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ABSTRACT
This study aims to evaluate the anti-nociceptive activity of isoquercetin (IQN) in rats and to determine its mechanism of action
using molecular docking. The preliminary study was conducted to determine physicochemical and pharmacological parameters
of IQN, an in vitro method was used to assess its antioxidant capacity. Behavioral tests were carried out to evaluate its anti-
nociceptive activity and an in silico molecular docking study was performed to understand the molecule’s mechanism of action.
The preliminary study demonstrated that IQN is nontoxic to metabolism and organs, with an LD50 of 5000 mg/kg, and does
not present neuromuscular toxicity. Furthermore, the molecule showed a strong antioxidant capacity. The evaluation of anti-
nociceptive activity in rats revealed a significant anti-inflammatory effect of IQN. The molecular docking identified a specific
action on cyclooxygenases. Thus, IQN appears to be a promising candidate for the treatment of inflammatory pain, supported by
its wide safety margin, potent antioxidant.
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Introduction

ain and inflammation are complex biological processes that
lay a crucial role in host defense but may become deleterious
hen persistent or dysregulated. Inflammatory pain results from

he activation and sensitization of peripheral nociceptors by
arious mediators released at the site of tissue injury. Among
hese mediators, prostaglandins are particularly important, as
hey enhance nociceptor excitability and amplify pain transmis-
ion. Prostaglandins are synthesized from arachidonic acid via
yclooxygenase (COX) enzymes, mainly COX-1 and COX-2. While
OX-1 is constitutively expressed and contributes to physiological

unctions, COX-2 is inducible and primarily responsible for the
his is an open access article under the terms of the Creative Commons Attribution Licen
riginal work is properly cited.
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production of pro-inflammatory prostaglandins during inflam-
mation. Consequently, inhibition of COX enzymes, especially
COX-2, remains a key therapeutic strategy for managing pain and
inflammatory conditions [1–3].

Natural bioactive compounds, particularly flavonoids, have
attracted increasing attention as potential alternatives to conven-
tional anti-inflammatory drugs due to their multi-target actions
and favorable safety profiles. Quercetin, one of the most abundant
dietary flavonoids, is widely present in fruits and vegetables
such as apples, onions, tea, and berries. It exhibits a broad
spectrum of pharmacological activities, including antioxidant,
anti-inflammatory, antiviral, anticancer, and cardio-protective
se, which permits use, distribution and reproduction in any medium, provided the
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FIGURE 1 Percentage of DPPH inhibition as a function of IQN
concentrations. (Correlation r = 0.95, EC50 = 10.7 μg/mL)

2

ffects. These activities are mediated through modulation of
xidative stress, inflammatory signaling pathways, and enzyme
nhibition [4–6].

uercetin exists in several glycosylated forms that significantly
nfluence its pharmacokinetics, particularly its solubility and
ntestinal absorption. Among these derivatives, isoquercetin
quercetin-3-O-glucoside, IQN) has gained considerable attention
ue to its enhanced bioavailability compared to the aglycone
orm. Recent studies have demonstrated that IQN and struc-
urally related flavonoids exert significant anti-inflammatory and
nalgesic effects through multiple mechanisms. These include
nhibition of COX-2 and lipoxygenase (LOX) pathways, sup-
ression of pro-inflammatory cytokines such as tumor necrosis
actor-alpha (TNF-α) and interleukin-6 (IL-6), and attenuation of
xidative stress [7–10]. Furthermore, in silico molecular docking
tudies have suggested that IQN can interact directly with key
nflammatory enzymes, including COX-2, supporting its potential
ole as a natural inhibitor of prostaglandin synthesis [11–13].

espite these promising findings, the pharmacological effects
f IQN remain less extensively characterized than those of
uercetin, particularly regarding its anti-nociceptive activity and
ehavioral outcomes in response to nociceptive stimuli. Most
ecent studies have focused on its antioxidant and general anti-
nflammatory properties, while limited research has explored its
irect effects on pain perception and its precise molecular targets

nvolved in nociception.

herefore, the present study aims to address this research
ap by evaluating the anti-nociceptive activity of IQN in an
xperimental rat model and elucidating its mechanism of action
sing molecular docking approaches. Particular emphasis is
laced on its interaction with cyclooxygenase enzymes, which are
entral to prostaglandin-mediated pain and inflammation. This
ombined in vivo and in silico investigation may contribute to the
evelopment of IQN as a promising natural therapeutic agent for
he management of pain and inflammatory disorders.

Results and Discussion

.1 Preliminary Study

.1.1 ADMET Prediction

he solubility(S) of IQN in water was determined in silico by
wissADME according to the method described by Ali et al., in
012 with a log(S) = -4.35 which means moderate solubility of the
olecule in water [14].

he toxicity of IQN was assessed in silico by ProTox 3.0. The
ound results showed that the molecule studied in this work was
lassified among the less toxic molecules, with a high lethal dose
0 (LD50) of 5000 mg/kg.

he toxicity of IQN on organs and on cytochromes was also
redicted by ProTox 3.0. The found results showed that the
olecule has respiratory and renal toxicity with significant

robabilities and has no toxicity on the liver, the nervous
ystem, the heart and the cytochromes. IQN is much less toxic
of 9
than quercetin which has a lethal dose (LD50) of 159 mg/kg
[15, 16].

