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Abstract

Dioscorea prachensilis has ethnobotanical applications in treating inflammation. This study assessed the anti-
nociceptive and anti-inflammatory effects of D. praehensilis methanol extract using in vivo models, including the tail-
flick, hot-plate, and formalin-induced paw oedema tests in rats, as well as in silico analysis. Bioactive compounds
identified by HPLC in D. praehensilis were subjected to molecular docking with the X-ray crystal structures of
cyclooxygenase-2 and chemokine receptor type-2. In the tail-flick and hot-plate models, administration of 50, 100,
and 200 mg/kg D. praehensilis produced a dose-dependent increase in latency 60 min post-treatment. In the formalin
test, D. praehensilis at 200 mg/kg significantly inhibited rat paw oedema during the third and fourth hours post-
administration. Rutin, hesperidin, epicatechin, phytic acid, and catechin were the top five compounds against
cyclooxygenase-2, with docking scores ranging from -9.4 to -7.3 kcal/mol. In contrast, kaempferol, rutin, catechin,
hesperidin, and epicatechin ranked highest for chemokine receptor type-2 protein (docking scores -7.9 to 6.9
kcal/mol). The tested compounds were predicted to exhibit acceptable pharmacokinetic and safety profiles. These
findings suggest that D. praehensilis possesses analgesic and anti-inflammatory properties, indicating its promise as a
source of new therapeutic agents.

Keywords: Dioscorea prehensilis, antinociceptive, anti-inflammatory, Cyclooxygenase-2, chemokine receptor
type-2, Molecular docking

Introduction
Pain, defined as a distressing sensory and Paradee et al., 2021). However, uncontrolled
emotional experience caused by actual or inflammation can generate neurotoxic factors that
potential tissue damage, is a major reason for worsen underlying disease conditions and lead to
seeking medical care (Kumar and Elavarasi, 2016; chronic inflammatory diseases such as gastric
Sisignano et al., 2025). It is generally triggered by ulcers, diabetes, cardiovascular disease, cancer,
noxious stimuli and transmitted to the central autoimmune disorders, and neurodegenerative
nervous system via highly specialised neuronal diseases (Paradee ef al., 2021; Wang et al., 2021).
networks (Yam et al., 2018). Affected neurons The chemokine receptor type 2, acell surface
convey the pain signal to the spinal cord, which receptor, plays a crucial role in recruiting
then relays it to the brain for processing (Alhassen monocytes to sites of inflammation and guiding
et al., 2021). Most diseases encountered in their differentiation into macrophages or dendritic
modern medicine are accompanied by pain; cells (Chu et al., 2014). Cyclooxygenase-2 (COX-
hence, it is a global public health concern and a 2), on the other hand, is an enzyme released at the
leading cause of disability worldwide (Uritu ef al., site. of tissue injury, which stimulates the
2018). production of prostaglandin E2 (PGE2), a
hormone-like substance that causes pain and
Conversely, inflaimmation is an important inflammation (Desai et al., 2018). Despite the
physiological process that protects the body from availability —of effective drugs, pain and
potentially — harmful  substances, including inflammation remain persistent and serious health
infections, dust, toxic chemicals, physical injuries, problems, affecting 80% of the adult population
and tumour growth (Sokeng et al., 2020; Wang et worldwide (WHO, 2012). Widely used pain
al., 2021). As a natural defence mechanism, it control medications such as non-steroidal anti-
aids in removing irritants and invading organisms, inflammatory drugs (NSAIDs) and opioids are
while also producing chemical mediators that often misused and have significant side effects.

facilitate the healing of damaged tissues and
recruit migratory cells (Yusof et al., 2019;

© 2026, IJCRCPS. All Rights Reserved 21



Int. J. Curr. Res. Chem. Pharm. Sci. (2026). 13(2): 20-47

For example, NSAID use is limited by multiple
adverse effects, including gastric bleeding,
nephrotoxicity, hepatotoxicity, and cardiovascular
issues (Han et al., 2025). Opioids could cause
nausea, vomiting, respiratory  depression,
dependence, and tolerance (Katzung, 2017).
Currently, the potential of COX-2 inhibitors as
analgesic and anti-inflammatory agents that lack
the gastrointestinal side effects associated with
traditional NSAIDs is under active investigation.
There is evidence that some of these agents have
significant adverse effects and concerns about
cardiovascular and liver toxicity, which has led to
the withdrawal of most COX-2 selective agents
from the market. There is therefore a need to
search for agents of natural origin with a better
safety profile (Hong et al., 2024; Takeda and
Sashide, 2025).

Dioscorea praehensilis is a member of the
Dioscoreaceae family. Ethnobotanical uses have
been reported for the treatment of inflammation
and scorpion bites. Previous studies showed that it
reduced systolic blood pressure and mean
albumin-creatinine ratio in a rat model of
preeclampsia (Adebisi et al., 2018"). The
methanol extract of its rhizome has also been
shown to inhibit platelet aggregation (Adebisi et
al., 2018"). In another study, purified tyrosinase
from D. praehensilis facilitated the conversion of
soluble proteins into fibrous protein networks.
The enzyme was covalently linked to bovine
serum albumin (BSA) to form a tyrosinase-BSA
adduct, suggesting that yam tyrosinase is a useful
enzyme in biotechnology (Ilesanmi et al., 2021).
A recent study demonstrated the wound-healing
properties of its methanol extract (Adebisi et al.,
2025). In the present study, we investigated the
antinociceptive and anti-inflammatory activities
of D. praehensilis using animal and in silico
models.

Materials and Methods
Chemicals and Drugs

Piroxicam injection (Feldene®) by
NeimethInternational Pharmaceuticals Plc. was
obtained from a local pharmacy premise.
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Formalin (Sigma-Aldrich) was obtained from the
research laboratory of Pharmacology and
Toxicology at the Faculty of Pharmaceutical
Sciences, Usmanu Danfodiyo University, Sokoto.

