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Purpose: Plant-based natural products as anti-nociceptors have enormous potential as safer alternatives to conventional opiates and
NSAIDS. Piper nigrum (black pepper) is one of the major culinary spices with medicinal attributes.
Methods: In the present study, the antinociceptive activity of a standardized black pepper seed extract (Viphyllin) containing not less
than 30% β-caryophyllene (BCP) was evaluated using pain models in mice, namely acetic acid-induced writhing test, formalin-induced
paw licking test, hot plate test and tail flick test. Further, the antagonists SR141716A (0.1 mg/kg i.p.), AM630 (5 mg/kg i.p.),
capsazepine (0.1 mg/kg body weight i.p.), and GW6471 (1 mg/kg i.p.) were used to evaluate the involvement of cannabinoid receptors
CB1 and CB2, TRPV1 ion channel and PPARα receptor, respectively. Molecular docking (AutoDock 4.2) was used to study the
interaction of BCP with the agonist-binding sites of the selected pain receptors.
Results: Viphyllin at 10 mg, 25 mg and 50 mg/kg (i.p.) significantly inhibited the writhings in mice as compared to untreated
control group (p < 0.001). Further, Viphyllin at 50 mg/kg showed strong antinociceptive effect in formalin-induced paw licking
test (p < 0.05). Pretreatment of mice with AM630 significantly reversed the antinociceptive activity of Viphyllin in both early
and late phases of formalin test (p < 0.05). Administration of Viphyllin markedly increased the latency time of mice in hot
plate test (p < 0.001). Further, Viphyllin markedly increased the latency time of tail flick compared to control group from 30
min to 90 min after treatment. AM630, Capsazepine, and GW6471 abolished the analgesic effect of Viphyllin. These findings
clearly suggest the involvement of CB2 receptor, TRPV1 ion channel and PPARα receptor activation in Viphyllin-mediated
antinociceptive activity. Docking score predictions further supported the possible involvement of BCP in the antinociceptive
mechanism of Viphyllin.
Conclusion: In conclusion, Viphyllin could be a natural pain-relieving agent involving safer pain signaling mechanisms, unlike
conventional opiates and NSAIDs.
Keywords: Piper nigrum, β-caryophyllene, pain, nociceptive receptors

Introduction
Pain is a serious health issue with notable socioeconomic concerns affecting work productivity.1,2 Pain is associated with
inflammation which can lead to tissue damage and loss of functionality at times.3 Nevertheless, a good number of
analgesics such as opioids and non-steroidal anti-inflammatory drugs (NSAIDS) are available in the market, the
associated side effects cannot be ignored.1,4 Prolonged usage of NSAIDS may lead to gastrointestinal and cardiovascular
complications.5,6 This necessitates the search for complementary and alternative medicine, which can improve the quality
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of life, relieving the pain and inflammation. In this direction, dietary supplements and herbal extracts have gained
significant attention, several of them being used since ages in ethnomedicine.7

Several culinary spices including clove, turmeric, ginger, and black pepper (Piper nigrum L.) have been reported to
possess antinociceptive activity.8–11 Different parts of P. nigrum such as seeds, leaves and fruit have been used in
traditional medicine, mostly in the Asian subcontinent. Preparations of black pepper have been used folklorically to cure
gastrointestinal disorders, menstrual complications including menstrual pain, throat infection, cough, fever and skin
diseases.12 The seeds of the plant have been used in ethnomedicinal preparations to relieve pain including headache,
body ache, ear ache and throat pain.13–15 Black pepper extracts have been evaluated to possess several pharmacological
activities, viz. antioxidant, anticonvulsant, antimicrobial, anticancer, antiinflammatory, analgesic and neuroprotective
activities.11,16–19

The presence of piperine and essential oils impart pungency to black pepper. The essential oil contains terpenes such
as β-caryophyllene (BCP), limonene, β-pinene and sabinene.20 BCP is a selective CB2 receptor agonist with health
benefits such as neuroprotective and anti-inflammatory effects as established in preclinical models.21–23 The molecule is
reported to exert antinociceptive effect in mouse model of pain via activation of cannabinoid receptor-2 (CB2).24 Here
we have used a black pepper seed extract (Viphyllin) with a standardized content of BCP to investigate the potential
mechanism of analgesic activity in mouse pain models. The involvement of endocannabinoid receptors CB1, CB2,
transient receptor vanilloid 1 (TRPV1) ion channel and peroxisome proliferator-activated receptor α (PPARα) in
Viphyllin-mediated antinociceptive activity is reported in this study. Further, in silico docking studies were performed
to predict the interaction of BCP with the agonist-binding sites of the pain receptors.

