Effect of 5-HT3 serotonergic receptor blockade on the evaluation of thermal and mechanical pain thresholds and on conditioned pain modulation in humans
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Abstract
Introduction: The endogenous pain modulation is an umbrella term describing the succession of events that the central nervous system can use to reduce and, in some cases, increase sensitivity to pain. One form known as pain modulation is the phenomenon of inhibiting pain using a prior pain stimulus.  The term CPM (conditioned pain modulation) is used to describe this phenomenon in humans.  Serotonin pathways work as both anti- and pro-nociceptive pathways. There are questions about whether the use of serotonin antagonists, in people exposed to a nociceptive stimulus, can increase sensitivity to pain and compromise analgesic therapy. Ondansetron is a 5HT3 receptor antagonist routinely used to prevent postoperative nausea and vomiting. Therefore, this study’s objective was to evaluate ondansetron’s effect on mechanical and thermal pain thresholds, as well as CPM in humans. Methods: 17 volunteers, who were randomly selected and double-blinded, participated in the research.  They received an intravenous solution containing 1 - NaCl at 0.9%, in a volume of 20 mL; 2 - NaCl at 0.9% and 8 mg ondansetron in a volume of 20 mL.  Before each intervention, the following tests were performed: Using the quantitative sensory test (QST), we obtained the thresholds for detecting warm and cold; pain thresholds to hot and cold; the pressure pain threshold.  CPM was evaluated using the parallel paradigm in which two identical nociceptive test stimuli were induced before and simultaneous to a conditioned nociceptive stimulus (immersion of the contralateral hand in 46.5° C hot water for 60 seconds). Thirty minutes after the intervention, we redid the tests. We repeated the tests one week later but using the different solution so that each participant was their own control (crossover). We used the Wilcoxon test to compare the variables. Results: Ondansetron, intravenously, improved CPM (p<0.05) and influenced thermal detection thresholds (heat and cold p < 0.05). In our series, there were no influences on mechanical thresholds. Conclusion: This study appears to be one of the first to investigate the role of ondansetron on thermal and mechanical pain thresholds and conditioned pain modulation in healthy humans, through quantitative sensory test. There is evidence that the results related to the antagonism of the 5HT-3 receptor by ondansetron, occur through inhibition of facilitating descending pathways, improving the CPM, without affecting thermal and mechanical pain thresholds. Further studies in humans with chronic pain should be conducted to assess the role of ondansetron as part of the therapeutic arsenal of painful conditions.
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Introduction
The neural messages induced by a nociceptive stimulus rise through the peripheral nervous system and, finally, reach the cerebral cortex, where pain becomes conscious. These messages can be modulated along this pathway at various points, such that the same peripheral pain stimulus given in the laboratory can generate a different pain perception in different healthy people (Andersen et al., 2017; Pieretti et al., 2016).

Endogenous pain modulation is an umbrella term that describes the succession of events that the central nervous system can use to reduce, and in some cases, increase sensitivity to pain (Yarnitsky, 2010). Le Bars and collaborators were the first to use the term diffuse noxious inhibitory control (DNIC) to describe the event in which an intense pain stimulus in one part of the body inhibits pain in remote parts of the body by activating inhibitory pain pathways (Kraus et al., 1981; Le Bars et al., 1979). This phenomenon has been demonstrated in both laboratory animals and humans.  Following a consensus in studies of pain, the term conditioned pain modulation (known as CPM) has come to be used to describe this phenomenon in humans. CPM was described as a form of endogenous analgesia, partly opioid, in which spinal convergent wide-dynamic-range (WDR) neurons are inhibited through descending pathways (Yarnitsky et al., 2010). 

