydrate a. “Molish” test þ

7. Tannins a.“10% NaOH” test þ

8. Phlobatannins a. “HCL test” �

9. Phytosterols a. “Acetic anhydride”
test

�

10. Coumarins a. “NaOH” test þ

11. Steroids a. “Salkowski”
reaction

þ

12. Cholesterol �

13. Terpenoids �

14. Saponins a. “Frothing” test þ

Note: “þ” represents present, while “�” represents absence.
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by the most efective inhibition of pyrexia. As shown in Figure 2,
both MESFL doses produced a gradual and time-dependent
decline in rectal temperature after yeast-induced pyrexia. The
400-mg/kg group demonstrated the most prominent reduction at
both 60 and 180min, closely mirroring the temperature-lowering
pattern of the standard drug.

3.4 | Efect of MESFL on In Vivo Antinociceptic
Activity

3.4.1 | Acetic Acid–Induced Writhing Test

MESFL has a decreasing efect on the frequency of writhing in
mice produced by acetic acid in a dose-dependent manner.
Figure 3 illustrates the average frequency of writing and the
percentage of inhibition expressed by all test samples. MESFL
slowed down the writhing reaction (F (3, 16) = 20.4; p < 0.0001),
which is produced by acetic acid (Table 4). The average writhing
inhibitions by both doses of MESFL were 25.64% and 56.41%,
while diclofenac sodium-10 yielded 69.23%. There was a signif-
icant decrease in both MESFL concentrations (p < 0.001).
However, a higher dose of MESFL is comparable to the standard
drug diclofenac sodium. Figure 3 demonstrates a clear dose-
dependent reduction in writhing, with MESFL-400 producing
a substantial decline in nociceptive responses. The inhibition
profle of the 400-mg/kg group closely aligns with that of
diclofenac, highlighting the strong analgesic potential of the
extract.

3.4.2 | Formalin-Induced Paw-Licking Test

There is a dose-dependent relationship between the MESFL and
the suppression of licking in the formalin-induced licking test.
This suppression occurs in the early and late phases. The in-
hibition of paw licking that occurs on average during both phases
is depicted in Table 5. In the early phase, the average percentage
of hind paw inhibitions was 57.76% and 69.57%, while in the late
phase, the percentages were 29.5% and 52.5% at doses of
MEFSL-200 and MESFL-400mg/kg, respectively. On the other
hand, it has been confrmed that the average percentage re-
duction by diclofenac-10 is 74.53% in the early phase and 67.5% in
the late phase (Table 5). With a signifcant (p < 0.001) inhibition
rate, MESFL-400, which is comparable to the standard medicine
diclofenac sodium-10, measured the highest level of inhibition.
As depicted in Figure 4, both MESFL doses attenuated paw-
licking responses in the early and late phases. MESFL-200mg/kg
exhibited a meaningful reduction, whereas MESFL-400mg/kg
produced a substantially stronger inhibition, nearly matching the
standard analgesic.

3.4.3 | Hot Plate Test

The hot plate test was used to assess analgesic activity, and the
data were analyzed using two-way ANOVA (α= 0.05). The study
demonstrated a notable interaction between treatment groups
and time (F (12, 39) = 7.38, p < 0.0001), indicating that treatment
efects varied across the analysis intervals. After conducting post
hoc comparisons, it was shown that the standard group displayed
signifcantly longer reaction latencies at every time point. The
response latencies for the standard group were as follows: 0 min,
8.33± 0.88; 30 min, 10.33± 0.67; 60 min, 14± 1.0; 90 min, 15
± 0.58; 120min, 19.67± 1.45. Also, MESFL-200mg/kg (10± 0.57
at 60 min, 11.33± 0.33 at 90 min, and 13.33± 0.33 at 120 min)
and MESFL-400mg/kg (8.33± 0.67 at 30 min, 10.67± 1.45 at
60 min, 12.33± 0.33 at 90 min, and 15± 0.58 at 120min) showed
increasing levels of analgesia that were dose-dependent, with
signifcant levels (p < 0.05) compared to the control (Table 6).
After 120min, the higher dose of MESFL (400 mg/kg) had nearly
the same efectiveness as the conventional dose (15± 0.58∗∗∗∗ vs.
19.67± 1.45∗∗∗∗). These results confrm the strong, dose-
responsive analgesic properties of MESFL, with statistical sig-
nifcance rigorously maintained over all critical intervals that are
clearly illustrated in Figure 5.

3.4.4 | Tail Immersion Test

The fndings of the tail immersion test indicated that MESFL had
signifcant analgesic efects, which were dependent on both dose
and time (two-way analysis of variance: interaction F (12, 40)
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FIGURE 1 | Castor oil–induced antidiarrheal test of MESFL.

TABLE 2 | Antidiarrheal activity of MESFL by castor oil–induced diarrhea test (charcoal marker).