Experimental Animals

Female Sprague—Dawley rats (180-210 g) and
mice (21-25 g) were purchased from the animal
house of the Department of Pharmacology,
Ahmadu Bello University, Zaria. The animals
were housed under controlled conditions of
temperature (23+2 °C), humidity (5510 %), and
lighting (12-h light/dark cycle), and provided with
food and water ad [libitum. Animals were
acclimated for 2 weeks after arrival. All
experiments were conducted in accordance with
the institution’s guidelines for the care and use of
laboratory animals in research, with ethics
approval number PTAC/Dp/(Me)OT/37-21.

Preparation of Plant Materials and Extraction

The rhizome of D.praehensilis was collected in
Sokoto in August 2022, identified and
authenticated by a consultant taxonomist to the
herbarium of the Department of Pharmacognosy
and Ethnomedicine, Faculty of Pharmaceutical
Sciences, Usmanu Danfodiyo University, Sokoto.
The voucher specimen has been deposited in the
herbarium wunit (PCG/UDUS/Dios/0002). The
plant material was then air-dried in the shade to
constant weight and size-reduced to a fine powder
using a mortar and pestle. The powdered material
was then extracted by maceration with 80%
methanol for 3 days. The resulting extract was
evaporated to dryness using a water bath
controlled at 45°C.

Analgesic Studies
Tail Flick Test

The analgesic activity of the extract was evaluated
using the tail-flick method described by D’amour
and Smith (1941). Female mice were divided into
5 groups of 5 mice each. One to 2 cm of the
mouse tail was immersed in warm water
maintained at 55 £ 0.5°C. The reaction/latency
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time (in seconds) was defined as the time taken by
the mouse to flick its tail in response to pain. A
cutoff time of 15 seconds was used to avoid tail
injury from heat. Mice were treated with distilled
water (10 mlL/kg, vehicle-treated control),
piroxicam (10 mg/kg, positive control), and
D.praehensilis extract (50, 100, and 200 mg/kg).
The latency of the tail-flick response was
determined at 20, 40, and 60 minutes after
treatment.

Hot Plate Test

The analgesic activity of the extract was also
evaluated using the hot-plate method described by
Eddy and Leimback (1953). Rats were divided
into five groups of 5 rats each. Rats were placed
in a restrainer on a hot plate maintained at 55+ 0.5
°C. Reaction time (latency) was measured as the
time taken for the rats to respond to thermal pain
by licking their paws or jumping. The maximum
reaction time was set at 40 sec to prevent paw
injury. Rats were treated with distilled water (10
mL/kg, vehicle-treated control), piroxicam
(10 mg/kg, positive control), and D. prachensilis
extract (50, 100, and 200mg/kg). Tail-flick
latency was determined at 20, 40, and 60 minutes
after treatment.

Anti-inflammatory Study
Formalin-Induced Paw Oedema

The formalin-induced inflammation described by
Winter et al. (1962) was used. Rats were divided
into five groups of 5 rats each and treated with
distilled water (vehicle-treated control), 10
mL/kg; piroxicam, 10mg/kg (positive control);
and D. praehensilis extract (50, 100, and
200 mg/kg). Oedema was induced in the right
hind paws by a subplantar injection of 0.02 mL of
2.5% formalin 30 minutes after drug
administration. Swelling of the formalin-injected
foot was measured using a digital calliper
(Skole®) hourly during the first and fifth hours
after the formalin injection. The ability of the
anti-inflammatory agents to suppress
inflammation was expressed as a percentage
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inhibition of paw oedema and calculated
according to the following equation:

Relative Paw Edema = (V2-V1/V1) *100

Where V1 = The animal paw volume before
formalin injection

V2 = The paw volume after drug/extract
treatment and formalin injection at different time
points.

High-performance
analysis (HPLC)

liquid chromatography

The aqueous extract of D. praehensilis was
subjected to HPLC analysis using Agilent 1100
dual binary pumps, an HP CTO-10AS column
oven, and an HP Prominence SPD-20A UV/Vis
detector to identify its bioactive constituents.
Briefly, 0.2 g of the test sample was weighed into
a test tube, and 15 mL of ethanol and 10 mL of
50% m/v potassium hydroxide were added. The
mixture was kept in a water bath at 60 °C for 3
hours, then transferred to a separatory funnel and
washed with 20 mL of ethanol, 10 mL of cold
water, 10 mL of hot water, and 3 mL of hexane.
The extracts were combined and washed three
times with 10 mL of a 10% v/v ethanol aqueous
solution, and the ethanol was then evaporated.
The residue was solubilised in 1000 pL of
pyridine, and 200 pL was transferred to a vial for
HPLC analysis. The analysis was performed using
a C-12 normal-phase column (Phenomenex
Gemini 5 p, 200 mm x 4.8 mm). The mobile
phase consisted of acetic acid-acidified deionised
water (pH 2.8) as solvent A and acetonitrile as
solvent B at a flow rate of 0.8 mL/min. The
column was equilibrated with 5% solvent B for 20
minutes after each sample injection. The column
temperature was set to 38 °C, and the injection
volume was 20 pL. The wavelength was set to
280 nm  for  phytochemical detection.
Identification and quantification of
phytochemicals were performed by comparing
retention times and peak areas with those of pure
standard compounds, utilising the external
standard method to construct a calibration curve.
Gradient elution was executed as follows: 0-5
min, 5-9% solvent B; 5-15 min, 9% solvent B; 15-
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22 min, 9-11% solvent B; 22-38 min, 11-18%
solvent B; 38-43 min, 18-23% solvent B; 43-44
min, 23-90% solvent B; 44-45 min, 90-80%
solvent B; 45-55 min.

