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Short Description of the Work
Topicality of Research

Pain is a serious health problem that affects a person’s
quality of life. It accompanies many acute or chronic
diseases. Pain in animals and the human body is caused by
various irritating factors. Like other sensory sensations, pain
sensations are perceived by specialized receptors,
nociceptors that recognize, convert, and transmit signals to
the central nervous system. Thus, pain mobilizes various
functional systems to avoid exposure to harmful irritants.

he identification of the transient receptor potential (TRP)
channel as a receptor has ushered in a new era in elucidating
the molecular mechanism of pain sensation.

TRP channels are actively studied and considered as
targets of medicinal products. They are a very large family of
TRP protein channels in temperature and pain receptors.
Most recently, these studies were crowned with the 2021
Nobel Prize in Physiology for American scientist David
Julius for studying channels sensitive to temperature and
pain.

Increasing genetic studies in animals and humans have
shown that the physiological role of TRP channels extends
far beyond the nervous system; Moreover, an increasing

number of studies indicate the involvement of TRP channels
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in various pathological processes related to the skin, bladder,
kidneys, respiratory and digestive systems.

Transient receptor potential channels are a broad group of
conduction channels for cations (mainly calcium and
sodium) that perform a cardinal signaling function in the
sense organs and thus significantly influence animal
behavior. These channels are activated through a variety of
mechanisms and participate in virtually every sensory
system, such as sight, hearing, taste, smell, as well as
somatosensory sensations (touch, pain, itching, tempe-
rature). Consequently, these channels have a strong
influence on animal behavior.

Although the physiological functions of TRP channels
have not yet been fully studied, the wide representation of
these channels in living organisms indicates their important
biological role. For example, TRP channels are involved in
the transmission of sensory signals, they also respond by
activation to temperature, pain (nociceptive), mechanical
stimuli and chemicals (pheromones, odorants) and more.
TRPA1, TRPV1 and TRPMS are highly sensitive to different
temperatures, which is why they are called thermo-TRP
channels.

It is also interesting to note that TRP channels
simultaneously exhibit sensitivity to chemicals that induce

pain and pain-like sensations. Such substances are cinnamon
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aldehyde, menthol, ginger oil (ginger), mustard oil,
camphor, clove oil, capsaicin and others. Some TRP channels
are activated in vitro by activating other receptors that are
activated during inflammation and cause pain. In addition,
these channels are involved in the development of a number
of inherited and acquired diseases.

The development of specific and selective analgesics and
their introduction into medical practice requires the
deepening of theoretical knowledge about the
neurophysiological, neurochemical and pathophysiological
mechanisms of pain. In this regard, the study of thermo-TRP
channels is highly relevant and important. Based on the
results of the present study, we believe that specific and
selective inhibition of TRP channel activity will be used to

relieve pain.

Research goals and objectives

The TRP channel, which is sensitive to at least six
temperatures, is expressed in sensory neurons, and most of
them are also receptors for sensory-active substances such as
cinnamon aldehyde, menthol, mustard oil, capsaicin, and
other chemical irritants. These channels are the major
molecules in nociception. Thermal TRP channels detect

temperature as well as chemical and mechanical pain.
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The main aim of the presented paper was to determine
the role of thermo-TRP channels in pain modulation. In
particular, behavioral study of the effects of thermo-TRP
channel agonists and antagonists in rats and transient
receptor potential ion channels (TRPs) with nonsteroidal

anti-inflammatory drugs (NSAIDs).

The following tasks have been identified for the purpose
of the research:

1. Study of thermal and mechanical pain phenomena by
the action of cinnamon aldehyde and mustard oil on the
TRPA1 channel, the action of capsaicin on the TRPV1
channel and the action of menthol on the TRPMS8 channel
in the development of thermal and mechanical pain in rats.

2. Study of the effects of the TRPA1 channel antagonist
HC-030031 on whether this antagonist will cause dose-
dependent blockade of the TRPA1 channel during thermal
and mechanical pain.