Treatment (mg/kg)
Total length of
intestine (cm)

Distance travel by
charcoal (cm) Peristalsis index (%) Inhibition (%)

Control 50.67� 2.33 44.67� 1.20 88.31� 1.75 —
Loperamide (5) 53.33� 0.88 26.67� 1.76 50.13� 4.09a 40.3� 3.94a

MESFL 200 53� 4.04 33.33� 1.20 65.17� 2.63b 17.91� 3.25c

MESFL 400 56.33� 2.02 36.67� 1.45 63.75� 6.17b 25.37� 2.69a

Note:All the values are presented as mean� SEM (n= 6); two-way analysis of variance (ANOVA) followed by Tukey’s test. dp< 0.05, cp< 0.01, bp< 0.001, and ap< 0.0001 are
considered signifcant compared with the control.
Abbreviation: MESFL =methanol extract of Swintonia foribunda leaves.
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= 8.27, p < 0.0001). A progressive analgesia was observed in the
standard treatment, reaching signifcance at 60 min (7± 1 s),
90 min (9± 0.58 s), and peaking at 180min (9.33± 0.33 s), in
contrast to the control group that maintained consistent response
latencies throughout the observation period (0min: 1.33± 0.33 s;
30 min: 1.33± 0.33 s; 60min: 1.67± 0.33 s; 90 min: 1.33± 0.33 s;
180min: 1± 0 s). Figure 6 provides a clear representation of these
time-dependent diferences among the groups. On the other
hand, the MESFL-400 group revealed an earlier onset at 30 min
(4± 0.58 s), with rising efcacy up to 180min (8.67± 0.33 s)
(Table 7). The MESFL-200 group exhibited signifcant efects
beginning at 60 min (5.67± 0.33 s) and continuing through
180min (6.33± 0.33 s). MESFL-400 notably confrmed its strong
dose-dependent action by reaching 93% of the peak impact
within 180min (8.67± 0.33 s vs 9.33± 0.33 s).

3.5 | Efect of MESFL on In Vitro Anti-
Infammatory Activity

3.5.1 | EA Denaturation

Figure 7 provides a visual representation of the percentage of
protein denaturation inhibition, highlighting the protective ef-
fcacy of the MESFL alongside the standard anti-infammatory
agent. Diclofenac sodium prescribed standard medicine, pre-
scribed medication, demonstrated 43.88� 1.282%, 47.66�

2.659%, 69.01� 5.300%, 73.44� 0.983%, and 76.56� 1.479%
prevented the denaturation of EA at concentrations of 31–500 μg/
mL, accordingly while Swintonia foribunda Leaves exhibited
42.97� 0.597%, 47.66� 0.677%, 56.51� 2.034%, 58.85� 1.584%,
and 62.50� 2.289% prevention of the denatured state of EA
(Table 8).

3.5.2 | Membrane Stabilization Method of MESFL

Figure 8 depicts the concentration-dependent membrane-
stabilizing activity of MESFL, clearly demonstrating its pro-
tective efect against hypotonicity-induced hemolysis in com-
parison with the reference standard, diclofenac sodium. A
hypotonic solution was used to promote hemolysis in human
RBCs. According to the fndings of the two-way ANOVA, there
were signifcant diferences between the treatment groups. Re-
garding hemolysis inhibition, the plant extract demonstrated
17.16� 1.099%, 23.96� 1.367%, 33.15� 0.889%, 38.72� 1.169%,
and 44.30� 1.397% inhibition at concentrations of 31.25–500 μg/
mL, respectively, while reference drug (diclofenac sodium)
exhibited 18.82� 1.408%, 24.35� 0.555%, 35.26� 2.258%,
42.35� 0.565%, and 49.90� 0.686% inhibition of hemolysis
(Table 9). MESFL and diclofenac sodium demonstrate signifcant
inhibition of hemolysis at 125, 250, and 500 μg/mL concentra-
tions (Supporting Figure).

TABLE 3 | In vivo antipyretic activity of MESFL by brewer’s yeast.

Treatment Dose Normal rectal temperature
(°F)

Rectal temperature (°F)
after yeast administration

Rectal temperature (°F)
after drug administration
60min 180min

TWN-80 10 (mL/kg; p.o) 97.30� 0.15 102.067� 0.38 101.65� 0.09 101.133� 0.09
IDM 4 (mg/kg-B. w; i.p) 97.733� 0.09 101.133� 0.23 99.1� 0.12a 96.033� 0.15a

MESFL 200 (mg/kg; p.o) 97.33� 0.52 100.53� 0.21 99.8� 0.25c 98.53� 0.29a

MESFL 400 (mg/kg; p.o) 96.63� 0.59 100.13� 0.54c 98.1� 0.12a 97� 0.12a

Note:All the values are presented as mean� SEM (n= 6); two-way analysis of variance (ANOVA) followed by Tukey’s test. dp< 0.05, cp< 0.01, bp< 0.001, and ap< 0.0001 are
considered signifcant compared with the control.
Abbreviation: MESFL =methanol extract of Swintonia foribunda leaves.
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FIGURE 2 | In vivo antipyretic activity of MESFL by brewer’s
yeast–induced method.
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FIGURE 3 | Analgesic activity of MESFL by acetic acid–induced
writhing test.
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3.6 | Results of GC-MS Analysis of MESFL

