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Abstract

Pain is a very common concern for patients and has a significant effect upon
their quality of life. Specifically, pain, as defined by the International
Association for Pain Research, is an unpleasant feeling and emotional
experience associated with potential or existing tissue damage. Pain can be
divided into acute and chronic pain depending upon its duration. Chronic
pain, which is defined as pain lasting for longer than 3 months after the onset
of the initial injury or disease, affects the quality of daily living. Chronic
pain is challenging to treat due to the limited efficacy and adverse side
effects of therapies. The International Association for the Study of Pain
defines pain as “an unpleasant sensory and emotional experience associated
with, or resembling that associated with, actual or potential tissue damage”.
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Introduction

Pain is a very common concern for patients and has a significant effect upon
their quality of life. Specifically, pain, as defined by the International
Association for Pain Research, is an unpleasant feeling and emotional
experience associated with potential or existing tissue damage. Pain can be
divided into acute and chronic pain depending upon its duration. Chronic
pain, which is defined as pain lasting for longer than 3 months after the onset
of the initial injury or disease, affects the quality of daily living. Chronic
pain is challenging to treat due to the limited efficacy and adverse side
effects of therapies [1]. The International Association for the Study of Pain
defines pain as “an unpleasant sensory and emotional experience associated
with, or resembling that associated with, actual or potential tissue damage”.
It can result from the direct activation and sensitization of the primary
sensory neurons by autacoids such as prostaglandin, proinflammatory
cytokines, and chemokines. In this case, it is known as inflammatory pain.
It can also arise from central sensitization, independent of the stimulation of
the sensory terminals [2]. The rostral ventromedial medulla is the final
common output node of the complex, brain-spanning network that affects
the experience of pain. Spinal cord-projecting neurons terminate in the
dorsal horn where nociceptive processing is affected, resulting in
accentuation or attenuation of withdrawal reflexes. These spinal projections
also control the processing of ascending transmission, thereby influencing
affective and perceptive dimensions of pain.

Depending on the strength of electrical stimulation in the rostral
ventromedial medium, nociception is either facilitated or inhibited. Within
the rostral ventromedial medulla, serotonergic, y-aminobutyric acid-
mediated [GABAergic], and perhaps also glutamatergic neurons can
modulate pain. Pain stimuli are associated with heightened activity of some
rostral ventromedial medulla neurons and lowered activity of others [so
called ON and OFF cells].
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In addition, p-opioid receptors important for opioid analgesia are
present in virtually all neural substrates in the brain contributing to
the experience of pain, and consistently there is experimental
evidence for the involvement of spinal as well as multiple
supraspinal sites in analgesia [3]. Serotonin is critically involved in
neuropathic pain. However, its role is far from being understood
owing to the number of cellular targets and receptor subtypes
involved. In a rat model of neuropathic pain evoked by chronic
constriction injury of the sciatic nerve, the role of 5-HT2B receptor
in dorsal root ganglia and the sciatic nerve was studied. The 5-
HT2B receptor activation both prevents and reduces chronic
constriction injury-induced allodynia. Activation of peripheral 5-
HT2B receptor both prevents and reduces mechanical allodynia
induced by chronic constriction of the sciatic nerve via blood-
derived macrophage bearing the receptor [4]. Pain is a noxious
sensation resulting from tissue injury and acts as a beneficial
response necessary for the preservation of tissue integrity. Clinical
treatment of pain currently involves the use of opioid and non-
opioid agents. However, both types of drugs present safety profiles
with limited effectiveness and numerous side effects. Non-
steroidal anti-inflammatory drugs are associated with severe
gastrointestinal, renal or liver damage. To date, opioids are the
most potent and effective analgesics for pain treatment. However,
their severe side effects, such as tolerance and addiction, limit their
use. Therefore, the search for new analgesics with higher efficacy
and fewer perceived effects is a continuous objective for pain
treatment [5].

Results and discussion:

