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ABSTRACT. – OBJECTIVE: Isorhamnetin, a nat-
urally occurring flavonoid compound, holds par-
amount importance as a primary constituent 
within several medicinal plants, exhibiting pro-
found pharmacological significance. The aim 
of this study is to investigate the pain-reliev-
ing attributes of isorhamnetin in murine models 
through both formalin-induced pain and diabetic 
neuropathy scenarios.

MATERIALS AND METHODS: To achieve our 
objective, isorhamnetin was orally administered 
to mice at varying dosage levels (10 to 100 mg/
kg). Pain-related behaviors were assessed us-
ing the formalin test during its secondary phase. 
Additionally, the potential pain-alleviating ef-
fect of isorhamnetin was evaluated in a diabet-
ic neuropathy model induced by streptozotocin. 
Additionally, we carried out advanced interven-
tions using naloxone, which is a well-known an-
tagonist of opioid receptors, yohimbine, which 
blocks α2-adrenergic receptors, and methy-
sergide, which inhibits serotonergic receptors, 
during the formalin test.

RESULTS: The oral intake of isorhamne-
tin showed a decrease in behaviors associated 
with pain that was proportional to the dose ob-
served during the second phase of the formalin 
test when induced by formalin. In the diabetic 
neuropathy model, isorhamnetin administration 
effectively reversed the reduced pain thresh-
old observed. Notably, naloxone, the opioid re-
ceptor antagonist, effectively counteracted the 
pain-relieving effect produced by isorhamne-
tin in the formalin test, whereas yohimbine and 
methysergide did not yield similar outcomes. 
Isorhamnetin also led to a reduction in elevated 
spinal cyclic adenosine monophosphate (cAMP) 

response element binding protein (CREB) levels 
triggered by formalin, with this effect reversed 
by pre-treatment with naloxone. The compound 
also suppressed heightened spinal phosphory-
lated CREB (p-CREB) levels caused by diabet-
ic neuropathy.

CONCLUSIONS: This research determined 
that isorhamnetin has notable abilities to relieve 
pain in models of formalin-induced pain and dia-
betic neuropathy. The pain-relieving mechanism 
of isorhamnetin in the formalin-induced pain 
model seems to be connected to the activation 
of spinal opioid receptors and the adjustment of 
CREB protein amounts. This insight improves 
our knowledge of how isorhamnetin could be 
used therapeutically to treat pain conditions 
stemming from formalin-induced pain and dia-
betic neuropathy.

Key Words:
Nociception, Diabetic neuropathy, Naloxone, Fla-

vonoid, p-CREB.

Introduction

Isorhamnetin, a flavonoid compound that oc-
curs naturally, is the main component identified 
in several medicinal plants. This compound ex-
hibits a broad spectrum of pharmacological ac-
tivities beneficial for cardiovascular diseases1 and 
a variety of tumors2. Moreover, it possesses the 
potential to prevent neurodegenerative diseases 
such as Alzheimer’s disease3. It also has pharma-
codynamic properties against hyperuricemia4 and 
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pulmonary fibrosis5.  Furthermore, it has anti-in-
flammatory6, antidiabetic7, immunoregulatory8, 
antioxidant9, and antiviral10 roles. The therapeu-
tic effects of isorhamnetin are associated with 
its modulation of signaling pathways, including 
nuclear factor kappa B (NF-κB)11, phosphoinos-
itide 3-kinase  (PI3K)/protein kinase B (AKT)12, 
mitogen-activated protein kinase (MAPK)13 along 
with their subsequent factors. Consequently, ex-
ploring the pharmacological actions and underly-
ing mechanisms of isorhamnetin represents a key 
area of current scientific investigation.

The cyclic adenosine monophosphate (cAMP) 
response element-binding protein (CREB) is im-
portant in pain transmission modulation. For in-
stance, expressions of CREB protein are changed 
in the dorsal root ganglia (DRG) and spinal cord 
in response to nociceptive pain. Crown et al14 sug-
gested that CREB proteins are involved in allody-
nia development in models of spinal cord injury. 
Moreover, CREB protein’s expression is seen to 
be significant in several pain models, including 
those for neuropathic pain, diabetic neuropathy, 
and pain treated with capsaicin15-18. Neverthe-
less, the specific impact of isorhamnetin on spinal 
CREB protein in controlling induced anti-noci-
ception remains unclear.