A wide variety of organic compounds were found in the MESFL
through GC-MS analysis (Table 10 and Figure 9). These included
alkoxysilanes (e.g., ethyl(dimethyl)ethoxy silane, 1.05%), aromatic
alcohols (e.g., benzyl alcohol, 1.27%), unsaturated alcohols (e.g., 5-
methyl-1,5-hexadien-3-ol, 1.12%), and organosilicon derivatives (e.g.,
trimethyl[2-methylene-1-(4-pentenyl) cyclopropyl]-, 0.10%). Satu-
rated fatty acids such as n-hexadecanoic acid (palmitic acid, 12.65%)
and octadecanoic acid (3.44%), as well as fatty acid esters such as
methyl 10-trans,12-cis-octadecadienoate (1.22%) and methyl 7,11,14-
eicosatrienoate (2.69%),were detected.Additionally, plasticizers (such
as bis(2-ethylhexyl) phthalate, 0.73%), phenolic compounds (such as
thymol, 0.10%), diterpenes (such as neophyte diene, 0.59%),

triterpenes (such as squalene, 1.52%), and vitamin E (γ-tocopherol,
3.64%) were found. The fndings draw attention to the MESFL’s
complex chemical composition,which comprises a range of bioactive,
structural, and industrially signifcant compounds.

3.7 | PASS Prediction

Their biological activity predictions showed the pharmacological
potential of 15 compounds; thymol showed balanced activity across
antipyretic (Pa: 0.524), anti-infammatory (Pa: 0.549), analgesic (Pa:
0.584), and antidiarrheal (Pa: 0.244) properties (Table 11). Signif-
cant anti-infammatory (p < 0.775) and moderate antipyretic
(p < 0.324) efects were observed in hexanedioic acid (2-ethylhexyl)
ester, whereas gamma-tocopherol displayed the most pronounced
anti-infammatory action. Among the compounds tested, 9-
octadecenamide and eicosen-1-ol-9 showed the most promise as
analgesics (Pa: 0.598 and 0.545, respectively), whereas octadecanoic
acid and n-hexadecenoic acid had the same antipyretic, anti-
infammatory, analgesic, and antidiarrheal activity profles (0.497,
0.526, 0.211, respectively). Particularly in the felds of anti-
infammatory and analgesic compounds, those with inadequate
evidence (e.g., tetradecamethyl, phytol) still demonstrated selective
activity. These fndings reveal structurally varied options for addi-
tional experimental validation, which suggest that thymol and
gamma-tocopherol may stand out as exciting multitarget agents.

3.8 | ADME/T Analysis

The study of 15 bioactive compounds using Lipinski’s and Veber’s
rules, as well as bioavailability and toxicity parameters, showed that
all the compounds met Lipinski’s “violation≤ 1” parameter, with
molecular weights (MWs) ranging from 128.09 to 519.08 g/mol 9
(Table 12). However, tetradecamethyl (MW: 519.08 g/mol) and
eicosen-1-ol-9 (Log p: 5.22)were found to exceed the ideal thresholds
for molecular weight (MW<500 g/mol) and Log p (≤ 5), re-
spectively, while still exhibiting acceptable bioavailability (0.55).

TABLE 4 | Analgesic activity of MESFL by acetic acid–induced writhing test.

Group Dose (mg/kg- B. w)
Frequency of writhing

(mean� SEM) Percent inhibition
Control 39.00� 1.15 —
Diclofenac-Na 10 12.33� 1.45b 69.23a

MESFL 200 25.33� 2.03 25.64a

MESFL 400 14.33� 1.76b 56.41a

Note:All the values are presented as mean� SEM (n= 6); two-way analysis of variance (ANOVA) followed by Tukey’s test. dp< 0.05, cp< 0.01, bp< 0.001, and ap< 0.0001 are
considered signifcant compared with the control.
Abbreviation: MESFL =methanol extract of Swintonia foribunda leaves.

TABLE 5 | Formalin-induced paw-licking test of MESFL.

Groups Dose (mg/kg)
Licking time (sec) (mean� SEM)

1st phase (0–5min) Last phase (20–30min)
Control (1% Tween) — 53.67� 3.53 66.67� 2.96
Diclofenac-Na 10 13.67� 1.76a 21.67� 2.03a

MESFL 200 22.67� 1.415a 47.00� 2.31b

MESFL 400 16.33� 1.76a 31.67� 1.45a

Note:All the values are presented as mean� SEM (n= 6); two-way analysis of variance (ANOVA) followed by Tukey’s test. dp< 0.05, cp< 0.01, bp< 0.001, and ap< 0.0001 are
considered signifcant compared with the control.
Abbreviation: MESFL =methanol extract of Swintonia foribunda leaves.
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FIGURE 4 | Analgesic activity of MESFL by the formalin-induced
paw-licking method.
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Aside from n-hexadecanoic acid and 9-octadecenamide, which
showed higher rotational fexibility, the majority of compounds
followed Veber’s rules (nRotB≤ 10, TPSA≤ 140Å2). Nevertheless,
all of these compounds exhibited a favorable topological polar
surface area (TPSA: 0–75.27Å2), which supported membrane per-
meability. All compounds showed excellent human intestinal ab-
sorption (HIA>0.9) and blood–brain barrier penetration (BBB:
0.73–0.99), indicating high bioavailability and potential central
nervous system (CNS) activity. This, along with their lack of mu-
tagenic or carcinogenic risks (Ames’ toxicity: NAT) and acute oral
toxicity classifcations ranging from II (moderate) to IV (low),
suggests that these compounds have drug-like properties and are
suitable for further pharmacological investigation.