Conditioned pain modulation paradigms can be used to evaluate the DNIC system's effectiveness as a substitute measure of descending inhibition. Recent studies show a relationship between less efficient CPM and chronic pain. This relationship has already been shown in patients with fibromyalgia, irritable bowel syndrome, tension headache, osteoarthritis, and musculoskeletal pain (Daniel E Shumer, Natalie J Nokoff, 2017).
Surgical procedures, especially those related to nerve lesions, can lead to chronic postoperative pain (CPOP), with incidence levels reaching around 80%, depending on the type of surgery (Perkins & Kehlet, 2000). It is a great challenge to predict which patients undergoing these procedures are “at risk” of developing chronic pain. In a study CPM's effectiveness was analysed before thoracotomy (where the incidence of CPOP is around 47%).  The results showed that the preoperative efficiency of CPM and postoperative acute pain intensity were two independent predictors for the development of chronic pain after thoracotomy (Yarnitsky et al., 2008).
Another important factor related to CPM is its role in treating patients with chronic pain.  Among the pathways involved in endogenous pain modulation, the serotonin and noradrenalin pathways stand out.  In one recent study, patients with diabetic neuropathy who had compromised CPM and, consequently, the inhibitory descending pain pathways, responded well to duloxetine, a serotonin and noradrenaline reuptake inhibitor. In contrast, patients with normal CPM did not have a good therapeutic response (Yarnitsky et al., 2012).
It has been established that the descending 5-Hydroxitriptamin (5-HT) pathways exercise an inhibitory (descending inhibition) or facilitating (descending facilitation) influence on the processing of nociceptive spinal information, depending on the states of acute or chronic pain and on the type of receptor activated (Leopoldo et al., 2011; Sasaki et al., 2001, 2006). Based on these pharmacological, structural, and transductor characteristics, the 5-HT receptor family has been divided into seven subfamilies (5-HT1-5-HT7), consisting of 15 receptor subtypes, each corresponding to distinct genes. However, the involvement of different receptor subtypes in pain neurotransmission remains largely unknown (Cortes-Altamirano et al., 2018).
5-HT’s peripheral pronociceptive role seems well established to date; by contrast, its action at the level of the spinal cord and on supraspinal structures is highly variable and remains a matter of debate (Chia et al., 2016; De Witte et al., 2001; Dogrul et al., 2009). Ondansetron is a 5-HT3 serotoninergic receptor antagonist, routinely used by the anaesthesiologist to reduce the incidence of nausea and vomiting in the postoperative (Markham, A., & Sorkin, 1993). 
One question that arises in clinical practice is whether the use of a serotonin receptor antagonist on this population may be a factor that reduces pain sensitivity and compromises postoperative analgesic therapy (Chitour D, Dickenson AH, 1982; Kraus E, Besson J-M, 1982).

 Therefore, the objective of this study was to evaluate the role of the 5-HT3 receptor antagonism, through intravenous use of ondansetron in healthy humans, on the thresholds for detecting thermal and mechanical pain, as well as on conditioned pain modulation.
Materials and Methods
We conducted an experimental, controlled, randomized and double-blind study. The research was approval by the Institutional Review Board - Protocol Number: 56649116.0.0000.5259. 
 We invited 17 healthy people of both sexes, aged between 18 and 60 years, to participate in the project.  People with chronic diseases or using analgesics, antidepressants, benzodiazepines or any other psychoactive drug over the 14 days prior to the tests were excluded.  The volunteers signed informed consent forms and then underwent the tests (QST) and conditioned pain modulation. The following tests were performed: thresholds for thermal detection and thermal pain; mechanical pain threshold and conditioned pain modulation. 
The experiment was divided into 4 periods.
Period 1: Performed 10 min after installing the intravenous catheter (Baseline 1). Period 2: Immediately after period 1, after randomization, the volunteer received an intravenous injection of one of the following solutions: 8 mg ondansetron in 20 ml of buffered IV solution (Ond) or 20 ml of buffered (saline) solution–control. The experiments were repeated 30 minutes after administering the solution. Period 3: One week after the tests were performed, we re-evaluated the thermal and mechanical thresholds and conditioned pain baseline (Baseline 2). Period 4: We administered the opposite solution to the previous week, so that each participant received both solutions, automatically serving as their own control (crossover), making a total of 34 experiments, as shown in Figure 1.

A medical doctor who was not involved in the project performed the randomization and preparation of the solutions, using a sealed envelope; neither the volunteer nor the researcher knew which solution was being used. The cards identifying the solution used and the date were only opened at the end of the project.        

(Insert Here)
Figure 1.
Figure 1. Schematic diagram of the crossover study
Ondansetron

Ondansetron is a selective 5-HT3 receptor antagonist used for the prevention of nausea and vomiting, after induction of anesthesia and chemotherapy. Your Most common side effects are: headache, dizzy and constipation. The initial dose normally recommended for adults in these cases ranges from 4 to 8 mg, the same used in the present study. This dosage is considered safe in what it says prolongation of the QTc interval (unusual adverse effect). In addition, it was the intravenous route of administration, the greater bioavailability provided, in view of the differences in the absorption of the drug between males and females, due to the oral (Markham, A., & Sorkin, 1993).
The solution was prepared sterile, diluted in saline solution, at the time of infusion, through a researcher not related to the tests, being administered in infusion intravenous, for 15 minutes

