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Thermal Hyperalgesia and Mechanical Allodynia Elicited by 
Histamine and Non-histaminergic Itch Mediators: Respective 
Involvement of TRPV1 and TRPA1

Merab G. Tsagarelia,*, Ivliane Nozadzea, Nana Tsiklauria, Mirela Iodi Carstensb, Gulnaz 
Gurtskaiaa, E. Carstensb,*

aBeritashvili Center for Experimental Biomedicine, Tbilisi, Georgia

bUniversity of California, Davis, CA, USA

Abstract

Acute itch is elicited by histamine, as well as non-histaminergic itch mediators including 

chloroquine, BAM8–22 and Ser-Leu-Ile-Gly-Arg-Leu (SLIGRL). When injected intradermally, 

histamine binds to histamine H1 and H4 receptors that activate transient receptor potential 

vanilloid 1 (TRPV1) to depolarize pruriceptors. Chloroquine, BAM8–22, and SLIGRL, 

respectively, bind to Mas-related G-protein-coupled receptors MrgprA3, MrgprC11, and 

MrgprC11/PAR2 that in turn activate transient receptor potential ankyrin 1 (TRPA1). In this study 

we tested if histamine, chloroquine, BAM8–22 and SLIGRL elicit thermal hyperalgesia and 

mechanical allodynia in adult male mice. We measured the latency of hindpaw withdrawal from a 

noxious heat stimulus, and the threshold for hindpaw withdrawal from a von Frey mechanical 

stimulus. Intraplantar injection of histamine resulted in significant thermal hyperalgesia (p < 

0.001) and mechanical allodynia (p < 0.001) ipsilaterally that persisted for 1 h. Pretreatment with 

the TRPV1 antagonist AMG-517 (10 or 20 μg), but not the TRPA1 antagonist HC-030031 (50 or 

100 μg), significantly attenuated the magnitude and time course of thermal hyperalgesia and 

mechanical allodynia elicited by histamine (p < 0.001 for both), indicating that these effects are 

mediated by TRPV1. In contrast, pretreatment with the TRPA1 antagonist significantly reduced 

thermal hyperalgesia and mechanical allodynia elicited by chloroquine (p < 0.001 for both), 

BAM-822 (p < 0.01, p < 0.001, respectively) and SLGRL (p < 0.05, p < 0.001, respectively), 

indicating that effects elicited by these non-histaminergic itch mediators require TRPA1. TRPV1 

and TRPA1 channel inhibitors thus may have potential use in reducing hyperalgesia and allodynia 

associated with histaminergic and non-histaminergic itch, respectively.
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INTRODUCTION

Itch is defined as an unpleasant skin sensation associated with the desire to scratch, thereby 

removing exogenous stimuli such as parasites and plant particles. Several receptors and 

transducers implicated in itch sensation have been identified, including histamine receptors 

(Simone et al., 1991), protease-activated-receptor subtypes PAR-2 and −4 (Akiyama et al., 

2015), members of the Mas-related G-protein coupled receptor family (MrgprA3, 

MrgprC11) (Liu et al., 2009, 2011), and the transient receptor potential vanilloid 1 (TRPV1) 

and ankyrin 1 (TRPA1) channels (Hung and Tan, 2018; Kittaka and Tominaga, 2017; 

Koivisto et al., 2018; Moore et al., 2018; Xie and Li, 2019). Histamine acting via histamine 

H1 and H4 receptors requires the opening of TRPV1 ion channels in order to depolarize 

pruriceptive nerve endings (Shim et al., 2007; Imamachi et al., 2009). MrgprA3 and C11 are 

histamine-independent receptors activated, respectively, by chloroquine (Liu et al., 2009) 

and BAM8–22 (Liu et al., 2011) and require co-expression of TRPA1 for itch (Wilson et al., 