Multiple pieces of research19,20 have shown that 
isorhamnetin has anti-inflammatory properties. 
The pain from the formalin test is often considered 
to stem from inflammation. Furthermore, a signif-
icant number of studies20-23 have identified inflam-
mation as a key pathological factor in diabetic 
neuropathy. Although isorhamnetin is recognized 
for its anti-inflammatory and anti-diabetic effects, 
its potential anti-nociceptive (pain-relieving) ca-
pabilities have yet to be explored. Therefore, this 
study was initiated to investigate the anti-nocicep-
tive effects of isorhamnetin, focusing particularly 
on pain models induced by inflammation. More-
over, this research aimed to uncover the molecular 
mechanisms behind the anti-nociceptive effects of 
isorhamnetin.

 

Materials and Methods

Experimental Animals
In this study, 30 adult male Swiss albino mice, 

with body weights ranging from 24 to 28 grams 
and bred at the Hashemite University’s Animal 
House Unit, were used. The Institutional Review 
Board at the Hashemite University in Zarqa, Jor-
dan, approved all experimental procedures (IRB: 

8/5/2019/2020). The mice were kept in an envi-
ronment regulated at a temperature of 21 ± 1°C, 
under a 12-hour light/dark cycle, with lights on 
from 06:00 to 18:00 hours. They had constant 
access to sufficient food and water. To reduce 
stress, the mice were brought to the testing area 
one hour before the experiments to acclimate to 
the lab settings. Two experienced observers (M.O. 
and R.A.D.), who were not informed about the 
specifics of the experimental design, meticulous-
ly monitored the mice during the experiments to 
eliminate any observational bias.

Production of Streptozotocin-Induced 
Diabetic Neuropathy Model

An animal model for diabetic neuropathy was 
created by administering 0.1 mg/kg streptozoto-
cin via intraperitoneal injection as a single dose. 
The study took place five weeks following the 
streptozotocin injection.

Von-Frey Test
Anti-nociception and mechanical allodynia 

were measured using the Von-Frey test, following 
the methodology described by Bonin et al24. For 
this test, each mouse was placed inside a trans-
parent glass chamber with a wire mesh bottom. 
The mice were given a 30-minute period to accli-
mate to the test environment before the test began. 
After this adaptation period, Von-Frey filaments 
(sourced from North Coast Medical, Inc., Gilroy, 
CA, USA) were applied to the plantar surface of 
the mice’s feet, employing an ascending and de-
scending force method.

Intraplantar Formalin Test
Following the formalin test guidelines set forth 

by Hunskaar et al25, a 10 μl injection of 5% forma-
lin was administered subcutaneously beneath the 
plantar surface of the left hind paw. Immediately 
following this injection, the animals were trans-
ferred to an acrylic observation chamber. The time 
spent by the animals engaging in behaviors such 
as licking, shaking, and biting the injected paw 
was precisely recorded with a stopwatch, which 
served as an indicator of nociceptive response. 
The initial phase of this response usually peak-
ed at 0 to 5 minutes, and the later phase occurred 
at 20 to 40 minutes after the formalin injection. 
These intervals reflect the immediate effects on 
nociceptors and the responses to inflammatory 
pain, respectively, as detailed by Hunskaar and 
Hole19. Before undergoing the formalin test, the 
animals were given oral doses of isorhamnetin, 
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ranging from 10 to 100 mg/kg, 30 minutes before 
the test.

Pretreatment of Antagonists
Initially, the mice received an intraperitone-

al pretreatment with one of the following: saline, 
naloxone (5 mg/kg), methysergide (5 mg/kg), or 
yohimbine (5 mg/kg), administered 10 minutes be-
fore the oral intake of either a control substance or 
a uniform dose of isorhamnetin (100 mg/kg). Fol-
lowing this, the behavior indicative of nociception 
caused by formalin was observed and evaluated.