Quantitative Sensory Test (QST)
QST is a method used to evaluate small-calibre nerve fibres Aδ and C, which transmit thermal and pain sensations. It consists of applying, using calibrated equipment and without risk of causing a lesion in the patient, different stimuli (thermal and mechanical) of different intensity to a predetermined area. The patient interrupts the stimulus, by pressing a device, at the moment that they detect the sensation being studied (threshold of warm, cold or mechanical perception) and, next, a new series of stimuli are evoked, and the person interrupts the stimulus when it is defined as painful (pain threshold).  Then, it is possible to quantify the perception and pain thresholds for different stimuli and to detect states of hyperalgesia or allodynia in different clinical situations. QST is an important and non-invasive method to access the loss or gain in sensory function and can help understand physiopathological mechanisms  (Cruz-Almeida & Fillingim, 2014; Rolke et al., 2006).
Threshold for thermal detection and thermal pain
The cold detection threshold (CDT), warm detection threshold (WDT), cold pain threshold (CPT) and hot pain threshold (HPT) were estimated using computerized thermal testing equipment (Medoc TSA-2001; Medoc Ltd., Ramat Yishai, Israel), via a Peltier device with an active surface of 3.0x3.0 cm.  The intensity of the stimulus was gradually increased to 32°C (1 °C/s, cohort limits: 10°C and 52°C) until the person pressed the response button at a given temperature, which registered it and returned to the baseline value (32°C). A specific thermal response was performed in the non-dominant anterior antebrachial area. We evaluated the warm and cold detection thresholds (4 stimuli each) and heat and cold pain thresholds (3 stimuli each), and the value used was the median of these values (Granot et al., 2008).
Pressure pain threshold (PPT)
The pressure pain thresholds, or peak pressure (PP), were examined using a pressure algometer (Medoc Algometer, Medoc Ltd., Ramat Yishai, Israel). The pressure pain threshold was evaluated in the same area where thermal sensory test was done. A rod (1cm2) was pressed perpendicularly against the skin, at a velocity of 50 Kpa/s, and the patient was instructed to press a button when the sensation became painful. The median of three stimuli was considered to be the pressure pain threshold (Granot et al., 2008).
Conditioned pain modulation (CPM)
          CPM was performed using a parallel paradigm in which two identical nociceptive test stimuli were induced before and simultaneous to a conditioned nociceptive stimulus.  Heat applied to the antebrachial region was the test stimulus (Peltier with an active surface of 3.0 x 3.0 cm).  The intensity of the test stimulus was individually predetermined, based on the psychophysical parameter of a pain score of 60, which was the thermal stimulus that induced a painful sensation of a value of 60, on a numeric rating scale (NRS), from 0 to 100. To do this, the initial temperature was 32° C. There was an increase or decrease of 1°C in temperature every 60 seconds, and the patient was asked to assign a score after each stimulus, until the stimulus test that induced a pain score equal to 60 was detected, with the temperature of the stimulus being the test. After a period of 15 minutes, the contralateral hand was immersed in a basin with hot water (up to the thumb) at a temperature of 46.5° C for 60 seconds (conditioned nociceptive stimulus).  During the last 30 seconds of the immersion, the test stimulus was repeated, and the person asked to again give a grade (score) for the intensity of the pain.  CPM was calculated as the difference between the second and first values for pain intensity after the two stimuli.  A negative value was considered effective (Granot et al., 2008).
Statistical analysis
Data are presented as medians and first and third quartiles. The Shapiro–Wilk test was used to assess data normality. The comparisons, before and after each week’s intervention, were analysed separately, taking into consideration the circumstantial variables that might affect pain thresholds on different days. The comparisons were conducted using paired t-test or Wilcoxon signed rank sum test. The R program version 3.6.1 (2019-07-05) was used for the statistical analyses, and p < 0.05 was considered statistically significant. 
Results

Characteristics of the volunteers
       Seventeen volunteers completed the study (9 men and 8 women). The sample characteristics of the study population is shown in Table 1.
                              Table 1 – Characteristics of the volunteers
(Insert Here)
Effects of ondansetron on thermal detection and thermal pain thresholds
Ondansetron increased the warm detection threshold and decreased the cold detection threshold (p < 0.05), but did not affect the cold and heat pain thresholds (p>0.05) Figure 2.