2011). The tethered peptide Ser-Leu-Ile-Gly-Arg-Leu (SLIGRL) elicits scratching in mice 

also via PAR2 and MrgprC11 (Liu et al., 2011). In humans, intradermal injections of 

histamine or BAM8–22 elicited itch at the injection site, surrounded by a localized area of 

alloknesis (itch elicited by innocuous low-threshold mechanical stimulation) and 

hyperknesis (itch elicited by high-threshold mechanical stimulation) (LasMotte et al., 2009; 

Sikand et al., 2011a, 2011b; Simone et al., 1991). Interestingly, a region of hyperalgesia 

(increased pain elicited by high-threshold mechanical stimulation that normally elicited only 

faint pricking pain) overlapped the region of alloknesis and hyperknesis. In a mouse model, 

low-threshold mechanical stimulation of skin surrounding a site of intradermal histamine 

injection elicited hindlimb scratches indicative of alloknesis (Akiyama et al., 2012a). 

Moreover, previous studies have shown that intraplantar injection of SLIGRL in mice 

elicited thermal hyperalgesia and mechanical allodynia (Vergnolle et al., 2001; Dai et al., 

2004; Liu et al., 2011). These studies suggest that histamine and non-histaminergic 

pruritogens elicit painful as well as itchy dysesthesias. We have presently addressed the 

question of whether histamine and the non-histaminergic pruritogens chloroquine, BAM8–

22 and SLIGRL elicit thermal hyperalgesia and/or mechanical allodynia in mice. We have 

additionally addressed the potential roles of TRPV1 and TRPA1 in mediating hyperalgesia 

and allodynia evoked by histamine as well as these non-histaminergic pruritogens. Portions 

of this study have been previously reported (Nozadze et al., 2018; Tsagareli et al., 2019).

EXPERIMENTAL PROCEDURES

Animal care and use

The experiments were performed on wild-type male mice <50 g in body weight, bred at the 

vivarium of Beritashvili Experimental Biomedicine Center (BMC). Males were used to be 

consistent with the authors’ prior studies and to avoid estrous cycle effects. The animals 

were kept under standard housing conditions (22 ± 2 °C, 65% humidity, lights from 6:00 

a.m. to 8:00 p.m.), and fed by standard dry diet; water was freely available. The 

experimental protocol was approved by the local bioethics committee of the Beritashvili 

Experimental BMC. Guidelines of the International Association for the Study of Pain 

(IASP) regarding investigations of experimental pain in conscious animals were followed 
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throughout (The Biomedical Researcher’s Handbook, 1987; Zimmermann, 1983). Every 

attempt was made to follow ARRIVE guidelines (https://arriveguidelines.org/).

Chemical injections

Histamine (0.25, 0.5 and 1 M/10 μL), chloroquine (0.25,0.5, and 1 mM/10 μL), BAM8–22 

(2.5 nM/10 μL; 5 nM/10 μL; 12 nM/10 μL), the peptide SLIGRL, and TRPA1 antagonist 

HC-030031 were purchased from Sigma-Aldrich Chemicals, Co. (St. Louis, MO, USA). 

SLIGRL was dissolved in saline to obtain final doses of 7.5, 15 and 40 mM/10 μL. 

HC-030031 was dissolved in 30 μL 1% DMSO and saline to obtain final doses of 50 and 

100 μg/30 μL, consistent with previous studies (Liu and Ji, 2012; Wang et al., 2015; Coavoy-

Sánchez et al., 2016; Tsagareli et al., 2019).

Each chemical was injected intraplantar through a 30 G needle connected by PE 50 tubing to 

a Hamilton microsyringe. We used the intraplantar route to assess thermal hyperalgesia and 

mechanical allodynia on the plantar hindpaw, consistent with previous studies. The same 

volume of vehicle (isotonic saline) was microinjected in the same manner separately as a 

control. Mice were divided into groups with n = 6/group. Each group received two 

intraplantar injections in a volume of 10 μL, either saline or one of the three concentrations 

of a given agent, requiring 24 mice per pruritogen at three concentrations. Successive 

injections were separated by at least 7 days. Following the injection, the mouse was tested in 

either the thermal withdrawal (Hargreaves) test, or the mechanical paw withdrawal (von 

Frey) test using a counterbalanced design. Immediately following the injections we observed 

that many mice exhibited biting and licking directed to the injected hindpaw.

