
11236

Abstract. – OBJECTIVE: This study aimed to 
assess the antinociceptive activity of herbace-
tin using chemically and thermally induced no-
ciception in a mouse model. 

MATERIALS AND METHODS: The antinoci-
ceptive effects of various herbacetin doses (50, 
100, 150, and 200 µg/kg) were assessed in mice 
using the acetic acid-induced writhing test, hot 
plate test, and formalin-induced paw-licking as-
say. The effects were compared to those of mice 
treated with acetylsalicylic acid or morphine in 
the presence or absence of naloxone (an opi-
oid receptor antagonist). Capsaicin- and gluta-
mate-induced paw-licking tests were also used 
to evaluate the involvement of the vanilloid and 
glutamatergic systems, respectively. Pro-inflam-
matory mediators: Interleukin-1-beta (IL-1β), Tu-
mour Necrosis Factor alpha (TNF-α), Interfer-
on-gamma (IFN-γ), and Nitric Oxide (NO) were 
also assessed.

RESULTS: Herbacetin produced significant 
dose-dependent inhibition of nociceptive be-
havior in the acetic acid-induced writhing test, 
showing 65% inhibition at a dose of 200 µg/kg. 
Herbacetin also caused a significant increase in 
the latency period in response to the hot plate 
test (70% at 200 µg/kg), and significantly in-
hibited both the neurogenic and inflammatory 
phases in the formalin-induced paw-licking test. 
Naloxone significantly reverses the effect of her-
bacetin in both the hot plate and formalin-in-
duced paw-licking test. Moreover, herbacetin 
significantly inhibited the neurogenic nocicep-
tion induced by intraplantar injections of capsa-
icin and glutamate (75% and 48%, respectively, 
at a dose of 200 µg/kg). Pro-inflammatory cyto-
kines IL-1β, TNF-α, IFN-γ, and NO in the serum of 
mice were assessed. These cytokines were sig-
nificantly inhibited by herbacetin (100 and 200  
µg/kg). Thus, herbacetin exhibited peripheral 
and central antinociception through the modula-
tion of vanilloid receptors, opioid receptors, and 
the glutamatergic system.

CONCLUSIONS: Herbacetin possesses anti-
nociceptive activity in adult mice that is mediat-
ed through both central and peripheral pathways.
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Introduction

Pain is an unpleasant sensation that may be 
caused by damage to body tissues or is associat-
ed with this damage1. Most scientists concur that 
pain, whether brought on by actual or potential 
tissue damage, aids in preventing additional injury 
to the organism. Nociceptive pain, which typical-
ly happens when nociceptors are activated by ex-
treme cold, high heat, hard mechanical stimuli, or a 
range of chemical stimuli, is one of the two prima-
ry types of pain brought on by harmful stimuli to 
the bodily tissues2. Understanding the fundamental 
mechanisms of pain, including the neurotransmit-
ter systems, neuromodulators, ion channels, and 
receptors involved in the pain neural pathways, has 
received a lot of interest in recent years3,4.

The presence of pain has numerous negative 
effects, including reducing the overall quality of 
life, decreasing productivity, increasing absen-
teeism from work, causing disability, and even 
leading to unemployment in up to one-third of the 
population. As a result, the annual cost associat-
ed with these outcomes is estimated to be in the 
billions of dollars5. Despite the high cost of treat-
ment, predicting the effectiveness of analgesics 
for individual patients is difficult and often falls 
short of expectations for pain relief. This could 
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be partly explained by the side effects of many 
drugs, which may discourage patients from ad-
hering to physicians’ recommendations.

Non-steroidal anti-inflammatory drugs 
(NSAIDs) are frequently used to relieve pain 
brought on by inflammation. However, their pro-
longed usage has been associated with a number 
of serious negative consequences, such as bleed-
ing, peptic ulcers, and gastrointestinal lesions6. 
Despite being a frequently used therapeutic op-
tion, these risks highlight the need for caution and 
close monitoring when prescribing NSAIDs for 
extended periods. 

Similarly, opioids are a significant class of 
analgesics that are often used to treat short-term 
post-operative or neurogenic pain. Opioids, how-
ever, have a number of serious adverse effects, 
such as constipation, respiratory depression, and 
tolerance7. Alternative therapeutic agents, such as 
plant-based pharmaceuticals, are therefore receiv-
ing more attention as prospective therapy choices 
because they have a milder action and fewer ad-
verse effects.