Figure 2. (Insert Here)
Figure 2. Warm and cold detection thresholds at the periods for the baseline, after the injection of saline (20 ml) and after the injection of ondansetron at a dosage of 8 mg in 20 ml of saline, by IV. Data presented in box graphs with the median, 1st and 3rd quartiles, maximum and minimum values. * Significant difference between the baseline period and the solution injected in P < 0.05.N = 17 volunteers. 
A​- cold detection threshold (CDT); B – cold pain threshold (CPT); C- warm detection threshold (WDT); D- heat pain threshold (HPT). 
Temperatures graded in Celsius (C°)
The effects of ondansetron on pressure pain thresholds 
  There was no significant difference for the pressure pain thresholds after the use of ondansetron when compared with saline alone (p>0.05) Figure 3. 
Figure 3. (Insert Here)
Figure 3. Pressure pain thresholds in the baseline periods, after the injection of saline (20 ml) and after the injection of ondansetron at a dosage of 8 mg in 20 ml of saline, by IV.  Data presented in box graphs with the median, 1st and 3rd quartiles, maximum and minimum values. No significant difference between the baseline period and the solution injected in P > 0.05.  N = 17 volunteers.
 Pressure scale graded in (Kpa).

Effects of ondansetron on CPM

Ondansetron induced a significant difference on CPM when compared to saline (p < 0,05). Figure 4.  However, there was no statistical significance when the differences in the responses in relation to the gender and age of the volunteers were evaluated.
Figure 4. ( Insert Here)
Figure 4.  Conditioned Pain Modulation (CPM) in the baseline periods, after the injection of saline (20 ml) and after the injection of ondansetron at a dosage of 8 mg in 20 ml of saline, by IV. Data presented in box graphs with the median, 1st and 3rd quartiles, maximum and minimum values. * Significant difference between the baseline period and the solution injected in P < 0.05. N = 17 volunteers. 
Discussion
This study’s results show that intravenous ondansetron in healthy volunteers increased the warm detection and decreased the cold detection thresholds, however, without altering the thermal and mechanical pain thresholds.   In addition, there was an improvement in CPM in these participants. This suggests the possible existence of central mechanisms that, influenced by serotonergic pathways, affect both thermotransduction and pain modulation systems.
The exact role of 5-HT receptors involved in pain modulation at the central level remains uncertain. However, studies show the presence of at least three families of 5-HT receptors in the spinal cord (5-HT1, 5-HT2 and 5-HT3), with variable affinity for 5-HT, and recently 5-HT7 has also been postulated as an excitatory receptor and associated, among other things, with circadian rhythms, thermoregulation and migraine (Belcher et al., 1978; Bowker, R.M.; Westlund, K.N.; Sullivan, M.C.; Coulter, 1982; Dutton, A. C., &amp; Barnes, 2008; Hains et al., 2003; Jeong et al., 2012).
There are multiple serotonergic receptors distributed throughout the nervous system (central and peripheral) (Cortes-Altamirano et al., 2018). Different techniques, drugs and pain models have been used to determine the distribution and action of these receptors, and these are almost entirely coupled to G protein, except 5-HT3, which is characterized by being an ionotropic channel. Some research suggests that serotonin, in the spinal cord, is related to an important role in pain modulation (Dutton, A. C., &amp; Barnes, 2008; Grudt et al., 1995; Hori et al., 1996; Ito et al., 2000; Lu & Perl, 2007; Travagli & Williams, 1996). 

