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Abstract Background Pain is an uncomfortable sensation in the body. Kaempferol is a
flavonoid with antinociceptive effects. Transient receptor potential (TRP) channels
have been characterized in the sensory system.
Objective This study evaluated the central antinociceptive effect of Kaempferol and
possible mechanisms of action of transient receptor potential cation channel subfamily
V member 1 (TRPV1).
Methods Capsaicin as a TRPV agonist (5μg/μL, intracerebroventricular [ICV]) and
capsazepine as its antagonist (10μg/μL, icv) were used to test the analgesic effect of
kaempferol (1.5mg, ICV). Morphine (10μg, ICV) was used as a positive control. The other
groups were treated with a combination of kaempferol and capsaicin, kaempferol and
capsazepine, and capsaicin and capsazepine. The cannula was implanted in the cerebro-
ventricular area. The tail-flick, acetic acid, and formalin tests were used to assess analgesic
activity. For evaluationof antiinflammatoryeffect, the formalin-induced ratpawedemawas
used.
Results Kaempferol significantly decreased pain in the acute pain models, including
the tail-flick and the first phase of the formalin test. In the late phase of the formalin
test, as a validmodel of nociception, capsazepine inhibited the antinociceptive effect of
kaempferol.
Conclusions Kaempferol has an analgesic effect in the acute pain model and can
affect inflammatory pain. Also, the TRPV1 channel plays a role in the antinociceptive
activity of kaempferol.
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INTRODUCTION

Pain is an unpleasant feeling that has always been a serious
challenge in medicine, as it has an important protective role
in avoiding treating genuine or potential tissue damage.1 It
has been reported that patients sustained chronic and high-
impact chronic pain (20.4% and 8.0%, respectively) in the
United States.2 Nowadays, several substances, including
opioids and non-steroidal antiinflammatory drugs are used
to treat pain. However, opioids cause dependency and toler-
ance3, and non-steroidal antiinflammatory drugs cause gas-
trointestinal disorders.1

Medicinal plants can be a source for finding newer com-
binations of drugs. Because of establishing a biological
balance of active ingredients in medicinal plants and no
accumulation in the body, these plants have fewer side
effects or no significant side effects compared with chemical
pain relievers.4,5 It is essential to find new drugs or better
understand the pharmaceutical effects of medicinal plants.

Kaempferol is a dietary bioflavonoid found in a variety of
plants.6 It successfully crosses the blood-brain barrier and
causes changes in the brain.6 Kaempferol is a secondary
metabolite with anticarcinogenic,7 antiamnesia,8 antioxi-
dant, antiinflammatory,6 and antinociceptive effects in dia-
betic rats.9,10

The protective effect of flavonoids against inflammation
through the regulation of the transient receptor potential
cation channel subfamily V member 1 (TRPV1) has been
reported.11 The TRPV1 is a member of the TRP channels.11

The TRPV1 receptors are activated bycapsaicin, noxious heat,
and acid.12 TRPV1 receptors are involved in somatic and

visceral peripheral inflammation in the spinal cord and
brainstem centers.13

The activation of TRPV1 receptors in the peripheral nerve
endings produces a calcium and sodium influx that ultimate-
ly results in nociceptive sensitization (pronociceptive ef-
fect).14,15 However, the use of capsaicin in the central
nerve endings induces an increase in Ca2þ in the spinal
cord and induces an antinociceptive effect.13

The interaction between the kaempferol and TRPV1 in the
central nervous system is not well defined. The aim of the
present study was to evaluate and compare the effects of
kaempferol and capsaicin for a better understanding of the
mechanism of action of kaempferol. This study investigated
the effects of the interaction between kaempferol and both
the agonist and antagonist of TRPV1.

METHODS

Drugs
Kaempferol, as a natural flavanol, capsaicin, as a vanilloid
type 1 receptor agonist, capsazepine, as a synthetic antago-
nist of capsaicin, morphine sulfate, ketamine, xylazine, and
formalin were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Kaempferol, capsaicin, and capsazepinewere dissolved
in 99.9% dimethyl sulfoxide (DMSO), whereas the other
compounds were suspended in 0.9% physiological saline.