Various models can be used to evaluate the 
antinociceptive properties of a compound. The 
acetic acid-induced writhing test is one such 
model that induces activation of a non-selective 
ion channel in peripheral nociceptive fibers8. In 
addition to this direct activation, acetic acid also 
indirectly stimulates the release of multiple auta-
coid mediators, including serotonin, histamine, 
bradykinin, and substance P, and increases lev-
els of prostaglandins (E2 and F2)9. Additionally, 
acetic acid triggers the synthesis of lipoxygenase, 
which in turn causes the activation of peripheral 
nociceptive neurons. Furthermore, another model 
used to assess antinociceptive effects is the hot 
plate test10. In this test, stimulation of a hot plate 
induces paw licking and jumping behavior at the 
supraspinal level, and the duration of these re-
sponses can be used to evaluate animal behavior. 
The latency period of mice in the hot plate test can 
be prolonged only by centrally-acting opioid-like 
medications; peripherally-acting medicines can-
not. An additional model for evaluating antinoci-
ceptive effects is the formalin-induced paw-lick-
ing test11. Following formalin injection, this test 
shows two separate periods of nociceptive behav-
ior. Within seconds of formalin injection, the first 
phase begins and lasts for around five minutes. 
This is referred to as the neurogenic phase, and 
it is brought on by formalin’s direct interaction 
with pain receptors. The second phase, known as 
the inflammatory phase, starts 15 to 30 minutes 

after formalin administration and is brought on 
by the production of inflammatory mediators like 
histamine, prostaglandins, and bradykinins12. An-
other model utilized in pain research is the cap-
saicin-induced paw-licking test. This test brings 
on both analgesia and hyperalgesia. Chili pepper 
constituent capsaicin activates the transient re-
ceptor potential vanilloid 1 (TRPV1) receptor, 
causing an influx of calcium ions (Ca2+) and so-
dium ions (Na+), primarily Ca2+, into afferent 
neurons. This activation subsequently stimulates 
C- or Aδ-fibers, resulting in neurogenic pain13-15. 
Additionally, a glutamate-induced paw-licking 
test is another model used in pain research. Glu-
tamate is a crucial excitatory amino acid and neu-
rotransmitter that is abundant in the central ner-
vous system and essential for many physiological 
and pathophysiological processes16. Glutamate re-
ceptors are found in both the central and periph-
eral nervous systems, and their activation leads to 
nociceptive transmission, making them relevant 
to the study of pain.

Due to their abundant occurrence in plants and 
considerable pharmacological activity, flavonoids 
have attracted the attention of researchers. Stud-
ies17 have shown that flavonoids are involved in 
inflammation and antinociception. It has been dis-
covered that a number of flavonoids bind to opioid 
and gamma-amino butyric acid-A (GABAA) re-
ceptors, producing strong antinociceptive effects 
in a variety of pain models. This analgesic effect 
may be brought on either directly by inhibiting 
peripheral afferent pathways or inadvertently by 
increasing traffic on descending pathways18,19.

A flavonoid molecule called herbacetin 
(3,4,5,7,8-pentahydroxyflavone) has been isolated 
principally from the plants Rhodiola rosea L. and 
Ephedrae herba L. Anti-diabetic, anti-cancer, an-
tiviral and possible neuroprotective actions are 
documented therapeutic effects of herbacetin20. 
In addition, several studies21-24 have reported an-
tioxidant effects for herbacetin. Oxidative stress 
can have detrimental effects on cell structures, 
proteins, lipids, and DNA, leading to various dis-
eases, including cancer21, diabetes22, atherosclero-
sis23, and neurodegenerative diseases24. Further-
more, herbacetin exhibited potent free radical 
scavenging activity and effectively inhibited pro-
tein oxidation25. Additionally, it was found to pro-
tect against oxidative damage and carbonylation 
induced by Cu2+-H2O2 or 2,2′-azobis (2-meth-
ylpropionamidine) dihydrochloride (AAPH) in a 
concentration-dependent manner. Herbacetin dis-
plays antiviral properties and shows promise as a 
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potential antiviral agent. Studies26 have reported 
that herbacetin effectively reduced the cytopath-
ic effects (CPEs) induced by H1N1 (A/PR/8/34) 
and H9N2 (A/Chicken/Korea/MS96/96) viruses 
in Madin-Darby canine kidney cells. Moreover, 
Jo et al27 demonstrated that herbacetin effectively 
inhibited the enzymatic activity of the viral prote-
ase SARS-CoV 3CLpro. The inhibition occurred 
through herbacetin’s binding to the His41 and 
Gln189 residues in the S2 site of the viral prote-
ase. Furthermore, herbacetin has been reported 
to exhibit anti-cancer properties, including the 
inhibition of tumor-cell metastasis, induction of 
apoptosis, and display of cytotoxic effects. Hyu-
ga et al28 found that herbacetin could suppress the 
motility of MDA-MB-231 human breast cancer 
cells induced by hepatocyte growth factor (HGF) 
by inhibiting c-Met and AKT phosphorylation, 
without affecting cell viability. The study also 
demonstrated that herbacetin effectively inhib-
ited c-Met tyrosine kinase activity in vitro in a 
concentration-dependent manner.