Materials and Methods
Plant Extract
ViphyllinTM, black pepper extract was procured from the Department of Phytochemistry, R&D Center, Vidya Herbs Pvt
Ltd. The black pepper seeds were harvested during winter (December–February). The oil fraction from the seeds was
extracted using supercritical fluid extraction, and formulated to form the powder. Viphyllin was characterized using
GCMS to contain not less than 30% BCP.25

Drugs
β-Caryophyllene (90% pure) was procured from Sigma-Aldrich. Diclofenac sodium (PubChem CID: 5018304), capsa-
zepine (selective TRPV1 antagonist, PubChem CID: 2733484), GW6471 (PPARα antagonist, PubChem CID: 446738)
and SR141716A (CB1 antagonist, PubChem CID: 104850) were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). AM630 (selective CB2 antagonist, PubChem CID: 4302963) was procured from Tocris Bioscience, UK. The
antagonists were reconstituted in dimethyl sulphoxide (DMSO). The concentration of DMSO in the final dose formula-
tions did not exceed 0.5%.

Animals
Male Balb/c mice weighing 25–30 g (7–8-weeks-old) procured from the authorized animal supplier Biogen
Laboratory Animal Facility, Bangalore, India, were used for the animal experiments. The animals were housed in
the animal facility of R&D Center, Vidya Herbs Pvt Ltd under controlled environmental conditions (temperature: 23
±2 °C, relative humidity: 35–50%, 12 h light/dark cycle). The animals were given commercial pellet diet and water
ad libitum. All the animals were allowed to acclimatize to the environmental conditions before the start of
experiments. The experimental protocols were approved by the Institutional Animal Ethics Committee (IAEC) of
Vidya Herbs Pvt Ltd., Bangalore, India (VHPL/PCL/IAEC/01/2021). The animals were maintained throughout the
study in accordance with the CPCSEA (The Committee for the Purpose of Control and Supervision of Experiments
on Animals, Government of India) guidelines. All the animal experiments were conducted with care considering the
humane end points.
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In vivo Antinociceptive Activity of Viphyllin
Acetic Acid-Induced Writhing Test
Viphyllin at different doses was screened for antinociceptive activity using acetic acid-induced writhing test as described
by Koster et al26 with slight modifications. Thirty-six male mice were randomized into six groups (n=6 in each group):
Control group were given normal saline solution while positive control group received reference drug diclofenac sodium
(30 mg/kg). Three test doses of Viphyllin (10, 25 and 50 mg/kg body weight) were used in the experiment. Another
group of mice were administered with 15 mg/kg of pure BCP. All the treatments were intraperitoneally injected. Thirty
minutes after the respective treatments, the animals were given 10 mL/kg body weight of 1% acetic acid intraperitone-
ally. The number of writhes were recorded after 10 min of acetic acid administration.

Formalin-Induced Paw Licking Test
Formalin-induced paw licking test was performed in the presence and absence of selective antagonists of pain receptors.
Forty-two male mice were divided into seven groups (6/group). Control group received vehicle while the treatment
groups received the effective dose of Viphyllin (50 mg/kg body weight) and the reference compound BCP (15 mg/kg
body weight). Other groups were intraperitoneally injected with different antagonists, viz. capsazepine (0.1 mg/kg body
weight), GW6471 (1 mg/kg), AM630 (5 mg/kg), and SR141716A (0.1 mg/kg). The control group was administered
intraperitoneally with 0.5% DMSO in saline. Thirty minutes after the antagonist administration, the mice were given
Viphyllin or BCP intraperitoneally. Formalin test was conducted 30 min after the vehicle/extract treatment.27 Briefly, the
animals were given 20 µL intraplantar injection of a 2.5% formalin solution. The injected paw-licking time (in seconds)
was recorded during early (0–5 min) and late phase (25–30 min) after formalin injection.