3.9 | Frontier Molecular Orbital (FMO)
Evaluations

TheDFT study revealed signifcant electronic diferences between the
two compounds (Table 13 and Figure 10). Compound-2 showed
superior electron-donating capacity (higher HOMO: 0.0126 au vs
0.00388 au), and both compounds exhibited strong electron-accepting
potential (negative LUMO energies). Compound-2’s narrower energy

gap (�0.19583 au vs �0.20528 au) suggests greater reactivity and
enhanced charge-transfer capabilities for biological interactions.
While both compounds demonstrated thermodynamic stability
(chemical potential: 0.09884 au and 0.085315 au), Compound-2’s
higher softness (11.72 vs 10.12 au�1) indicates stronger noncovalent
binding potential. Compound-1 displayed slightly greater electro-
philicity (�0.0476 au vs �0.0372 au), suggesting better charge-
transfer reactivity. These fndings suggest that Compound-2 may
exhibit improved bioavailability due to its favorable electronic profle,
whereas Compound-1 may be more efective in charge-mediated
interactions. The results provide crucial insights for SAR analysis and
further optimization of these compounds for potential therapeutic
applications.

3.10 | Molecular Docking Analysis of Selected
Proteins and Ligands

Molecular docking studies of MESFL compounds revealed a di-
verse range of interaction patterns and strong binding afnities to
key therapeutic targets (Table 14, Figures 11, 12, 13, and 14).
With a binding energy of �7.6 kcal/mol against COX-2 (1CX2),
gamma-tocopherol (92729) exhibited signifcant analgesic

TABLE 6 | Analgesic activity of MESFL by the hot plate test.

Group
0min 30min 60min 90min 120min

Latent period of response time

Control 1.33� 0.33 2.67� 0.67 2.67� 0.33 3� 0.58 2.67� 0.33
Standard 8.33� 0.88a 10.33� 0.67a 14� 1.0a 15� 0.58a 19.67� 1.45a

MESFL-200 3� 0.58 5.33� 0.67 10� 0.57a 11.33� 0.33a 13.33� 0.33a

MESFL-400 4.33� 0.88 8.33� 0.67b 10.67� 1.45a 12.33� 0.33a 15� 0.58a

Note:All the values are presented as mean� SEM (n= 6); two-way analysis of variance (ANOVA) followed by Tukey’s test. dp< 0.05, cp< 0.01, bp< 0.001, and ap< 0.0001 are
considered signifcant compared with the control.
Abbreviation: MESFL =methanol extract of Swintonia foribunda leaves.
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FIGURE 5 | Analgesic activity of MESFL by the hot plate method.
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potential, forming traditional hydrogen bonds with ASN39 and
several hydrophobic contacts with CYS36, PRO153, and ALA156.
It demonstrated remarkable binding (�7.9 kcal/mol) to 5-
lipoxygenase (5Y3Z) through pi–sigma interactions with
LEU264 and broad alkyl/pi–alkyl contacts with ALA194,
VAL240, and MET242 for anti-infammatory activity. In addition
to its antidiarrheal activity (�7.9 kcal/mol against 4U14), the
bisphenol derivative (61780) exhibited notable antipyretic ac-
tivity (�5.8 kcal/mol against 4YK5) via carbon–hydrogen bonds
with THR21, and it engaged in pi–donor hydrogen bonds with
TYR506 and pi–sulfur interactions with CYS532. Comparative
investigation using reference medications revealed competitive
binding: gamma-tocopherol’s COX-2 afnity (�7.6 kcal/mol)
approached that of diclofenac (�7.4 kcal/mol), while the
bisphenol’s antidiarrheal binding (�7.9 kcal/mol) surpassed that
of loperamide (�9.4 kcal/mol). Through hydrogen-bonding, pi-
stacking (e.g., TRP502/TRP525), and alkyl interactions, other

compounds—including thymol (�6.5 kcal/mol for 1CX2) and
phenolic derivatives—showered modest but consistent multi-
target activity (Table 15). These fndings, backed by comprehen-
sive interaction maps at the residue level (e.g., HIS277 for 5Y3Z,
TYR506/TRP503 for 4U14), demonstrate the polypharmacological
promise ofMESFL. They show that certain compounds can engage
targets just as efectively as conventional medicines but with
broader activity spectra. The therapeutic value of the extract for
pain, infammation, diarrhea, and fever regulation is underscored
by its strong binding energies (<�5 kcal/mol across all targets)
and varied interaction types (hydrogen bonds, hydrophobic con-
tacts, π-efects).