In a second set of experiments, the effect of intraplantar pretreatment with two different 

doses of the TRPV1 antagonist AMG-517 (10, 20 μg) (Garami et al., 2017) or two doses of 

the TRPA1 antagonist HC-030031 (50, 100 μg) on thermal or mechanical withdrawals 

elicited by intraplantar injection of two doses of each pruritogen was tested. Again, mice 

were divided into groups of 6. Groups of mice received one of two doses of either AMG-517 

or HC-030031 in a volume of 30 μL injected intraplantar, followed 20 min later by one of 

two doses of histamine (0.25 or 0.5 M/10 μL) also injected intraplantar. In separate groups, 

mice similarly received one of two doses of HC-030031, followed 20 min later by one of 

two doses of either chloroquine (0.5 or 1 mM), BAM8–22 (5, 12 nM) or SLIGRL (15, 40 

mM). This procedure was done twice for each mouse, once for either the Hargreaves or the 

von Frey test, and again at least 7 days later for the other test.

Behavioral tests

Behavioral tests were conducted starting immediately after intraplantar injection of the 

pruritogen. In prior studies, each pruritogen tested elicits itch-related scratching behavior 

that lasts approximately 20–30 min (see Discussion). The thermal and mechanical paw 

withdrawal tests were conducted during this period out to 120 min post-injection.

Thermal paw withdrawal (Hargreaves) test

Mice first were habituated to stand on a glass surface heated to 30 °C within a Plexiglass 

enclosure, over three separate daily sessions. For formal testing, baseline latencies for paw 
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withdrawals evoked by radiant thermal stimulation were taken for each hind paw a minimum 

of three times/paw, with at least 5 min elapsing between tests of a given paw. A light beam 

(Plantar Test 390, IITC, Woodland Hills, CA, USA) was focused onto the plantar surface of 

one hind paw through the glass plate from below, and the latency from onset of the light to 

brisk withdrawal of the stimulated paw was measured. When tested with the investigator’s 

finger the stimulus elicited pain at latencies consistent with the paw withdrawal. Reductions 

in latency were considered to reflect thermal hyperalgesia as defined by the International 

Association for the Study of Pain (IASP) (https://www.iasp-pain.org/terminology?

navItemNumber=576) and consistent with the literature. The other hind paw was similarly 

tested 30–60 s later. The mouse was then held gently and one hind paw received an 

intraplantar injection of one of the pruritogens or vehicle. The investigator was blinded as to 

the chemical injected. The mice then were placed back onto the glass plate and withdrawal 

latencies of both paws were measured at 3, 15, 30, 45, 60, and 120 min post-injection.

Mechanical paw withdrawal threshold (von Frey) test

Mice were first habituated to stand on a wire mesh surface. For formal testing, baseline 

withdrawals were assessed using an Electronic von Frey Aesthesiometer (2390, IITC, CA, 

USA). The plastic filament was pressed against the ventral paw from below. This device 

samples and holds force (g) at the moment that the hind paw withdrew from the filament. 

Each paw was tested for baseline mechanical withdrawals at least three times, with at least 5 

min between successive measurements of a given paw. The mouse then received a unilateral 

intraplantar injection (see above) and was placed back onto the mesh surface. Mechanical 

paw withdrawals were measured at the same post-injection times as above for thermal paw 

withdrawals. Since mechanical stimuli eliciting withdrawals may not have been noxious 

(Barrot, 2012), reductions in threshold were considered to reflect mechanical allodynia as 

defined by IASP. The same groups of mice were used for thermal and mechanical 

withdrawal tests, with a minimum of 7 days in between successive tests to avoid possible 

carryover effects.