Hot Plate Test
Mice were divided into different groups with six animals in each group. Control group was injected with vehicle and
the treatment groups received Viphyllin (50 mg/kg body weight) and reference compound BCP (15 mg/kg body
weight). The other groups were injected with the respective doses of antagonists as mentioned in previous experimental
section. The mice were given Viphyllin 50 mg/kg body weight i.p. 30 min after the antagonist administration. Thirty
minutes later, the animals were placed on a thermostatic hot plate with a temperature maintained at 55 ± 2 °C. The
latency time ie, the time taken by the mice for initial jump was recorded. To prevent tissue damage, a cutoff time of 60s
was used.28

Tail Flick Test
The antinociceptive activity of Viphyllin was further evaluated using tail flick test.29 Eighteen male mice were
randomized to three groups with six animals in each group. The control group animals were intraperitoneally given
the vehicle (0.5% DMSO) while the other two groups received 15 mg/kg i.p. of BCP and 50 mg/kg i.p. of Viphyllin,
respectively. The tail flick (immersion) test was performed at 0, 30, 60, 90 and 120 min after the respective treatments. In
brief, tail of each animal (5 cm) was immersed in a water bath maintained at 55 ± 2 °C. The reflex time of animal to
withdraw the tail was recorded using a stopwatch. The cut-off time was kept as 15s to avoid tissue injury.

Further, to investigate the role of specific pain receptors, the tail flick test was performed in the presence or absence of
selective antagonists of PPARα, TRPV1, CB1 and CB2 receptors. The randomization of animals and the respective
antagonist treatments were done as mentioned in the previous sections. Mice were injected with the vehicle/Viphyllin
(50 mg/kg body weight) 30 min after intraperitoneal administration of different antagonists as described previously. After
30 min of extract treatment, tail flick test was conducted.

Molecular Docking
The crystal structures of agonist-bound CB1 (PDB ID: 5XR8), CB2 (PDB ID: 6PT0), PPARα (PDB ID: 6KXY) receptors
and TRPV1 ion channel (PDB ID: 3J5R) were retrieved from PDB database (http://www.rcsb.org/). Chain A of CB1 and
PPARα receptors, chain R of CB2 receptor, and chain B of TRPV1 were used for macromolecule preparation. The
coordinates of PDB structures were prepared for molecular docking by removing the water ions and ligands using Python
molecule viewer.
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The 3D structures of BCP were obtained from PubChem (https://pubchem.ncbi.nlm.nih.gov). The drug-like properties
of the molecules were determined using SWISSADME prediction (http://www.swissadme.ch/). The OpenBabel tool was
used to minimise energy of natural compounds and 3D coordinates were prepared (http://www.cheminfo.org/).

The crucial amino acid residues actively involved in the agonist binding of the nociceptive receptors were retrieved
from the literature.30–33 AutoDock tool was utilized to generate grids, calculate dock score, and evaluate the conformers
of BCP interacting in the binding sites of receptors. The grid map parameters were generated with AutoGrid (Table 1).
As per genetic algorithm, all the torsions could rotate during docking. The Lamarckian genetic algorithm and the pseudo-
Solis and Wets methods were applied for minimization, using default parameters.34

Statistical Analysis
All the experimental data were analyzed by one way ANOVA followed by Tukey’s multiple comparison test using
GraphPad Prism 9.0 (GraphPad Software, Inc.). The data were presented as mean ± SEM. p<0.05 were considered
statistically significant.