3. Study of dose-dependent blocking action of TRPV1
channel antagonist AMG-517 during thermal and
mechanical pain.

4. Investigation of the effect of nonsteroidal anti-
inflammatory drugs (NSAIDs) (ketorolac, diclofenac and

xefocam) on the activation of the TRPA1 channel induced
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by cinnamon aldehyde and mustard oil during heat and
mechanical pain.

5. To determine the effect of NSAIDs on capsaicin-
induced TRPV1 channel activation during heat and
mechanical pain.

Theoretical and practical significance of the research:

The paper comprehensively investigates the effects of
TRP channel agonists, cinnamon aldehyde and mustard oil
(for TRPA1 channel), the effects of menthol (TRPMS8
channel) and also the action of capsaicin (capsaicin Al) on
capillaries on painful reflexes induced by thermal and
mechanical stimulation in rats. The study found that
subcutaneous injections of thermo-TRP channel agonists
resulted in a significant reduction in the latent period of the
thermal reflex of the paw removal and the threshold of
mechanical pacing of the paw compared to the control or
contralateral paw, i.e. the development of hyperalgesia and
allodynia. In addition, reliable blockade of said hyperalgesia
and allodynia induced by pre-intraplanted injection of
TRPA1 and TRPV1 channel antagonists, respectively, HC-
030031 and AMG-517, is shown.

The results of the dissertation provide new information
about the fundamental neural mechanisms underlying pain
as well as irritation caused by thermal and chemical stimuli.

The results obtained will also provide new information on

36



the nature and site of interaction of effects due to thermal
and chemical stimuli (peripheral vs central sensitization) and
the effects of NSAIDs on them.

The presented data demonstrate a new mechanism
linking the anti-inflammatory and analgesic effects of
NSAIDs. This mechanism may directly inactivate or
desensitize the TRPA1 and TRPV1 channels. We suggest
that clinically well-known NSAIDs have been added to their
function as both TRPA1l and TRPV1 channel regulators.
Study of the action of NSAIDs on TRPA1l and other
thermosensitive TRP channels sheds a whole new light on
the study of the regulation and modulation of pain
mechanisms. Such data will help to understand the
mechanisms of pain in order to find new therapies for more
adequate treatment of pain, which is of great social

importance for our society along with medicine.

The scientific novelty

A wide range of TRPA1, TRPV1 and TRPMS8 channel
agonists and antagonists were first tested to investigate the
phenomena of thermal and mechanical pain. In subsequent
series of experiments, we first studied the effects of pre- and
post-injection effects of NSAIDs (ketorolac, xefocam, and
diclofenac) in rats on the reflex in response to thermal and

mechanical painful stimuli in response to TRPA1 and
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TRPV1 channel agonists. It was found that only pre-
administration of NSAIDs (and not post-injections)
attenuated activation of the above channels by appropriate
agonists according to behavioral tests. Specific and selective
inhibition of TRP channel activity will be used to relieve
pain, which will make a significant contribution to the

development of a new class of analgesics.

Summary of the dissertation:

The dissertation includes a review of the existing
literature on the research problem, a description of the
methods used in the experiments, the results obtained, their
discussion, and the conclusions that were made possible by
the research conducted.

The full volume of the dissertation is 97 pages and

includes 38 pictures, 4 tables and a list of cited literature.

Approval of the paper
The main results of the paper were reported at various
international scientific forums and two research projects

under the curriculum.
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Experimental methods

Animals

Experiments were performed on white rats, weighing
200-250 g. Their reproduction was produced by Iv. In the
vivarium of Beritashvili Biomedicine Center. The animals
were in standard conditions (22°C + 2°C, 65% humidity,
light - from 6:00 am to 8:00 pm), fed standard food, free
water intake. The requirements of the International
Organization for the Study of Pain (IASP) were fully taken
into account when conducting animal experiments
(Zimmermann, 1983).

The experiments were conducted in several stages:

The first stage — testing the control group.

The second stage — testing of agonists of TRPMS, TRPV1
and TRPA1 channels.
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The third stage is to study the effects of TRPV1 and
TRPA1 channel antagonists.