In silico studies
Molecular Docking

Fifteen (15) bioactive compounds identified by
HPLC analysis from the D. praehensilis were
selected and subjected to molecular docking
analysis with the X-ray crystal structure of
chemokine receptor type 2 (CCR2A) in complex
with MK-0812 (PDB ID: 6GPS), (Apel et al.,
2019) and crystal structure of uninhibited mouse
cyclooxygenase-2 (COX-2) (i.eprostaglandin
synthase-2) (PDB ID: 5COX), (Kurumbail et al.,
1996) retrieved from the Protein Data Bank
(PDB) (https://www.rcsb.org/). Celecoxib (a
selective COX-2 inhibitor) was used as the

standard control. The Maestro Molecular
Modelling  Suite 2020 (Schrodinger) was
employed for ligand and target protein
preparation. Bioactive compound simplified

molecular input line entry system (SMILES)
strings, sourced from PubChem, were converted
into 3D structures using Maestro's LigPrep
wizard. The crystallographic protein structures
were processed with Maestro's protein preparation
module: bond orders were assigned, water
molecules located more than 5 A from het groups
were deleted, and het states were generated at
default pH (7.0 = 2.0) using Epik. Following this,
a docking grid was generated with a bounding
box encompassing the entire target site, using
docking parameters 7.25, -12.54, -11.87 (6GPS)
and 36.13, 34.80, 59.17 (5COX), respectively.
Glide SP (Schrodinger) was then used to execute
the docking simulations (Schrodinger, 2020).

Pharmacokinetic Studies

To estimate various in silico pharmacokinetic
parameters, the ligands' chemical structures were
submitted using the SMILES. The drugs'
pharmacokinetic profile was assessed using the
Swiss ADME program
(http://www.swissadme.ch).
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The parameters measured include Human
gastrointestinal absorption (HIA), blood-brain
barrier (BBB) permeation, the interaction of
molecules with cytochromes P450 (CYP), the
bioavailability score, and the readout of the
BOILED-Egg model substrate or non-substrate of
the permeability glycoprotein (P-gp) (Daina et al.,
2017).

Prediction of Toxicity

The Protox 3 server was used to predict the organ
toxicities and toxicological endpoints of the
ligands, including their LDsy values. The
integrated PubChem search
(https://pubchem.ncbi.nlm.nih.gov) was used to
retrieve chemical structures from compound
names. The models to be used were selected, and
the web server computed the acute toxicity and
the selected toxicity targets (Banerjee et al.,
2024).

Statistical Analysis

Data were presented as mean + standard error of
the mean (SEM). The results were analysed using
GraphPad Prism version 8 software. Multiple
comparisons of means amongst groups were made
using one-way analysis of variance (ANOVA),
and Dunnett’s post-test comparison was used to
test for statistically significant differences at p<
0.05

Results

Analgesic Studies
Tail flick test

At 20 minutes post-administration, there was an
insignificant increase in reaction time across all
treatment groups compared to the control.
However, at 40 minutes post-administration, a
significant increase in reaction time occurred in a
dose-dependent manner (p<0.01). Similarly, a
dose-dependent increase in reaction time was
observed at 60 min post-administration in all
treatment groups (p<0.05 at 50, 100 mg/kg DP,
and 10 mg/kg piroxicam; p<0.001 at 200 mg/kg
DP) (Figure 1).
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Figure 1: Effect of the methanol extract of D. praehensilis on the tail flick test in mice. Data are presented
as mean+ SEM. ** P<0.01, * P<0.05, " P<0.001, DP= Dioscoreapraehensilis, DW= Distilled water. N=5.

Hot plate test administration, a significant increase was

At 20 min post-administration, there was a
significant dose-dependent increase in the
reaction time in the groups treated with 100 and
200 mg/kg DP (p<0.01). Similarly, at 40 mins
post-administration, the reaction time in all
treatment groups was significantly longer than in

observed in all treatment groups compared with
the vehicle-treated control (p<0.001 at 50 and 100
mg/kg DP; p<0.0001 at 200 mg/kg DP) (Figure
2). Compared with the standard drug, no
significant difference was observed between the
groups that received 100 and 200 mg/kg DP
during the latent period (i.e.,p > 0.05).

the control (p<0.01). Furthermore, at 60 min post-

»
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Figure 2: Effect of the methanol extract of Dioscoreapraehensilis on the hot plate test in rats. Data are
presented as meant SEM. ** P<0.01, "P<0.001, " P<0.0001, DP= Dioscoreapraehensilis, DW= Distilled
water. N=5.

compared with the vehicle-treated group. Also,
there was no significant difference between 200
mg/kg of the extract andthe standard drug in
inhibiting formalin-induced swelling (p> 0.05)

Anti-inflammatory Study

The results showed that 200 mg/kg DP
significantly (p<0.05) inhibited formalin-induced
rat paw oedemaat the third and fourth hours
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Figure 3: Comparison of the reduction of formalin-induced paw oedema in rats treated with vehicle,
piroxicam, and D. praehensilis. Data are presented as meant SEM *P<0.05, DP= Dioscoreapraehensilis,
DW= Distilled water. N=5.

HPLC analysis oxalate, sapogenin, phytic acid, epicatechin,

quabain, and kaempferol. The comprehensive list
The HPLC analysis of the aqueous extract of of compounds is presented in Table 1, and Figure 4
D.pracehensilis revealed the presence of fifteen shows the chromatogram.

(15) compounds. The major compounds include

Table 1: Bioactive constituents of aqueous crude extract of D. praehensilis identified by HPLC

Compound Retention Area Height Concentration Units
Lunamarin 0.203  4278.068  258.404 5.0109 pg/mL
Naringin 1.583 4698.6786  232.484 3.6805 pg/mL
Quabain 2.633  12106.27  597.691 12.3955 pg/mL
Flavan-3-ol 44 10108.439 501.549 5.8719 ppm
Naringenin 12.63 6367.8406 330.16 6.0544 pg/mL
Spartein 15.62 5348.1413 264.08 7.1884 pg/mL
Rutin 18.95 6366.3492 314.018 5.9259 pg/mL
Hesperidine 22.456 8543.8936  420.917 3.6638 Ppm
Steriods 25.563 4878.6482  240.809 6.2761 Ppm
Kaempferol 27916 14482375  685.935 10.0293 pg/mL
Epicatechin 28.256 8427.8389  472.013 12.6436 pg/g
Phytic acid 33.81 18145.624  885.941 20.3244 pg/mL
Oxalate 35.65 17287.042  848.794 24.0726 pg/mL
Catechin 36.526 5036.5803  252.472 1.548 pg/mL
Sapogenin 42706 13246.946 651.09 21.7698 pg/mL
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Figure 4: HPLC chromatogram of the compounds present in the aqueous extract of D. prehensilis