Results
Viphyllin Exerts Significant Anti-Nociceptive Effects Against Visceral Pain in Mice
In this study, the antinociceptive effect of Viphyllin was initially screened using acetic acid-induced writhing test in mice.
Figure 1 shows the number of writhings recorded in different treatment groups. Viphyllin at the doses of 10, 25 and
50 mg/kg body weight showed significant antinociceptive activity in dose-dependent fashion [F(5,30) = 22.27, p<0.001].
Viphyllin showed 38.4%, 61.2% and 69.97% inhibition in number of writhes at 10, 25 and 50 mg/kg respectively, as
compared to control mice. The reference standard diclofenac sodium exhibited the writhing inhibition of 86.55% with
respect to control group. Interestingly, the reference compound BCP at 15 mg/kg showed the highest antinociceptive

Table 1 Grid Point Parameters Used for Molecular Docking of β-Caryophyllene with Nociceptive Receptor-Agonist
Binding Sites

Receptor Grid Centre Coordinates Grid Size

x y z x y z

CB1 −43.288 −157.799 307.888 40 40 40
CB2 97.135 109.16 120.83 60 60 60

PPARα 15.295 −12.269 −32.623 46 40 54

TRPV1 24.113 −7.236 −13.071 50 50 50

Abbreviations: CB1, cannabinoid receptor 1; CB2, cannabinoid receptor 2; PPARα, peroxisome proliferator-activated receptor-alpha; TRPV1, transient
receptor potential cation channel subfamily V member 1.

Figure 1 Analgesic effect of Viphyllin in acetic acid–induced writhing test. Data analyzed by one-way ANOVA followed by Tukey’s test and presented as mean ± SD (n=6).
*p<0.05 and ***p<0.001 vs control group; #p<0.05 vs reference drug (Diclofenac sodium) treatment group.
Abbreviation: BCP, β-caryophyllene.
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activity (95.71%). Except for Viphyllin at 10 mg/kg [F(5,30) = 22.27, p<0.05], the extract treatment groups showed
insignificant difference in the number of writhes as compared to diclofenac sodium treated mice. Based on these data, we
have used 50 mg/kg of Viphyllin for subsequent experiments.

Viphyllin-Mediated Analgesic Action Involves Multiple Pain Receptors
The antinociceptive action of Viphyllin was investigated in the presence or absence of selective antagonists of different
pain receptors. The extract at 50 mg/kg body weight exhibited a 2.18-fold [F(6,35) = 12.40, p<0.001] and 1.81-fold [F(6,35)
= 8.32, p<0.01] reduction in the paw licking time compared to the vehicle treated group during early and late phases of
formalin test respectively. The antinociceptive effect of Viphyllin was comparable to the reference compound BCP. BCP
at 15 mg/kg reduced the paw licking time to 3.26-fold [F(6,35) = 12.40, p<0.001] and 3.19-fold [F(6,35) = 8.32, p<0.001]
during early and late phases of the test respectively, compared to the control group.

The reduction in the paw licking time of Viphyllin-treated mice was reversed to a significant extent by the selective
CB2 receptor antagonist (AM630) in both early [F(6,35) = 12.40, p<0.05] and late phases [F(6,35) = 8.32, p<0.05] of
formalin test (Figure 2A and B), as compared to Viphyllin-treated mice. However, there was no significant change in the
effect of Viphyllin observed following treatments with antagonists of TRPV1 (capsazepine), PPARα (GW6471) and CB1
(SR141716A).

In the hot plate test, Viphyllin treatment markedly enhanced the latency time of mice compared to the vehicle control
group [F(6,35) = 15.25, p<0.001]. The antinociceptive activity of Viphyllin was comparable to reference compound BCP.
The extract-mediated antinociceptive action was significantly reduced by the selective TRPV1, PPARα [F(6,35) = 15.25,
p<0.05] and CB2 [F(6,35) = 15.25, p<0.001] receptor antagonists. CB1 antagonist did not have any significant influence
on the effect of Viphyllin (Figure 3).

In tail flick test, Viphyllin at 50 mg/kg demonstrated significantly higher latency time compared to control group after
30, 60 [F(1.30,6.49) = 143.0, p<0.01] and 90 min [F(1.30,6.49) = 143.0, p<0.05] of extract treatment. The reference compound
BCP also showed strong antinociceptive effect by significantly enhancing the latency time compared to control group at
the respective time points after treatment [F(1.30,6.49) = 143.0, p<0.001 at 30 min; p<0.01 at 60 and 90 min; p<0.05 at 120
min] (Figure 4A). Interestingly, the action of Viphyllin was reversed to a significant extent by antagonists of PPARα
[F(6,35) = 17.34, p<0.01], TRPV1, CB2 and CB1 receptors [F(6,35) = 17.34, p<0.001] (Figure 4B). All the pain models
included a normal control group, the data of which were out of scale to present in the results (data not shown).