During the last few years novel derivatives of 5-HT were described
and presented interesting antinociceptive and anti-inflammatory
properties. For instance, C18 5-HT (BN-octadecanoyl-5-
hydroxytryptamide) was found in the surface wax of green coffee
beans and was synthesized by combining an octadecanoyl unit with
serotonin. Some amides in the serotonin class have also
demonstrated an anti-inflammatory effect by inhibiting the
expression of caspases, a class of enzymes involved in the
inflammatory process6. Furthermore, Ortar et al. described that
another serotonin amide, N-arachidonoyl 5-HT, has agonist
activities towards CB1 and CB2 cannabinoid receptor type, as well
as being an antagonist of TRPV receptors, confirming its analgesic
effect. Intraplantar administration of formalin produces
nociception characterized by two distinct phases [5]. The first
phase (neurogenic phase) occurs between formalin injection and
5 minutes and is due to activation of C-fibers with activation of
TRPAZ1 channels and reflects centrally mediated pain. The second
phase (inflammatory phase) occurs between 15 and 30 minutes
after formalin injection and is mediated by the release of a
combination of inflammatory mediators and sensitization of central
nociceptive neurons. It is also well-known that centrally acting
drugs, such as opioids (morphine and codeine), inhibit nociception
in both phases, while peripheral-acting drugs, such as
indomethacin and acetylsalicylic acid, inhibit only the second
phase. However, there are conflicting data in literature relating
non-steroidal anti-inflammatory drugs acting in the first phase of
the model. It is known that the first phase is also mediated through
liberation and/or synthesis of histamine and serotonine. So, such
drugs that can direct or indirect act interfering with both pathways
can also affect and reduce the first phase of formalin induced
linking response. C18 5-HT significantly decreased the duration of
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licking time at the two higher doses in both phases of pain
responses in the formalin-induced licking model [5]. Serotonin
activity in the brainstem is primarily under the control of 5-HT1A
somatodendritic receptors, although some data also suggest the
involvement of 5-HT1B receptors. Paracetamol (acetaminophen)
has been extensively studied as analgesic for pain relief in many
clinical settings, but its mechanism of action still is under
considerable debate. Paracetamol crosses the brain barrier, and
many reports indicate that paracetamol exerts its antinociceptive
activity not only peripherally, but also within the central nervous
system. In addition, paracetamol also exhibits antinociceptive
effects in tests that are reputed to be sensitive only to central
analgesics, as hot-plate test and tail-flick test, and
intracerebroventricular  or intrathecal  administration  of
paracetamol have also been shown to provide antinociception [6].
Nevertheless, paracetamol can trigger side effects when taken
regularly. Combined therapy is a common way of lowering the
dose of a drug and thus of reducing adverse reactions. Since -
caryophyllene oxide (a natural bicyclic sesquiterpene) is known to
produce an analgesic effect, this study aimed to determine the anti-
nociceptive and gastroprotective activity of administering the
combination of paracetamol plus B-caryophyllene oxide to CD1
mice. Anti-nociception was evaluated with the formalin model and
gastroprotection with the model of ethanol-induced gastric lesions.
According to the isobolographic analysis, the anti-nociceptive
interaction of paracetamol and p-caryophyllene oxide was
synergistic. Various pain-related pathways were explored for their
possible participation in the mechanism of action of the anti-
nociceptive effect of B-caryophyllene oxide, finding that NO,
opioid receptors, serotonin receptors, and K+ATP channels are not
involved. The combined treatment showed gastroprotective
activity against ethanol-induced gastric damage. Hence, the
synergistic anti-nociceptive effect of combining paracetamol with
B-caryophyllene oxide could be advantageous for the management
of inflammatory pain, and the gastroprotective activity should help
to protect against the adverse effects of chronic use [7]. Also, the
analgesic effects of paracetamol are attenuated by drugs that act via
inhibition of serotonergic, opioid and cannabinoid systems
suggesting that a number of neurotransmitter system may be
involved in the central antinociceptive mechanism of paracetamol,
in particular, serotonergic pathways. In support of this, different
studies have shown that the action of paracetamol is significantly
reduced when lesions are produced in the serotonergic pathway or
by inhibiting synthesis of serotonin 5-HT in animal models.
Conversely, paracetamol treatment induces a significant increase
in 5-HT levels in the brainsterm. Another hypothesis that has
surfaced is that the analgesic action of systemically administered
paracetamol could be attributed to spinal 5-HT (5-HT3 and 5-HT7)
receptors mediated the enhanced neurotransmitter release in the
descending serotonergic pathway, which is responsible for
modulation of pain at the spinal level. However, other studies
report a serotonergic facilitatory modulation onto the spinal cord
through 5-HT3 in different pain models [6]. The precise
mechanism of action of paracetamol is still unknown. It is reported
to involve the inhibition of cyclooxygenases (COX-1, COX-2, and
COX-3) and an interaction with the endocannabinoid system and
serotonergic pathways. Moreover, it acts on transient receptor
potential channels and voltage-gated potassium channels, inhibits
T-type calcium channels, and affects I-arginine in the NO synthesis
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pathway. Paracetamol is metabolized to p-aminophenol and then
converted to N-acylphenolamine, the most important mediator of
analgesia. It is metabolized to other compounds as well, such as N-
acetyl-p-benzoquinone imine, which also appears to produce
analgesia [7]. The 5-HT1A receptors have a somatodendritic
location on 5-HT neurons of the midbrain raphe nuclei
(autoreceptors) and on neurons postsynaptic to 5-HT nerve
terminals, mainly in cortico-limbic areas that exerts a pronounced
inhibitory influence upon the release of 5-HT throughout the CNS.
Also, 5-HT1A can be localised at the spinal cord, a diversity of
analgesiometric paradigms has been employed and numerous
behavioural studies have reported hyperalgesia upon spinal
administration. Stimulation of 5-HT1A receptors also attenuates
induction of antinociception by the antidepressant, clomipramine.
While some authors have demonstrated that a 5-HT1A agonist,
F13640, induced central analgesia in different analgesimetric test
[6]. Various pain-related pathways were presently evaluated to
explore their relation to the nociceptive effect of 3-caryophyllene
oxide. One such pathway is related to opioid receptors, located in
the central and peripheral nervous system. Their activation inhibits
adenylyl cyclase and the production of cAMP. The direct
interaction of cCAMP with different membrane ion channels can
modulate pre- and postsynaptic Ca++ currents and thereby
attenuate the excitability of neurons and/or reduce the release of
pronociceptive/proinflammatory neuropeptides. In addition, opioid
receptor activation leads to the opening of G protein-coupled
inwardly rectifying K+ channels, thus preventing neuronal
excitation and/or propagation of action potentials. Since the anti-
nociceptive effect of B-caryophyllene oxide was not modified by
pretreatment with naloxone (a non-selective opioid receptor
antagonist), the corresponding mechanism of action in phase 1l of
the formalin test did not involve opioid receptors [7]. Opioids (such
as morphine) are the most effective drugs for treating severe pain.
However, these treatments are accompanied by several adverse
events, including itching, tolerance, dependence, nausea,
constipation, sedation, and respiratory depression. Furthermore,
the analgesic efficacy of opioids varies among individuals.
Therefore, effective pain treatment is often hampered by
considerable differences in opioid sensitivity. Insufficient opioid
doses can lead to inadequate pain relief, whereas unnecessarily
high doses can result in adverse effects, with both commonly
observed in clinical settings. Thus, the proper administration of
opioids is crucial to meet the needs of individual patients [8].
However, the factors contributing to different inter-individual
responses to opioids are not fully understood. Moreover, morphine
has been used as a potent analgesic for the treatment of severe
chronic pain. However, frequent long-term treatment results in the
development of analgesic tolerance. Morphine produces analgesia
via its activity at several levels of the nervous system; it inhibits
neurotransmitter release from primary afferent terminals in the
spinal cord and activates descending inhibitory controls in the
midbrain. However, the peripheral action of morphine in regulating
pain transmission remains unclear. The endogenous opioid system
is activated under pathological conditions. The ratio of morphine-
induced partial antinociceptive activity at peripheral sites is more
advantageous than that at the central site. Moreover, many
researchers have studied the analgesic activity of several opioid
receptors for a long period. Despite extensive investigation, the
detailed mechanism underlying the analgesic action of morphine is
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not fully understood..Morphine-induced antinociception is
partially reduced in interleukin-31 receptor A -deficient mice,
indicating that interleukin-31 receptor A is crucial for morphine-
induced peripheral antinociception [8]. Moreover, the repeated