Moreover, the anti-diabetic effect of herbace-
tin was also reported. Herbacetin has demon-
strated its potential in improving high-fat-di-
et-induced type 2 diabetes (T2D) in C57BL/6 J 
mice by positively impacting insulin levels and 
regulating liver lipid metabolism. This regula-
tion involves the modulation of lipid regulatory 
enzymes, including fatty acid synthase (FAS), 
carnitine palmitoyltransferase (CPT), fatty acid 
β-oxidation (β-oxidation), glucose 6-phosphate 
dehydrogenase (G6PD), and sterol regulatory el-
ement-binding proteins (SREBPs) 1c and 229. In 
the context of diabetes treatment, an important 
target is fructose-1,6-bisphosphatase (FBPase), 
which plays a regulatory role in the gluconeogen-
esis pathway. Proença et al30 have reported that 
herbacetin effectively inhibits human FBPase by 
forming a stable interaction with the Glu30 side 
chain and the Thr24 backbone of the enzyme.

Previous studies31 have reported that her-
bacetin exhibits anti-inflammatory properties 
by reducing the expression of pro-inflammatory 
cytokines, demonstrating antioxidant activity, 
and inhibiting nuclear factor-κB (NF-κB) and 
inducible nitric oxide synthase (iNOS) in vari-
ous systems. It also suppresses the production of 
prostaglandin E2 and has the potential to alleviate 
neurodegenerative diseases. However, no study 
has investigated the role of herbacetin in pain 
treatment32. 

By using a variety of nociception models, such 
as the acetic acid-induced writhing test, hot plate 

test, formalin-induced paw-licking test, capsa-
icin-induced paw-licking test, and glutamate-in-
duced paw-licking test, the current study aimed 
to investigate the antinociceptive potential of 
herbacetin in male mice. Additionally, the study 
sought to determine if any potential mechanisms 
of antinociception exhibited by herbacetin could 
be identified through conducting different noci-
ception behavioral tests.

Materials and Methods

Experimental Animals
This study was conducted using adult male 

Swiss albino mice that were bred and raised at the 
Animal House Unit of the Hashemite Universi-
ty and weighed between 25-29 g. The necessary 
approvals for animal care and experimentation 
procedures were obtained from the Animal Re-
search Ethics Committee at Hashemite University 
(IRB number: HU 104/2022), and all procedures 
were performed in compliance with the National 
Institutes of Health Guide for the Care and Use of 
Laboratory Animals33.

The mice were maintained in a regulated envi-
ronment with a temperature of 20±2°C and a 12-
hour light/dark cycle where the lights were turned 
on in a range of 6 to 18 hours per day. They were 
provided with unrestricted access to food and wa-
ter. To minimize stress, the mice were transferred 
to the testing area an hour before the experiments 
to adapt to the laboratory settings. During the 
animal experiments, two trained observers, who 
were not informed about the experimental design, 
observed the mice to avoid bias. The experiments 
were carried out in a room that was soundproofed.

Acetic Acid‑Induced Writhing Test 
Six groups of mice were given intraperitoneal 

treatment according to the previously described 
method34. The first group, which served as a con-
trol, received a solution consisting of 5% dimeth-
ylsulfoxide (DMSO) and 95% distilled water. The 
remaining four groups were given herbacetin 
(SMB00355, Sigma-Aldrich, Merck, Burlington, 
MA, USA) in doses of 50, 100, 150, and 200 µg/
kg, respectively, in the same vehicle solution. The 
sixth group received a dosage of 100 mg/kg of ace-
tylsalicylic acid (A5376, Sigma-Aldrich, Merck, 
Burlington, MA, USA). The doses of herbacetin 
were chosen based on prior pilot experiments. Af-
ter 60 minutes, a dose of 10 mL/kg of body weight 
of acetic acid 0.6% (A6283, Sigma Aldrich, Mer-
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ck, Burlington, MA, USA) was administered to 
each mouse, following the vehicle, herbacetin, or 
acetylsalicylic acid (ASA) treatments.