Molecular docking analysis

The molecular docking analysis revealed that the
bioactive compounds of D.praehensilis exhibit
varying binding affinities for the two target
proteins. The top five (5) ranking compounds had
binding affinities ranging from -94 to -
7.3kcal/mol for Cycloxygenase-2 and from -7.9 to
-6.9 kcal/mol for chemokine receptor type 2,
while those of the standard ligand, celecoxib,
were -6.4 and 5.5 kcal/mol,respectively. Tables 2
and 3 represent the PubChem CID, molecular
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formula, molecular weight, and docking scores of
these top-ranking compounds against
cycloxygenase-2 and chemokine receptor type 2,
respectively, while Figure 5 shows their
molecular structures. The entire list of the 15
compounds in D. praehensilis, along with their
docking scores (kcal/mol) against Cycloxygenase
2 and chemokine receptor type 2, is available in
Supplementary Table 1.
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Figure 5: Molecular structures of the top-ranking compounds from the methanol extract of D. praehensilis

The two-dimensional (2D) and three-dimensional
(3D) interaction profiles of the amino acid moiety
of 5COX with the top-selected compounds from
D. praehensilis and the standard are displayed in
Figure 6-11and Table 4. Analysis of the 2D and
3D interactions showed that the top-ranking
compound, rutin, established seven hydrogen
bonds with six amino acid residues in the
proteinsequence. These hydrogen bonds were
with ASN 144, SER 143, TRP 139, LYS 333,
GLU 140 and ARG 222. Additionally,
rutinformed 5 hydrophobic bonds with some
amino acid residues, namely LEU145, PHE 142,
TRP 139, LEU 238, and LEU 224, and 4 polar
bonds with ASN 231, GLN 241, THR 237, and
GLN 330. The second compound, hesperidin,
conversely formed four hydrogen bonds with
three amino residues, namely GLY 536, ARG 376
and GLU 236. It also established four
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hydrophobic, three polar and one pi-pi stacking
bonds. Epicatechin, the third compound,formed
six hydrogen bonds with five amino acid residues
in the protein sequence: GLY 235, LYS 333,
GLU 140, GLN 241, and SER 143. Other bonds
associated with it include five hydrophobic and
four polar bonds. The fourth compound, phytic
acid, on the other hand,formed eight hydrogen
bonds with eight amino acids in the protein. These
include GLU 236, LYS 333, TRP 139, LEU 238,
LEU 224, GLN 241, GLU 140 and LEU 145.
Furthermore, it engaged three hydrophobic bonds,
four polar bonds and one salt bridge with the
protein  sequence. The fifth compound,
catechin,formed four hydrogen bonds with four
amino acid residues, including GLY 235, GLN
241, GLU 140, and LEU 224. Furthermore, it
created three hydrophobic and four polar bonds
with some other residues in the sequence.
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Figure 11: Molecular interaction of amino-acid residues of cyclooxygenase-2with the standard ligand

(Celecoxib). 3D left, 2D right.

The 2D and 3D interactions of 6GPSwith the top
selected compounds from D.praehensilis and the
standard are displayed in Figures 12—17 and Table
5, while Figure 18 shows its interaction with the
co-crystalised compound. The top-ranking ligand,
kaempferol, interacted with amino acid residues
in 6GPS by forming three hydrogen bonds. The
residues involved include SER 101, GLU 291 and
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THR 179. Additional interactions of this ligand
include the formation of three hydrophobic and
polar bonds, each and one pi-pi stacking. The
second ligand, rutin, conversely formed four
hydrogen bonds. The amino acid residues
involved include LYS 38, GLN 288, GLU 291
and SER 101. Similarly, catechin, hesperidin, and
ouabain each formed 4 hydrogen bonds with
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amino acid residues in 6GPS. The residues respectively. Other interactions between these
involved include GLU 291, SER 101, and TRP ligands and the amino acid residues of 6GPS
98; GLU 291, TYR 259, ASP 284, and SER 101; include hydrophobic and polar interactions.
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Figure 12: Molecular interaction of amino-acid residues of chemokine receptor 2 with Kaempferol. 3D left,
2D right.
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Figure 18: Molecular interaction of amino-acid residues of chemokine receptor 2 with the co-crystalised

ligand (MK-0812). 3D left, 2D right

Table 2: Docking scores of the top 5 ranking compounds and the standard ligand against the target protein

of cyclooxygenase-2

S/N  Name of compound PubChem Molecular Molecular Docking score
CID formula weight (g/mol) (kcal/mol)
1  Rutin 5280805 C,7H30046 610.5 9.4
2 Hesperidin 10621 CasH3405 610.6 -7.9
3 Epicatechin 72276 C15sH 1406 290.27 -7.5
4  Phytate 890 CeH13024P6 660.04 -7.5
5  Catechin 9064 C15sH 14046 290.27 -7.3
6  Standard drug (Celecoxib) 2662 C17H14F5N30,S 381.4 -6.4

Table 3: Docking scores of the top 5 ranking compounds and the standard ligand against the target protein

of chemokine receptor type 2

S/N Name of compound PubChem Molecular Molecular Docking score
CID formula weight (g/mol) (kcal/mol)
1 Kaempferol 5280863 Ci15sH 1006 286.24 -7.9
2 Rutin 5280805 C27H30016 610.5 -1.7
3 Catechin 9064 C15sH 14056 290.27 -7.1
4  Hesperidin 10621 CysH34015 610.6 -6.9
5 Ouabain 439501 Co9H440O1 584.7 -6.9
6  Standard drug (Celecoxib) 2662 C17H14F3N50,S 381.4 -5.5
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Table 4: Interactions of the top 5 compounds of D.praehensilis and the standard ligand against the target
protein of cyclooxygenase-2