2.1.2 In Vitro Evaluation of Antioxidant Capacity of
IQN

The found results of diphenyl-1-picrylhydrazyl (DPPH) test has
showed that the IQN molecule has important antioxidant activity
proven by a low effective concentration (EC50 = 10 μg/mL).
(Figure 1).

These results are in accord with those of a previous study who
evaluated the antioxidant activity of quercetin [17]. Thus, the
antioxidant capacity of IQN is higher than that of quercetin.
Indeed, the glucose group present in IQN could be responsible
to ameliorate its antioxidant activity [18].

This suggests that a molecule with important antioxidant capac-
ity can be used to limit the deleterious effects of oxidative
stress. Oxidative stress and inflammation frequently interact and
cause aggravation disease which interacts with inflammation
and frequently causes disease aggravation. In this case, an anti-
inflammatory molecule which has significant antioxidant activity
may be very interesting as a treatment to develop. To do this, we
tested the anti-inflammatory activity of IQN in rats.

2.1.3 In Vivo Verification of the Effectiveness of IQN
per os Administration

In order to verify the effectiveness of the oral administration route
of IQN in rats, high-performance liquid chromatography (HPLC)
assay was used.

The concentration of IQN present in the different samples was
calculated using the calibration curve (Table 1).

The analysis of the results obtained shows the presence of IQN
in plasma, urine, liver, and kidney, and these results are in accord
with the bibliography [19]. These results confirm the effectiveness
of the per os route which will be chosen in the treatment of rats
by IQN to evaluate its biological activity.
Chemistry & Biodiversity, 2026



TABLE 1 IQN levels in the different samples after HPLC analysis in sample extraction of plasma and organ rats.

Samples Plasma Urine Liver Kidney Brain Heart Intestine

[IQN] μg/mL 35.07 58.18 22.96 20.49 0 0 0

FIGURE 2 Effect of IQN on the number of writhing during the (A) early (B) and late phases after inflammation induction. (Mann–Whitney U test
(n = 5), SD: *p < 0.05 versus control group, §p < 0.05 vs. 30INQ group).
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n 2020, Maharni et al. [15] showed, using prediction tools, that
QN does not cross the blood–brain barrier, which explains the
bsence of this molecule in the brain.

.2 In Vivo Evaluation of Biological Activity of
QN in Rats

.2.1 Evaluation of Anti-Nociceptive Effect of IQN

his test consists in inducing inflammatory abdominal pain in
ats by intra-peritoneal injection of acetic acid. One hour before
he injection of acetic acid, the rats are per os treated with IQN at
ifferent doses. Thus, the evaluation of the anti-nociceptive effect
f this molecule is done by comparing the number of writhing to
ontrol group no treated with IQN.

ccording to the bibliography, in the case of nociception induced
y a chemical stimulus such as formalin injection there is an

mmediate early phase of intense pain, which is followed by a late
hase of moderate pain [20].

n this work, following the nociception induction, the early phase
egan 10 min after the injection of acetic acid and extended over
0 min. So, the late phase occurred about 10 min after the end of
he first phase and lasted 10 min.

he results found during the two phases of inflammation
Figure 2) showed that the number of writhing observed in rats
nsignificantly decreased under the effect of IQN treatment at
oses of 15 and 30 mg/Kg. However, the dose of 80 mg/kg showed
hemistry & Biodiversity, 2026
a significant reduction in the number of writhing compared to the
control group and compared to the group treated with the dose of
30 mg/kg of IQN (Figure 2).

Oxidative stress plays a central role in the pathophysiology of
inflammation and pain through the overproduction of reactive
oxygen species (ROS), which activate pro-inflammatory signaling
pathways. IQN, as a glycosylated derivative of quercetin, exhibits
strong radical-scavenging activity due to its hydroxyl groups,
thereby reducing ROS levels. This antioxidant effect may
attenuate lipid peroxidation, protein oxidation, and neuronal
sensitization. Furthermore, the anti-nociceptive effect of IQN
may be due to its anti-inflammatory activity or to its analgesic
capacity. In this case, to check its action we used the hot plate
test.

2.2.2 Evaluation of Analgesic Activity of IQN

Based on the bibliography, we find that quercetin-3-O-β-
glucopyranoside has analgesic activity which appears 60 min
after treatment at a dose of 50 mg/kg [21]. For this, we chose to
work with IQN at increasing doses of 5, 15, 30, and 80 mg/kg,
dissolved in water and administered to the rats orally one hour
before the exposure to thermal stimulus (46◦C), measuring the
latency time.

The results found (Figure 3) showed that the treatment of
rats with IQN caused a nonsignificant increase in latency
time following exposure to the thermal stimulus. Indeed, IQN
does not have analgesic activity. Following these results, the
3 of 9



FIGURE 3 Evaluation of analgesic effect of IQN in rats by hot plate
test measuring the latency time (Mann–Whitney U test (n = 5), VS control
group p (0.3–0.8)>0.05).
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FIGURE 4 Effect of IQN on fixation time in suspended string
(Mann–Whitney U test (n = 5), **p < 0,001 vs. control group).

FIGURE 5 Effect of IQN on spent time in open arms of elevated plus
maze (Mann–Whitney U test, (n = 5), *p = 0.05 vs. control).