During this experiment, the researchers ob-
served the mice for a period of 30 minutes after 
administering acetic acid and recorded the num-
ber of complete writhing events. Complete writh-
ing was defined as body elongation, abdominal 
contraction, twisting of the pelvis, and/or trunk 
twisting accompanied by the extension of limbs.

To determine the percentage of inhibition of 
writhing (PIW), the following formula: % Inhibi-
tion = [(C - T) / C] x 100 was used. Here, C rep-
resents the number of writhing episodes observed 
in the control group, and T represents the num-
ber of writhing episodes observed in the treated 
group.

Hot Plate Test
Eight groups of mice were used in this test. 

The vehicle control group, group one, was given 
a solution consisting of 5% DMSO in distilled 
water. Groups two to five were treated with her-
bacetin at doses of 50, 150, 150, and 200 µg/kg, 
respectively. Group seven received Morphine 
(M8777, Sigma Aldrich, Merck, Burlington, MA, 
USA) that was dissolved in sterile saline and ad-
ministered intraperitoneally at a dosage of 5 mg/
kg. To test for the involvement of the opioidergic 
system, groups six and eight received naloxone 
hydrochloride (BP548, Merck, Burlington, MA, 
USA), a non-selective opioid receptor antagonist, 
at a dosage of 5 mg/kg intraperitoneally, 15 min-
utes prior to treatment with herbacetin (200 µg/
kg) and morphine (5 mg/kg i.p.), respectively. All 
treatments were administered intraperitoneally 
and were given 60 minutes before subjecting the 
mice to testing with the analgesiometer hot plate 
at a temperature of 55±5°C. In order to determine 
the reaction time of the mice, we recorded the 
time interval between placing the animal on the 
hot plate and when it started to paw lick. The re-
action time was measured twice: first before treat-
ment and then again 60 minutes after treatment. 
The results were expressed as the percentage in-
crease in baseline, which was calculated using the 
following formula: percentage increase in base-
line = [(A-B) / B] × 100. Here, A represents the re-
action time after treatment, and B represents the 
reaction time before treatment35.

Formalin‑Induced Paw Licking Test
Nine groups of mice were used. The first 

group, referred to as the vehicle control, was giv-

en distilled water containing 5% DMSO. The sec-
ond to fifth groups were treated with herbacetin at 
doses of 50, 100, 150, and 200 µg/kg, respective-
ly. The sixth group was administered morphine 
(5 mg/kg), while the seventh group received ASA 
(100 mg/kg).

To investigate the role of the opioidergic 
system. Opioid receptor antagonist, naloxone 
hydrochloride (5 mg/kg, i.p.), was administered 
to group eight or morphine (5 mg/kg) to group 
nine, 15 minutes before administering herbace-
tin (200 µg/kg) or morphine. The treatments 
were given through intraperitoneal injection. 
After 60 minutes, we injected 20 µL of 2.5% 
formalin (103999, purity 37%, Sigma-Aldrich, 
Merck Burlington, MA, USA) into the subplan-
tar region of the right hind paw to induce pain. 
We measured the nociceptive response by re-
cording the time spent by each mouse licking 
the formalin injection site. We recorded the 
licking times in two phases: the early (neuro-
genic) phase, which was 0-5 minutes after for-
malin injection, and the late (inflammatory) 
phase, which was 15-30 minutes after formalin 
injection. We calculated the percentage of lick-
ing inhibition (using the following formula: PIL 
= [(Licking time (control) – Licking time (treat-
ment) / Licking time (control)] × 10036.

Capsaicin‑Induced Paw Licking Test
The aim of this experiment was to assess the 

impact of herbacetin on the vanilloid receptor, 
or TRPV1, and its antinociceptive properties35. 
The experiment involved six groups of mice 
(n=6 mice/group) that were administered either 
distilled water with 5% DMSO (group 1 - vehi-
cle control), herbacetin at various doses (groups 
2-5 at 50, 100, 150, and 200 µg/kg, respectively), 
or the TRPV1 receptor antagonist, capsazepine 
(group 6 at a dose of 0.17 mmol/kg) via intra-
peritoneal injection. After an hour, each mouse’s 
right hind paw was injected with 20 µL (1.6 µmol/
paw) of capsaicin (211275, Sigma Aldrich, Merck, 
Burlington, MA, USA) via the intraplantar route, 
and the nociceptive response was recorded by 
measuring the duration of time each mouse spent 
biting or licking the injection site for a period of 
0 to 5 minutes.