S/N Ligand PubChem Type of Interaction
Name ID
H-bonding Hydrophobic Polar Pi-pi Pi-
stacking cation
1. Rutin 5280805 ASN-144, SER-143,  LEU-145, PHE-  ASN-231, GLN- - -
TRP-139, LYS-333, 142, TRP-139, 241, THR-237,
ARG-222 LEU-238, LEU- GLN-330
224
2. Hesperidin 10621 GLY-536, ARG-376, LEU-238, LEU-  SER-143, ASN-  PHE-142 -
GLU-236 145, PHE-142 144, GLN-374
3. Epicatechin 72276 GLY-235, LYS-333, LEU-145, ASN-231, ASN- - -
GLN-241, TRP-139, LEU-224, TYR- 144, THR-237
SER-143 234, LEU-238
4. Phytate 890 GLU-236,LYS-333, PHE-142, LEU- THR-237, ASN- - -
TRP-139, LEU-238, 145, TRP-139 231, SER-146,
LEU-224 ASN-144
5. Catechin 9064 GLY-235, GLN-241, LEU-238, TYR-  ASN-231, SER- - -
GLU-140, LEU-224 234, LEU-145 143, GLN-241,
THR-237
6. Celecoxib 2662 GLU-140 TRP-139, PHE- SER146, ASN
142, LEU- 144, SER 143,
145,LEU 238 GLN 241, THR
237

Table 5: Interactions of the top 5 compounds of D.praehensilis and the standard ligand against the target
protein of chemokine receptor 2

S/N Ligand PubChem Type of Interaction
Name ID H-bonding Hydrophobic Polar Pi-pi Pi-cation
stacking
1. Kaempferol 5280863 SER-101, GLU- TYR-120, ALA- HIS-121, TRP-98 -
291, THR-179 102, PRO-192 ASN-175,
THR-117
2. Rutin 5280805 LYS-38, GLN-288,  PHE-194, PRO- THR-117, - -
GLU-291, SER-101 192, VAL-189, ASN-175,
VAL-37 THR-292,
HIS-121
3. Catechin 9064 SER-101, GLU- TYR-120, MET- THR-179, - -
291, TRP-98 295, TYR-49 ASN-175,
HIS-121
4. Hesperidin 10621 GLU-291, TYR- PRO-192, VAL- HIS-202, - -
259, ASP-284, 189, TYR-120, THR-287,
SER-101 TRP-106 GLN-288,
HIS-121
5. Ouabain 439501 ASN-104, ALA- TYR-120, TYR- HIS-121, - -
102, GLU-291, 259, VAL-189, THR-117,
SER-101 ALA-103 THR-179,
GLN-288
6. Celecoxib 2662 Unspecified residue ~ TYR-259, PHE- HIS-121, TRP-98, -
at position190 116, PRO-192 THR-287, TYR-120
GLN-288
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Pharmacokinetic and Toxicity Profile

Table 6 presents the predicted lipophilicity, water
solubility, drug-likeness, and pharmacokinetic
profiles of the compounds from D. praehensilis.
The molecular weights of the selected compounds
ranged from 286.24 to 660.04 g/mol, and Log S
values ranged from -3.82 to 8.57, with all
compounds classified as soluble. Log P ranged
from -6.77 to 1.58. Three compounds, namely
epicatechin, catechin, and kaempferol, did not
violate the Lipinski rule of five (Ro5) and showed
high GI absorption, with bioavailability scores of
0.55, while the remaining four had three
violations each of Ro5, low GI absorption, and a
bioavailability score of 0.17. All compounds
showed unacceptable skin permeability, with high
negative Log Kp values ranging from -17.63 to -
6.7 cm/s. None of the compounds was predicted
to cross the blood-brain barrier. Five of the
compounds, namely rutin, hesperidin, epicatechin,
phytic acid, and catechin, were predicted to be

permeability glycoprotein (Pgp) substrates. None
of the compounds was predicted to be an inhibitor
of CYP2C19 or CYP2C9, while kaempferol was
the only compound predicted to be an inhibitor of
CYP1A2, CYP2D6, and CYP3A4.

Table 7 shows the toxicity profile of the
compounds. Rutin, hesperidin, epicatechin,
phytic acid, catechin, kaempferol, and
ouabainhaveLD50 values of 5000, 12000, 10000,
1500, 10000, 3919, and 5 mg/kg, respectively,
and belong to classes 5, 6,6, 4, 6, 5, and 1,
respectively. For organ toxicity prediction, all the
compounds  were  predicted  to show
nephrotoxicity and respiratory toxicity,while
Ouabain was also predicted to be cardiotoxic.
None was hepatotoxic nor neurotoxic. For the
toxicity endpoint prediction, all the compounds
were predicted to show nutritional toxicity, while
only ouabain was predicted to be cytotoxic and
immunotoxic.

Table 6: Pharmacokinetics prediction and drug likeness of some compounds from Dioscorea praehensilis

Cl C2 C3 C4 C5 Co6 C7
Molecular weight
(g/mol) 610.52 610.56 290.27 660.04 290.27 286.24 584.65
Silicos IT Log Sw -0.29 -0.58 -2.14 8.57 -2.14 -3.82 0.33
Silicos IT class Soluble Soluble  Soluble Soluble Soluble  Soluble Soluble
Consensus Log P -1.51 -1.06 0.85 -6.77 0.83 1.58 -0.47
Lipinski violations 3 3 0 3 0 0 3
TPSA 269.43  234.29 110.38 457.42 110.38 111.13 206.66
Bioavailability 0.55 0.17
score 0.17 0.17 0.55 0.11 0.55
Log Kp (cm/s) -10.26  -10.12 -7.82 -17.63 -7.82 -6.7 -11.07
GI Absorption Low Low High Low High High Low
BBB permeant No No No No No No No
Pgp substrate Yes Yes Yes Yes Yes No No
CYP1A2 inhibitor No No No No No Yes No
PAINS alert 1 0 1 0 1 0 0
CYP1A2 inhibitor No No No No No Yes No
CYP2C19 No No
inhibitor No No No No No
CYP2C9 inhibitor No No No No No No No
CYP 2D6 inhibitor No No No No No Yes No
CYP3 A4 inhibitor No No No No No Yes No