4

nti-nociceptive activity of IQN shown in the acetic acid test is
ost likely due to its anti-inflammatory activity.

he present findings are consistent with previous studies on
QN and structurally related flavonoids such as quercetin, rutin,
nd kaempferol. Quercetin has been widely reported to exert
nti-inflammatory and analgesic effects through COX inhibi-
ion, suppression of pro-inflammatory cytokines, and antioxidant

echanisms [8].

.2.3 Evaluation of Neuromuscular Toxicity of IQN
sing Behavior Test

n order to verify the neuromuscular toxicity of the IQN molecule,
e used the hanging suspended string test. This test consists to in
easuring the rat’s time fixation and its ability to wrap itself on

he string.

he found results showed that control rats suspended by their
orelegs for 1 min, while rats treated with IQN at increasing doses
rom 5 mg/kg to 80 mg/kg quickly freed themselves from the wire
uickly after only a few seconds (5 s with p < 0.001) (Figure 4).
he reduction in the fixation time of rats on the suspended string
nder the effect of IQN does not depend on the dose administered.

he reaction of treated rats which suspended for a short time with
ail wrapping around the string may be due to the presence of
n anxiolytic and relaxing effect of IQN than to the presence of
euromuscular toxicity. In order to check the state of anxiety in
ats, the elevated maze test was used in evaluation of anxious
esponses. In order to verify that the results obtained in the
anging wire test are associated or not with behavioral changes

inked to anxiety, the rats were subjected to the elevated cross
aze test, this test is recognized for evaluating anxious responses.

he found results showed an increase in the time spent by the rats
n the open arms under the effect of IQN treatment. Thus, the
of 9
observed effect was dose-dependent with a maximum obtained
following treatment with a dose of 80 mg/kg (Figure 5).

Previous studies [22] suggest that quercetin has an anxiolytic
effect [23, 24]. In our study, exploratory behavior was observed
in treated rats, manifested by more frequent movements and
increased exploration of the maze. This observation suggests that
the rats overcame their fear under the effect of IQN. In this case,
the duration of fixation of rats treated on the suspended string test
cannot be explained by the anxiety of the animal under the effect
of IQN which is anxiolytic, but can be explained by the ability
of the animal to overcome fear and face danger by avoiding the
state of phobia. Based on the bibliography we find that caffeine
increases the state of vigilance and reduces phobia [25].

2.3 In Silico Determination of IQN Mechanism
Target by Molecular Docking

Molecular docking and in vitro studies have demonstrated
that quercetin derivatives can bind to the active site of COX
enzymes, stabilizing interactions through hydrogen bonding and
hydrophobic contacts, thereby reducing enzymatic activity [3].
Chemistry & Biodiversity, 2026



FIGURE 6 Visualization of IQN interactions with COX-1: (A)
3D Structure of COX-1-IQN complex; (B) structure 2D of COX-1-IQN
complex.

FIGURE 7 Visualization of IQN interactions with PLA2: (A) 3D
Structure of PLA2-IQN complex; (B) 2D Structure of PLA2-IQN interac-
tions.
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FIGURE 8 Visualization of IQN interactions with RH4: 3D Struc-
ture of RH4-IQN interactions; (B) 2D Structure of RH4-IQN interactions.

C

n this work, we showed that IQN has anti-inflammatory activity
nd in order to determine its mechanism target we used an in-
ilico study by testing the interaction of IQN with the proteins
nvolved in the inflammatory process; cyclooxygenase (COX-1),
hospholipase (PLA2) and histaminic receptor (RH4).

he obtained results (Figures 6–8) showed that the best
nteraction scores of each receptor–ligand complex for COX-
, PLA2 and RH4 with IQN are respectively -10.9, -8.9, and
8.4 kcal/mol. In comparison with quercetin which showed
ffinities of -9.4 kcal/mol for COX-1 [26] and -7.06 kcal/mol for
LA2 [27], IQN showed important affinities to these proteins.
owever, it kept the same affinity as quercetin for RH4 with a

core of -8.7 kcal/mol [28].

he interaction of IQN with residues ASN375, ARG376, ARG374,
nd SER143 of COX-1 (Figure 6) involves only conventional hydro-
en bonds that are important for stabilizing the protein–ligand
omplex.

he interaction with GLY225 involves both a conventional hydro-
en bond and a carbon-hydrogen bond which are considered
hemistry & Biodiversity, 2026
weaker hydrogen bonds when the donor is a polarized carbon
[29]. It also forms two hydrophobic Pi-Alkyl-type bonds with
the amino acids VAL145 and LEU224 that occur when an
aromatic ring interacts with a nearby alkyl group, and a single
Pi-Sigma-type bond with VAL145 [29].

The interaction of IQN with residues TYR50, GLY6, ASP47,
CYS43, and HIS46 of PLA2 (Figure 7) involves conventional
hydrogen bonds. The interaction with GLY28 involves both a
“Pi-Donor” hydrogen bond and a carbon-hydrogen bond. It
also forms a Pi-Alkyl-type bond with ILE29 and a “Pi–Pi T-
shaped” bond with PHE5, which occurs when two π ring systems
are located relative to each other in a T-shaped arrangement
[29].