Glutamate‑Induced Paw Licking Test
To assess the antinociceptive effects of her-

bacetin on glutamatergic receptors, an experi-
ment was conducted on five groups of mice, each 
comprising six mice. The first group received 
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5% DMSO intraperitoneally (i.p.) as vehicle 
control, while the remaining four groups were 
administered varying doses of herbacetin (50, 
100, 150, and 200 µg/kg) i.p. After 60 minutes, 
20 µL of glutamate (1446600, Sigma-Aldrich, 
Merck, Burlington, MA, USA) was injected 
into the ventral surface of the right hind paw of 
each animal. The mice were then observed for 
15 minutes, and the duration each mouse spent 
licking and/or biting the glutamate injection site 
was recorded37.

Proinflammatory Cytokines 
Measurements

Three hours after the formalin test, serum 
was collected to assess the IL-1β, TNF-α, IFN-γ, 
and NO serum using a two-site, sandwich en-
zyme-linked immunosorbent assay (ELISA) ac-
cording to the manufacturer’s instructions (CUS-
ABIO, Wuhan, Hubei, China).

Statistical Analysis
Data analysis was conducted using the Prism 

5 software (GraphPad Software, Boston, MA, 
USA). The data are reported as the mean ± stan-
dard error of the mean (SEM). Differences be-
tween groups were assessed using one-way ANO-
VA, followed by Tukey’s post-hoc test. Statistical 
significance was defined at p<0.05.

Results

Herbacetin Reduced Writhing Induced 
by Acetic Acid

Administering herbacetin intraperitoneally 
at doses of 100, 150, and 200 µg/kg resulted in 
a significant decrease (p<0.001) in the number 
of acetic acid-induced writhing episodes in mice 
that received treatment, as compared to the con-
trol group (Figure 1). Additionally, the effect of 
herbacetin was observed to be dependent on the 
dose (p<0.05). The group that was given the high-
est dose of herbacetin demonstrated a reduction 
of approximately 65% in the percentage of writh-
ing inhibition in comparison to the control group 
(p<0.001). In contrast, the reduction in nocicep-
tive behavior caused by the reference drug, ASA 
(100 mg/kg), was roughly 79% when compared to 
the control group (Figure 1).

Herbacetin Increased Latency 
Time in the Hot Plate Test

The administration of herbacetin at various 
doses, including 50, 100, 150, and 200 µg/kg, re-
sulted in a significant (p<0.001) increase in the 
time taken by the animals to lick their posterior 
paw when placed on a hot plate (Figure 2). Addi-
tionally, the effect of herbacetin was observed to 
be dependent on the dose (p<0.05). The highest 

Figure 1. The impact of herbacetin on writhing induced by 0.6% acetic acid in mice. The experiment included six mice that 
received injections of either 5% DMSO (vehicle), herbacetin at different doses (50, 100, 150, 200 µg/kg i.p.), or acetylsalicylic 
acid (ASA) at a dose of 100 mg/kg. The mean values ± SEM were calculated, and the statistical analysis revealed that herbace-
tin caused a significant reduction in the number of writhing compared to the vehicle (*p<0.001). Similarly, the percentage of 
inhibition caused by herbacetin was also significantly different from the vehicle (#p<0.001). ANOVA was used for statistical 
analysis, followed by Tukey’s post hoc test.
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dose of herbacetin (200 µg/kg) demonstrated the 
most noteworthy reduction in pain when com-
pared to the control group. The herbacetin-treat-
ed group (200 µg/kg) displayed a 70% increase 
in baseline latency time, which was statistically 
significant (p<0.001). In comparison, morphine, 
which was utilized as a reference drug, caused a 
greater increase in latency time (95%).

To investigate the antinociceptive mechanism 
of herbacetin, we administered naloxone (an opi-
oid antagonist) to mice 15 minutes prior to the 
administration of either 200 µg/kg of herbacetin 
or 5 mg/kg of morphine, followed by subjecting 
the mice to the hot plate test. The administra-
tion of naloxone significantly blocked the mor-
phine-induced increase in latency time (p<0.001) 
compared to morphine treatment alone. Similar-
ly, naloxone significantly blocked the increase 
in latency time induced by herbacetin (200 µg/
kg) (p<0.001) compared to herbacetin treatment 
alone (Figure 2). However, some portion of the 
antinociceptive effect of herbacetin remained un-
affected, indicating that herbacetin utilizes a dif-
ferent antinociceptive mechanism in addition to 
the opioidergic system.