BBB. Blood-brain barrier,GI. Gastrointestinal, TPSA. Total polar surface area, C1. Rutin, C2. Hesperidin,
C3. Epicatechin, C4. Phytic acid, C5.Catechin, C6. Kaempferol, C7. Ouabain
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Table 7: Toxicity profile of compounds from Dioscorea praehensilis
Compound

Target C1 C2 C3 C4 C5 Co6 C7
Predicted LDs 3919 5
(mg/kg) 5000 | 12000 | 10000 1500 10000
Predicted Toxicity 5 1
Class 5 6 6 4 6
Hepatotoxicity No No No No No No No
Neurotoxicity No No No No No No No
Nephrotoxicity Yes Yes Yes Yes Yes Yes Yes
Respiratory Toxicity Yes Yes Yes Yes Yes Yes Yes
Cardiotoxicity No No No No No No Yes
Carcinogenicity No No No No No No No
Immunotoxicity Yes Yes No No No No Yes
Mutagenicity No No No No No No No
Cytotoxicity No No No No No No Yes
Nutritional Toxicity Yes Yes Yes Yes Yes Yes Yes

LD= Lethal dose, C1. Rutin, C2. Hesperidin, C3. Epicatechin, C4. Phytic acid, C5. Catechin, C6.

Kaempferol, C7. Ouabain

Discussion

In the present study, we evaluated the potential
antinociceptive and anti-inflammatory effects of
D.praehensilis methanol extract in-vivo, using
different pharmacological approaches, including
the tail-flick test, hot-plate test, formalin-induced
paw oedema, and in-silico, using two protein
targets. Our results showed that D. praehensilis
exhibited statistically significant antinociceptive
and anti-inflammatory effects in extract-treated
animals compared with the vehicle-treated
control. Furthermore, using in silico techniques,
we have demonstrated that bioactive compounds
present in D. praehensilis can inhibit the
cyclooxygenase-2 enzyme and the chemokine
receptor 2 target protein. Additionally, we have
shown that these compounds have good
pharmacokinetic properties and drug likeness with
an acceptable safety profile.

The hot plate method is appropriate for assessing
central nociceptive activity. (Sharma et al., 2019)
while the tail-flick test measures the latencies of
spinal nociceptive responses to a thermal stimulus
(Cavendish et al., 2015). The two tests are simple

© 2026, IJCRCPS. All Rights Reserved

38

and commonly used to investigate analgesic
efficacy, and are more sensitive to opioid
analgesics (Karna et al., 2019). An increase in
reaction time is typically considered a key factor
in assessing the central antinociceptive activity in
these models. (Rujjanawate, et al., 2003).The
significant (p<0.01 and p<0.05) increase in
latency time of rats at 40- and 60 min post-
administration, respectively, at different doses in
the tail flick model, indicates that D. prehensilis
has a central antinociceptive activity. This may be
related to the inhibition of agents that activate the
release of the endogenous peptide by
periaqueductal gray matter, which is carried to the
spinal cord to inhibit pain muscle transmission
within the dorsal horn (Shilo and Pascoe, 2014).
A rather more profound central antinociceptive
activity was depicted in the hot plate model that
shows a significant (p<0.01) increase in latency
time right from 20 min post administration, which
was maintained throughout the study period with
a significance of p<0.0001 for 200 mg/kg extract
at 60 min post administration. This may suggest
modulation of the medullary or central pain
mechanism with a direct inhibitory activity on
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nerve endings or transmission pathways (Bomba
etal., 2015).

The model used to evaluate the anti-inflammatory
effect in this study was the formalin paw oedema
test. Subplantar injection of formalin into the rat
paw causes an acute and progressive increase in
volume in the injected paw. This oedema is a
hallmark of acute inflammation, driven by
increased vascular permeability that results in the
leakage of transvascular fluid rich in high-
molecular-weight proteins from the intravascular
to the interstitial compartment (Aller et al., 2007).
The inflammation produced in this model consists
of two phases. The first phase, which occurs 1 or
1.5 hours after formalin administration, produces
oedema that is primarily mediated by pro-
inflammatory mediators, such as histamine,
bradykinin, and serotonin (Zhu et al., 2011). The
second phase (2-5 hours) is characterised by a
further increase in oedema formation that lasts up
to 5 hours, with a maximum peak at 3 hours, and
is normally maintained by other mediators, such
as cytokines, namely Interleukin 1 beta (IL-1P)
and Tumour Necrosis Factor-alpha (TNF-a),
prostaglandins, and nitric oxide (Khan et al.,
2009). The results of this study showed that
D.praehensilis  methanol  extract treatment
inhibited formalin-induced inflammation.
Treatment at a dose of 200 mg/kg produced a
significant reduction in paw oedema in the 3rd
and 4th hours. This effect may be due to
inhibition of the inflammatory cascade and of
prostaglandin synthesis.

To further validate the potential antinociceptive
and anti-inflammatory properties of
D. praehensilis, computer—aided drug discovery
(CADD) was employed to investigate the binding
affinities of its bioactive compounds for
cyclooxygenase-2 and chemokine receptor-2
proteins. CADD and virtual screening have
transformed the drug discovery process by
helping identify potential drug candidates while
reducing costs and time (Alhashemi et al., 2025).
Molecular docking techniques are an important
tool for identifying compounds with the lowest
binding energy, indicating strong binding affinity
for a given receptor (Dauda ef al., 2026).
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Generally, a lower docking score (i.e., greater
negativity) indicates a rational and stable
interaction between the ligand and the protein
(Feng et al., 2020). Notably, our results indicate
that some of the test compounds exhibit stronger
binding affinity for COX-2 and chemokine
receptor-2 than a known COX-2 inhibitor
(celecoxib), suggesting that D. praehensilis
contains compounds that could interact well with
these receptors.