Animals
Fifty-six male Wistar rats (weighing 200–250 g; Pasteur
Institute, Iran) were used in this study. The animals had
free access to water and food and were kept under a
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12:12 hour light-dark cycle (humidity, 50�5%; temperature,
22�2°C). The experiments were performed in the light
period (10:00–16:00). The examiner was blinded to the
treatments, and the rats were classified randomly into
different groups. Animal experiments were conducted fol-
lowing the guidelines for the care and use of laboratory
animals. The study protocol was approved by the research
ethics committee of Islamic Azad University, Karaj Branch
(Iran), and the department of pharmacology, Faculty of
Veterinary Medicine (IR.IAU.K.REC.1397.035).

Experimental groups
Six rats were considered for each experimental group, in-
cluding control (vehicle), positive control, morphine (10
µg/rat), kaempferol (1.5mg /rat),16 capsaicin (0.005
µM/rat), capsazepine, (0.01 µM/rat), capsaicin plus kaemp-
ferol, and capsazepine plus kaempferol, and capsaicin plus
capsazepine.

In the capsazepine and capsaicin group, the ED50 of the
agonist was selected first. The capsazepine was injected into
the rats for blocking the vanilloid type 1 receptors and then,
capsaicin (ED50) was injected along with capsazepine. Cap-
saicin competes with capsazepine and exerts its effect.

Because the intracerebroventricular (ICV) injection is a
safe and well-tolerated route of administration for long-
term treatment,17,18 the compounds were administered
intracerebroventricularly.

Intracerebroventricular cannulation implantation
First, the rats were intraperitoneally anesthetized using a
mixture of ketamine (80mg/kg) and xylazine (10mg/kg).
Then, a stainless-steel cannula (21-gauge; 12mm) was
placed in the right lateral ventricle for ICV injection through
stereotaxic surgery. According to the literature, the stereo-
taxic coordinates were as follows: 1.5mm lateral, 0.8mm
posterior, and 4.0mm ventral to the bregma.19

The guide cannula was fixed to the skull using two
stainless steel small screws anchored to the skull and dental
acrylic cement, and then, sealed using a stainless steel wire
for inhibiting occlusion. The rats were excluded from the
experimental groups if the cannula moved during the
experiments.

After 7 days of recovery, the rats were separately housed
before the experiments. The drug solution was added to an
injection cannula (29-gauge 15mm), which was attached to
a Hamilton syringe (10-μl) by a PE-20 catheter, and then,
added to a guide cannula extending 1mm beyond the tip of
the guide cannula. To conduct each task, saline (10 μl),
kaempferol (1.5 µg), capsaicin (5 nM), capsazepine (10nM),
and morphine (10 µg) were separately delivered over
20minutes.

Abdominal writhing test
The animals were transferred to a small plastic box for
habituation 30minutes before the experiments. The
intended compound was dissolved in the vehicle, and then
it (10 μL) was injected slowly into the ICV system using a
Hamilton syringe equipped with an injection cannula and a

catheter. After 10minutes, acetic acid with a density of 6%
was intraperitoneally injected at 10ml/kg, and, immediately,
the number of abdominal contractions was counted for
30minutes with both legs of the animals stretched.

Tail-flick test
The antinociceptive response against thermal stimulus was
assessed with the tail-flick test. The rats were restrictively
heldwith the tail on a slot (adjustablewidth)with a groove to
ensure accurate placement in the tail-flick apparatus for
radiant thermal stimulation of the dorsal surface of the
rear. The intensity of the thermal stimulus was adjusted to
cause the animal to flick its tail within 2 to 4 seconds as the
baseline of the tail-flick latency. The gap between the start of
heat exposure and tail withdrawal was calculated to deter-
mine the tail-flick latency. The tail-flick latency was mea-
sured at zero, 30, 60, 90, and 120minutes after the central
administration of the compounds (as described above). The
cut-off time was set at 10 seconds to minimize tissue
damage.