Protein Extraction and Western Blot
The lumbar section of the mice’s spinal cord 

was extracted and washed twice with cold 
Tris-buffered saline (made of 20 mmol/L Trizma 
base and 137 mmol/L NaCl, with a pH of 7.5). Di-
rectly after washing, the tissue was homogenized 
in sodium dodecyl sulfate lysis buffer (containing 
62.5 mmol/L Trizma base, 2% w/v sodium do-
decyl sulfate, and 10% glycerol), with 0.1 mmol/L 
Na3VO4, 3 mg/mL aprotinin, and 20 mmol/L so-
dium fluoride (NaF). The mixture was then soni-
cated briefly, and protein levels were determined 
using a detergent-compatible protein assay kit 
(Bio-Rad Laboratories, Hercules, CA, USA), us-
ing bovine serum albumin as a reference. After 
adding 0.1% w/v bromophenol blue, the proteins 
were boiled and then separated by electrophoresis 
on polyacrylamide gels ranging from 6% to 10%. 
The proteins were subsequently transferred to a 
polyvinylidene difluoride membrane (Millipore, 
Bedford, MA, USA). The membranes were then 
incubated overnight with antibodies targeting 
p-CREB (Abcam, Discovery Drive, Cambridge, 
UK, 1:1000) and β-actin (Cell Signaling Tech-
nology, Danvers, Boston, MA, USA, 1:1000) in 
a blocking buffer. After four 20-minute washes in 
Tris-buffered saline with 20% Tween-20 (TBST) 
(consisting of 10 mM Trizma base, pH 8.0, 150 
mM NaCl, and 20% Tween 20), the membranes 
were incubated with an anti-rabbit IgG-horserad-
ish peroxidase conjugate (1:4000) in blocking 
buffer at room temperature for an hour. Follow-
ing four more 20-minute washes with TBST, the 
membranes were treated with an enhanced che-
miluminescence (ECL)-plus solution (Millipore, 
Billerica, MA, USA) and analyzed with a Lumi-
nescent Image Analyzer (LAS-4000, Fuji Film 
Co., Tokyo, Japan) to detect the emitted light. 
Signal intensities were quantified using Multi-
Gauge Version 3.1 (Fuji Film, Tokyo, Japan) and 
expressed as percentages relative to the control.

Drugs
Isorhamnetin, streptozotocin, naloxone, yo-

himbine, and methysergide were acquired from 
Sigma-Aldrich (St. Louis, MO, USA) and were 
freshly prepared prior to utilization.

Statistical Analysis
Statistical evaluation was performed with a one-

way ANOVA, succeeded by Bonferroni’s post-hoc 
test, using GraphPad Prism Version 8.0.1 for Win-
dows (GraphPad Software, San Diego, CA, USA). 
A significance level was established with p-values 
below 0.05. The results were displayed as the mean 
± standard error of the mean (S.E.M.).

Results

Effect of Isorhamnetin on Pain Response 
in the Formalin Test

The primary objective of this experiment was 
to evaluate the analgesic effect of isorhamnetin on 
pain responses induced by formalin injection in 
mice. Figure 1 demonstrates that, initially, mice in 
the control group, which received a vehicle treat-
ment, exhibited immediate pain behaviors upon 
receiving a 5% formalin injection through the in-
traplantar route. These responses peaked within the 
first 5 minutes, characterizing the initial phase of 
nociception. This acute phase was succeeded by a 
prolonged inflammatory response, observable be-
tween 20 to 40 minutes post-formalin administra-
tion, defined as the secondary phase of pain.

Upon administering oral isorhamnetin at vari-
ous doses ranging from 10 to 100 mg/kg, signif-
icant mitigation of pain behaviors was observed, 
particularly during the secondary inflammatory 
phase of the response. As depicted in Figure 1, the 
reduction in pain behaviors was dose-dependent, 
with higher doses of isorhamnetin demonstrating 
a more pronounced effect.

In summary, the findings from this experiment 
suggest that isorhamnetin effectively reduces pain 
responses in mice subjected to the formalin test, 
especially during the inflammatory phase of pain. 
This supports the potential of isorhamnetin as a 
therapeutic agent in managing pain associated 
with inflammation.