Although several receptors are implicated in
nociception and inflammation (Alhashemi et al.,
2025), the cyclooxygenase enzyme system is the
major pathway, catalysing the conversion of
arachidonic acid into prostaglandins (Norregaard
et al., 2015). Although the enzyme exists in two
isoforms (COX-1 and COX-2), the COX-2
isoform 1is highly induced by inflammation and
tissue injury (Norregaard et al., 2015). Inhibition
of COX-2 is a good target for nociception and
inflammation, and most non-steroidal anti-
inflammatory drugs and selective COX-2
inhibitors exert their pharmacological action
through COX-2 inhibition. Notably, all identified
compounds in D. praehensilis showed favourable
interactions with COX-2, with only two having
docking scores below -5.4 kcal/mol. Furthermore,
these compounds displayed higher affinity for
COX-2, with the top-ranking compound
achieving a docking score of -9.0 kcal/mol, higher
than that of the top-ranking compound of 6GPS
(7.9 kcal/mol). This further establishes the key
role COX-2 plays as a major regulator of
nociception and inflammation. Furthermore, the
docking scores obtained for the test compounds
were higher than those of the known COX-2
inhibitor celecoxib. Hence, we have shown that
the bioactive compounds in D. praehensilis can
interact effectively with COX-2.

In our study, the predominant interactions
observed between the top-ranking compounds and
the amino acid residues of COX-2 were hydrogen
bonding, hydrophobic, and polar interactions.
However, Hong et al. (2024), in a similar study
on COX-2-inhibiting peptides present in walnuts,
reported predominantly hydrogen bonding and
hydrophobic interactions. Although 5COX lacked
a co-crystallised compound, the top-ranking
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compounds showed interactions similar to those
observed for the standard ligand, celecoxib, with
COX-2. These common residues include TRP
139, LEU 145, PHE 142, LEU 238, SER 146,
ASN 144, GLN 241, and THR 237. Studies have
demonstrated that protein sequences containing
cyclic or aromatic amino acids could have great
potential for designing structures that can serve as
COX-2 inhibitors (Ahmaditaba et al., 2017), and
that these sequences can exhibit anti-
inflammatory (Nankar and Pande, 2014) and
antioxidant activity (Suttisuwan et al., 2019).
Furthermore, previous evidence has demonstrated
that the active site of COX-2 predominantly
contains hydrophobic amino acid residues
(Rouzer and Marnett, 2020), which could enhance
the binding of hydrophobic peptides to COX-2
(Gupta et al., 2017).

The chemokine receptor 2 (CCR2) is the main
receptor for monocyte chemoattractant protein-1
and plays an important role in the immune
system, mediating monocyte and macrophage
recruitment to inflammatory sites (Park ef al.,
2022), and the absence of CCR2 reduces
inflammation (Boring et al., 1997; Kuziel et al.,
1997). Two isoforms of CCR2, namely CCR2A
and CCR2B, have been identified. These isoforms
are produced from the same gene, and both
promote inflammation. While CCR2B is a major
player in acute inflammation, mediating the
trafficking of inflammatory monocytes from the
bone marrow to peripheral tissues, CCR2A is
often associated with chronic inflammatory
conditions, as it contributes to sustained, long-
term inflammation, tissue remodelling, and cell
proliferation (Park et al., 2022).

As observed with 5COX, the sample compounds
interacted with amino acid residues in 6GPS that
are similar to those of the standard ligand
(celexocib). These residues include TYR 259,
TYR 120, GLN 288, THR 287, and HIS 121.
Furthermore, some amino acid residues involved
in the interactions of the co-crystallised
compound in 6GPS (MK-0812) were also
involved in the interactions of the tested
compounds. This implies that the sample
compounds also interact with amino acid residues

© 2026, IJCRCPS. All Rights Reserved

40

at the protein's active site. Additionally, peptides
containing hydrophobic amino acids at the N-
terminus exhibit greater biological activity
(Acquah et al., 2018). The results of our study
showed that the N-terminal amino acid residues
involved in interactions with 5COX and 6GPS
were mainly hydrophobic, including TRP, LEU,
VAL, and GLY.