Herbacetin Reduced Licking Time 
in Both the Early and Late Phases 
After Formalin 

In this study, mice were administered differ-
ent doses of herbacetin (100, 150, and 200 µg/
kg) and were observed for reductions in licking 
times after formalin injection. The findings re-

vealed that all doses of herbacetin led to signifi-
cant reductions in both the early and late phases 
of licking times (Figure 3) in a similar pattern. 
Morphine, which was utilized as a reference 
drug, also resulted in a significant reduction in 
both phases. However, acetylsalicylic acid did 
not show any significant effect on the early phase 
of licking time (Figure 3A), but it did produce a 
significant reduction in the late phase (p<0.001, 
Figure 3B).

To investigate the involvement of the opioi-
dergic system in the pain-relieving effects of 
herbacetin and morphine, mice were given nalox-
one 15 minutes prior to receiving either herbace-
tin (200 µg/kg) or morphine (5 mg/kg) and then 
subjected to the formalin-induced paw-licking 
test. The outcomes demonstrated that when nal-
oxone was given before morphine, it significantly 
increased the licking time in both early and late 
phases compared to the group that received only 
morphine (p<0.001). In contrast, when naloxone 
was given before herbacetin, the licking times 
were significantly reduced in both early and late 
phases to the same degree (p<0.001), indicating 
that the antinociceptive effects of herbacetin are 
mediated by a mechanism of action other than the 
opioidergic system.

Licking Time was Reduced with 
Herbacetin Treatment After Capsaicin
Injection

The aim of this experiment was to investigate 
the impact of herbacetin on the vanilloid system’s 

Figure 2. A group of six mice were subjected to the hot plate test to determine the effect of herbacetin. The mean values, 
along with the standard error of the mean (S.E.M.) were calculated. A significant difference was observed when compared to 
the vehicle (5% DMSO), as denoted by ***p<0.001. Additionally, a significant difference was noted compared to 200 µg/kg 
herbacetin or to 5mg morphine, which is indicated by ###p<0.001. The statistical analysis was carried out using ANOVA and 
Tukey’s post hoc test. NAL refers to naloxone, and Mor refers to morphine.
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antinociceptive effects. To do so, mice were giv-
en different doses of herbacetin (50, 100, 150, and 
200 µg/kg), and the licking time was recorded 
(Figure 4). The results revealed that all doses of 
herbacetin significantly (p<0.01) decreased the 
licking time in mice, and the effect was found 
to be dose-dependent. Additionally, when treat-
ed with capsazepine, a capsaicin antagonist, the 
licking time in mice was significantly reduced 
(p<0.01) with a percentage reduction of 75% (Fig-
ure 4), indicating that herbacetin exerts its anti-
nociceptive effect, at least partially, through the 
vanilloid system.

Herbacetin Reduced Paw Licking Time 
After Glutamate Injection

Mice that were injected with glutamate and 
then administered herbacetin at doses of 100, 150, 
and 200 µg/kg exhibited a significant reduction 
(p<0.001) in paw licking time (Figure 5). Addi-
tionally, the effectiveness of herbacetin was found 
to be dose-dependent (p<0.05).

Proinflammatory Cytokines Levels
We measured four pro-inflammatory cytokines 

(IL-1β, TNF-α, IFN-γ, and NO) to study the an-
ti-inflammatory and antinociceptive mechanism of 

Figure 3. This figure describes an experiment that evaluated the effects of herbacetin on two different phases early (A) and 
late phase (B), of paw-licking behavior in mice that were induced with 2.5% formalin. The mice were given various injections, 
including 5% DMSO (vehicle), and different doses of herbacetin, morphine, or acetylsalicylic acid (ASA). In addition, nalox-
one was given to a group of mice before they were injected with herbacetin or morphine. The results are presented as mean 
values with standard error of the mean (SEM). The symbols **p<0.001 and @p<0.001 indicate significant differences in the 
percentage of inhibition and licking time, respectively, compared to the vehicle group. The symbol ###p<0.001 indicates sig-
nificant differences compared to the groups treated with herbacetin (200 µg/kg) or morphine (5 mg/kg, i.p.). Statistical analysis 
was performed using ANOVA and Tukey’s post hoc test.
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Figure 4. The effect of herbacetin on capsaicin-induced paw licking in mice. The effect was investigated by dividing the 
animals into five groups, each containing six male mice. The mice were injected with either 5% DMSO (vehicle), herbacetin 
at doses of 50, 100, 150, and 200 µg/kg (i.p.), or the capsaicin antagonist, capsazepine (Capsz, 0.17 mmol/kg, i.p.). After 60 
minutes, the mice were challenged with capsaicin, and the time taken for paw licking was recorded. The results indicated 
that herbacetin caused a significant decrease in the percentage of inhibition compared to the control group, as indicated by 
**p<0.01. Additionally, herbacetin resulted in a significant difference in licking time compared to the control group, denoted 
by ##p<0.01. The statistical analysis was carried out using ANOVA, followed by Tukey’s post hoc test. The mean values along 
with the standard error of the mean (SEM) are reported.