Impact of Isorhamnetin on Pain 
Behavior in a Model of Diabetic-Induced 
Neuropathy

The aim of this portion of the study was to assess 
the efficacy of isorhamnetin in modulating pain 
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sensitivity in a diabetic neuropathy model. This 
was achieved by measuring the mechanical pain 
threshold following the induction of diabetes in 
mice. According to Figure 2, a significant reduction 
in the threshold for mechanical stimulation was ob-
served five weeks after administering a single intra-
peritoneal injection of streptozotocin; this decrease 
in pain threshold is indicative of heightened pain 
sensitivity, a hallmark of diabetic neuropathy.

Pre-treatment with oral doses of isorhamne-
tin, ranging from 10 to 100 mg/kg approximately 
30 minutes prior to the evaluation of mechanical 
pain, was found to counteract the lowered pain 
threshold. Notably, the reversal of pain sensitivity 

was dose-dependent, with higher doses of isor-
hamnetin showing greater efficacy, as detailed in 
Figure 2. The dose-dependent amelioration sug-
gests a significant role of isorhamnetin in modu-
lating pain perception under conditions of diabet-
ic neuropathy.

In conclusion, the data from this experiment 
underscore isorhamnetin’s potential as an anal-
gesic agent in diabetic neuropathy models, spe-
cifically its capacity to improve mechanical pain 
thresholds. These outcomes highlight isorhamne-
tin’s therapeutic promise in addressing the pain 
associated with diabetic-induced neuropathic 
conditions.

Figure 1. Isorhamnetin’s impact on formalin-induced nociceptive response. Mice were orally administered with varying doses 
of isorhamnetin (ranging from 10 to 100 mg/kg) for a duration of 30 minutes prior to subcutaneous injection of formalin (5%, 
10 μl) into the plantar region of the left hind paw. The combined duration of licking, biting, and shaking of the injected paw 
was assessed in two time intervals: 0-5 minutes (1st phase) (A) and 20-40 minutes (2nd phase) (B). The vertical bars on the graph 
represent the standard error of the mean. Each experimental group consisted of 8-10 animals. The data were analyzed using one-
way ANOVA, which showed a significant effect of isorhamnetin on formalin-induced nociceptive response, F (3, 36) = 5.67, p 
< 0.05 for the 1st phase and F (3, 36) = 8.22, p < 0.01 for the 2nd phase, indicating a dose-dependent reduction in pain behaviors 
(*p < 0.05; **p < 0.01, compared to the control group).
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Modulation of Phosphorylated CREB
Protein in the Spinal Cord by Isorhamnetin
in Models of Formalin-Induced Pain 
and Diabetic-Induced Neuropathy

The primary objective of this investigation was 
to explore how isorhamnetin affects the expres-
sion of phosphorylated CREB (p-CREB) protein 
in the spinal cord, specifically in the context of 
formalin-induced pain and diabetic-induced neu-
ropathy. This inquiry is rooted in understanding 
the molecular mechanisms underlying isorhamne-
tin’s potential analgesic and anti-inflammatory ef-
fects.

This part of the study focused on evaluating 
the modulation of p-CREB protein expression in 
the spinal cord following exposure to pain stim-
uli from formalin injection and diabetic-induced 
neuropathy. Lumbar spinal cord protein extracts 
analyzed 30 minutes after formalin injection 
showed an increase in p-CREB levels, as depict-
ed in Figure 3A. Notably, this increase was mit-
igated by the oral administration of 100 mg/kg 
isorhamnetin. Furthermore, in a model of diabetic 
neuropathy induced by streptozotocin, diabetic 
mice displayed a significant rise in CREB phos-
phorylation compared to their non-diabetic coun-

terparts. Intriguingly, this enhanced phosphoryla-
tion was diminished when treated with 100 mg/
kg isorhamnetin, administered either as a single 
dose or over three separate doses, as illustrated in 
Figure 3B.