Stage 4 — Effect of pre- and post-injection NSAIDs on
activation induced by the corresponding agonists of the
TRPA1 and TRPV1 channels. There were six rats in each

experimental and control group.

Chemicals

Injection of Chemicals: All Chemicals (Mustard Oil,
Cinnamon Aldehyde, Capsaicin, Menthol, TRPA1 Channel
Antagonist - HC-030031, TRPV1 Channel Antagonist AMG-
517 and NSAID (Diclofenac, Ketofoamig) Louis, MO, USA)
Different doses of these substances were injected into the
back of the rats with a needle connected to a Hamilton
cannula (PE50) with a needle. 5-10 minutes before insertion

of TRP channel agonists.

Behavioral testing
We used the Thermal paw withdrawal test (Hargreaves)
test, Mechanical paw withdrawal threshold test (VonFrey)

test and Thermal preference test to perform the set tasks.

Data analysis
Thermal and mechanical removal reactions of the toe

were statistically calculated by repeated variance analysis.

44



Data reconciliation was performed between control and test
groups by t-Tukey-Kramer test. The obtained data express
the mean + mean square deviation. Statistical reliability was
determined for P <0.05 cases. We used the computer
statistics package Prism 4.03 (GraphPad Software, Inc.,
USA).

Results
TRPAI1 channel activation study
Unilateral injection of cinnamon aldehyde (CA) (5%,
10% and 20%) into the hind paw causes a reliable, dose-
dependent reduction of the latent period of the ipsilateral
paw removal reflex to heat (hot) pain stimuli as well as
hyperalgesia. The threshold for mechanical irritation, i.e.,
causes mechanical allodynia. In addition, bilateral injection
of CA has shown hyperalgesia on cold (cold plate test) and
aberration on painless cold (thermal advantage test).
Unilateral subcutaneous injection of the allyl isothio-
cyanate (AITC) (5%, 10%, and 15%) of the main component
of the mustard oil causes a reliable, dose-dependent
reduction of the latent period of the ipsilateral toe removal
thermal reflex. Reduces the threshold of mechanical
irritation of the toe, i.e. causes mechanical allotment.
Bilateral injection of AITC has shown hyperalgesia on cold

(cold plate test) and aberration on painless cold (thermal
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advantage test) with significant effects on TRPAIL. In the
onset of thermal, mechanical, and pain sensations.

The data presented by us support the role of TRPA1 in
detecting cold because the TRPA1 agonist CA increased cold
sensitivity in a two-behavior test. It is completely
indisputable that the TRPA1 channel is involved in pain
sensation and TRPA1 agonists enhance sensitivity to heat
pain, possibly by indirect modulation of the TRPV1 channel,
which is expressed with TRPA1 in nociceptors.

TRPA1, as a ligand-dependent channel of sensory
neurons, was initially reported to be activated at cold,
temperatures below 18°C, although this view is
controversial. TRPA1 receptors are responsible for central
pain  hypersensitivity to various pathophysiological
conditions such as inflammatory and neuropathic pain.
However, our behavioral data support the role of TRPA1
receptors in the detection of colds, as intra-implant injection
of CA in rats avoids the cold surface (temperature advantage
test) and significantly reduces the latent reflex reflection
periods at 0°C and 0°C. (Cold plate test), indicating
hyperalgesia with respect to cold. In the cold plate test, we
detected cold hyperalgesia in the AITC-treated group and no
antinociceptive effect was observed. These results are

consistent with the possibility that TRPA1 channel
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antagonists may raise the cold-induced threshold of TRPA1

channels to increase their sensitivity to cold.