The interaction of IQN with residues ASP159, SER162, PHE169,
PRO166, SER170, ARG334, and LYS336 of RH4 (Figure 8) involves
conventional hydrogen bonds. The interaction with ALA332
involves two ‘Pi-Alkyl’ type bonds. It also forms two carbon–
hydrogen bonds with PRO335 and LYS158, two “Pi-Anion” type
bonds with GLU163 and GLU165, which exists between a nega-
tively charged atom and the electrons of a delocalized π system
[29, 30] and a Pi-Sigma bond with THR333.

Thus, the molecular docking results revealed important binding
affinity of IQN toward COX-1, PLA2, and RH4, three targets
involved in inflammatory processes [31]. The predicted ligand–
receptor complexes were characterized by several stabilizing
interactions and the absence of unfavorable contacts, suggesting
stable binding within the active sites of these proteins. Such
interactions may interfere with the biological activity of
COX-1 and PLA2, leading to a reduction in the production of
pro-inflammatory mediators derived from arachidonic acid
metabolism. In addition, the interaction of IQN with RH4 may
contribute to the modulation of inflammation-related signaling
pathways.

Collectively, these findings provide a plausible molecular basis
for the anti-inflammatory activity of IQN observed in the
experimental studies.
5 of 9
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Conclusions

verall, the anti-nociceptive activity of IQN can be attributed
o a multifactorial mechanism involving inhibition of COX-

ediated prostaglandin synthesis, reduction of oxidative stress
nd ROS-mediated signaling, and modulation of pain pathways
hrough antioxidant-dependent and independent mechanisms.
hese findings are in agreement with the growing body of

iterature on flavonoids and support the therapeutic potential of
QN as a natural analgesic and anti-inflammatory compound.

Experimental Section

he isoquercetin (quercetin 3-O-beta-D-Glucoside) (IQN)
Figure 1) used in this study was purchased in the form of a yellow
owder and supplied as part of collaboration with the Chemical
ngineering Laboratory of University of Toulouse III.

.1 Preliminary Study

.1.1 ADMET Prediction

olubility and certain pharmacokinetic parameters of IQN were
etermined from the chemical formula using online computer
nalysis by SwissADME (http://www.Swissadme.ch/). Further-
ore, the prediction of the toxicity of the molecule was carried out

y online modeling using the address (https://comptox.charite.
e/protox3/).

.1.2 Monitoring of IQN Level in Rat Organism

n order to verify the stability of the IQN and the effectiveness of
he oral route administration chosen in this study, we developed

high-performance liquid chromatography (HPLC) monitoring
ethod.

he IQN monitoring was carried out in a rat treated 3 days before
acrifice with a dose of 50 mg/kg of IQN orally. The treated rat was
acrificed 1 h after treatment on the third day. Blood, urine and
rgans (heart, kidneys, liver, intestine, and brain) were collected,
omogenized in saline solution and stored at −20◦C.

➢ HPLC Conditions

he used HPLC methodology was equipped with a manual
njector, an oven (25◦C–90◦C), an injection pump and a UV/Vis
etector. This device is linked to control and integration software
ChemStation-Agilent Technologies).

ased on the bibliography and after optimization, the determina-
ion of IQN levels by HPLC was carried out under the following
onditions [11]:

Column: C18 (4.6×250 mm id), ∙ Temperature: 50◦C, ∙ Flow rate:
mL/min,∙ Wavelength: 375 nm, ∙ Mobile phase: Acetonitrile/bi-
istilled water (70:30 v/v), in isocratic mode.

➢ Isoquercetin Extraction
of 9
For the quantification of the IQN by HPLC in a biological matrix,
we opted for a liquid/liquid extraction as in the studies cited in the
literature [32, 33]. The extraction procedure is detailed in Table 2.

4.1.3 Diphenyl-1-picrylhydrazyl (DPPH) Radical
Scavenging Assay

The DPPH assay was based on the method reported by Blois [34].

IQN sample was added at different concentrations (0,97–
15,6 μg/mL) to 1 mL of 1,1-diphenyl-2-picrylhydrazyl (DPPH)
dissolved in methanol to 100 mM. The mixture was incubated at
room temperature for 30 min and then the absorbance of stable
DPPH was determined at 517 nm using a UV/vis spectropho-
tometer. The concentration of DPPH was calculated using a
standard curve. The free radical scavenging activity was expressed
as follows:

%Inhibition =
((

𝐶0 − 𝐶𝑠𝑎𝑚𝑝𝑙𝑒

)
∕𝐶0

)
∗ 100

where, C0 = Concentration of DPPH in negative control and
Csample = Concentration of DPPH in the sample.

4.2 In Vivo Study of the Antalgic Activity of IQN

4.2.1 Animals

Six-week-old healthy male Wistar rats (100 rats) were housed
by pairs in cages (25/50 cm) and maintained at 23◦C, 12/12-h
light/dark cycle under specific pathogen-free conditions. The rats
were allowed to acclimatize in the experimental medicine unit for
a period of one week before the beginning of the study. During
the experiment period, they received a commercial pellet diet
and water ad libitum. Rats weighing 200 g were used for the
experiments. All experimental procedures were approved by the
Ethics Committee of the School of Medicine of Tunis according to
the standards of the International Council for Laboratory Animal
Science (ICLAS). This committee does not issue formal ethical
approval numbers for animal studies. Therefore, no approval
number is available.