Statistics

All datasets from behavioral tests were confirmed to be normally distributed using the 

Kolmogorov–Smirnov test. Data were subjected to repeated measures analysis of variance 

(ANOVA). Comparisons between chemical and vehicle treatment of the same group of mice 

were made by paired t-test. Kruskal–Wallis ANOVA and subsequent Tukey test was used to 

assess differences between treatments. The data are expressed as mean ± s.e.m. Statistical 

significance was acknowledged if p < 0.05. The statistical software utilized was InStat 3.05 

(GraphPad Software, Inc, San Diego, CA, USA).

RESULTS

Histamine

Intraplantar injection of histamine resulted in a significant reduction in thermal withdrawal 

latency and mechanical withdrawal threshold of the ipsilateral paw (Fig. 1A, C). For thermal 

withdrawals, there was a significant difference between the saline and all histamine groups 

combined (F(11,132) = 11.906, p < 0.0001, ANOVA), with post hoc tests showing 

Tsagareli et al. Page 4

Neuroscience. Author manuscript; available in PMC 2021 June 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.iasp-pain.org/terminology?navItemNumber=576
https://www.iasp-pain.org/terminology?navItemNumber=576


significant differences at time points 5, 15, 30, 45 and 60 min (p < 0.01 for each) but not 120 

min post-injection (p > 0.05) (Fig. 1A). The differences between groups receiving saline and 

each dose of histamine were statistically significant (p < 0.001 for each), although the 

differences between groups receiving each histamine dose were not indicating lack of dose-

dependency. There was no statistically significant mirror image thermal hyperalgesic effect 

(p > 0.05) (Fig. 1B).

Histamine also significantly reduced mechanical withdrawal thresholds compared to vehicle 

controls (F(11,132) = 13.376, p < 0.0001, ANOVA) with no significant difference among 

histamine doses (Fig. 1C). The differences between groups receiving saline and each dose of 

histamine were statistically significant at each time point post injection (p < 0.01 for each). 

There was also a significant mirror image mechanical allodynia effect only at 5 min post-

injection (p < 0.05) (Fig. 1D). This mirror image effect may have been due to a spreading 

hyperalgesia/allodynia.

AMG-517 pretreatment completely prevented histamine-evoked thermal hyperalgesia and 

mechanical allodynia (Fig. 1A, C). Since there were no significant differences among the 

histamine or AMG-517 doses, data were pooled. There were significant differences between 

the AMG-517 pretreatment and histamine-only groups for thermal (F(7,568) = 51.426, p < 

0.0001, ANOVA), and mechanical withdrawal of the ipsilateral hindpaw (F(7,568) = 65.635, 

p < 0.0001, ANOVA). For the thermal paw withdrawal test (ipsilateral paw), there were 

significant differences between the AMG-517 pretreatment and histamine-only groups at 5, 

15, and 30 min post-injection (p < 0.0001 for each) (Fig. 1A). Similarly, for the von Frey test 

(ipsilateral paw), there were significant differences between the AMG-517 pretreatment and 

histamine-only groups at 5, 15, and 30 min post-injection (p < 0.001 for each) (Fig. 1C). 

AMG-517 also prevented the mirror image allodynia effect. For the contralateral (non-

injected) paw, there were significant differences in thermal withdrawal latency between the 

AMG-517 pre-treatment and histamine groups at 5, 15 and 30 min post-injection (p < 0.05 

for each) (Fig. 1B). Similar results were obtained for the von Frey test at 5, 15 and 30 min 

post-injection (p < 0.05 for each (Fig. 1D).