Figure 2 Effect of pretreatment with selective antagonists of pain receptors on analgesic activity of Viphyllin during the early (A) and late phase (B) of formalin-induced paw
licking test. Data analyzed by one-way ANOVA followed by Tukey’s test and presented as mean ± SD (n=6). **p<0.05 and ***p<0.001 vs control group; #p<0.05 vs Viphyllin
treatment group.
Abbreviation: BCP, β-caryophyllene.
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β-Caryophyllene, Prinicipal Component of Viphyllin Interacts with the Agonist-Binding
Sites of Pain Sensors
In this study, we have predicted the interactive mode of BCP, the standardized content of Viphyllin, with the different
nociceptive receptors. The drug likeliness of BCP was determined using SWISSADME (Table 2). The molecule satisfied
the Lipinski’s rule of five (molecular weight, polar surface area, lipophilicity, hydrogen bonding and charge) with one
violation (MLogP >4.15).

Figure 5 shows the three-dimensional view of the pain receptors retrieved from PDB. Chain A of CB1 and PPARα
receptors, chain R of CB2 receptor, and chain B of TRPV1 were used for docking studies.

Table 3 shows the docking scores of BCP bound in the agonist-binding sites of the pain receptors. BCP showed an
appreciable interaction pattern in the orthosteric pocket of CB2 with a binding energy of −7.83 kJ/mol and Ki of 1.81
µM. Due to the structural constraints from the nine-membered ring, BCP demonstrated only four geometries during
docking. The molecule closely interacted with hydrophobic residues Trp194, and Phe183 and Ile186 of ECL2
(Figure 6A). These residues have been reported to be crucial to function in ligand binding.35,36 In addition, BCP had
profound interactions with Ile110, Thr114, Val113 and Phe281. BCP had a moderate binding with CB1 receptor binding
site. The best docking pose showed a binding energy of −5.16 kJ/mol (Ki = 165.22 µM). BCP did not interact with any of
the key residues of CB1 (Figure 6B). The best scoring pose of BCP with PPAR-α putative binding site (Ki = 13.05 µM)
showed key interactions including Ile241, Ile272, and Ala333, and the lowest binding energy of −6.66 kJ/mol. BCP
showed several molecular interactions with the amino acid residues of the binding pocket (Figure 6C). The docking

Figure 3 Effect of pretreatment with selective antagonists of pain receptors on analgesic activity of Viphyllin (hot plate test). Data analyzed by one-way ANOVA followed by
Tukey’s test and presented as mean ± SD (n=6). ***p<0.001 vs control group; #p<0.05 and ###p<0.001 vs Viphyllin treatment group.
Abbreviation: BCP, β-caryophyllene.
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results of BCP against TRPV1 ion channel showed the lowest binding energy value of −7.58 kJ/mol (Ki = 2.8 µM). BCP
engaged in interaction with Phe488, Arg491, Gly492, Glu513, Phe516, and Tyr554 residues in the capsaicin-binding
pocket of TRPV1 (Figure 6D).

Discussion
Plants in general are a good source of compounds with analgesic action.37 Black pepper oil has several terpene
compounds with pain relieving attributes involving peripheral pain receptors.38 BCP is a cannabinoid analogue that
selectively activates the CB2 receptor and has potential anti-nociceptive effects in inflammatory and neuropathic pain
models.24 In this study, Viphyllin, extract from the seeds of black pepper with a standardized content of BCP, not less
than 30% was used to evaluate the potential antinociceptive activity.