4.2.2 Choice of Treatment Dose With IQN

Based on the literature, quercetin-3-O-β-glucopyranoside has
been found to have analgesic activity that manifests 60 min after
treatment at a dose of 50 mg/kg [21]. Another study found that
quercetin-3,7-O-dimethyl ether has an analgesic effect at lower
doses (3, 6, and 9 mg/kg) [35]. Therefore, the treatment doses with
IQN in this work were used at increasing doses of 5, 15, 30, and
80 mg/kg.

4.2.3 Experimental Animal Model

The rats were divided into five groups (n = 5), four of which were
treated with 5 mL/kg of increasing doses of IQN by oral gavage
(5, 15, 30, and 80 mg/kg per os) and the control group received
Chemistry & Biodiversity, 2026
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TABLE 2 Procedure of Isoquercetin extraction from plama sample or organ homogente obtaned from tratred rat with IQN at 50 mg/kg dose per
os.

Tubes Tube 1 Control (0 IQN): Tubes 2 to 6 calibration curve
Tubes 7 to 13 Sample of treated Rat

with IQN:

Plasma [IQN] = 0 + 200 μL +150 μL —
Isoquercetin solution +50 μL of IQN solution at

increasing concentrations at each
tube: 50/ 100/ 150/ 200/ 250 μg/mL

Plasma or Urine or
Homogenatetissue

+200 μL

Each tube

Acetonitrile +200 μL
+Vortex for 1 mn
+Centrifugation for 20 min at 4000 rpm at 4◦C
+Injection of 50 μL of the upper phase into the HPLC system
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ormal saline. One hour after treatment, behavioral tests were
arried out in rats.

➢ Writhing test

ach rat treated per os by IQN, was hurt 30 min later by an
ntraperitoneal injection of a 3% acetic acid aqueous solution
5 mL/ kg body weight). The rat was immediately placed in a
ransparent observation cage and the number of writhing was
ounted for 60 min.

➢ Hot Plate test

he hot plate test is a behavioral model of nociception which is
ommonly employed to screen analgesic drug effects. During a
ot plate test, rats display several noxious-evoked patterns as well
s exploratory and self-care responses. The Hot plate test uses
he reflexes of the thermal pain due to the contact of the paws
ith a heated surface. The rats were placed on a heated plate
aintained at a constant temperature of 48◦C. During the hot

late test period, we noted the latency time before the rat elevated
nd licked its paws and jumped along [36].

➢ Elevated plus maze

nxiety was assessed using the elevated plus maze. The rat
as given the choice of spending time in open and unprotected
aze arms or enclosed and protected arms; the maze was

pproximately 60 cm from the floor [37, 38]. The closed arms
epresent security, while the open arms test the exploratory
apacity of rats. The session duration was 2 min and began when
he rat was placed in the center of the maze facing an open arm.
uring this experiment the following parameters were measured:
hemistry & Biodiversity, 2026
time spent in the open arms and time spent in the closed arms.
This test was repeated three times successively with a 5 min stop
each time. The elevated maze apparatus was wiped out using a
10% alcohol solution before the following animal was introduced,
so as to preclude the possible cuing effects of odors left by previous
subjects.

➢ Suspended string

The suspended string test was designed to evaluate the muscular
strength of the animals. The rats were hung by their two forepaws
from the middle of a wire (50 cm in length and 1 mm in diameter)
and the holding time was measured, with a maximal time of 60
s. Each animal was submitted to three trials separated by 15 min
intervals, during which it was returned to its home cage [38].

4.2.4 Statistical Analyses

The results stated as averages ± standard deviation. All analyses
were carried out with Biostat software for Windows. Significant
differences between rats groups (n = 5) were determined by
the Mann–Whitney U test (nonparametric test) for multiple
comparisons with statistical significance when p < 0.05.

4.3 Molecular Docking

The ligand molecule (quercetin-3-o-glucoside) was drawn using
the freeware ChemSketch software and saved using Discovery
Studio in “.pdb” format.

The structures of the protein molecules (phospholipase A2,
cyclooxygenase 1, and histamine H4 receptor) were downloaded
7 of 9
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rom the Protein Data Bank website (rcsb.org), respectively with
he following identifiers: 3N8V, 6KQU, and 8HN8.

he downloaded protein structure is edited either by the Swiss
db Viewer (SPDBV) application or by WordPad.

he interaction region was identified from the website (https://
rankweb.cz/).

olecular Docking analysis was generated using the Auto Dock-
ina tool.

he positions found were saved by the Python Molecular Viewer
PMV) software.

he 2D and 3D diagrams of the ligand-receptor interactions in
ach position were visualized using Discovery Studio software.

uthor Contributions

idha Ben Ali: conceptualization, software, supervision, methodology,
alidation, formal analysis, visualization, project administration, writing
original draft. Dorra Ben said: investigation, writing – review editing.
ariam Bourounia: data curation, investigation, writing – review

diting. Jalloul Bouajila: writing – review editing, resources. Abada
hamdi: resources. Sihem El Aidli: resources.

cknowledgments

he authors are grateful to Pr.Michele Veronique El May for his help
uring the animal experimentation period.

pen Access funding enabled and organized by CNUDST.

onflicts of Interest

he authors declare no conflicts of interest.

ata Availability Statement

he data that support the findings of this study are available from the
orresponding author upon reasonable request.

eferences

1. S. S. Baghel, N. Shrivastava, R. S. Baghel, P. Agrawal, and S. Rajput,
A Review of Quercetin: Antioxidant and Anticancer Properties,” World
ournal of Pharmacy & Pharmceutical Sciences 1 (2012): 146–160.