administration of interleukin-31 causes itch-associated scratching
behavior, which is significantly increased with the increased
expression of interleukin-31 receptor A in the dorsal root ganglia.
The interaction between cutaneous interleukin-31 and neuronal
dorsal root ganglia interleukin-31 receptor A causes severe itch-
associated scratching behavior (long-lasting scratching) [9].
Morphine treatment significantly increased the interleukin-31-
induced itch-associated scratching behavior) and antinociceptive
activity. The subcutaneous injection of morphine induced itch-
associated scratching behavior, hygiene behavior, and
antinociception. The mechanism of morphine antinociception
involves two sites of action: central and peripheral. Previously, it
was reported that interleukin-31 may play a more significant role
in the modulation of peripheral morphine-induced antinociception
via sensory neurons in interleukin-31 receptor A mice than in wild-
type mice. Antinociception and scratching behaviors (itch-
associated scratching behavior and hygiene behavior) were
observed simultaneously during the experimental period. In
particular, a close correlation was observed between the
development of scratching behavior and morphine-induced
antinociceptive action [8]. Postoperative pain occurs following
burn excision and/or grafting procedures and is most commonly the
result of increased pain from newly created wounds at the skin graft
harvesting site. Postoperative pain may occur all over the body,
including joints and muscles, head, and limbs, and is accompanied
by restlessness, insomnia, sweating or lack of sweating, fatigue,
poor appetite, or even dysfunction of the limbs[10].Various
mechanisms have been identified for mediation of postoperative
pain, which include the role of certain receptors, mediators, and
neurotransmitters involved in the peripheral and central
sensitization after incision. Poorly managed postoperative pain can
lead to complications and prolonged rehabilitation. Uncontrolled
acute pain is associated with the development of chronic pain, with
a reduction in quality-of-life. Various agents (opioid vs non-
opioid), routes (oral, intravenous, neuraxial, regional) and modes
(patient-controlled vs as needed) have been tested for the treatment
of postoperative pain. However, the clinical utility of these
approaches and analgesics is greatly limited by decreased clinical
effectiveness and the occurrence of drug-specific side-effects
among other factors [10]. The use of medicinal plants is a
traditional method of providing relief from illness and can be traced
back over five millennia in several civilizations. Over the years,
natural products have contributed enormously to the development
of important therapeutic drugs used currently in modern medicine.
The potential of higher plants as sources for new drugs is still
largely unexplored [11]. Natural products have been shown to play
an important role in the discovery of analgesic drugs. Different
chemical moieties having potent antinociceptive effects have been
obtained from natural sources, resulting in novel lead compound
classes for designing of analgesic drugs. Among natural
compounds, flavonoids are considered important phytochemical
classes that displayed distinct pharmacological properties [10]. The
current necessity for additional safe analgesic drugs having
lessened side-effects can be efficiently covered by investigating
both natural and synthetic flavonoids for their pain reducing
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properties. The activity of flavonoids does not depend on
abolishing a single mechanism but rather reducing varied
mechanisms and therefore impacting multiple targets in the
neurological processes underlying the expression of pain.
Flavonoids are multi-target molecules, and increasing attention has
been given to these molecules due to their anti-inflammatory and
analgesic  properties.  Flavonoids have shown potent
antinociceptive properties in different animal’s models of
nociception [10]. To determine the mechanism of flavonoid
involved in the central antinociception caused by dichloromethane
fraction and apigenin classical antagonists of cholinergic and
opioid receptors (atropine, mecamylamine, and naloxone,
respectively) and an inhibitor of nitric oxide pathway, was used.
The results indicate that there is an involvement of cholinergic
receptors since atropine inhibited the antinociceptive effect of
dichloromethane fraction and apigenin [11]. A major site of action
for cholinomimetics in analgesia is the spinal cord. Painful stimuli
are known to increase acetylcholine in the spinal cord. The
activation of muscarinic receptors in the spinal cord results in an
increased release of inhibitory transmitters along with a decrease
in the release on excitatory transmitters, and this in part mediates
their antinociceptive effects. Based on this evidence, it is possible
that some substances in dichloromethane fraction as well as
apigenin activate cholinergic receptors resulting in an
antinociceptive effect. The dichloromethane fraction contains
apigenin and other compounds. This explains why the treatment
with all four antagonists has reversed the antinociceptive effect
from dichloromethane fraction and only two of them have inhibited
the antinociceptive effect from apigenin [11]. Migraine is a
multiphasic neurological disorder associated with multiple
symptoms including moderate to severe headache, photophobia,
phonophobia, nausea and vomiting. Migraine patients frequently
have one or more associated comorbidities including chronic pain
disorders, respiratory  disorders, cardiovascular  and
cerebrovascular disorders, psychiatric disorders, and digestive
disorders with comorbidities more prevalent among those with
chronic migraine as compared to episodic migraine. Patients
suffering from migraine frequently report decreased quality of life,
decreased work productivity, higher rates of work absences, more
use and overuse of both over the counter and prescription
medications including opioids, and more healthcare usage
including emergency department visits. It was reported that
exposure to lights of different wavelengths can affect nociception
in rodents. For example, exposure to green light emitting diode
resulted in antinociception in naive rats and antihyperalgesia in rats
with neuropathic pain that was dependent on engagement of the
visual system. Moreover, green light emitting diode exposure was
accompanied by anxiolysis in rats. Given this pain modulating
effect of light, in particular the antinociceptive effect green light
emitting diode, we hypothesized that green light emitting diode
therapy results in reduction of headache-days/month in
migraineurs with concomitant improvement in quality-of-life
measures [12]. Light has broad effects on biological functions
beyond image vision that have been widely demonstrated in human
and rodent studies. The regulatory effects of light (including green
light) on pain-related behaviors have also been observed in humans
with functional pain disorders and pain modelling animals. For
example, patients with fibromyalgia exhibit marked aversion to
natural light, suggesting that innocuous light is perceived as an
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aversive or even painful input, whereas exposure to green light was
found to alleviate fibromyalgia symptoms. These findings suggest
that specific properties of light could function as determining
factors in the neurological effects of light on pain perception [13].
The mechanism of the green light emitting diode pain relief
remains unknown. It was shown that when we fit rats with clear
contact lenses that did not impede or change the wavelength of
green light emitting diode, they experienced antinociception when
exposed to green light emitting diode. However, when the rats were
fitted with opaque contact lenses which did not allow light to pass
to the retina, they did not develop antinociception. Therefore, green
light emitting diode appears to require the visual system, at least in
our rodent studies. It is unclear which part of the visual system
might mediate the effects of green light emitting diode. The
intrinsically photosensitive retinal ganglion cells project to the
midbrain and are involved in triggering photophobia in migraine
patients. It is therefore possible that green light emitting diode is
mediating its effect through the intrinsically photosensitive retinal
ganglion cells [12]. Future studies will be required to elucidate the
mechanisms of green light emitting diode and the components of
the visual system involved. Other pain modulatory mechanisms
may also play a role. For example, in rats green light emitting diode
significantly increased the levels of proenkephalin mRNA in the
spinal cord and decreased entry of calcium through the voltage-
gated N-type calcium channel. It is possible that green light
emitting diode produces its effects through several mechanisms
acting in harmony. For example, while it has long been established
that pain and sleep are intimately related, whether green light
emitting diode improved pain which then led to an improvement in
sleep or vice versa could not be determined in this study. The effect
of light on sleep has been documented previously with blue light
having profound effects on melatonin and sleep. Therefore, it is
possible that green light emitting diode therapy may have
independently improved both sleep and pain by different
mechanisms [12]. Although alterations in not only the pain
sensitivity but also the analgesic effects of opioids have been
reported under conditions of stress, the influence of unpredictable
chronic mild stress on the antinociceptive effects of opioid
analgesics remains to be fully investigated. Endogenous opioid
systems play important roles in the modulation of pain sensitivity