In contrast, intraplantar pretreatment with the TRPA1 antagonist HC-030013 at two doses 

(50 and 100 μg/30 μL) did not significantly affect thermal hyperalgesia or mechanical 

allodynia produced by either dose of histamine injected in the same hindpaw (Fig. 2). For 

the thermal withdrawal test (ipsilateral paw), there was no significant difference between 

AMG-517 pretreatment and histamine-only groups, at 5, 15 or 30 min post-injection of 

histamine (p > 0.05 for each) (Fig. 1A). Similarly, there were no significant differences 

between AMG-517-pretreatment and histamine-only groups on the contralateral paw at any 

time point (p > 0.05 for all) (Fig. 1B). The same was true for von Frey withdrawal 

thresholds, which were not different between AMG-517-pretreatment and histamine-only 

groups at any time point for either the ipsilateral (injected) or contralateral hindpaw (p > 

0.05 for all) (Fig. 1C, D).

Chloroquine

Intraplantar injection of chloroquine induced significant reductions in thermal withdrawal 

latency (F(11,132) = 11.53, p < 0.0001, ANOVA) and mechanical withdrawal threshold 
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(F(11,132) = 12.44, p < 0.0001, ANOVA) of the ipsilateral paw (Fig. 3A, C). Each 

concentration of chloroquine significantly reduced thermal latencies and mechanical 

thresholds compared to the saline control group (p < 0.001) but not compared to each other, 

indicating a lack of dose-dependency. For the thermal paw withdrawal test (ipsilateral paw), 

there was a significant difference between the saline and chloroquine groups at 5, 15, 30, 45 

and 60 (p < 0.05 for each) but not 120 min post-injection (Fig. 3A). The same was true for 

mechanical withdrawal thresholds (Fig. 3C). There were no significant mirror image effects 

in the contralateral paw for thermal or mechanical stimuli (Fig. 3B, D).

Intraplantar pretreatment with the TRPA1 channel antagonist HC-030031 at two 

concentrations (50 and 100 μg/30 μL) attenuated thermal hyperalgesia produced by 

chloroquine injected in the same hindpaw. For the thermal paw withdrawal test (ipsilateral 

paw), there were significant differences between HC-030031 pretreatment groups and 

chloroquine-only groups at 5, 15, and 30 min post-injection (p < 0.001 for each) (Fig. 3A). 

The weaker mirror image thermal hyperalgesic effects were also prevented by pretreatment 

with HC-030031 (Fig. 3B). For the mechanical paw withdrawal (von Frey) test, significant 

differences were similarly observed at 5, 15 and 30 min post-injection (p < 0.001 for each) 

(Fig. 3C). The weaker mirror image mechanical allodynia effects were also prevented by 

pretreatment with HC-030031 (Fig. 3D).

BAM8–22

BAM8–22 significantly reduced thermal withdrawal latencies (F(11,132) = 9.562, p < 

0.0001, ANOVA) (Fig. 4A) and mechanical withdrawal thresholds (F(11,132) = 10.174, p < 

0.0001, ANOVA) (Fig. 4C), compared to the vehicle groups. For the thermal paw 

withdrawal test (ipsilateral paw), there were significant differences between the saline and 

BAM8–22 injected groups at 5 and 15 min post-injection (p < 0.001 for both), and at 30 min 

(p < 0.05) with no significant difference between the two BAM8–22 doses. For the von Frey 

test (ipsilateral paw), there were significant differences between saline and BAM8–22 

groups at 5, 15, 30 and 45 min post-injection (p < 0.05 for each) (Fig. 4C) with no 

significant difference between the two BAM8–22 doses. In the contralateral paw there was a 

significant mirror image thermal hyperalgesic effect at 5 min post-injection (p < 0.05) but no 

significant mechanical allodynia (Fig. 4B, D).