. A. Maalik, F. A. Khan, A. Mumtaz, et al., “Pharmacological Applica-
ions of Quercetin and Its Derivatives: A Short Review,” Tropical Journal
f Pharmaceutical Research 13 (2014): 1561–1566, https://doi.org/10.4314/
jpr.v13i9.26.

. D. Wang and R. N. Dubois, “The Role of COX-2 in Inflammation
nd Cancer,” Gut 68 (2019): 116–127, https://doi.org/10.1136/gutjnl-2018-
16971.

. A. V. Anand David, R. Arulmoli, and S. Parasuraman, “Overviews of
iological Importance of Quercetin: A Bioactive Flavonoid,” Pharmacog-
osy Reviews 10 (2016): 84–89.

. W. Mullen, C. A. J.-M. Rouanet, S. T. C. P.-L. Teissèdre, and R.
. Hartley, “Bioavailability of [2-14C]Quercetin-4′-glucoside in Rats,”

ournal of Agricultural and Food Chemistry 56 (2008): 12127–12137, https://
oi.org/10.1021/jf802754s.
of 9
6. Y. Li, J. Yao, C. Han, et al., “Quercetin: A Review of Pharmacological
Properties,” Food Chemistry 313 (2020): 126–145, https://doi.org/10.1016/j.
foodchem.2019.126145.

7. R. T. Magar and J. K. Sohng, “A Review on Structure, Modifications and
Structure–Activity Relation of Quercetin and Its Derivatives,” Journal of
Microbiology and Biotechnology 30 (2020): 11–20, https://doi.org/10.4014/
jmb.1907.07003.

8. D. Xu, M. J. Hu, Y. Q. Wang, and Y. L. Cui, “Antioxidant and Anti-
Inflammatory Effects of Flavonoids,” Molecules 26 (2021): 123, https://doi.
org/10.3390/molecules26010123.

9. H. Yang, Y. Song, and Y. N. Liang, “Isoquercetin Reduces Inflammation
via NF-κB Pathway Inhibition,” International Immunopharmacology 104
(2022): 108–115, https://doi.org/10.1016/j.intimp.2022.108115.

10. L. Chen, H. Teng, Z. Jia, S. Battino, M. Miron, and G. Yu, “Intracellular
Signaling Pathways of Inflammation Modulated by Flavonoids,” Critical
Reviews in Food Science and Nutrition 60 (2020): 290–310, https://doi.org/
10.1080/10408398.2018.1512246.

11. K. S. Abdelkawy, M. E. Balyshev, and F. Elbarbry, “A New Validated
HPLC Method for the Determination of Quercetin: Application to Study
Pharmacokinetics in Rats,” Biomedical Chromatography 31 (2017): e3819,
https://doi.org/10.1002/bmc.3819.

12. H. Khan, H. Ullah, M. Aschner, M. F. Cheang, and H. T. Akkol,
“Flavonoids as COX Inhibitors: Docking and Pharmacological Insights,”
Biomedicine & Pharmacotherapy 138 (2021): 111–118, https://doi.org/10.
1016/j.biopha.2021.111458.

13. P. Singh, Y. Arif, A. Bajguz, and S. Hayat, “The Role of Quercetin in
Plants and human Health,” Plants 10 (2021): 209, https://doi.org/10.3390/
plants10010209.

14. J. Ali, P. Camilleri, M. B. Brown, A. J. Hutt, and S. B. Kirton, “In
Silico Prediction of Aqueous Solubility Using Simple QSPR Models: The
Importance of Phenol and Phenol-Like Moieties,” Journal of Chemical
Information and Modeling 52 (2012): 2950–2957, https://doi.org/10.1021/
ci300447c.

15. M. G. Maharani, S. R. Lestari, and B. Lukiati, “Molecular Docking
Studies of Flavonoid Quercetin, Isoquercetin, and Kaempferol of Single
Bulb Garlic (Allium sativum) to Inhibit Lanosterol Synthase as Anti-
hypercholesterol Therapeutic Strategies,” Aip Conference Proceedings 2231
(2020): 1551–7616.

16. R. Chowdhury, M. S. Bhuia, A. I. Rakib, et al., “Assessment of
Quercetin Antiemetic Properties: In Vivo and In Silico Investigations
on Receptor Binding Affinity and Synergistic Effects,” Plants (Basel) 12
(2023): 4189, https://doi.org/10.3390/plants12244189.

17. C. G. Silva, R. J. Raulino, D. M. Cerqueira, et al., “In Vitro and
In Vivo Determination of Antioxidant Activity and Mode of Action of
Isoquercitrin and Hyptisfasciculata,” Phytomedicine 16 (2009): 761–767,
https://doi.org/10.1016/j.phymed.2008.12.019.