4 | Discussion

A wide range of pathological disorders, such as fever, diarrhea,
pain, and infammation, have traditionally been treated with
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FIGURE 6 | Analgesic activity of MESFL by the tail immersion method.

TABLE 7 | Analgesic activity of MESFL by the tail immersion test.

0min 30min 60min 90min 180min

Latent period of response time (sec)

Control 1.33� 0.33 1.33� 0.33 1.67� 0.33 1.33� 0.33 1� 0
Standard 2.33� 0.33 5.33� 0.88c 7� 1a 9� 0.58a 9.33� 0.33a

MESFL-200 1.67� 0.33 3.67� 0.33 5.67� 0.33c 5.33� 0.8c 6.33� 0.33a

MESFL-400 1.67� 0.33 4� 0.58 4.67� 0.33 7� 0.58b 8.67� 0.33a

Note:All the values are presented as mean� SEM (n= 6); two-way analysis of variance (ANOVA) followed by Tukey’s test. dp< 0.05, cp< 0.01, bp< 0.001, and ap< 0.0001 are
considered signifcant compared with the control
Abbreviation: MESFL =methanol extract of Swintonia foribunda leaves.
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medications derived from plants that contain therapeutically
useful compounds. Furthermore, plants with medicinal prop-
erties are key resources for the creation of novel medications
since it is speculated that these products include bioactive
chemicals responsible for curing diferent ailments more efec-
tively and economically without having adverse
consequences [41].

Phytochemical groups such as phenolics, terpenoids, fatty acid
derivatives, and steroid-like compounds are known to play key
roles in mediating antidiarrheal, antipyretic, analgesic, and anti-
infammatory activities in medicinal plants. These bioactive
molecules infuence several molecular pathways, including the
suppression of prostaglandins, modulation of cytokine release,
attenuation of oxidative stress, and stabilization of cellular
membrane mechanisms that align with the pharmacological
actions evaluated in the present study [42]. In particular, ste-
roidal and terpenoid constituents have been recognized for their
capacity to inhibit protein denaturation and regulate enzymes
involved in infammatory cascades [43]. Furthermore, plant
substances that are high in antioxidants show notable

immunomodulatory and cytokine-reducing actions, under-
scoring their extensive therapeutic signifcance [44].

In this research, the plant MESFL is one of the better-reported
plants, ofering numerous benefts. It was assessed for its anti-
diarrheal, antipyretic, antinociceptive, and anti-infammatory
actions. Research into the phytochemical composition of Swin-
tonia foribunda has revealed a diverse array of phytochemicals,
including steroids, alkaloids, carbohydrates, proteins, tannins,
saponins, favonoids, polyphenols, and coumarins. Researchers
suggested that plant materials containing favonoids, alkaloids,
saponins, tannins, and phenolic acids are responsible for various
pharmacological efects through opioid mechanisms, inhibition
of arachidonic acid peroxidation, tumor necrosis factor α, and
prostaglandin synthesis [45, 46].

In the current investigation, castor oil was used as an inducing
agent to assess the in vivo antidiarrheal activity of the crude
extract, which produces an irritating laxative efect due to the
inadequate absorption of ricinoleic acid, released by intestinal
lipases. Ricinoleic acid encourages prostaglandin synthesis from
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FIGURE 7 | Anti-infammatory activity by the protein denaturation
method.

TABLE 8 | In vitro anti-infammatory activity by the protein de-
naturation method.

Concentration
Inhibition (mean� SEM)

Diclofenac Na MESFL
31.25 43.88� 1.282 42.97� 0.597
62.5 47.66� 2.659 47.66� 0.677
125 69.01� 5.300a 56.51� 2.034
250 73.44� 0.983a 58.85� 1.584a

500 76.56� 1.479a 62.50� 2.289a

Note: All the values are presented as mean� SEM (n= 3); two-way analysis of
variance (ANOVA) followed by Tukey’s test. dp< 0.05, cp< 0.01, bp< 0.001, and
ap< 0.0001 are considered signifcant compared with the control.
Abbreviation: MESFL =methanol extract of Swintonia foribunda leaves.
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FIGURE 8 | Anti-infammatory activity by the membrane-stabilizing
method.

TABLE 9 | In vitro anti-infammatory activity by membrane
stabilization assay.