Effect of Naloxone, Yohimbine, 
or Methysergide on Pain Response 
in the Formalin Test

The aim of this experiment was to determine 
how isorhamnetin mediates its analgesic effects, 
specifically investigating its interactions with opi-
oidergic, serotonergic, and adrenergic pathways. 
This analysis was prompted by the hypothesis that 
isorhamnetin’s pain-relieving properties could be 
partly due to its influence on these neurological 
systems.

To explore this, we conducted experiments 
as shown in Figure 4, where isorhamnetin’s an-
ti-nociceptive effect was tested in the presence of 
naloxone (an opioid receptor antagonist), methy-
sergide (a serotonergic antagonist), and yohim-
bine (an α-2 adrenergic antagonist). Each sub-
stance was administered to assess its ability to 
reverse the analgesic effects of isorhamnetin in a 
pain model.

Figure 2. The analgesic effect of isorhamnetin in a diabetic neuropathy model. A model of diabetic neuropathy was established 
through a single intraperitoneal injection of 0.1 mg/kg streptozotocin. Observations were made five weeks after the streptozoto-
cin injection. The vertical lines on the graph denote the standard error of the mean. Each group included 8-10 animals. Statistical 
analysis by one-way ANOVA revealed a significant reduction in pain behaviors in the isorhamnetin-treated groups, F (3, 36) = 
7.03, p < 0.01, compared to the intact group, and F (3, 36) = 4.56, p < 0.05, compared to the control group, indicating isorhamne-
tin’s analgesic effect in diabetic neuropathy (**p < 0.01, compared to the intact group; *p < 0.05, compared to the control group).
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The results revealed a notable interaction be-
tween isorhamnetin and the opioid system, as the 
administration of naloxone reversed isorhamne-
tin’s anti-nociceptive effects, suggesting a signifi-
cant opioidergic involvement. In contrast, neither 
methysergide nor yohimbine affected the pain-re-
lieving effects of isorhamnetin, indicating that the 
serotonergic and adrenergic pathways might not 
play a central role in isorhamnetin’s mechanism 
of action. Additionally, the administration of nal-
oxone, methysergide, or yohimbine alone did not 
alter pain responses, further supporting the spec-
ificity of isorhamnetin’s interaction with these 
pathways.

Impact of Naloxone on Isorhamnetin-
Induced Modulation of Spinal p-CREB 
Expression in the Formalin Test

The research sought to investigate whether 
naloxone could counteract the isorhamnetin-in-
duced reduction in spinal phosphorylated CREB 
(p-CREB) expression, building on findings that 
naloxone reverses isorhamnetin’s anti-nociceptive 
effects in the formalin test. This was conducted 
to elucidate the interaction between isorhamnetin 
and the opioid pathway, specifically regarding the 

modulation of p-CREB expression within the spi-
nal cord. To this end, Figure 5 displays the results 
of experiments where mice were pre-treated with 
naloxone before the administration of isorhamne-
tin. This setup allowed for the assessment of nal-
oxone’s impact on the baseline and isorhamne-
tin-altered levels of spinal p-CREB expression.

The data revealed that while naloxone alone did 
not influence the baseline levels of p-CREB, it effec-
tively reversed the reduction in p-CREB expression 
triggered by isorhamnetin. This outcome indicates 
a significant interaction between isorhamnetin’s 
analgesic effects and the opioid signaling pathway, 
specifically in the modulation of p-CREB expres-
sion in the spinal cord. It underscores the potential 
complexity of isorhamnetin’s mechanism of action, 
suggesting that its analgesic properties may, in part, 
be mediated through an influence on opioid path-
way-linked molecular targets.

 

Discussion

In this study, we observed that isorhamnetin ef-
fectively reduces pain behaviors in a formalin-in-
duced model, particularly during the inflamma-