Figure 5. The effect of herbacetin on glutamate-induced paw licking in mice was investigated by dividing the animals into 
five groups, each containing six male mice. The mice were injected intraperitoneally with either 5% DMSO (vehicle) or her-
bacetin at doses of 50, 100, 150, and 200 µg/kg. After 60 minutes, 20 µL of glutamate was intraplantarly administered into 
the right hind paw, and the time taken for paw licking was recorded. The results indicated that herbacetin caused a significant 
decrease in the percentage of inhibition compared to the control group, as indicated by *p<0.001. Additionally, herbacetin 
resulted in a significant difference in licking time compared to the control group, denoted by #p<0.001. The statistical analysis 
was carried out using ANOVA, followed by Tukey’s post hoc test. The mean values along with the standard error of the mean 
(SEM) are reported.
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herbacetin. As shown in Figure 6, the levels of IL-
1β and NO were significantly inhibited by herbace-
tin -100 µg/kg and herbacetin -200 µg/kg (Figure 
6). The inhibition of TNF-α and IFN-γ showed a 
dose-dependent relationship with herbacetin. 

Discussion

According to the study’s findings, it has been 
shown for the first time that herbacetin has anti-
nociceptive effects. The results demonstrate that 
herbacetin is capable of inhibiting the nocicep-
tive effects induced by acetic acid, a well-known 
pain inducer. The nociceptive effects of acetic acid 
are believed to be caused by the release of nitric 
oxide (NO) and inflammatory cytokines such as 
TNF-α, IL-1β, and IL-8 from peritoneal mast cells 
and macrophages, which in turn activate periph-
eral nociception receptors in the peritoneum38,39. 
Le Bars et al40 reported that the sensation of no-
ciceptive pain was quickly felt after the intraper-
itoneal (i.p.) administration of acetic acid. In this 
study, it was noted that the administration of acetic 
acid resulted in physical responses characterized 
by writhing. The reflex mechanism underlying 
this response involves the conversion of arachidon-

ic acid into eicosanoids, which are essential pain 
mediators, by the enzymes lipoxygenases (LOX) 
and cyclooxygenases (COX)41. The release of pros-
taglandins and other mediators from the peritoneal 
cavity is stimulated by eicosanoids42. Furthermore, 
eicosanoids produced by COX and LOX increase 
pain sensitivity by sensitizing the peripheral pain 
neurons, resulting in hyperalgesia43.

ASA and other NSAIDs have been found to 
inhibit prostaglandin synthesis by blocking COX 
activity, leading to a reduction in the body’s re-
sponse to pain44. The present study suggests that 
herbacetin may have inhibited acetic acid-induced 
nociception by suppressing peripheral COX and 
LOX levels. This, in turn, would have indirect-
ly reduced the production of pain mediators, in-
cluding prostaglandins, indicating that herbacetin 
has a peripheral antinociceptive effect. However, 
caution must be exercised since other non-anal-
gesic agents, such as antihistamines, anticholin-
ergic agents, and muscle relaxants, can lead to 
false-positive results in the acetic acid-induced 
writhing test45. Therefore, the study employed 
additional methods, such as the formalin and hot 
plate tests, to determine whether the antinocicep-
tive effects of herbacetin are centrally or periph-
erally mediated.

Figure 6. The effect of herbacetin on cytokines level. The results indicated that herbacetin caused a significant decrease in 
IL-1β (A), TNF-α (B), INF-γ (C), and NO (D), as indicated by *p<0.001. The statistical analysis was carried out using ANOVA, 
followed by Tukey’s post hoc test. The mean values, along with the standard error of the mean (SEM), are reported.
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The hot plate test is a method used to assess 
the supraspinal and spinal biological properties 
of new drugs, excluding inputs from peripheral 
nociception neurons46. An increase in the laten-
cy of mice experiencing discomfort on the hot 
plate by a drug or substance indicates centrally 
mediated activity, similar to that of opioids47,48. 
In this study, the results showed that herbacetin 
increased the latency of mice in experiencing dis-
comfort on the hot plate, indicating the centrally 
mediated antinociceptive activity of herbacetin. 
Based on the results of the acetic acid-induced 
writhing test and the hot plate test, it is suggested 
that herbacetin may exert both central and periph-
eral antinociceptive activities.