18. X. Li, Q. Jiang, T. Wang, J. Liu, and D. Chen, “Comparison of the
Antioxidant Effects of Quercitrin and Isoquercitrin: Understanding the
Role of the 6″-OH Group,” Molecules 21 (2016): 1246, https://doi.org/10.
3390/molecules21091246.

19. K. Valentová, J. Vrba, M. Bancířová, J. Ulrichová, and V. Křen,
“Isoquercitrin: Pharmacology, Toxicology, and Metabolism,” Food and
Chemical Toxicology 68 (2014): 267–282, https://doi.org/10.1016/j.fct.2014.
03.018.

20. V. VinothPrabhu, G. Nalini, N. Chidambaranathan, and S. Kisan,
“Evaluation of Anti-inflammatory and Analgesic Activity of Tridax-
procumbens Linn Against Formalin, Acetic Acid and CFA Induced Pain
Models,” International Journal of Pharmacy and Pharmaceutical Sciences
3 (2011): 126–130.

21. B. K. Datta, S. K. Datta, M. M. Chowdhury, et al., “Analgesic, Anti-
inflammatory and CNS Depressant Activities of Sesquiterpenes and
a Flavonoid Glycoside From Polygonumviscosum,” Die Pharmazie 59
(2004): 222–225.
Chemistry & Biodiversity, 2026

https://prankweb.cz/
https://doi.org/10.4314/tjpr.v13i9.26
https://doi.org/10.1136/gutjnl-2018-316971
https://doi.org/10.1021/jf802754s
https://doi.org/10.1016/j.foodchem.2019.126145
https://doi.org/10.4014/jmb.1907.07003
https://doi.org/10.3390/molecules26010123
https://doi.org/10.1016/j.intimp.2022.108115
https://doi.org/10.1080/10408398.2018.1512246
https://doi.org/10.1002/bmc.3819
https://doi.org/10.1016/j.biopha.2021.111458
https://doi.org/10.3390/plants10010209
https://doi.org/10.1021/ci300447c
https://doi.org/10.3390/plants12244189
https://doi.org/10.1016/j.phymed.2008.12.019
https://doi.org/10.3390/molecules21091246
https://doi.org/10.1016/j.fct.2014.03.018


2
M
A
F
h

2
P
a
7

2
v
i
P
1

2
u
N
B
1

2
S
E
J
1

2
N
O

2
i
t
o

2
a
t
Q
J

3

3
S
u
1

3
I
U
n
1

3
a
B
n
m

3
V
O
E
h

3
“
o

3
A
C
D
t

C

2. F. Chen, J. Sun, C. Chen et al., “Quercetin Mitigates
ethamphetamine-Induced Anxiety-Like Behavior Through
meliorating Mitochondrial Dysfunction and Neuroinflammation,”
rontiers in Molecular Neuroscience 28, no. 15 (2022): 829886,
ttps://doi.org/10.3389/fnmol.2022.829886.

3. N. Samad, A. Saleem, F. Yasmin, and M. A. Shehzad, “Quercetin
rotects Against Stress-induced Anxiety- and Depression-Like Behavior
nd Improves Memory in Male Mice,” Physiological Research 67 (2018):
95–808, https://doi.org/10.33549/physiolres.933776.

4. M. L. Toumi, S. Merzoug, B. Baudin, and A. Tahraoui, “Quercetin Alle-
iates Predator Stress-Induced Anxiety-Like and Brain Oxidative Signs
n Pregnant Rats and Immune Count Disturbance in Their Offspring,”
harmacology Biochemistry and Behavior 107 (2013): 1–10, https://doi.org/
0.1016/j.pbb.2013.03.009.

5. R. Ben Ali, A. Ben Othman, K. Bokri, et al., “Synthesis and Eval-
ation of Analgesic, Behavioral Effects and Chronic Toxicity of the
ew 3,5-diaminopyrazole and Its Precursor the Thiocyanoacetamide,”
iomedicine & Pharmacotherapy 86 (2017): 109–117, https://doi.org/10.
016/j.biopha.2016.11.119.

6. J. Aishwarya and B. Kiran, “Targeting VEGFR2 and COX-2: In
ilico Assessment of Quercetin and Gallic Acid From Saraca Asoca for
nhanced Wound Healing and Anti-Inflammatory Response,” African

ournal of Biomedical Research 27, no. 4s (2024): 13488–13498, DOI.org/
0.53555/AJBR.v27i4S.6279.

7. P. H. Delmondes and R. Stefani, “Molecular Docking Studies of
atural Phenolic Compounds and Derivatives With Phospholipase A2,
rbital Electron,” Journal of Chemistry 10 (2018): 467–474.

8. C.-C. Yang, H.-J. Li, Y.-L. Hung, et al., “Quercetin Inhibits Histamine-
nduced Calcium Influx in Human Keratinocyte via Histamine H4 Recep-
ors,” International Immunopharmacology 96 (2021): 107620, https://doi.
rg/10.1016/j.intimp.2021.107620.

9. J. S. Gómez-Jeria, A. Robles-Navarro, G. Kpotin, N. Garrido-Sáez,
nd N. Gatica-Díaz, “Some Remarks About the Relationships Between
he Common Skeleton Concept Within the Klopman–Peradejordi–Gómez
SAR Method and Weak Molecule-Site Interactions,” Chemistry Research

ournal 5 (2020): 32–52.