Figure 3. Alterations in phosphorylated CREB protein levels in the spinal cord following isorhamnetin treatment in forma-
lin-induced and diabetic neuropathy pain models. A, Western blot analysis was performed on proteins extracted from lumbar 
spinal cord tissue 30 minutes post formalin injection to assess changes in phosphorylated CREB (p-CREB) levels, involving six 
animals per experimental group. B, Following the induction of diabetic neuropathy via streptozotocin injection (conducted five 
weeks prior), mice received isorhamnetin treatment either once or three times, with the latter administered twice daily (at 10 AM 
and 4 PM). Protein extraction for Western blot analysis was done 1 hour after the last dose of isorhamnetin. β-Actin served as 
an internal loading control (diluted 1:1000). Signal intensities were quantified using laser scanning densitometry and expressed 
as percentages relative to the control group. Data are shown as mean ± SEM. Statistical analysis by one-way ANOVA indicated 
significant alterations in p-CREB levels, with F (2, 15) = 10.34, p < 0.001 for comparisons with the control group; F (2, 15) = 
7.88, p < 0.01 for comparisons with the formalin-treated group; and F (2, 15) = 4.76, p < 0.05 for comparisons with the diabetic 
group, demonstrating isorhamnetin’s regulatory effect on p-CREB expression in the context of formalin-induced pain and di-
abetic neuropathy (***p < 0.001 compared to the control group; ++p < 0.01 compared to the formalin-treated group; *p < 0.05 
compared to the normal group; +p < 0.05 compared to the diabetic group).
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tory phase. This aligns with the biphasic nature 
of formalin-induced pain, where the initial phase 
is attributed to direct nociceptor stimulation and 
the second to inflammation and central sensitiza-
tion24. Interestingly, isorhamnetin’s efficacy was 
more pronounced in mitigating inflammation-re-
lated pain.

To investigate whether isorhamnetin can allevi-
ate pain induced mechanically, we created a mod-
el of diabetic neuropathy. Five weeks following 
the establishment of the streptozotocin-induced 
diabetic neuropathy model, we assessed isor-
hamnetin’s potential anti-nociceptive effects and 
discovered that it indeed mitigates pain associ-
ated with diabetic neuropathy. Furthermore, our 
observations revealed that isorhamnetin treatment 
did not affect the blood glucose levels in diabetic 
mice, suggesting that its pain-relief effects are in-
dependent of any anti-diabetic action.

The CREB protein plays a crucial role in pain 
transmission, with increased expression of phos-
phorylated CREB (p-CREB) observed in the 
spinal cord or dorsal root ganglia across various 
chronic pain models, including neuropathic pain 

and neuropathy15,16. Additionally, p-CREB levels 
are known to rise in the spinal cord or brain re-
gions in response to acute inflammatory pain, as 
seen in the formalin pain model26-30. In our study, 
we noted a significant elevation in p-CREB ex-
pression in the spinal cord following the induc-
tion of pain by formalin. Moreover, isorhamnetin 
effectively reduced the formalin-induced increase 
in spinal p-CREB expression. We also found that 
isorhamnetin treatment decreased the up-regula-
tion of spinal p-CREB expression in a model of 
diabetic neuropathy. These findings suggest that 
isorhamnetin’s ability to diminish pain may be 
partially due to its effect on lowering p-CREB 
levels in the spinal cord in both formalin-induced 
pain and diabetic neuropathy models.

Opioid, serotonergic, and adrenergic receptors 
play significant roles in the modulation of noci-
ceptive processing. For instance, opioid receptors 
are known to contribute to anti-nociception31. 
Furthermore, the inhibition of spinal serotoner-
gic receptors through the spinal administration of 
methysergide and spinal noradrenergic receptors 
through yohimbine counteract the anti-nocicep-

Figure 4. The effect of naloxone, yohimbine, or methysergide on isorhamnetin-induced analgesia in the formalin test. Mice re-
ceived intraperitoneal pretreatment with naloxone, yohimbine, or methysergide (5 mg/kg) 10 minutes before oral administration 
of isorhamnetin (100 mg/kg) and 30 minutes prior to the subcutaneous injection of formalin (5%, 10 μl) into the plantar region 
of the left hind paw. The study included six animals per experimental group. The vertical bars on the graph indicate the standard 
error of the mean. Statistical analysis revealed significant differences: F (3, 20) = 8.76, p < 0.01 for comparisons with the forma-
lin-treated group, indicating naloxone reverses isorhamnetin’s analgesic effect; and F (3, 20) = 6.42, p < 0.01 for comparisons 
with the formalin + isorhamnetin group, showing yohimbine and methysergide do not affect isorhamnetin’s action (**p < 0.01, 
compared to the formalin-treated group; ++p < 0.01, compared to the formalin + isorhamnetin group).
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tive effects of morphine given above the spinal 
level32-34. In our current study, we found that opi-
oid receptors, but not α-2 adrenergic or serotoner-
gic receptors, seem to be involved in the anti-no-
ciceptive effects induced by orally administered 
isorhamnetin.