Concentration
Inhibition (mean� SEM)

Diclofenac Na MESFL
31.25 18.82� 1.408 17.16� 1.099
62.5 24.35� 0.555 23.96� 1.367
125 35.26� 2.258a 33.15� 0.889a

250 42.35� 0.565a 38.72� 1.169a

500 49.90� 0.686a 44.30� 1.397a

Note: All the values are presented as mean� SEM (n= 3); two-way analysis of
variance (ANOVA) followed by Tukey’s test. dp< 0.05, cp< 0.01, bp< 0.001, and
ap< 0.0001 are considered signifcant compared with the control.
Abbreviation: MESFL =methanol extract of Swintonia foribunda leaves.
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arachidonic acid. As a result, it increases gastrointestinal motility
and net water and electrolyte secretion, leading to diarrhea and
a hypersecretory response [47, 48]. When compared to the
negative control, the extract of Swintonia foribunda leaves at all
tested doses (200mg/kg and 400mg/kg) considerably inhibited
the movement of the charcoal marker (p < 0.01 and p < 0.001,
respectively). It also demonstrated that the extract can afect
intestinal peristaltic movement by decreasing GI motility and its
secretions. Concerning this, various investigations reported that
medicinal plants showed antidiarrheal activities by enhancing
fuid and electrolytic absorption, which are mostly due to fa-
vonoids and tannins via inhibiting autacoids and prostaglandin

release and reducing intracellular Ca2+, respectively [48–50].
Therefore, the presence of favonoid and tannin in Swintonia
foribunda may be linked to the antimotility action seen at both
doses of crude extract [51].

Fever, an immunological reaction, may cause severe brain
damage, which is initiated by several pyrogenic cytokines, in-
cluding macrophage protein-1, tumor necrosis factor-α,
interferon-α, and interleukin 1β, followed by COX-2-mediated
prostaglandin synthesis. Subcutaneous injection of Brewer’s
yeast induces pyrexia with a notable increase in proinfammatory
cytokines, transcription factors, and prostaglandin-producing

100

%

6.50 11.50 16.50 21.50 26.50 31.50 36.50 41.50 46.50 51.50 56.50
Time0

FIGURE 9 | GC-MS chromatogram of MESFL.

TABLE 11 | PASS prediction results of compounds of MESFL.

Compound name
Biological activity

Antipyretic Anti-infammatory Analgesic Antidiarrheal
Pa Pa Pa Pa

Octadecane-1,2-diol 0.311 0.442 0.441 —
Thymol 0.524 0.549 0.584 0.244
Tetradecamethyl — 0.342 0.374 —
2,4,6 (1 h, 3 h, 5 h)-pyrimidinetrione 0.194 0.319 0.438 0.254
Eicosen-1-ol-9 0.285 0.616 0.545 0.201
N-hexadecanoic acid 0.497 0.515 0.526 0.211
Phytol — 0.458 0.300 —
9-octadecenamide, 0.231 0.384 0.598 0.180
Hexanedioic acid,(2-ethylhexyl)ester 0.324 0.622 0.301 —
Gamma-tocopherol — 0.775 — —
3-(heptadec-10-en-1-yl)phenol 0.410 0.475 0.553 0.209
1,6-dimethyl-5-oxo-1,2,3,5-tetrahydroimidazo[1,2-a]pyrimidine — — 0.442 —
Neophytadiene — 0.286 0.391 —
Octadecanoic acid 0.497 0.515 0.526 0.211
Benzene, 1,1'-(1- methylethylidene)bis[4-methoxy- 0.325 0.505 0.521 0.521
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enzyme synthesis in the periphery and brain [52, 53]. Like in-
domethacin, the mechanistic efect of the antipyretic action can
be the inhibition of prostaglandin formation, which is achieved
by downregulating the expression of the COX enzyme. In our
study, MESFL demonstrated a dose-dependent reduction in
yeast-induced fever, with the 400-mg/kg dose signifcantly re-
ducing the rectal temperature (p < 0.001) in febrile mice. Based
on these fndings, it can be inferred that the antipyretic efect of
MESFL extract is likely due to its inhibitory efect on prosta-
glandin synthesis. Therefore, the presence of alkaloids, favo-
noids and tannins in Swintonia foribunda may be linked to the
antipyretic activity observed at both doses of the crude extract, as
these phytochemicals are known to modulate infammatory
mediators and inhibit prostaglandin biosynthesis [54].

We also investigatedMESFL’s potential as an in vivo analgesic by
using a mice model to perform the acetic acid–induced writhing
test. Our mice’s abdomens became constricted after the acetic
acid treatment, causing them to writhe. This test sheds light on
pain perception by synthesizing proinfammatory endogenous
mediators (such as cytokines, COX, serotonin, and prostaglan-
din) in peripheral tissues and fuids. These mediators exacerbate
infammation by promoting prostaglandin stimulation between
the peritoneal compartments through an increase in capillary
permeability [55]. Thus, the fundamental mechanisms of the
analgesic and anti-infammatory efects are similar [14]. In the
current study, MESFL decreased acetic acid–induced abdominal
discomfort, accompanied by a reduction in writhing activity.
In the current study, MESFL signifcantly decreased acetic
acid–induced abdominal discomfort, accompanied by a re-
duction in writhing activity at doses of 200mg/kg and 400mg/kg
(p < 0.001). These fndings suggest that prostaglandin pro-
duction may be regulated by MESFL, which would have a sig-
nifcant analgesic impact. The presence of active phytochemicals
like favonoids and tannins in the extract is likely responsible for
modulating infammatory pathways, thus decreasing pain per-
ception through mechanisms similar to those of traditional
analgesics [56].