The TRPA1 channel antagonist HC-030031 attenuated thermal hyperalgesia and mechanical 

allodynia produced by BAM8–22 injected in the same hindpaw. For the thermal paw 

withdrawal test, there were significant differences between the HC-030031 pre-injected and 

BAM8–22-only groups at 5, 15 and 30 min post-injection (p < 0.01 for each) (Fig. 4A). For 

the mechanical paw withdrawal (von Frey) test, similar significant differences were observed 

at 5, 15 and 30 min post-injection (p < 0.001 for each) (Fig. 4C). The weaker mirror image 

thermal hyperalgesia and mechanical allodynia induced by BAM8–22 were significantly 

reduced by pretreatment with HC-030031 (Fig. 4B, D).

SLIGRL

SLIGRL significantly reduced thermal withdrawal latencies (F(11,132) = 9.443, p < 0.0001, 

ANOVA) and mechanical withdrawal thresholds (F(11,132) = 12.505, p < 0.0001, ANOVA) 
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(Fig. 5A, C). Differences between saline and SLIGRL-injected groups were significant at 5, 

15 and 30 min post-injection for thermal withdrawal latency (p < 0.05 for each), and at 5 and 

15 min post-injection for mechanical withdrawal thresholds (p < 0.05 for both), with no 

significant difference between the two BAM8–22 doses for either test. There was a 

significant mirror image mechanical allodynia at 5 min (p < 0.05) post-injection (Fig. 5D), 

but no significant thermal hyperalgesia (p > 0.05) in the contralateral paw (Fig. 5B).

Intraplantar pre-treatment with the TRPA1 channel antagonist HC-030031 attenuated 

thermal hyperalgesia and mechanical allodynia produced by SLIGRL injected in the same 

hindpaw. For the thermal paw withdrawal test (ipsilateral paw), there were significant 

differences between HC-030031 pre-treatment and SLIGRL-only groups at 5, 15 and 30 min 

post-injection (p < 0.05 for each) (Fig. 5A). For the mechanical paw withdrawal test, 

significant differences were similarly observed at 5, 15 and 30 min post-injection (p < 0.001 

for each) (Fig. 5C). The weaker mirror image thermal hyperalgesia and mechanical 

allodynia were also significantly reduced by pretreatment with HC-030031 (Fig. 5B, D).

DISCUSSION

The present findings showed a significant thermal hyperalgesia and mechanical allodynia 

induced by histamine as well as the non-histaminergic pruritogens chloroquine, BAM8–22 

and SLIGRL. Histamine-evoked thermal hyperalgesia and mechanical allodynia were 

prevented by pretreatment with a TRPV1 but not TRPA1 antagonist, indicating that 

histaminergic hyperalgesia and allodynia require TRPV1 but not TRPA1. In contrast, 

thermal hyperalgesia and mechanical allodynia induced by chloroquine, BAM8–22 and 

SLIGRL were significantly attenuated or prevented by the TRPA1 antagonist, implying a 

critical role for TRPA1. These results confirm previous reports that SLIGRL elicits thermal 

hyperalgesia and mechanical allodynia (Vergnolle et al., 2001), in a PAR-2 (Liu et al., 2011) 

and TRPA1-dependent manner (Dai et al., 2004).

Each of the pruritogens tested presently elicits itch-related scratching behavior in animals 

(Kuraishi et al., 1995; Shimada et al., 2006; Liu et al., 2009; Wilson et al., 2011). Recent 

studies using the “cheek” model show that injection of these pruritogens into cheek skin 

elicits hindlimb scratch bouts that are reduced by μ-opioid anatagonists but not morphine, 

while algogens elicit forelimb wipes that are reduced by morphine but not μ-antagonists 