Formalin test
The formalin test was used for the evaluation of acute and
inflammatory pain and was done after the tail-flick test. The
rats were injected with 50 μl of 2.5% formalin (formaldehyde
solution 37% [w/w] diluted in saline) that was injected into
the sub plantar space of the right hind paw 10minutes after
central treatment with drugs. The control animals received
saline before formalin injection. Then, the animals were
placed in the special plexiglass box (30�30�30 cm). A
mirror was placed at a 45° angle beneath the box. Thismirror
allows a clearer observation of the animals’ behaviors. The
time spent on licking, biting, and shaking behaviors was
measured from 0 to 5minutes (the early phase) and 5 to
45minutes (the late period) after formalin injection. The
sham animals received 0.9% saline injected into the paw to
make sure about the formalin-induced peripheral
sensitization.

Statistical analysis
Data are presented as the mean� standard error of themean
(SEM) in this study. Data were analyzed using the SPSS
Statistics for Windows, version 16.0 software (SPSS Inc.,
Chicago, IL, USA) and the Kolmogorov-Smirnov test followed
by repeated measures analysis of variance (ANOVA) and
Tukey posthoc test. The significant difference was set at a
p-value< 0.05.

RESULTS

Results of the abdominal writhing test
According to ►Figure 1, there was a significant difference
between the experimental groups (F [7, 47]¼51.628,
p<0.001). The statistical analysis revealed that kaempferol
led to a significant decrease in abdominal pain compared
with the control group (p<0.001, respectively), and mor-
phine also significantly reduced the abdominal pain score
compared with the other group (p<0.001).
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The Tukey posthoc test showed that there was a signifi-
cant difference between the capsaicin alone and capsaicin
plus kaempferol groups compared with the control group
(p<0.001). In other words, capsaicin plus kaempferol re-
duced the abdominal writhing compared with the capsaicin
group (p<0.001).

Results of the tail-flick test
According to ►Figure 2, there was a significant difference
between the experimental groups (F [7, 47]¼11.85,
p<0.001). Statistical analysis revealed that kaempferol
led to a significant increase in tail-flick latency compared
with the control group (p<0.01). In addition, morphine
increased the tail-flick latency significantly compared with
the other groups (p<0.001). Subsequently, the Tukey post-
hoc test showed that there was a significant difference
between the capsaicin plus kaempferol and control groups
(p<0.01). Capsaicin plus kaempferol caused significant
analgesic effects and reduced pain compared with the
control group (p<0.01). However, capsaicin alone caused
no significant analgesic effects to reduce pain compared
with the control group. Capsazepine administration alone
did not reduce pain in rats compared with the control
group.

Results of the formalin test
According to ►Figure 3, there was a significant difference
between the experimental groups in both phase 1 (5minute
nociceptive) and phase 2 (45minute; tonic). In phase 1 of the
formalin test, the experimental groups had significant differ-
ences (F [8, 53]¼122.163, p<0.0001).

Administration of kaempferol significantly decreased
pain scores in both phases compared with the control
group (p<0.001). Also, morphine reduced pain scores in
both phases compared with other groups (p<0.001). In
the delay phase of the formalin test, injection of capsaicin
alone could decrease the pain scores in comparison with
the control group (p<0.001). In addition, capsaicin plus
kaempferol led to a significant decrease in the pain scores
compared with the control, capsazepine, and capsaicin
groups (p<0.001).

In the late phase of the formalin test, the experimental
groups showed significant differences (F [8, 53]¼178.652,
p<0.001). Kaempferol caused a significant decrease in pain
scores compared with the control, capsazepine, and capsai-
cin groups (p<0.001). Also, the administration of capsaicin
plus kaempferol caused a significant decrease in the pain
score compared with the control, capsazepine, and capsaicin
groups (p<0.001).