and stress responses. On the other hand, various types of stressors
have been known to alter not only pain sensitivity but also the
analgesic effects of opioids. Several studies have demonstrated the
potentiation of the antinociceptive effects of opioid analgesics by
acute stress, such as restraint stress and cold-water swim stress,
whereas other reports have shown the attenuation of the
antinociceptive effect of morphine by chronic stress, such as
chronic restraint stress and chronic cold-water swim stress.
However, the mechanisms underlying the reduced antinociceptive
effect of morphine under conditions of chronic stress remain to be
elucidated [14]. Unlike the case of morphine, the antinociceptive
effect of tramadol was not reduced under the unpredictable chronic
mild stress condition. In the context of previous reports that
tramadol has inhibitory effects on noradrenaline and serotonin
transporters in addition to its agonistic effect on opioid receptors,
this result suggests the important role of inhibitory effects on the
transporters in the antinociceptive effect of tramadol under
unpredictable chronic mild stress condition. Thus, we examined the
effects of pretreatment with noradrenaline and serotonin
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transporter inhibitors and found that pretreatment with a
noradrenaline reuptake inhibitor but not a serotonin reuptake
inhibitor ameliorated the reduced antinociceptive effect of
morphine under the unpredictable chronic mild stress condition.
Doses of serotonin transporter inhibitor (escitalopram; 1, 3 mg/kg)
used in the present study are thought to be sufficient for behavioral
experiments [14]. Thus, these results suggest that the reduced
antinociceptive effect of morphine under the unpredictable chronic
mild stress condition may be due to the downregulation of
noradrenergic transmission. In this context, Chen et al. reported
that chronic social defeat stress increased the expression of
noradrenalin transporter mMRNA and protein in the locus coeruleus,
which supposedly down-regulated noradrenergic transmission.
Additionally, the electrophysiological study conducted by Bravo et
al. showed that chronic mild stress induced reduction in
noradrenergic transmission in the locus coeruleus.lIt is thought that
chronic pain itself also constitutes chronic stress. It has been
reported that chronic pain induces dysfunction in the noradrenergic
transmission in the LC of rats in the neuropathic pain model.
Combined with a series of previous findings, the present results
suggest that compounds having both an agonistic effect on opioid
receptors and an inhibitory effect on noradrenaline transporters, or
a combination of opioids and noradrenaline reuptake inhibitors,
may be effective in the treatment of patients suffering from chronic
pain. In support of this notion, antidepressants with an inhibitory
effect on noradrenaline transporters (e.g., serotonin—noradrenaline
reuptake inhibitors, tricyclic antidepressants) have been reported to
be more effective than selective serotonin reuptake inhibitors for
the treatment of chronic pain [14]. Lorcaserin is a serotonin 5-
HT2C receptor agonist that has recently been reported to reduce
abuse-related effects of the opioid analgesic oxycodone. The goal
of the studies was to evaluate the effects of adjunctive lorcaserin
on opioid-induced analgesic-like behavior using the tail-flick
reflex test as a mouse model of acute thermal novice. It was shown
that lorcaserin, when injected locally (t.), produced antinociceptive
effects in a dose-dependent manner with a peak action after 10 min
of injection; and that this effect was opioid receptor-independent.
On the contrary, when lorcaserin is injected systemically (s.c.) up
to 4 mg/kg, it did not show any significant antinociceptive effect
on the tail-flick reflex test. Interestingly, however, lorcaserin (s.c.)
potentiated oxycodone-induced antinociception in a dose-
dependent manner; a similar adjunctive effect was observed when
morphine and fentanyl were administered. Furthermore,
administration of lorcaserin (s.c.) did not significantly affect the
distribution of oxycodone within the brain or spinal cord [15].
Opioid antinociception is mediated through stimulation of central
(periaqueductal gray, nucleus reticularis paragigantocellularis and
dorsal horn) and peripheral (afferent nociceptive fibers)
mechanisms. It is well established that the serotonin and opioid
systems share similar anatomical locations within the
periaqueductal gray and the dorsal horn of the spinal cord. Within
the dorsal horn, opioid receptors are located both pre- and
postsynaptically, preventing transmission of noxious information
from Ad and C fibers. Similarly, serotonin receptors are present in
primary afferent terminals and interneurons facilitating or
inhibiting nociceptive transmission depending on the receptor
subtype. For instance, noxious stimuli activate opioidergic neurons
in the periaqueductal gray, which in turn modulate serotonergic
projections to supraspinal nuclei including the nucleus accumbens
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and amygdala. In addition, morphine administration increases
serotonin in the spinal cord. By contrast, the activation of 5-HT1A
receptor in the spinal cord and hypothalamus inhibits the release of
endogenous opioids. Moreover, targeting the 5-HT3 receptor can
attenuate or enhance morphine-induced analgesia depending on the
animal model tested. In the present study, we showed that
lorcaserin, a highly selective 5-HT2C receptor agonist, induced a
dose-dependent antinociceptive effect when administered locally
at the spinal canal, whereas systemic lorcaserin administration did
not elicit a significant antinociceptive response [15]. Additionally,
we found that activation of the 5-HT2C receptor upon lorcaserin
administration augmented opioid-mediated antinociceptive effects.
This adjunctive effect of lorcaserin was observed via both
parenteral injection (s.c.) and local administration at the spinal
canal (i.t). Early reports proved the effectiveness of 5-HT2C
receptor agonism in nicotine, cocaine and alcohol addiction, and a
recent study showed that lorcaserin administration inhibits
oxycodone intake in rats. The findings presented here have
important implications for the development of adjunctive therapies
to improve opioid-induced analgesia [15]. Subcutaneous
administration of codeine has been advocated for the treatment of
postoperative pain in dogs.The mechanism of action of this drug is
not fully elucidated. In other species, its analgesic effects appear to
be related to its metabolites, such as codeine-6-glucuronide,
norcodeine and  morphine.  Clinical effectiveness or
pharmacokinetic profile of codeine has not been reported in the cat.
The low efficacy of codeine might be related to its poor
bioavailability as observed after oral administration of a similar
dose in dogs. Poor bioavailability would explain the lack of
antinociception of oral codeine in our study and further
pharmacokinetic profile study is warranted to confirm this
hypothesis in cats. The seemingly low analgesic efficacy of
codeine could be influenced by its metabolism [16]. The
metabolites of codeine such as morphine, norcodeine and codeine-
6-glucuronide are thought to be responsible for its analgesic
effects. Humans produce different amounts of these metabolites
owing to polymorphisms within metabolic enzymes, such as
cytochrome P450, that mediate opioid metabolism. Ultimately,
there is a large variability in analgesic responses, and the same
could occur with cats. Besides, one could argue that thermal testing
may not be ideal for the evaluation of antinociception after codeine.
However, the antinociceptive effects of different opioids have been
demonstrated using thermal antinoception in cats, and the model
seems to be appropriate for the study of opioid analgesia. The route
of administration could affect the pharmacokinetic profiles and
pharmacodynamics and therefore the analgesic effects of codeine
as observed with buprenorphine in cats. In fact, subcutaneous
administration of codeine provides postoperative analgesia in dogs
undergoing mandibulectomy or maxilectomy. Dosage regimens for
codeine have not been reported in cats. The dose (~2 mg/kg) may
not have been appropriate as it was based on a canine study. It is
unclear if and how codeine was absorbed by the gastrointestinal
tract as no pharmacokinetic profile data are available[16].
Buprenorphine has been widely investigated in cats, using the same
antinociceptive model and route of administration. In fact,
buprenorphine significantly increased thermal threshold after
buccal administration in different studies, and, for this reason, it
was chosen to be our positive control treatment. Therefore, it is
surprising that thermal antinociception was significantly recorded
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at only 3 h when compared with baseline or saline. However,
similar findings were observed in a recent study where buccal
administration of buprenorphine significantly increased thermal
threshold at only one point (44 mins after drug administration)
when  compared with  baseline.  Inconsistent thermal
antinociception after buprenorphine in this study might be
explained by one or more factors, including individual variation in
PK data resulting in lower drug bioavailability in some individuals,
drug spillage, different formulation of the drug and the first-pass
effect. Buccal administration of buprenorphine implies that the
drug is absorbed by the oral mucosa into the bloodstream via
capillaries bypassing the portal vein [16]. Spironolactone,
eplerenone, chlorothiazide and furosemide are diuretics that have
been suggested to have antinociceptive properties, for example via
mineralocorticoid receptor antagonism. In co-administration,