(Shimada and LaMotte, 2008; Akiyama et al., 2010). BAM8–22 elicits itch sensation in 

humans (Sikand et al., 2011a, 2011b), and chloroquine is well known to induce itch in 

patients being treated for malaria (Ajayi et al., 2004). Chloroquine acts via MrgprA3 (Liu et 

al., 2009), BAM8–22 acts via MrgprC11 and SLIGRL acts via MrgprC11 and PAR2 to elicit 

scratching behavior (Liu et al., 2011; Wilson et al., 2011). In the present study we tested if 

thermal hyperalgesia or mechanical allodynia is elicited by similar doses of each of these 

pruritogens. We used intraplantar injections, because this allowed thermal and mechanical 

testing of the hindpaw consistent with many previous studies. We believe that intraplantar 

injection of the pruritogens tested presently elicits itch, based on previous studies reporting 

that intraplantar injection of the itch mediator, serotonin (5-hydroxytryptamine, 5-HT) 

elicited biting behavior in rats (Klein et al., 2011b) and mice that was reduced by a μ-opiate 
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receptor antagonist (Hagiwara et al., 1999), consistent with biting being an itch-related 

behavior.

The thermal hyperalgesia and mechanical allodynia elicited by histamine, chloroquine, 

BAM8–22 and SLIGRL are indicative of primary hyperalgesia that occurs rapidly via 

peripheral sensitization of pruriceptors by local inflammatory mediators (LaMotte et al., 

1991; Simone, 1992; Treede et al., 1992; Woolf, 1995; Petho and Reeh, 2012; Viana, 2018). 

Pruriceptors for non-histaminergic itch are thought to be polymodal C-fiber nociceptors, 

while those for histaminergic itch are mechano-insensitive C-fibers (Schmelz et al., 1997; 

Johanek et al., 2008; Namer et al., 2008). Sensitization of pruriceptive C-fibers might 

contribute to the alloknesis, hyperknesis, hyperalgesia and allodynia observed following 

intradermal injections of histamine or BAM8–22 (Simone et al., 1991; LaMotte et al., 2009; 

Sikand et al., 2009, 2011b). Subsets of small-diameter dorsal root ganglion (DRG) or 

trigeminal ganglion (TG) neurons are activated by histamine, chloroquine, SLIGRL and 

BAM8–22 (Liu et al., 2009; Klein et al., 2011a; Wilson et al., 2011; Akiyama et al., 2012b; 

Han et al., 2013; Roberson et al., 2013; Pradhananga and Shim, 2015; Ganchingco et al., 

2019) with most also activated by algogens such as capsaicin. SLIGRL directly sensitized 

the responses of DRG cells to chloroquine and BAM8–22, consistent with sensitization of 

chloroquine- and BAM8–22-evoked scratching behavior by SLIGRL (Akiyama et al., 

2012b). In addition to peripheral sensitization, central sensitization of pain signaling 

pathways might also underlie the presently-observed thermal hyperalgesia and mechanical 

allodynia (Latremoliere and Woolf, 2009). It was recently reported that histamine and 

chloroquine excite ON cells and inhibit OFF cells in the rostral ventromedial medulla 

(RVM) similar to effects of pain-evoking stimuli (Follansbee et al., 2018). It is thus possible 

that the thermal hyperalgesia and mechanical allodynia elicited by pruritogens partly 

involves activation of ON cells that exert pronociceptive effects on spinal nociceptive 

transmission (Fields et al., 1991).

Intradermal insertion of single or multiple denatured cowhage spicules loaded with 

histamine or BAM8–22 acutely induced a dominant sensation of itch accompanied by 

subdominant nociceptive sensations of stinging, pricking and burning. Moreover, 

surrounding areas of skin exhibited dysesthesias including alloknesis, hyperknesis and 

mechanical hyperalgesia (LaMotte et al., 2009; Sikand et al., 2009, 2011a, 2011b). These 

findings indicate that itch and pain coexist simultaneously, and that histamine and BAM8–22 

can acutely elicit hyperalgesia and allodynia in addition to itchy dysesthesias.