Some previous studies on the serotonergic receptors have yielded controversial results, with both the inhibition and facilitation of pain being reported (Chia et al., 2016);(Aira et al., 2010; Chen et al., 2009; Kayser et al., 2002; Nakai et al., 2010; Obata et al., 2004; Pichon et al., 2010). 
To contribute to this subject, we investigated the effects of the ondansetron, administered intravenously, on the thermal and mechanical detection and pain thresholds, in addition to CPM.
We demonstrated that intravenously administered ondansentron improved the CPM (p<0.05). Our results are corroborated by research in rats involving the influence of monoamines on DNIC (through ear pinch test), comparing a model of spine nerves ligation (SNL) with the control group. DNIC was lost in most of the neurons studied, both in damaged nerve territory and contralaterally. These studies demonstrated that the use of ondansetron increased the inhibitory effect of DNIC in control animals and reestablished DNIC in SNL animals (Bannister et al., 2015). 
A clinical study showed that a single intravenous injection (i.v.) of 8 mg ondansetron significantly reduced pain scores in patients with neuropathic pain compared to the placebo control group. This suggests that the 5HT3 receptor block has in fact clinical efficacy in the treatment of chronic pain (McCleane et al., 2003). This data, in a way, raises a potential therapeutic target involving the 5-HT3 receptor in patients with this painful condition, which is extremely clinically relevant, based on the limited response of patients with neuropathic pain to most available drugs - around 30% improvement, and the adverse effects that hinder therapeutic adherence (Finnerup, N. B., Otto, M., McQuay, 2005).
These findings can be justified by possible inhibitory actions, mediated by serotonin antagonism, on the descending facilitation pathways (Miki et al., 2002).  
Modulatory descending pathways of pain involve the dorsolateral funiculus comprising the periaqueductal grey matter, locus coeruleus (LC), and rostral ventromedial medulla (RVM) projections to the spinal cord (Baranauskas & Nistri, 1998). In this way, both serotonergic and noradrenergic projection neurons from these regions can lead to inhibitory and/or excitatory effects on pain modulation (Bannister et al., 2015; Burgess et al., 2002).
A separation between DNIC and the traditionally viewed endogenous descending inhibitory control system through the dorsolateral funiculus (as outlined above) was suggested following a series of lesioning experiments that showed that supraspinal structures were not involved directly in DNIC (Bannister et al., 2015; Calejesan et al., 1998; Chapman et al., 1998; Cho et al., 1997). Rather, the pain modulatory action observed involves, to some extent, activation of descending inhibitory pathways from the subnucleus reticularis dorsalis (SRD) to the dorsal horn of the spinal cord (Kidd et al., 1993). However, inactivating the RVM was shown to reinstate DNIC in chronic morphine-treated animals suggestive of complex brain stem interconnections ultimately impacting on descending monoamine systems (Suzuki et al., 2002). 
A recent data shows that lamina I/III NK1-expressing neurones are at the origins of a spinal – bulbo – spinal excitatory 5HT3- mediated pathway which is crucial for the ability of deep dorsal horn neurones to accurately encode polymodal stimuli. That ablation of the NK1 neurones at the origins of this loop reduced activation of RVM neurons that contain 5HT (Fields & Heinricher, 1985; Suzuki et al., 2004). 

Cells of the RVM have been classified into ON, OFF and neutral cells (Felds et al., 1983; Heinricher & Roychowdhury, 1997). ON cells increase their firing rate before the occurrence of a nociceptive withdrawal reflex and these neurones have been proposed to be the source of descending facilitation from the RVM (Porreca et al., 2001; Suzuki et al., 2004). 
Through the data exposed above, it can be concluded that there are complex interconnections of the brain stem and spinal cord impacting on descending monoamine (serotonergic) systems, which exert influences on CPM.
Our findings also demonstrated that ondansentron significantly affected thermal detection thresholds (increasing heat and decreasing cold p < 0.05).

A study have shown that spinal transection blocks tactile allodynia in rats with L5/6 spinal nerve injury, suggesting that the generation of tactile allodynia involves circuits supraspinal, whilst thermal hyperalgesia is mediated by spinal events (Bian et al., 1998).
Current research has demonstrated the participation of a wide family of Transient Reception Pontential (TRP) channels in thermotransduction (Caterina et al., 1999). The relationship between TRPV1 (capsaicin, warm and protons receptor) and the and blocking of 5-HT3 receptors may, at least in part, be demonstrated, thanks to the involvement of specific radioactive ligands (Barnes et al., 1988; Hamon et al., 1987; Kilpatrick, G. J., Jones, B. J., & Tyers, 1987; Neijt et al., 1988; Peroutka, S. J., & Hamik, 1988; Watling, K. J., Aspley, S., Swain, C. J., & Saunders, 1988). 
M. Hamon et al. used ligands and assays of the bonds with tissue membranes and sections in order to visualise these receptors in the primary sensory afferent fibres projecting to the dorsal horn of rats’ spinal cord (Hamon et al., 1989). For this purpose, the specific bond for selective radioligant 5-HT3 [3H] zacopride (Smith, et al., 1988) was biochemically and autoradiographically quantified in the spinal cord of control rats and of animals treated from birth with capsaicin neurotoxin, to induce degeneration of the primary non-myelinated afferent fibres. Administration of the capsaicin (50 mg / kg sc), in neonatal rats resulted in a significant reduction in the bond specific to [3H] zacopride (a potent selective antagonist for the 5-HT3 receptor), in the dorsal zone of the spinal cord. 
This data supports the presynaptic location of the 5-HT3 receptors in the primary afferent fibres sensitive to capsaicin in rat spinal cords (Nagy & Hunt, 1983).These findings corroborate the possible role of ondansetron in modulating thermal thresholds, especially heat, in the spinal cord (Unite et al., 1987).
Regarding cold detection thresholds, studies suggest that intravenous injection (i.v.) of 8 mg ondansetron given during the induction of anesthesia prevents postanesthetic shivering (PAS) without affecting the core-to-peripheral redistribution of heat. Thus, the PAS effect of ondansetron is independent of intraoperative core hypothermia, suggesting that it inhibits thermoregulatory responses by a central mechanism, results from a generalized thermoregulatory inhibition at the level of the hypothalamus (Powell & Buggy, 2000), which could justify our findings on cold detection thresholds and serotonergic antagonism, through a possible readjustment of the hypothalamic thermostat.
Contrary to some findings in the literature, in our study, there were apparently no influences on mechanical thresholds (p>0,05). However, there are indications that ondansetron can attenuate phenomena of mechanical hyperalgesia in animal models of peripheral nerve injury, through supraspinal mechanisms (Suzuki et al., 2004). 