The formalin-induced paw-licking test was per-
formed to confirm the antinociceptive activity of 
herbacetin at both central and peripheral levels49. 
Our findings reveal that herbacetin effectively sup-
presses nociceptive responses in both phases, indi-
cating its potential as a centrally-acting analgesic 
agent. This is significant because opioids, which 
are centrally-acting agents, are known to inhibit 
both phases, while drugs that act peripherally only 
inhibit the second phase (e.g., NSAIDs). Moreover, 
our study shows that pre-treatment with the non-se-
lective opioid antagonist, naloxone, significantly 
reduced the antinociceptive effect of morphine but 
only partially inhibited the antinociceptive effect 
of herbacetin in the hot plate test and the early 
phase of formalin-induced nociception. These re-
sults suggest that, besides the opioidergic system, 
herbacetin may engage another mechanism to ex-
ert its antinociceptive action.

To investigate the potential mechanisms of 
action of herbacetin in modulating pain recep-
tion, we performed capsaicin-induced and glu-
tamate-induced paw-licking tests. Capsaicin is 
known to induce the release of pro-inflammatory 
mediators from the periphery, including neuro-
peptides, neurokinins, nitric oxide, and excitato-
ry amino acids such as glutamate and aspartate. 
Capsaicin can also transduce nociceptive pain 
signals from vanilloid receptors to the spinal 
cord50. Inflammatory mediators can activate and 
sensitize vanilloid receptors, creating a loop that 
amplifies the levels of inflammatory mediators 
and potentiates nociception51.

According to our findings, herbacetin had a sig-
nificant inhibitory effect on paw licking induced 
by capsaicin. This effect was comparable to the 
inhibitory effect produced by capsazepine, a well-
known TRPV antagonist, as depicted in Figure 5. 
Our results suggest that herbacetin has the potential 

to interfere with the transmission of pain through 
vanilloid receptors and to block the release or ac-
tivity of inflammatory agents caused by capsaicin. 
Additionally, our observation that herbacetin can 
alleviate the writhing and inflammatory responses 
in the second phase of the formalin test supports 
the idea that herbacetin can interfere with the ac-
tivity of inflammatory mediators. The reduction in 
licking time observed with capsazepine in our ex-
periments confirms the validity of the capsaicin-in-
duced pain model and supports the effectiveness of 
our treatment with herbacetin.

To examine whether herbacetin can interfere 
with glutamate-mediated pain transmission, we 
conducted a glutamate-induced paw-licking test. 
Our results showed that mice exhibited licking 
behavior following glutamate injection, but this 
behavior was significantly reduced by different 
concentrations of herbacetin. This test is compa-
rable to the late phase of the formalin test, which 
is typically inhibited by glutamate receptor an-
tagonists like 2-Methyl-6-(phenylethynyl)pyri-
dine (MPEP) or 7-hydroxyiminocyclopropan[b]
chromen-1α-carboxylic acid ethyl ester (CPC-
COE)52,53. Notably, the effect of herbacetin was 
restricted to the late phase of the formalin test and 
did not affect the neurogenic early phase.

Our study provides evidence that herbacetin 
can inhibit glutamate-induced pain responses, 
indicating that it can regulate pain transmission 
mediated by the glutamatergic system. This ef-
fect could be attributed to herbacetin’s interaction 
with glutamate receptors or its ability to obstruct 
the release of NO, which is known to participate 
in pain signaling. Further investigation is re-
quired to fully understand the role of NO and its 
downstream signaling in the analgesic action of 
herbacetin. The mechanism of anti-inflammato-
ry and antinociceptive effects are related to many 
processes including the cytokine and NO. Her-
bacetin inhibited (IL-1β, TNF-α, IFN-γ, and NO) 
in serum. Therefore, we deduced that herbacetin 
was a multi-target-directed drug with anti-in-
flammatory and antinociceptive effects.

Conclusions

Our findings reveal that herbacetin exerts ant-
inociceptive effects through diverse physiological 
pathways in both the peripheral and central ner-
vous systems. Specifically, herbacetin acts as an 
opioid receptor agonist and has the ability to inhibit 
the vanilloid and glutamatergic receptor systems.
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