Figure 1 Comparison of the number of abdominal contractions in the writhing test. ��� (p< 0.001) compared with the control group; ###
(p< 0.001) compared with the morphine group; þþþ (p< 0.001) compared with the kaempferol group; !!! (p< 0.001) and !! (p< 0.01)
compared with the capsazepine group; ^^^ (p< 0.001) compared with the capsaicin group.
Abbreviations: KM, kaempferol; Capz, capsazepine; Caps, capsaicin.
Each column represents the mean� SEM. ��� (p< 0.001), �� (p< 0.01), and � (p< 0.05) compared with the control group.
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DISCUSSION

In this research, kaempferol reduced pain in the tail-flick
test. Kaempferol, as an herbal active constituent, could
decrease pain possibly through TRPV1. The TRPV1 receptors
are one of the effective systems involved in pain manage-
ment that are expressed in different areas associated with
pain in the central nervous system.20 Moreover, kaempferol
expression has been reported in some areas associated with

pain in the central nervous system.9,14 The standard abdom-
inal writhing, tail-flick, and formalin tests have been used to
investigate the anti-nociceptive effects of kaempferol and
possible interaction with TRPV1 receptors.21,22

The tail-flick test is usually used to evaluate the spinal
reflexes and central analgesic pathways. The ICV administra-
tion of capsaicin plus kaempferol affected the central control
of pain. However, capsazepine plus kaempferol had no
analgesic affects. Capsazepine inhibited the effects of

Figure 2 Comparison of the differences in reaction time in the tail-flick test. ��� (p< 0.001), �� (p< 0.01), and � (p< 0.05) compared with the
control group; ### (p< 0.001) compared with the morphine group; þþþ (p< 0.001) compared with the kaempferol group; !!! (p< 0.001), !!
(p< 0.01), and ! (p< 0.05) compared with the capsazepine group; ^^^ (p< 0.001) compared with the capsaicin group.
Abbreviations: KM, kaempferol; Capz, capsazepine; Caps, capsaicin.
Each column represents the mean� SEM.
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kaempferol in combination treatment. This finding is consis-
tent with that of similar studies using the tail-flick test with
an emphasis on TRPV1 receptors in the posterior periaque-
ductal gray (PAG) that is associated with pain relief.23

In the abdominal writhing test, in which an intraperitoneal
(IP) injection of acetic acid is used to evaluate peripheral
antinociceptive activity along with inflammation, mediators,
such as bradykinin, serotonin, histamine, substance P, and
prostaglandin play an important role in inflammation.26 All
these mediators are associated with the stimulation of periph-
eral nociceptive neurons.24 Based on our results, kaempferol
prevented the abdominal constrictions induced by acetic acid,
and it exerted its alleviative effects possibly through TRPV1
receptors.13 The IP injection of acetic acid increases the amount
of cyclooxygenase-2. Kaempferol suppresses cyclooxygenase-2
protein expression.27–29 It can also inhibit inflammatory reac-
tions associated with cyclooxygenase-2 expression.27,30 There-
fore, it can alleviate inflammatory pain.30

Intracerebroventricular injection of capsaicin reduced the
visceral pain effectively in comparison with the control
group. It seems that capsaicin exerts its peripheral analgesic
through at the level of central nerve endings.13 In addition,
the co-administration of capsaicin and kaempferol showed
an analgesic effect. In other words, capsaicin using an
intracellular mechanism increases the activity of TRPV1
receptors and prevents pain.31 Co-administration of capsa-
zepine and kaempferol caused significantly different effects

than those of the kaempferol group. This means that cap-
sazepine can block the kaempferol receptors, which inhibits
the kaempferol effect; however, the underlying mechanism
is not known. Nonetheless, the administration of capsaze-
pine alone showed less analgesic effect.