diuretics might enhance the antinociceptive effect of opioids via
pharmacodynamic and pharmacokinetic mechanisms. Strong
opioids are an established choice for moderate to severe acute and
cancer pain. Spironolactone, eplerenone, furosemide and
chlorothiazide are diuretics used to treat hypertension and heart
failure. Recently, these drugs have also become of interest in the
treatment of pain. Spironolactone and eplerenone have been shown
to have antinociceptive effects in experimental neuropathic and
back pain in the rat. Furosemide has been shown to reduce
nociceptive behaviour in experimental inflammatory pain in the rat
and chlorothiazide has been shown to have a weak thermal
antinociceptive effect of its own. In addition, spironolactone,
chlorothiazide and furosemide have been suggested to potentiate
the antinociceptive effect of morphine in the rat [17]. It was found
that spironolactone increased oxycodone and morphine brain
concentrations and antinociception in acute thermal nociceptive
tests in the rat. Spironolactone, eplerenone, furosemide or
chlorothiazide had no independent effects in acute thermal
nociceptive tests. Eplerenone or spironolactone did not show any
acute antinociceptive effects in musculocutaneous tissue injury,
either. Eplerenone and chlorothiazide did not affect the
antinociceptive effect of oxycodone or morphine, while
furosemide caused a minor effect. The results are in line with our
previous work where spironolactone enhanced the effect of
morphine and increased the morphine brain concentrations. The
effects of spironolactone, eplerenone, furosemide and
chlorothiazide on oxycodone-induced antinociception have not
been previously studied. The effect of eplerenone and furosemide
on morphine-induced antinociception is also novel [17]. Botulinum
neurotoxins have been widely used to treat a variety of clinical
ailments associated with pain. The inhibitory action of botulinum
neurotoxins on synaptic vesicle fusion blocks the releases of
various pain-modulating neurotransmitters, including glutamate,
substance P, and calcitonin gene-related peptide, as well as the
addition of pain-sensing transmembrane receptors such as transient
receptor potential to neuronal plasma membrane. In addition,
growing evidence suggests that the analgesic and anti-
inflammatory effects of botulinum neurotoxins are mediated
through various molecular pathways. Recent studies have revealed
that the detailed structural bases of botulinum neurotoxins interact
with their cellular receptors and soluble NSF attachment receptors
[18]. Along with the expected neuromuscular effects, botulinum
neurotoxin A has been reported to reduce the pain associated with
hyperactive muscular disorders. Although decreased muscle
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contractions due to the inhibition of the release of acetylcholine at
the neuromuscular junctions may indirectly contribute to pain
relief, the low doses botulinum neurotoxin A necessary to affect
pain relief, which often persists longer than the accompanying
neuroparalytic effects, suggest the neurotoxin’s action on pain
fibers and sensory, or autonomous nerves. In addition to mitigating
pain associated with hyperactive muscle contractions, the
antinociceptive action of botulinum neurotoxin A has been
reported in various chronic pain associated with migraines and
other types of neuropathic disorders. Where and how botulinum
neurotoxin A acts in nociception are still largely in debate. The
dominant opinion is that botulinum neurotoxin A blocks the
exocytosis of synaptic vesicles carrying neurotransmitters or
inflammatory mediators, or that of other exocytic vesicles
harboring pain sensors in peripheral sensory neurons. The
hypothesis of botulinum neurotoxin A’s central effects is highly
controversial, due to the variability of experimental condition
including the dosage of toxin treatment [18]. Nonsteroidal anti-
inflammatory drugs are very commonly used, but their adverse
effects warrant investigating new therapeutic alternatives.
Polyalthic acid, a labdane-type diterpenoid, is known to produce
gastroprotection, tracheal smooth muscle relaxation, and
antitumoral, antiparasitic and antibacterial activity. For treating
pain, nonsteroidal anti-inflammatory drugs are among the most
widely used medications. When frequently taken, however,
nonsteroidal anti-inflammatory drugs can trigger adverse events,
such as gastrointestinal ulcers (with consequent bleeding,
perforation and/or obstruction), kidney dysfunction, and
cardiovascular events, all entailing the risk of death. Although
nonsteroidal anti-inflammatory drugs that are selective
cyclooxygenase-2  inhibitors  reduce the incidence of
gastrointestinal complications, they have been linked to kidney
problems and an increased risk of cardiovascular complications
[19]. Thus, new types of pain management therapies are needed.
Medicinal plants are a possible alternative for treating pain. Indeed,
some of the metabolites derived from plants and employed in
traditional medicine have provided the basis for discovering and
developing modern drug therapy. Labdane-type diterpenes are an
excellent example of natural products with analgesic activity. They
also have potential antifungal, antibacterial, antimutagenic,
cytotoxic and anti-inflammatory effects. Polyalthic acid is a
labdane-type diterpenoid known to promote gastroprotection and
the relaxation of tracheal smooth muscle cells, as well as having
antitumoral, antiparasitic and antibacterial activity. The anti-
inflammatory and analgesic potential of polyalthic acid has not yet
been described in literature to the best of our knowledge. Hence,
the current contribution aimed to evaluate the antinociceptive,
antiallodynic, antihyperalgesic and anti-inflammatory effect of
polyalthic acid on rats with models of pain and inflammation. For
the combined treatment of hyperalgesia with polyalthic acid and
naproxen, moreover, the type of drug—drug interaction was
analyzed [19]. An evaluation was made of the antinociceptive,
antiallodynic, antihyperalgesic and anti-inflammatory effect of
polyalthic acid orally administered to female rats. These animals
showed a greater inflammation response and a higher pain
threshold than male rats in carrageenan-induced inflammation and
hyperalgesia, respectively. Regarding evidence of the participation
of opioid receptors in the antinociceptive activity of polyalthic
acid, an antinociceptive effect of opioids has been observed in
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several clinical and experimental studies. The opioid system is
closely related to the nitric oxide pathway. The intra-hippocampal
CAl injection of L-NAME or L-arginine prevents the
antinociceptive activity of the systemic administration of
morphine. Very relevant to the present results, peripheral
administration of methylene blue, an inhibitor of guanylyl cyclase,
prevents the antihyperalgesic effect induced by the local
administration of morphine [19]. The involvement of opioid
receptors has also been implicated in ketamine antidepressant
effects. Pretreatment with the nonselective opioid receptor
antagonist naltrexone blocked improvements in depression scores
associated with ketamine infusion therapy in humans, signifying
that the acute antidepressant effects of ketamine are at least
partially dependent upon opioid receptor activation. Opioid
receptor antagonism has also been shown to block the
antinociceptive effects of ketamine on the tail-flick test in mice. In
this study, ketamine antinociception was also blocked by
naltrexone pretreatment but not a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor antagonism. In contrast, (2R,6R)-
HNK antinociception was not blocked by naltrexone pretreatment,
while a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic receptor
antagonism blocked the antinociception, signifying that the drug’s
use different mechanisms to induce pain reduction effects. These
results align with previous data in which naltrexone did not block
(2R,6R)-HNK mediated reversal of mechanical allodynia in a
model of postoperative pain [20]. Cardiac pain is an index of
cardiac ischemia that helps the detection of cardiac hypoxia and
adjustment of activity in the sufferer [21]. Cerebral ischemia is a
severe neurodegenerative condition that, depending on the area
involved in the pathological process, leads to disruption of the
cognitive and sensorimotor functions of the brain. Even short-term
ischemia leads to profound damage to the brain [22]. Drivers and
thresholds of cardiac pain markedly differ in different subjects and
can oscillate in the same individual, showing a distinct circadian
rhythmicity and clinical picture. In patients with syndrome X or
silent ischemia, cardiac pain intensity may cause neurogenic stress
that potentiates the cardiac work and intensifies the cardiac
hypoxia and discomfort of the patient. The autonomic nervous
system regulates cardiac pain sensation in cooperation with
vasopressin. Vasopressin is an essential analgesic compound, and
it exerts its antinociceptive function through actions in the brain
(the periaqueductal gray, caudate nucleus, nucleus raphe magnus),
spinal cord, and heart and coronary vessels. Vasopressin acts
directly by means of V1 and V2 receptors as well as through
multiple interactions with the autonomic nervous system and
cardiovascular hormones, in particular, angiotensin Il and
endothelin. The pain regulatory effects of the autonomic nervous
system and vasopressin are significantly impaired in
cardiovascular diseases [21]. Typical is extreme variability in the
severity, prevalence, localization and prevalence of painful
conditions, pronounced fluidity of complaints, repeatedly changing
during the day. Neurotic fixation on the slow type of cardialgia is
also possible (for example, only burning or distension in the
precordial region) [23].