The antinociceptive action of Viphyllin was initially evaluated with 10mg, 25mg and 50mg/kg doses using acetic
acid–induced writhing test. There was a dose-dependent response of Viphyllin-treated mice to exert antinociceptive

Figure 4 Evaluation of antinociceptive activity of Viphyllin using tail flick test. Effect of Viphyllin on the latency time of tail flick after 0, 30, 60, 90 and 120 min of treatment
(A). Data analyzed by two-way ANOVA followed by Tukey’s test. Effect of pretreatment with selective antagonists of pain receptors on antinociceptive activity of Viphyllin
(B). Data analyzed by one-way ANOVA followed by Tukey’s test and presented as mean ± SD (n=6). *p<0.05, **p<0.01 and ***p<0.001 vs control group; ##p<0.01 and
###p<0.001 vs Viphyllin treatment group.
Abbreviation: BCP, β-caryophyllene.

Table 2 Drug Likeliness of β-Caryophyllene

Lipinski’s Rule of Five

Molecular weight (<500 Da) 204.35 g/mol

MLog P (<4.15) 4.63

H-Bond donor (5) 0
H-Bond acceptor (<10) 0

Violation 1
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effect in writhing test. The extract at 50 mg/kg showed 69.97% inhibition of inflammatory pain, comparable to the
reference drug diclofenac sodium. Previously, Jeena et al demonstrated the antinociceptive activity of black pepper
oil using inflammatory pain models. It was reported that black pepper oil could substantially reduce the nociception
via inhibition of lipoxygenases and cyclooxygenases.16 Our results are in line with these findings, and suggest the
inhibitory effects of Viphyllin on inflammatory mediators of nociception. Further to evaluate the mode of action of

Figure 5 Three-dimensional view of the nociceptive receptors. (A) CB1 receptor (PDB: 5XR8); (B) CB2 receptor (PDB: 6PT0); (C) PPARα receptor (PDB: 6KXY); (D)
TRPV1 ion channel (PDB: 3J5R) with chain B highlighted in blue.

Table 3 Docking Score of Interaction of β-Caryophyllene with Agonist Binding Sites of Different Pain Receptors

Receptor Binding
Energy kJ/
mol

Ligand
Efficiency

Inhibitory
Constant
(µM)

Vdw_hb_Desolv_Energy Interactions

Cannabinoid

receptor 2 (CB2)

−7.83 −0.52 1.81 −7.84 Ile186, Ile110, Trp194, Phe281, Val113,

Phe183, Thr114

Cannabinoid

receptor 1 (CB1)

−5.16 −0.34 165.22 −5.16 Phe191, Gly194, Gly195, Ala198, Ile245,

Val249

PPAR-α −6.66 −0.44 13.05 −6.67 Ile241, Leu247, Glu251, Leu254, Arg271,

Ile272, Cys275, Val332, Ala333

TRPV1 −7.58 −0.51 2.8 −7.57 Phe488, Arg491, Gly492, Glu513, Phe516,

Tyr554

https://doi.org/10.2147/JPR.S351513

DovePress

Journal of Pain Research 2022:15362

Venkatakrishna et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Viphyllin, we used 50 mg/kg as the test dose in other murine models of pain viz., formalin-induced paw licking, hot
plate, and tail flick tests.

Several pain sensors other than the opioid receptors play crucial role in the antinociceptive action of compounds. The
activation of cannabinoid receptors CB1 and CB2 predominantly subsides the chronic and inflammatory pain.39 In the
peripheral sensory neurons, the activated PPARα diminishes pain by desensitizing the TRPV1 ion channels.40

Development of analgesics involving these receptors seem to be the safer anti-nociceptive treatment strategies compared
to the conventional opiates and NSAIDS. Hence, in this study, we have investigated the role of CB1, CB2, PPARα and
TRPV1 receptors in Viphyllin-mediated analgesic effects.