Although apparently the peripheral mechanisms do not justify all our results, since there was significant improvement on CPM, but without influence on thermal and mechanical pain thresholds, after the use of ondansetron (suggesting central mechanisms), some studies provide a broad database that supports the antinoceptive action related to the antagonism of the 5HT-3 receptor in the periphery.
The surveys of Deegan et al. showed that ondansetron can have effects on nociception that are both central and peripheral, through its interaction with the 5-HT3 receptor (Deegan, 1992). Ambesh et al. reported that pain during the injection of propofol can be prevented quite successfully by administering 4 mg of intravenous ondansetron (Ambesh, 1999). Reddy et al. also showed that 4 mg of ondansetron can significantly reduce pain during the intravenous injection of rocuronium and propofol  (Reddy, 2001)]. Farouk et al. suggested that adding ondansetron to lidocaine can improve the quality of intravenous regional anaesthesia (IVRA) and prolong postoperative analgesia in patients undergoing hand surgery [(Farouk, 2009)]. Honarmand et al and Badeaux, J. concluded that adding ondansetron to lidocaine for IVRA reduced the use of analgesia in the intra- and postoperative periods (Badeaux et al., 2015; Honarmand, A., Safavi, M., & Adineh-Mehr, 2013).
Among the limitations for the development of this study, one can list, for example, the fact that most of the articles found in the medical literature (on the role of serotonergic antagonism of 5-HT3 receptors on thermal and mechanical pain thresholds and DNIC) consist of animal models involving induced neuropathic pain, different from the sample analyzed (healthy volunteers). Also, some pharmacodynamic aspects (possible interactions with other subtypes of receptors in different sites) and pharmacogenetic aspects were not taken into account, such as the possibility of genetic polymorphisms involving 5-HT3 receptors in the population studied, mainly because it is a theme still under study. However, it is reasonable that genetic variants may explain, at least in part, distinct presentations of the same clinical condition (Krzywkowski, 2006). These issues may even serve as a basis for future research projects.

All this information confirms how difficult it is to develop research with pharmacological antagonism in vivo.
Conclusion
There has been an exponential increase in interest in pain modulation pathways in recent years, above all, in terms of the therapeutic implications. This study appears to be one of the first to investigate the role of ondansetron on thermal and mechanical pain thresholds and conditioned pain modulation in healthy humans, through quantitative sensory testing. 
There is evidence that the results related to the antagonism of the 5HT-3 receptor, by ondansetron, occur through inhibition of the facilitatory descending pathways, improving the CPM, through possibly central mechanisms, however, without affecting the thermal and mechanical pain thresholds.

Although we did not find relevant results related to mechanical pain thresholds, there are studies that mention a supraspinatus role of ondansetron on phenomena attenuating mechanical hyperalgesia. There is also evidence that the blockade of the 5HT-3 receptor by the ondansentron may be related to antinociceptive processes, through peripherally mediated mechanisms.

It would be interesting to develop new lines of research involving the evaluation of modulatory circuits, through the semiquantitative tests used mainly in humans with chronic pain, with the objective of better understanding the role of serotonergic pathways on these circuits, in addition to evaluating the use of ondansetron as a possible therapeutic strategy.
The knowledge provided by new research in this area has the potential to be used to better understand the physiopathology of modulatory circuits in different people, as well as for the development of new drugs and therapies, with the goal of identifying specific pain phenotype profiles and individualizing treatment, minimizing adverse effects and unnecessary drug costs.
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