The formalin test has been well established as a valid test
for the screening of antiinflammatory and antinociceptive
agents that act through the central nerves and neurons to
assess peripheral pain.32,33 The intraplantar injection of
formalin evokes signs of nociception (licking, biting, and
shaking of the injected paw) in the early phase, followed
by a quiescent period, characterized by fewer pain behaviors,
and at the late phase, which can last for � 45minutes. The
early phase (nociceptive phase) results in the direct activa-
tion of peripheral nociceptors,34 whereas the late phase
(tonic phase) is due to increased production of prostaglan-
dins and induction of cyclooxygenases and inflammatory
nociception.35 The late phase reflects the induction of a
spinal state of facilitation, central sensitization, development
of inflammation, and enlargement of receptive fields, as well
as the concurrent presence of low-level input fromboth large
and small afferents.36

Our results showed that kaempferol had an inhibitory
effect on the pain and showed antinociceptive activity in
both phases of formalin-induced pain in rats. It was found
that the analgesic effects of kaempferol were more potent in
the late phase than in the early phase. Kaempferol facilitated

Figure 3 Comparison of the pain scores in phase 1 (nociceptive) and phase 2 (tonic) in the formalin test.
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the inhibition of the late phase of the formalin test, which
seems to be an inflammatory response; thus, the antinoci-
ceptive effects of kaempferol are possibly mediated by the
release of compounds, such as prostaglandins, which are
partly sensitized by central nociceptive neurons. Therefore,
kaempferol inhibited inflammatory mediators, such as cy-
clooxygenase-2.37 Previous studies have shown that the
inhibition of the N-methyl-D-aspartate receptor decreased
intracellular calcium levels.1 Consequently, the synthesizer
enzyme of calcium-related nitric oxide and phospholipase
A2 decreases, and due to a reduction in the levels of nitric
oxide and prostaglandins, especially prostaglandins E2 and
F2α, kaempferol exerts its antinociceptive effects.38

The central injection of capsaicin in the late phase had a
greater antinociceptive effect than in the early phase. Cap-
saicin may reduce pain by stimulating the descending anti-
nociceptive pathways.39 Capsazepine plus kaempferol
caused results significantly different from those of kaemp-
ferol alone, and the analgesic effect of kaempferol was
inhibited. Transient receptor potential cation channel sub-
family V member 1 receptors play an important role in pain
management. Flavonoids are known to have analgesic, anti-
inflammatory, and antioxidant properties. These effects are
related to the opioid and TRPV1.40 In addition, intracerebral
administration of TRPV1 activators induced analgesia, which
is consistent with the results of the present study.41 The
activation of TRPV1 led to calcium influx. Also, depolariza-
tion of the neurons diminished action potential firing42 and
resulted in analgesia.43

Activation of phospholipase C (PLC) led to the production
of diacylglycerol (DAG). Capsaicin injection into the peria-
queductal gray (PAG) area increased a delay in response to
painful stimuli and glutamate release in the PAG area in rats,
which was stopped by glutamate receptor antagonists.44

Activation of TRPV1 by capsaicin through an increase in
the number of DAG signals and the activation of the PLC
pathway can lead to the release of glutamate from glutama-
tergic terminals, which is due to the joint activity of these
two receptors.45

According to the results of the present study, kaempferol
plus capsaicin had a potentiating inhibitory effect on pain,
and our results confirmed the ability of kaempferol to
control pain. Studies have also shown that the central
administration of kaempferol interacted with the endoge-
nous system of pain control, which indicates the kaempferol
effect on the central nerve endings. Our results are consis-
tent with those reported in previous studies on similar
flavonoids.46

In conclusion, the TRPV1 antagonist blocked the analgesic
effects of kaempferol, and TRPV1 receptors likely regulates
the kaempferol analgesic effects. The kaempferol and TRPV1
channel are involved in the control of acute pain and can
increase painful management. This study provides new
information regarding themechanism of antagonistic effects
of kaempferol and the effect of a combination of capsaicin
and kaempferol on the acute and chronic phases of pain
(evidenced by the formalin test) in the central nervous
system.
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