As like the writhing test, Viphyllin showed significant analgesic activity in another inflammatory pain model,
formalin test. This effect was reversed by AM630 (selective CB2 antagonist) in both early and late phases of formalin
test. This explains the role of CB2 receptor in the antinociceptive effect of Viphyllin. The presence of BCP in the extract
might have substantially contributed to the activation of CB2 receptor.24

Further, the extract was evaluated for thermal analgesia using hot plate and tail flick tests. Hot plate test is a simple
and extensively used method to investigate the central antinociceptive activity of drugs.41 Both hot plate and tail flick
models have been implicated, assessing the antinociceptive action of drugs in modulating acute thermal pain. However,
the neurological mechanism of pain modulation is different in these models. Tail flick test uses radial heat to measure the

Figure 6 Best docking pose predictions of β-caryophyllene with the agonist binding sites of nociceptive receptors. Representative images showing the interactions of β-
caryophyllene with cannabinoid receptors, CB2 (A) and CB1 (B), PPARα (C) and TRPV1 (D) binding sites. Molecular docking was performed with AutoDock 4.2 tools using
Lamarckian genetic algorithm.
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spinal refluxes, while hot plate test involves a more complex supraspinal reflux action.42 Viphyllin treated mice showed
a significantly higher latency time compared to control animals. This antinociceptive effect was inhibited to a significant
extent by the pretreatment of mice with capsazepine (TRPV1 antagonist), GW6471 (PPARα antagonist) and AM630
(CB2 antagonist) before Viphyllin administration. Similar observations were made in tail flick test. However, there was
also an involvement of CB1 receptor in Viphyllin-mediated analgesic effect in tail flick test. It can be speculated that the
active constituents, including BCP of Viphyllin, may activate one or more of these receptors to modulate pain.

TRPV1 transmembrane ion channels transduce pain signals in response to noxious stimuli.43 Activation of TRPV1
leads to a cascade of calcium-dependent processes to desensitize the channel.44 Endocannabinoids and synthetic
cannabinoid ligands have been reported to modulate the TRPV1 channel.45,46 BCP is a selective CB2 agonist and can
thus contribute significantly to the desensitization of TRPV1 channel, as observed in the present study. There exists
a close link between endogenous PPARα signaling in sensory neurons and TRPV1 desensitization to control excess pain.
Ambrosino et al reported that palmitoylethanolamide, a PPARα agonist activated the TRPV1 channel in sensory
neurons.47 Our results are in line with these findings. Viphyllin-mediated activation of PPARα and TRPV1 receptors
in thermal antinociceptive tests could be attributed majorly to the presence of BCP. However, the activation of TRPV1
ion channel might have also involved other constituents of black pepper. Okumura et al have reported previously the
involvement of several phytoconstituents such as piperine, piperoline A, isopiperine, isochavisine, piperoline B and
dihydropipernonaline in the activation of TRPV1.48 Overall, the data obtained from the in vivo pain models strongly
indicates the involvement of CB2, PPARα receptors and TRPV1 ion channel.

The interaction of BCP, the characterized constituent of Viphyllin with the agonist-binding sites of pain receptors was
studied using molecular docking simulation. BCP showed an obvious stronger binding affinity with the orthosteric site of
CB2 receptor. Alongside, the molecule also interacted well with the agonist-binding sites of PPARα and TRPV1. The
docking predictions agree with the experimental data and further support the involvement of BCP in the activation of the
pain receptors contributing to the analgesic activity of Viphyllin. The outcome of the study highlights the possible role of
BCP as a major contributor to the observed antinociceptive effects of Viphyllin. The Viphyllin-mediated antinociceptive
activity was comparable to that of BCP in pure form. It can be thus speculated that BCP could act in synergy with other
phytoconstituents to ameliorate the pain in animals.

The results of the present study shows that Viphyllin could act as antinociceptive agent by selectively activating the
pain receptors CB2 and PPARα in peripheral tissues to desensitize the TRPV1 ion channel. Further, the phytoconstituents
of Viphyllin including BCP could possibly reduce the release of endogenous PGE2 via inhibition of inflammatory factors
such as lipoxygenase and cyclooxygenases, to ameliorate the inflammatory pain.

Conclusion
The present study findings demonstrate the efficacy of Viphyllin, alleviating the peripheral and central pain in mice. The
extract was found to exert antinociceptive action via activation of endocannabinoid receptor CB2, PPARα and TRPV1
ion channels. β-Caryophyllene, the characterized active constituent of Viphyllin was further demonstrated to have
considerable interaction with the agonist-binding sites of the nociceptive receptors. This study strongly recommends
Viphyllin as potential candidate for reducing pain and inflammation.
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