Conclusions:

Pain has been defined by the International Association for the
Study of Pain in an interesting and all-encompassing manner. The
International Association for the Study of Pain refers to two
dimensions of pain, the physical sensation of intensity and the
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emotional experience of unpleasantness. Moreover, their definition
of pain includes its relation to real or potential tissue damage. The
two types of pain identified, acute and chronic, are distinguished
by their temporal relationship to an injury or other tissue damage.
Acute pain is expected to be of limited duration, while chronic pain
persists for at least 3 months. Chronic pain is classified as
nociceptive, neuropathic, or nociplastic. Acute pain is managed
pharmacologically by means of nonselective non-steroidal anti-
inflammatory drugs (NSAIDs), selective cyclooxygenase-2
inhibitors (COX-2), opioids, or a combination of drugs (e.g., an
NSAID plus an opioid). Similar treatment options are employed for
patients with chronic nociceptive pain. Chronic neuropathic pain is
handled with opioids plus paracetamol, followed by drugs that act
on the central nervous system (e.g., antidepressants and
antiepileptic drugs) [7]. C18 5-HT’s mechanism of action appears
to involve, at least in part, the activation of the opioid,
serotoninergic and cannabinoid systems and has anti-hyperalgesic
effects, as observed in the thermal hyperalgesia model. According
to these results, this compound may be a novel prototype for future
analgesic drugs [5]. Itch and pain are common senses caused by
several drugs and physical stimulations. Scratching behavior in
mice is divided into two types, itch-associated scratching and
hygiene behavior. Moreover, morphine is one of the few drugs that
induce itch-associated scratching. In interleukin-31 receptor A
mice, itch-associated scratching disappeared upon the
administration of morphine, accompanied by the partial
disappearance of antinociceptive action. Moreover, we found that
interleukin-31 was partially involved in the peripheral analgesic
mechanism and that interleukin-31-induced alloknesis inhibited
pain. The antinociceptive activity of interleukin-31 was
approximately as effective as that of loxoprofen [9]. The
antinociceptive effects of morphine but not tramadol was reduced
under the unpredictable chronic mild stress condition. Pretreatment
with a noradrenaline transporter inhibitor but not a serotonin
transporter inhibitor ameliorated the reduced antinociceptive effect
of morphine under the unpredictable chronic mild stresscondition.
These results suggest that activation of the noradrenergic but not
the serotonergic system may ameliorate the reduced
antinociceptive effect of morphine under conditions of chronic
stress [14]. Drugs targeting both serotonin and noradrenaline
transporters such as duloxetine have proven efficacy and are
recommended in neuropathic pain. On the contrary, selective
serotonin transporter inhibitors have shown a modest clinical
analgesic effect and thus are not indicated in pain management.
However, it is well established that serotonin receptors are
involved in modulating nociceptive processing along the neuroaxis
including spinal afferences and descending modulatory pathways
from more complex neural circuits within the central nervous
system. A reason that can explain this apparent paradox lies in the
fact that different serotonin receptors, such as 5-HT2A and 5-
HT2C, can exert opposite actions despite their similar cellular
distributions and signaling pathways downstream. Thus, their
concomitant activation by the endogenous ligand serotonin may
blur the contribution of each receptor to serotonin-dependent
transmission [15]. The widely reported antinociceptive effect of
botulinum neurotoxin A was thought to be primarily mediated by
the blocking of neurotransmitter and inflammatory substance
release, and the inhibition of plasma membrane insertion of pain
sensors at peripheral level. However, observations of bilateral
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action in distant regions after unilateral injection of botulinum