Activation of the TRPMS8 channel induced by the action
of menthol

Experiments have shown that different concentrations of
menthol cause (40%, 10% and 1%) a reliable, dose-
dependent increase in the latent period of the toe removal
reflex. Ie Menthol has an antinociceptive effect. The 10%
menthol group data did not differ significantly from the 1%
(p = 0.07), just as the 0.1% and 0.01% groups did not differ
significantly from the control solution-treated groups. An
obvious effect of mirror image is observed in the
contralateral toe. There was a significant difference between
the groups treated with the control solution of different
concentrations (p <0.01), 50% ethanol as the control solution
resulted in a significant reduction in the latency period of
the thermal reflex (p <0.01). The effect of different
concentrations of ethanol on the contralateral thorax is the
same. In the case of mechanical paw removal test, the
injected hind paw data of mice treated with 0.1-10%
menthol did not differ significantly from the groups treated
with the control solution. Only 40% of the menthol group
data differed significantly from the effects of the rest of the
concentration (0.1%, 1%, 10%) (p <0.05), indicating an
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allodynia induced by high concentrations of menthol. For
the contralateral posterior toe, the effect of none of the
menthol concentration groups is different from that of the
control solution groups. There is also no significant
difference between the control solution groups for both
ipsilateral and contralateral toes.

The temperature advantage test revealed the biphasic
nature of the menthol action. High concentrations of
menthol (10% and 40%) caused the rats to spend
significantly (p <0.05) less time at 30 ° compared to controls,
indicating hypersensitivity to cold. At low concentrations
(0.01-1%) rats spent significantly more time at 30 ° C (p
<0.05), indicating hypersensitivity to cold.

In the cold plate test, menthol increased the animal's time
on the surface at the appropriate temperature, or the latent
period of the cold plate, indicating its antinociceptive effect.

Thus, menthol dose-dependently increases the latency of
the toe removal reflex, i.e. has an antinociceptive effect.
According to our data, it should not act on mechano-
receptors, although at high concentrations (40%) it has a
weak allodynamic effect, indicating a small local anesthetic
ability. The cold deflection test revealed the biphasic action
of menthol. At high temperatures it reduces the deflection to
cold, while at low temperatures it reliably increases the

latter effect. The presented results are generally consistent
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with neurophysiological and human psycho-physiological
data and support the TRPMS8 channel as a potential

peripheral target for pain modulation.

Capsaicin-induced activation of the TRPV1 channel

In our experiments, different concentrations of capsaicin
(0.1%, 0.2%, 0.3%, 0.4%) dose-dependently alter the
responses of the toe removal reflexes to painful thermal and
mechanical irritations. The temperature advantage test
revealed the biphasic nature of the action of this substance.
In the case of injection of 0.1% and 0.2% concentrations of
capsaicin solution, the animals in the experimental group
preferred to be on a warm (300C) plate, whereas in the case
of 0.3% solution they spent more time on the cold plate
(150C). These results are consistent with data obtained from
mustard oil injection and confirm the dose- and
temperature-dependent action of the corresponding agonists
on TRP channels.

Thus, our studies confirm that the TRPV1 channel, as a
heat sensor, responds to its agonist capsaicin, causing a
sensation of heating and consequently lowering the
threshold for high temperatures. The results of our study
also indicate that thermosensitive ion channels can detect
the range of temperature changes in the environment and

convert them into neural signals. We are particularly
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interested in the ability of TRP channel agonists to modulate
temperature sensitivity, which is important for the
formation of pain sensations. TRPV1, as a sensor of heat
stimulation, is activated by the corresponding agonist -
capsaicin, which causes a sensation of heat. TRPV1 is a
thermosensitive channel and at the same time shows a low
activation threshold for capsaicin.

As mentioned above, although the TRPA1 channel is a
low temperature sensor, there is more pain than cold when
acting with appropriate agonists (e.g., AITC, CA, etc.). The
role of the TRPA1 channel in the reception of cold stimuli
and in the formation of cold-induced pain is contradictory.
Our recent data confirm the role of TRPA1 in the detection
of cold, the TRPA1 agonist CA enhanced cold sensitivity in
both behavioral tests. TRPA1 is undoubtedly involved in the
formation of pain sensation as its agonists cause heat pain.
This fact may be due to the modulatory effect of the TRPV1
channel on TRPAl as they are expressed together in

peripheral nociceptors.