A formalin-induced paw-licking experiment was also used to in-
vestigate whether there were any diferences in the analgesic
activity of MESFL mediated by peripheral and central pathways.
By creating a protracted pain experience, the formalin-induced
paw-licking experiment can be used to study a biphasic nociceptive
response (both early and late phases), which ismediated by distinct
mechanisms [57]. Due to the progressive chemical stimulation of
sensory C-fbers, intraperitoneal injection of mice triggered the

TABLE 13 | Molecular orbital and reactivity descriptor analysis.

Compound
Compound-1
(617780)

Compound-2
(92729)

A=HOMO 0.00388 0.0126
I = LUMO �0.20148 �0.18323
E Gap = (I�A) �0.20528 �0.19583
Chemical potential
(μ) =�(IþA)/2

0.09884 0.085315

Hardness (ղ) = (I�A)/2 �0.10264 �0.097915
Softness (σ) = 1/μ 10.117361 11.721268
Electronegativity (X)
=(IþA)/2

�0.09884 �0.085315

Electrophilicity
(ω) = μ2/2ղ

�0.047590343 �0.037168203

617,780

LUMO

HOMO

E
n
er
gy
 (
eV
)

E
LUMO

 = –0.20148

E
HOMO

 = 0.00388
E
HOMO

 = 0.0126

E
LUMO

 = –0.18323

Eg = –0.20528 Eg = –0.19583

92,729

FIGURE 10 | Frontier molecular orbital (FMO) evaluations.
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onset of the early preparatory phase (0–5min). While centrally
acting anti-infammatory drugs may reduce the ending phase
(15–30min), which is anticipated to cause an infammatory re-
sponse, some opioid-based drug types are susceptible to neurogenic
solid infammation [58]. The formalin experiment demonstrated
that MESFL injection greatly decreased the formalin-induced pain
reaction in both the early and late stages in a dose-dependent
manner (p < 0.001). This implies that the extract has both central
and peripheral analgesic efects.

This work also employed the hot plate and tail immersion tests,
two well-established models for evaluating centrally mediated
analgesia, to examine the antinociceptive efects of MESFL on
the CNS. MESFL signifcantly increased response latency in the
hot plate test (p < 0.001), suggesting its potential to modulate
supraspinal pain pathways, including μ1, κ3, δ1, and σ2 opioid
receptors. Likewise, MESFL extended withdrawal latency in the
tail immersion test (p < 0.001), which is a selective model for
spinal refex–mediated analgesia, further demonstrating its
central analgesic efect through μ2, κ1, and δ2 opioid receptors
[59]. These tests are unafected by analgesics with a peripheral
action, suggesting that MESFL likely engages several opioid
receptor subtypes in its central pathways to produce its anti-
nociceptive actions [22]. The presence of active favonoids,
tannins, and other bioactive phytochemicals in the extract is
likely responsible for its modulation of pain pathways. These
compounds are known to interact with variousmolecular targets,
including opioid receptors, contributing to MESFL’s analgesic
efects [60]. These results demonstrate MESFL’s potential as
a novel central analgesic drug, which justifes further pharma-
cological investigation to elucidate its exactmolecular targets and
clinical relevance.

To assess the anti-infammatory impact of theMESFL extract, we
chose the method of protein denaturation and membrane sta-
bilization. In protein denaturation assay, heat treatment during
the antidenaturation procedure denatures the EA. Certain an-
tigens associated with type-III hypersensitivity responses, which
cause glomerulonephritis and serum sickness, are expressed by
denatured proteins [61]. The modifcation of disulfde, hydro-
phobic, hydrogen, and electrostatic bonds—all of which preserve
the proteins' three-dimensional structure—is one potential
mechanism for protein denaturation. It has been noted that
traditional NSAIDs, such as phenylbutazone and indomethacin,
prevent proteins from becoming denaturized [61]. The MESFL
extract showed considerable anti-infammatory efcacy in the
current investigation (p < 0.001), suggesting that it can regulate
autoantigen formation.

In the membrane stabilization assay, hemolytic action is shown in
the hypotonic solution. Hemolysis results from the rupture of the
RBC membrane caused by fuid buildup inside the cells [62].
When the membrane of RBCs becomes damaged, they are more
susceptible to subsequent injury. This damage is brought on by
free radical–induced lipid peroxidation [63]. The passage of fuids
and serum proteins into the tissue can be stopped by membrane
stabilization. The efective suppression of hemolysis by the
methanolic leaf extract of Swintonia foribunda may preserve the
RBC membrane by halting the production of lytic enzymes and
other strong infammatory mediators (p < 0.001). The presence of
active favonoids, tannins, and phenolic compounds in the extract
may be responsible for the observed membrane stabilization, asT
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these phytochemicals are known to modulate infammatory
pathways and inhibit free radical–induced damage [64].

CombiningMESFL’s GC-MS profle withmolecular docking data
provides a scientifcally supported basis for its multitarget
therapeutic potential. With gamma-tocopherol (3.64% relative

abundance), benzyl alcohol (1.27%), and thymol (0.10%), the
GC-MS analysis identifed 32 bioactive chemicals, substances
well documented for their pharmacological efects [65].