Aditum Publishing —-www.aditum.org

Flavonoid Eriocitrinon Postoperative Pain Conditions. J Pain

neurotoxin A suggest the hypothesis that peripherally administered Res. 2020;13:805-815. Published Apr 22

botulinum neurotoxin A spread to central region via axonal doi:10.2147/JPR.S250391

transport to target neurotransmission of pain sensory circuits [18]. 11. Pinheiro MM, Boylan F, Fernandes PD. (2012)

Antinociceptive effect of the Orbignya speciosa Mart.

References: (Babassu) leaves: evidence for the involvement of apigenin.

Life Sci. Sep 24;91(9-10):293-300. doi:

1. LiMX, Wei QQ, Lu HJ. (2022) Progress on the Elucidation of 10.1016/j.1fs.2012.06.013. Epub 2012 Jun 28. PMID:
the Antinociceptive Effect of Ginseng and Ginsenosides in 22749864.

Chronic Pain. Front Pharmacol. Feb 21:;13:821940. doi: 12. Martin LF, Patwardhan AM, Jain SV, Salloum MM, Freeman
10.3389/fphar.2022.821940. PMID: 35264958; PMCID: J, Khanna R, Gannala P, Goel V, Jones-MacFarland FN,
PMC8899510. Killgore WD, Porreca F, Ibrahim MM. (2021) Evaluation of

2. Oliveira AS, Biano LS, Palmeira DN, de Almeida DR, Lopes- green light exposure on headache frequency and quality of life
Ferreira M, Kohlhoff M, Sousa JAC, Branddo GC, Silva in migraine patients: A preliminary one-way cross-over
AMOE, Grespan R, Camargo EA. (2023) Antinociceptive clinical trial. Cephalalgia. Feb;41(2):135-147. doi:
effect of Nephelium lappaceum L. fruit peel and the 10.1177/0333102420956711. Epub 2020 Sep 9. PMID:
participation of nitric oxide, opioid receptors, and ATP- 32903062; PMCID: PMC8034831.
sensitive potassium channels. Front Pharmacol.  Oct 13. Cao P, Zhang M, Ni Z, Song XJ, Yang CL, Mao Y, Zhou W,
31;14:1287580. doi:  10.3389/fphar..1287580. PMID: Dong WY, Peng X, Zheng C, Zhang Z, Jin Y, Tao W. (2023)
38026962; PMCID: PMC106447109. Green light induces antinociception via visual-somatosensory

3. Fatt MP, Zhang MD, Kupari J, Altinkok M, Yang Y, Hu Y, circuits.  Cell Rep. Apr  25;42(4):112290.  doi:
Svenningsson P, Ernfors P. (2024) Morphine-responsive 10.1016/j.celrep.2023.112290. Epub 2023 Mar 21. PMID:
neurons that regulate mechanical antinociception. Science. 36947545,

Aug 30;385(6712): eado6593. doi: 10.1126/science. ado6593. 14. lde S, Satoyoshi H, Minami M, Satoh M. (2015) Amelioration
Epub Aug 30. PMID: 39208104; PMCID: PMC7616448. of the reduced antinociceptive effect of morphine in the

4. Urtikova N, Berson N, Van Steenwinckel J, Doly S, Truchetto unpredictable chronic mild stress model mice by noradrenalin
J, Maroteaux L, Pohl M, Conrath M. (2012) Antinociceptive but not serotonin reuptake inhibitors. Mol Pain.;11:47.
effect of peripheral serotonin 5-HT2B receptor activation on Published 2015 Aug 11. doi:10.1186/s12990-015-0051-0
neuropathic  pain. Pain. Jun;153(6):1320-1331. doi: 15. Sierra S, Lippold KM, Stevens DL, Poklis JL, Dewey WL,
10.1016/j.pain.2012.03.024. Epub Apr 22. PMID: 22525520. Gonzalez-Maeso J. (2020) Adjunctive effect of the serotonin

5. Giorno TBS, Moreira IGDS, Rezende CM, Fernandes PD. 5-HT2C receptor agonist lorcaserin on opioid-induced
(2018) New BN-octadecanoyl-5-hydroxytryptamide: antinociception in mice. Neuropharmacology.;167:107949.
antinociceptive effect and possible mechanism of action in doi:10.1016/j.neuropharm.2020.107949
mice. Sci Rep. Jul 3;8(1):10027. doi: 10.1038/s41598-018- 16. Steagall PV, Monteiro BP, Lavoie AM, Troncy E. (2015)
28355-4. PMID: 29968799; PMCID: PMC6030208. Preliminary investigation of the thermal antinociceptive

6. Roca-Vinardell A, Berrocoso E, Llorca-Torralba M, Garcia- effects of codeine in cats. J Feline Med Surg.
Partida JA, Gibert-Rahola J, Mico JA. (2018) Involvement of Dec;17(12):1061-4. doi: 10.1177/1098612X14564710. Epub
5-HT1A/1B receptors in the antinociceptive effect of 2015 Jan 8. PMID: 25572305; PMCID: PMC10816340.
paracetamol in the rat formalin test. Neurobiol Pain. 2018 Feb 17. Jokinen V, Lilius T, Laitila J, Niemi M, Kambur O, Kalso E,
1;3:15-21. doi:  10.1016/j.ynpai.2018.01.004. PMID: Rauhala P. (2017) Do Diuretics have Antinociceptive Actions:
31194055; PMCID: PMC6550097. Studies of Spironolactone, Eplerenone, Furosemide and

7. Espinosa-Juarez JV, Arrieta J, Briones-Aranda A, Cruz- Chlorothiazide, Individually and with Oxycodone and
Antonio L, Lépez-Lorenzo Y, Sanchez-Mendoza ME. (2024) Morphine. Basic Clin Pharmacol Toxicol. Jan;120(1):38-45.
Synergistic Antinociceptive Effect of p-Caryophyllene Oxide doi: 10.1111/bcpt.12634. Epub 2016 Jul 21. PMID: 27312359.
in Combination with Paracetamol, and the Corresponding 18. Kim DW, Lee SK, Ahnn J. (2015) Botulinum Toxin as a Pain
Gastroprotective Activity. Biomedicines. May 8;12(5):1037. Killer: Players and Actions in Antinociception. Toxins
doi: 10.3390/biomedicines12051037. PMID: 38790999; (Basel). Jun 30;7(7):2435-53. doi: 10.3390/toxins7072435.
PMCID: PMC11117536. PMID: 26134255; PMCID: PMC4516922.

8. Arai I, Tsuji M, Saito S, Takeda H. (2023) Experimental 19. Rodriguez-Silverio J, Sanchez-Mendoza ME, Rocha-
Study:  Interleukin-31  Augments  Morphine-Induced Gonzalez HI, Reyes-Garcia JG, Flores-Murrieta FJ, Lopez-
Antinociceptive  Activity and  Suppress  Tolerance Lorenzo Y, Quifionez-Bastidas GN, Arrieta J. (2021)
Development in Mice. Int J Mol Sci. Nov 20;24(22):16548. Evaluation of the Antinociceptive, Antiallodynic,
doi: 10.3390/ijms242216548. PMID: 38003738; PMCID: Antihyperalgesic and Anti-Inflammatory Effect of Polyalthic
PMC10671644. Acid. Molecules. May 14;26(10):2921. doi:

9. Arai I, Tsuji M, Takahashi K, Saito S, Takeda H. (2023) 10.3390/molecules26102921. PMID: 34069033; PMCID:
Analyzing the Antinociceptive Effect of Interleukin-31 in PMC8155873.