Study of the effects of TRP channel antagonists

Our studies show that pre-injection of the TRPVI1
channel antagonist (AMG-517) results in a significant
reduction in pain defense reflex reactions. Also pre-

administration of the TRPA1l channel antagonist (HC-
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030031) results in a reliable reduction of thermal
hyperalgesia and mechanical allodynia caused by cinnamon
aldehyde and allyl isothiocyanite. Thus we have shown that
thermal hyperalgesia and mechanical allodynia caused by
painful stimuli damaging the body are due to the activation
of the TRPV1 and TRPA1 cation channels.

The effect of nonsteroidal anti-inflammatory drugs on
activation induced by the action of appropriate agonists on
TRP channels

This series of experiments will explore the possible
regulation of TRP channels in non-steroidal anti-
inflammatory drugs (NSAIDs) in rats. In particular, we
investigated the effect of widely used NSAIDs (diclofenac,
ketorolac, and xefocam) on thermal and mechanical
hyperalgesia induced by activation of the TRPA1l and
TRPV1 channels.

Behavioral tests in rats have shown that pre-injection of
widely used NSAIDs inactivates the TRPA1 and TRPV1
channels activated by the corresponding agonists. This
implies that the sensitivity of the channels to the
corresponding agonists (cinnamon aldehyde, mustard oil,
capsaicin) is impaired in both behavioral tests. Hyperalgesia

returns to baseline in about 40 minutes. In particular, pre-
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administration of ketorolac, diclofenac, and xefocam has
potent antinociceptive effects.

We also studied the post-microinjection effects of
NSAIDs on the administration of capsaicin, cinnamon
aldehyde, or saline. Twenty minutes after injection of these
substances, we inject NSAIDs and record the data by
behavioral tests at 5, 15, 30, 45, 60, and 120 minutes after
NSAID administration. The study found that post-injection
NSAIDs significantly reduced pain induced by agonists of
transient receptor potential channels (TRPA1, TRPV1) in
both behavioral tests.

Thus, the present and literature data presented by us
confirm a new mechanism involving the analgesic effects of
nonsteroidal anti-inflammatory drugs acting on the TRPA1
channel. The latter mechanism is achieved after activation of
TRPA1 by CA or AITC, by desensitization / inactivation of
the TRPA1 channel, or by reduction of prostaglandins, and
can be used therapeutically to treat pain.

As a general conclusion, the discovery of the superfamily
of the Trp gene, almost twenty-five years ago, gave rise to
the study of the coding of TRP cation channels and a variety
of functions by these genes; Understanding the fundamental
physiological and pathophysiological mechanisms of
receptors and other cell types that was previously

impossible. TRP channels are one of the fastest growing
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research topics on ion channels including translational

medicine issues.

Conclusions

1. Transient receptor potential channels (TRPA1, TRPMS,
TRPV1) are involved in the onset of thermal, mechanical,
and pain sensations, as they are sensitive to both high and
low temperatures as well as a number of chemical ligands.
Namely, the TRPA1 channel reveals sensitivity to the main
component of cinnamon aldehyde and mustard oil (allyl
isothiocyanite); The TRPMS8 channel is activated by menthol
and low temperature; The TRPV1 channel is activated by
capsaicin and high temperature.

2. The TRPV1 channel antagonist AMG-517 and the
TRPA1 channel antagonist HC-030031 are attenuated by
their agonists CAPS (TRPV1) and AITC and CA (TRPA1),
respectively, induced by thermal hyperalgesia and
mechanical allodynia. These results may in the near future
form the basis for the synthesis of completely new types of
analgesics aimed directly at blocking TRP channels in order
to minimize the adverse side effects of traditional analgesics.

3. Pre-administration of nonsteroidal anti-inflammatory
drugs leads to attenuation of activation of these channels by

appropriate agonists. This effect should be induced by
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inactivation or desensitization of these channels through
NSAIDs. This added to the effects of clinically well-known
NSAIDs on the function of regulating TRP channels.

4. The data obtained from the study of TRP ion channels
show that these channels are a reliable target for a new
generation of analgesics and therefore a promising means of
pain management, both at the periphery and possibly at the

level of the central nervous system.
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