Notably, the docking studies revealed a remarkable binding af-
fnity of gamma-tocopherol to both COX-2 (�7.6 kcal/mol) and

1CX2 for analgesic activity
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5-LOX (�7.9 kcal/mol), resulting in persistent contacts with the
catalytic residues ASN39 and LEU264, respectively. These results
are under the fndings reported by [66] regarding tocopherols as

inhibitors of both COX and LOX. Through precise interactions
with TYR506—a fundamental residue in opioid receptor bind-
ing—the bisphenol derivative (Compound 61780) displayed

5Y3Z for anti-inflammatory activity
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4YK5 for antipyretic activity
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excellent antidiarrheal potential (�7.9 kcal/mol against 4U14),
equivalent to loperamide (�9.4 kcal/mol).

Multiple drugs with moderate but consistent binding afnities
(�5 to �7 kcal/mol) across all targets suggest potential syner-
gistic action, thereby confrming [67] polypharmacology theory.
Experimental validation is necessary for these computational
predictions, as pointed out by [68]. This is especially true when
considering the GC-MS profle, which shows complex matrix
efects due to the presence of lipophilic compounds and fatty acid
esters (e.g., methyl 7,11,14-eicosatrienoate, 2.69%).

It is essential to highlight that, despite the encouraging results of the
study on the pharmacological potential of MESFL, several limita-
tions exist. The presence of dose-dependent efects does not negate
the need for a larger dose–response investigation to establish the
optimal therapeutic dosage. Further researchusing a range of animal
models, as well as well-designed clinical trials, is warranted by this
work. Despite these limitations, the study highlights the therapeutic
potential of MESFL and encourages further investigation into its use
as an alternative medicine for various diseases.

5 | Conclusion

The current research investigated the phytochemical profle
and biological activities of Swintonia foribunda leaves, iden-
tifying that they exhibit strong anti-infammatory, antidiar-
rheal, and antinociceptive efects in biological models. The
in silico molecular docking experiments supported to uncover
other necessary bioactive chemicals; gamma-tocopherol had
the strongest binding afnity for target proteins 1CX2 and
5Y3Z, while benzene and 1,1′-(1-methyl ethylidene) interacted
strongly with 4U14 and 4YK5, respectively. These results lend
credence to Swintonia foribunda’s long-standing use in man-
aging pain and infammation and raise the possibility that it
could be developed into an antipyretic medication. The current
focus is on identifying and characterizing its bioactive com-
ponents to understand how they function and pave the way for

potential pharmaceutical applications in the future. This re-
search provides supportive evidence for the use of Swintonia
foribunda in evidence-based herbal medicine, opening the
door to new avenues for the plant’s potential as a source of
medicinal compounds.

6 | Limitations of the Study

The use of GC-MS, which only detects volatile and semivolatile
chemicals, limits this study’s ability to refect the whole phy-
tochemical profle of Swintonia foribunda leaves. Nonvolatile
components were not decisively characterized owing to a lack of
modern methods such as LC-MS/MS and NMR. The pre-
liminary phytochemical screening was qualitative and sug-
gestive only, with no individual chemicals isolated, restricting
conclusive structural confrmation and direct linkage with
biological activity. The molecular docking study was based
entirely on GC-MS-detected chemicals and should be seen as
supportive rather than conclusive. Further research into
chemical separation, fractionation, and sophisticated analytical
procedures is consequently necessary.

Nomenclature

MESFL Methanolic extract of Swintonia foribunda leaves

EA Egg albumin

PBS Phosphate bufer solution

n the number of mice

b.w. body weight

SEM Standard error mean

i.p. intraperitoneal

p.o. Orally

HRBC Human red blood cell

TABLE 15 | No. of diferent bonds for diferent activities.

Protein Compound
Compound Gibbs free

energy (ΔG)
No.

of hydrogen bonds H-bond interaction sites
Analgesic

1CX2
92729 �7.6 1 ASN39
617780 �7.3 4 ASN375, HIS226, GLY533, GLY536
3033 �7.4 1 ASN375

Anti-Infammatory

5Y3Z
92729 �7.9 0 No h-bond interactions
617780 �7 1 LEU263
3033 �7.8 3 SER192, SER192, SER262

Antidiarrheal

4U14
617780 �7.9 1 TYR506
92729 �6.9 0 No h-bond interactions
3955 �9.4 2 TYR148, ILE222

Antipyretic

4YK5
617780 �5.8 1 THR21
92729 �5.7 0 No h-bond interactions
3715 �6.5 0 No h-bond interactions
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Supporting Information

Additional supporting information can be found online in the Supporting
Information section. (Supporting Information)

Supporting Figure: Clot lysis observed before and after the experiment.
The fgure illustrates the visual diference between the intact blood clot
prior to treatment and the extent of clot degradation following the ex-
perimental procedure, demonstrating the clot-lysing activity of the tested
sample.
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