In silico ADMET analysis is an important tool for
predicting  drug  absorption,  distribution,
metabolism, and excretion in the organism, and
for assessing toxicological effects and the safety
profile of drug candidates (Ugwah-Oguejiofor et
al., 2025). The aim is to reduce pharmacokinetic
and toxicity-related failures in the drug discovery
process as drug candidates enter the clinical trial
phase (Shah er al., 2019). Consequently, the
pharmacokinetic properties, drug-likeness, and
toxicological profile of the seven top-ranking
compounds in this study were evaluated.
Lipinski’s Rule of 5, commonly known as the rule
of five, is used to evaluate the drug-likeness of a
compound and its suitability as an oral
preparation. It predicts whether a biologically or
pharmacologically active compound possesses
physical and chemical properties that will make it
orally bioavailable. Generally, a molecule is
considered suitable if it does not violate more
than one of the Ro5, which include: molecular
weight less than 500 g/mol, octanol-water
partition coefficient (Log P) less than 5, hydrogen
bond donors less than 5, and hydrogen bond
acceptors less than 10. In our study, three of the
seven compounds, namely epicatechin, catechin,
and kaemferol, did not violate any of the RoS5.
These compounds had consensus Log P values
ranging from 0 to 5, indicating lipophilicity that
favours optimal absorption across biological
membranes. The TPSA results for these
compounds, which fall within the acceptable
range of <140 (Shaikh et al., 2022), further
confirm their optimal permeability. Additionally,
these compounds had a bioavailability score of
0.55, indicating moderate to good oral
bioavailability and a strong likelihood of systemic
absorption (Knoll et al., 2022).
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The remaining four compounds, namely rutin,
hesperidin, phytic acid, and ouabain, violated
some of the Ro5. They had molecular weights
greater than 500 g/mol, suggesting low
gastrointestinal ~ absorption and  impaired
distribution to target sites of action (Salifu et al.,
2023). Furthermore, the number of hydrogen
bond donors and acceptors exceeded the Ro5
limits, indicating that they violated three of
Lipinski’s rules. Hence, they may not be suitable
for oral administration. Their negative consensus
Log P scores indicate that they are highly
hydrophilic and may exhibit poor permeability
across lipid-rich biological membranes, making
them less likely to be absorbed by passive
diffusion and potentially requiring different
formulation strategies, such as active transport.
The significantly higher TPSA scores of these
compounds further demonstrate their inability to
permeate biological membranes (Samuel et al.,
2021). All tested compounds were predicted to be
unlikely to penetrate the blood-brain barrier. This
indicates a low probability of causing
neurotoxicity. This may be beneficial, as some
currently available NSAIDs have been associated
with neurotoxic effects such as aseptic meningitis,
seizures, dizziness, recurrent falls,
encephalopathy, nystagmus, and disorientation
(Morgan and Clark, 1998; Auriel et al., 2014).
The cytochrome P450 (CYP) enzyme system
plays important roles in the biotransformation of
drugs and xenobiotics. It is involved in phase 1
metabolic reactions that introduce or expose polar
functional groups on lipophilic drugs and
xenobiotics, facilitating excretion or preparing
them for phase 2 conjugation reactions (Gilani
and Cassagnol, 2012). The majority of the tested
compounds were predicted not to inhibit any of
the CYP enzymes. This will minimise the
possibility of drug-drug interactions that can lead
to toxicity due to drug accumulation as a
consequence of reduced metabolism of co-
administered agents. Kaemferol, on the other
hand, was predicted to inhibit CYP1A2, CYP2D6
and CYP3A4, showing potential interactions with
co-administered agents.
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Based on the predicted toxicity profile, all but one
of the tested compounds belong to toxicity classes
4-6, with LD50 values ranging from 1500 to
12,000 mg/kg, except for ouabain, which belongs
to toxicity class 1 with an LDsy of 5 mg/kg.
Hence, the majority of the compounds can be
administered within this permissible dosage
without acute toxicity. Evaluation of the toxicity
endpoints of the tested compounds revealed that
all had the potential to cause nephrotoxicity,
respiratory toxicity, and nutritional toxicity, with
additional immunotoxicity with rutin and
hesperidin, and cytotoxicity with ouabain.
Structural modification of these compounds that
retains or enhances efficacy while minimising
these toxic effects would need to be considered.

A preliminary phytochemical analysis of the
methanol extract of D. praehensilis revealed the
presence of secondary metabolites, including
saponins, tannins, flavonoids, steroids, and
alkaloids (Adebisi et al., 2018b). A variety of
compounds belonging to this class of secondary
metabolites have been identified in the HPLC
analysis presented in this study, some of which
have been reported to have anti-inflammatory and
antinociceptive  effects in the literature.
Mohammed et al. (2014) reported that saponins
isolated from approximately 50 plants have
demonstrated anti-inflammatory activity in
several experimental models of inflammation in
rats and mice. Phenolic compounds, such as
flavonoids and tannins, have also been reported to
exert anti-inflammatory effects by inhibiting pro-
inflammatory enzymes, including cyclooxygenase
and lipoxygenase (Tjelsen, 1992). Some
alkaloids, such as isoquinolines, indoles, and
diterpenes, are known to exhibit strong anti-
inflammatory activity (Fawole et al., 2009), while
major classes of bioactive steroids have also been
reported to possess anti-inflammatory effects
(Vassallo et al., 2013; Hieu et al., 2024,
Dembitsky and Terent’ev, 2026).

This study has some limitations. Firstly, the tail-
flick and hot-plate models of nociception are
sensitive to motor impairment. In addition, these
tests primarily evaluate acute, transient stimulus-
evoked pain rather than chronic or neuropathic
pain (Deuis et al., 2017). Secondly, though the
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formalin induced paw oedema is biphasic,
modeling both neurogenic and inflammatory pain
respectively and favoured to study pain and early
inflammation, formalin is a potent tissue irritant
which may cause significant distress to the animal
resulting in high level of paw licking behavior
and swelling that could require high doses of test
substances to show anti-inflammatory activity
(Patil et al., 2019). In the in silico analysis, while
the tested compounds demonstrated good binding
affinities, limitations in GI absorption, low
bioavailability scores for some compounds, and
the inability to cross the BBB may hinder their
effectiveness as drug candidates. Furthermore,
some predicted toxicities, including
nephrotoxicity,  respiratory  toxicity,  and
nutritional toxicity, may pose safety concerns and
require evaluation in biological models.

Conclusion

In conclusion, the methanol extract of
D. praehensilis rhizomes exhibited significant
antinociceptive and anti-inflammatory activity in
animal models. In addition, using molecular
docking, we have shown that some bioactive
compounds from this plant exhibit strong binding
affinities for cyclooxygenase-2 and chemokine
receptor-2, with acceptable drug-likeness and
safety profiles. The findings of the study validate
the use of D. praehesilis thizomes as a folk
medicine for the treatment of inflammatory
conditions and provide a basis for further studies
exploring this plant as a source of novel
therapeutic agents for the treatment of nociception
and inflammation.
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Supplementary table 1

S/N Ligand Name PubChem Docking Score
ID (kcal/mol)
6GPS 5COX
1. Lunamarin 442922 -5.7 -6.0
2. Naringin 442428 -6.4 -7.3
3. Ouabain 439501 -6.9 -5.4
4. Flavan-3-ol 3707243 -6.0 -5.8
5. Naringenin 439246 -6.5 -7.0
6. Spartein 644020 -5.4 -4.8
7. Rutin 5280805 -1.7 -94
8. Hesperidin 10621 -6.9 -7.9
9. Kaempferol 5280863 -7.9 -6.4
10. Epicatechin 72276 -6.9 -1.5
11. Phytic-acid 890 -4.0 -7.5
12. Oxalate 71081 -2.8 -4.0
13. Catechin 9064 -7.1 -7.3
14. Sapogenin 21139920 -5.1 -4.0
15. Celecoxib 2662 -5.5 -6.4

Note: Top ranking compounds in red font
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