Mice. Int J Mol Sci. 2023;24(14):11563. Published Jul 17. 20. Yost JG, Wulf HA, Browne CA, Lucki I. (2022)
d0i:10.3390/ijms241411563 Antinociceptive and Analgesic Effects of (2R,6R)-

10. Alghamdi S. (2020) Antinociceptive Effect of the Citrus Hydroxynorketamine. J Pharmacol Exp Ther. 2022


http://aditum.org/
http://aditum.org/
https://www.frontiersin.org/articles/10.3389/fphar.2022.821940/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.821940/full
https://www.frontiersin.org/articles/10.3389/fphar.2022.821940/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1287580/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1287580/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1287580/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1287580/full
https://www.science.org/doi/abs/10.1126/science.ado6593
https://www.science.org/doi/abs/10.1126/science.ado6593
https://www.sciencedirect.com/science/article/pii/S0304395912001960
https://www.sciencedirect.com/science/article/pii/S0304395912001960
https://www.sciencedirect.com/science/article/pii/S0304395912001960
https://www.nature.com/articles/s41598-018-28355-4
https://www.nature.com/articles/s41598-018-28355-4
https://www.nature.com/articles/s41598-018-28355-4
https://www.sciencedirect.com/science/article/pii/S2452073X17300260
https://www.sciencedirect.com/science/article/pii/S2452073X17300260
https://www.sciencedirect.com/science/article/pii/S2452073X17300260
https://www.mdpi.com/2227-9059/12/5/1037
https://www.mdpi.com/2227-9059/12/5/1037
https://www.mdpi.com/2227-9059/12/5/1037
https://www.mdpi.com/2227-9059/12/5/1037
https://www.mdpi.com/1422-0067/24/22/16548
https://www.mdpi.com/1422-0067/24/22/16548
https://www.mdpi.com/1422-0067/24/22/16548
https://www.mdpi.com/1422-0067/24/22/16548
https://www.mdpi.com/1422-0067/24/14/11563
https://www.mdpi.com/1422-0067/24/14/11563
https://www.tandfonline.com/doi/abs/10.2147/JPR.S250391
https://www.tandfonline.com/doi/abs/10.2147/JPR.S250391
https://www.sciencedirect.com/science/article/pii/S0024320512003219
https://journals.sagepub.com/doi/abs/10.1177/0333102420956711
https://journals.sagepub.com/doi/abs/10.1177/0333102420956711
https://journals.sagepub.com/doi/abs/10.1177/0333102420956711
https://journals.sagepub.com/doi/abs/10.1177/0333102420956711
https://www.cell.com/cell-reports/fulltext/S2211-1247(23)00301-7
https://www.cell.com/cell-reports/fulltext/S2211-1247(23)00301-7
https://journals.sagepub.com/doi/abs/10.1186/s12990-015-0051-0
https://journals.sagepub.com/doi/abs/10.1186/s12990-015-0051-0
https://journals.sagepub.com/doi/abs/10.1186/s12990-015-0051-0
https://journals.sagepub.com/doi/abs/10.1186/s12990-015-0051-0
https://www.sciencedirect.com/science/article/pii/S0028390820300150
https://www.sciencedirect.com/science/article/pii/S0028390820300150
https://www.sciencedirect.com/science/article/pii/S0028390820300150
https://journals.sagepub.com/doi/abs/10.1177/1098612X14564710
https://journals.sagepub.com/doi/abs/10.1177/1098612X14564710
https://journals.sagepub.com/doi/abs/10.1177/1098612X14564710
https://onlinelibrary.wiley.com/doi/abs/10.1111/bcpt.12634
https://onlinelibrary.wiley.com/doi/abs/10.1111/bcpt.12634
https://onlinelibrary.wiley.com/doi/abs/10.1111/bcpt.12634
https://onlinelibrary.wiley.com/doi/abs/10.1111/bcpt.12634
https://www.mdpi.com/2072-6651/7/7/2435
https://www.mdpi.com/2072-6651/7/7/2435
https://www.mdpi.com/1420-3049/26/10/2921
https://www.mdpi.com/1420-3049/26/10/2921
https://www.mdpi.com/1420-3049/26/10/2921
https://www.sciencedirect.com/science/article/pii/S0022356524003148
https://www.sciencedirect.com/science/article/pii/S0022356524003148

International Journal of Medical Case Reports and Medical Researcha Aditum Publishing -www.aditum.org

Sep;382(3):256-265. doi: 10.1124/jpet.122.001278. Epub Jul
2. PMID: 35779947; PMCID: PMC9426759.

21. Szczepanska-Sadowska E. (2024) Neuromodulation of
Cardiac Ischemic Pain: Role of the Autonomic Nervous
System and Vasopressin. J Integr Neurosci. Mar 1;23(3):49.
doi: 10.31083/j.jin2303049. PMID: 38538221.

22. Bon' EIl, Maksimovich NE, Zimatkin SM. (2019)
"Histological changes in neurons of the parietal cortex of the
rat brain in the dynamics of stepwise subtotal cerebral
ischemia"” Bulletin of the Smolensk State Medical Academy,
vol. 18, no. 4, pp. 11-16.

23. Bon' El. 2020)"Features of psychogenic disorders of the
cardiovascular system™ Bulletin of the Smolensk State
Medical Academy, vol. 19, no. 3, , pp. 172-177.

Copy right © Elizaveta | Bon 9[Page


http://aditum.org/
http://aditum.org/
https://www.imrpress.com/journal/JIN/23/3/10.31083/j.jin2303049/htm?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Journal_of_Integrative_Neuroscience_TrendMD_0
https://www.imrpress.com/journal/JIN/23/3/10.31083/j.jin2303049/htm?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Journal_of_Integrative_Neuroscience_TrendMD_0
https://www.imrpress.com/journal/JIN/23/3/10.31083/j.jin2303049/htm?utm_source=TrendMD&utm_medium=cpc&utm_campaign=Journal_of_Integrative_Neuroscience_TrendMD_0
https://jms.ump.edu.pl/index.php/JMS/article/view/493
https://jms.ump.edu.pl/index.php/JMS/article/view/493
https://jms.ump.edu.pl/index.php/JMS/article/view/493
https://journals.lww.com/jhypertension/fulltext/2009/04000/The_influence_of_low_job_control_on_ambulatory.00003.aspx
https://journals.lww.com/jhypertension/fulltext/2009/04000/The_influence_of_low_job_control_on_ambulatory.00003.aspx