Furthermore, our research revealed that 
pre-treating with spinal naloxone reverses the an-
ti-nociception caused by isorhamnetin in the for-
malin test. This indicates that isorhamnetin’s abil-
ity to reduce pain in the formalin pain model is, to 
some extent, mediated by opioid receptors and the 
p-CREB protein within the spinal cord. Although 
direct evidence was not obtained in this study, the 
findings open up the possibility that isorhamnetin 
may facilitate the release of endogenous opioids 
in the spinal cord. This supposition is derived 
from the naloxone-reversible anti-nociceptive 
effects of isorhamnetin, suggesting an opioid-de-
pendent mechanism that potentially blocks for-
malin-induced nociceptive signaling at the spinal 
level. Further direct experimental research is re-

quired to verify this suggested mechanism. It is 
also hypothesized that the release of endogenous 
opioids into the spinal cord by isorhamnetin might 
activate opioid receptors, leading to the observed 
reduction in p-CREB levels in the spinal cord 
during the formalin test.

Our research underscores the promising anal-
gesic properties of isorhamnetin. Yet, it is crucial 
to acknowledge that the safety profile of isor-
hamnetin remains largely unverified in clinical 
settings. Despite the encouraging outcomes of our 
study, thorough safety evaluations, encompassing 
both long-term toxicity studies and clinical trials, 
are imperative to comprehensively ascertain the 
implications of using isorhamnetin for pain relief.

 
Conclusions

Our findings indicate that isorhamnetin exhibits 
an anti-nociceptive effect in both formalin-induced 
pain and diabetic neuropathy models. This effect 

Figure 5. Naloxone’s effect on isorhamnetin-induced antinociception and spinal p-CREB expression in the formalin test. Mice 
underwent a 10-minute intraperitoneal pretreatment with naloxone (5 mg/kg) before receiving oral isorhamnetin (100 mg/kg) 30 
minutes before subcutaneous formalin injection (5%, 10 μl) into the plantar region of the left hind paw. Proteins for Western blot 
analysis were extracted from lumbar spinal cord tissue 30 minutes post formalin administration. The study featured 6 animals 
per group. β-actin served as an internal loading control (diluted 1:1000). The graph’s vertical bars depict the standard error of the 
mean. Statistical analysis via one-way ANOVA demonstrated significant changes: F (3, 20) = 5.33, p < 0.05 for comparisons to 
the formalin-only group, indicating naloxone reverses the antinociceptive effects of isorhamnetin; and F (3, 20) = 4.89, p < 0.05 
for comparisons to the formalin + isorhamnetin group, suggesting naloxone affects the modulation of p-CREB expression by 
isorhamnetin (**p < 0.05, compared to the formalin group; ++p < 0.05, compared to the formalin + isorhamnetin group).
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appears to be mediated primarily through opioid re-
ceptors, rather than α-2 adrenergic or serotonergic 
receptors. Additionally, the CREB protein, located 
within the spinal cord, may also play a role in the 
anti-nociceptive action induced by isorhamnetin.

This study underscores the significant analge-
sic potential of isorhamnetin, positioning it as a 
promising natural pain management option. Our 
results highlight the compound’s capacity to mod-
ulate pain pathways, suggesting an alternative 
to traditional painkillers. Although our research 
marks a significant step forward, it calls for more 
detailed exploration into the specific mechanisms 
and long-term impacts of isorhamnetin use. We 
advocate for further studies on natural substances, 
opening new avenues for treatment in persistent 
pain conditions such as diabetic neuropathy. Our 
contributions to the understanding of natural an-
algesics pave the way for innovative, more pa-
tient-centric approaches to pain management.
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