0. (Doublon de la référence 9 – à supprimer lors de la version finale).

1. A. Ettitaou, H. Kabdy, K. Oubella, et al., “Enhanced G-quadruplex
electivity of Flavonoid Glycoside Rutin Over Quercetin,” Natural Prod-
ct Research 36 (2024): 3469–3473, https://doi.org/10.1080/14786419.2020.
859505.

2. E. Ranjbari, P. Biparva, and M. R. Hadjmohammadi, “Utilization of
nverted Dispersive Liquid–Liquid Microextraction Followed by HPLC-
V as a Sensitive and Efficient Method for the Extraction and Determi-
ation of Quercetin in Honey and Biological Samples,” Talanta 89 (2012):
17–123, https://doi.org/10.1016/j.talanta.2011.11.079.

3. M. Sun, Y. Yin, J. Wei, et al., “Development and Validation of
HPLC-MS/MS Method for Simultaneous Determination of Twelve

ioactive Compounds in Epimedium: Application to a Pharmacoki-
etic Study in Rats,” Molecules 23 (2018): 1322, https://doi.org/10.3390/
olecules23061322.

4. A. Padmaja, C. Rajasekhar, A. Muralikrishna, and
. Padmavathi, “Synthesis and Antioxidant Activity of
xazolyl/Thiazolylsulfonylmethylpyrazoles and Isoxazoles,”
uropean Journal of Medicinal Chemistry 46 (2011): 5034–5038,
ttps://doi.org/10.1016/j.ejmech.2011.08.010.

5. E. Qnais, Y. Bseiso, K. Kayed, M. Wedyan, and H. Alkhateeb,
Analgesic Effect of Quercetin 3,7-o-Dimethyl Ether Isolated From Salvia
fficinalis,” Pharmacologyonline 2 (2018): 64–73.

6. R. Omrani, R. Ben Ali, W. Selmi, Y. Arfaoui, M. V. El May, and A. Ben
kacha, “Synthesis, Design, DFT Modeling, Hirshfeld Surface Analysis,
rystal Structure, Anti-oxidant Capacity and Anti-Nociceptive Activity of
imethylphenylcarbamothioylphosphonate,” Journal of Molecular Struc-

ure 1217 (2020): 128429, https://doi.org/10.1016/j.molstruc.2020.128429.
hemistry & Biodiversity, 2026
37. L. Prut and C. Belzung, “The Open Field as a Paradigm to Measure the
Effects of Drugs on Anxiety-Like Behaviors: A Review,” European Journal
of Pharmacology 463 (2003): 3–33, https://doi.org/10.1016/S0014-2999(03)
01272-X.

38. M. Maaroufi, M. Ammari, M. Elferchichi, et al., “Effects of Combined
Ferrous Sulphate Administration and Exposure to Static Magnetic Field
on Spatial Learning and Motor Abilities in Rats,” Brain Injury 27 (2013):
492–499, https://doi.org/10.3109/02699052.2012.750753.
9 of 9

https://doi.org/10.3389/fnmol.2022.829886
https://doi.org/10.33549/physiolres.933776
https://doi.org/10.1016/j.pbb.2013.03.009
https://doi.org/10.1016/j.biopha.2016.11.119
http://DOI.org/10.53555/AJBR.v27i4S.6279
https://doi.org/10.1016/j.intimp.2021.107620
https://doi.org/10.1080/14786419.2020.1859505
https://doi.org/10.1016/j.talanta.2011.11.079
https://doi.org/10.3390/molecules23061322
https://doi.org/10.1016/j.ejmech.2011.08.010
https://doi.org/10.1016/j.molstruc.2020.128429
https://doi.org/10.1016/S0014-2999(03)01272-X
https://doi.org/10.3109/02699052.2012.750753

	In Vivo Anti-Nociceptive Activity of Isoquercetin in Rats Supported by ADMET and Molecular Docking Analysis
	1 | Introduction
	2 | Results and Discussion
	2.1 | Preliminary Study
	2.1.1 | ADMET Prediction
	2.1.2 | In Vitro Evaluation of Antioxidant Capacity of IQN
	2.1.3 | In Vivo Verification of the Effectiveness of IQN per os Administration

	2.2 | In Vivo Evaluation of Biological Activity of IQN in Rats
	2.2.1 | Evaluation of Anti-Nociceptive Effect of IQN
	2.2.2 | Evaluation of Analgesic Activity of IQN
	2.2.3 | Evaluation of Neuromuscular Toxicity of IQN Using Behavior Test

	2.3 | In Silico Determination of IQN Mechanism Target by Molecular Docking

	3 | Conclusions
	4 | Experimental Section
	4.1 | Preliminary Study
	4.1.1 | ADMET Prediction
	4.1.2 | Monitoring of IQN Level in Rat Organism
	4.1.3 | Diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Assay

	4.2 | In Vivo Study of the Antalgic Activity of IQN
	4.2.1 | Animals
	4.2.2 | Choice of Treatment Dose With IQN
	4.2.3 | Experimental Animal Model
	4.2.4 | Statistical Analyses

	4.3 | Molecular Docking

	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