In a model of contact dermatitis involving local cutaneous application of squaric acid dibutyl 

ether (SADBE), mice exhibited thermal hyperalgesia and mechanical allodynia (Zhang et 

al., 2019). In humans, heating the SADBE-treated area to above 41 °C elicited itch 

indicative thermal alloknesis (Pall et al., 2015). These studies suggest that chronic itch or 

contact hypersensitivity conditions might produce peripheral or central sensitization. In 

support of peripheral sensitization, experimental models of chronic dry skin itch and contact 

hypersensitivity resulted in sensitization of DRG cells to non-histaminergic pruritogens but 

not to histamine (Akiyama et al., 2010; Fu et al., 2014).
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TRPA1 and TRPV1 play roles in chronic as well as acute itch and pain (Kittaka and 

Tominaga, 2017; Hung and Tan, 2018; Koivisto et al., 2018; Moore et al., 2018; Xie and Li, 

2019). We presently observed that hyperalgesia and allodynia elicited by acute injection of 

histamine was significantly reduced or prevented by pretreatment with the TRPV1 but not 

TRPA1 antagonist, consistent with a role for TRPV1 in acute histamine-mediated itch (Shim 

et al., 2007; Imamachi et al., 2009). The prevention by the TRPA1 antagonist of 

hyperalgesia and allodynia elicited by non-histaminergic pruritogens is consistent with a role 

for TRPA1 in acute non-histaminergic itch (Wilson et al., 2011). In models of chronic itch, 

spontaneous scratching was significantly lower in TRPA1-deficient mice compared to wild-

types (Wilson et al., 2013; Follansbee et al., 2019. In a model of chronic inflammatory pain 

employing complete Freund’s adjuvant (CFA), mechanical allodynia, but not thermal 

hyperalgesia was significantly reduced by TRPA1 antagonists (Petrus et al., 2007; Eid et al., 

2008; da Costa et al., 2010; Lennertz et al., 2012). Moreover, the TRPA1 antagonist 

HC-030031 significantly attenuated the mechanically-evoked responses of mechano-cold-

sensitive C-fibers in CFA treated animals (Lennertz et al., 2012). TRPA1-expressing primary 

C-fiber afferents exhibited enhanced mechanical responses in CFA-treated animals (Dunham 

et al., 2008). These results imply that TRPA1-dependent peripheral sensitization of 

mechano-sensitive C-fiber afferents contributes to mechanical allodynia under conditions of 

inflammatory pain. Future studies are required to determine if chronic itch conditions are 

associated with TRPV1-or TRPA1-mediated thermal hyperalgesia and/or mechanical 

allodynia, if and how this differs from inflammatory pain models, and what the underlying 

mechanisms are.

In conclusion, the present study aimed to investigate if acute administration of pruritogens 

was accompanied by painful dysesthesias in an animal model. We found that histamine and 

the non-histaminergic pruritogens chloroquine, BAM8–22, and SLIGRL induced thermal 

hyperalgesia and mechanical allodynia that appear to coexist with itch. Histamine acts via 

TRPV1 but not TRPA1, while the non-histaminergic pruritogens act via TRPA1, 

underscoring the importance of these ion channels in mediating enhanced pain that 

accompanies acute itch elicited by these agents. Future animal studies are needed to 

determine if chronic itch is also associated with these painful dysesthesias. One implication 

of these findings is that TRP channel antagonists might prove to be useful in the clinical 

treatment of increased pain and allodynia that may be symptoms in patients suffering from 

chronic itch.
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Fig. 1. 
Thermal hyperalagesia and mechanical allodynia induced by intraplantar injection of 

histamine is prevented by pretreatment with the TRPV1 antagonist AMG-517. (A) Graph 

plots the mean thermal paw withdrawal latency following intraplantar injection of histamine 

(at bold arrow) at three different doses in the ipsilateral paw. Each histamine dose 

significantly reduced latencies compared to controls (p < 0.001) with no significant 

difference among histamine doses. Intraplantar injection of AMG-517 (thin arrow at −20 

min) at both doses (50, 100 μg) significantly attenuated thermal hyperalgesia elicited by two 

different concentrations of histamine tested (0.5, and 1 M). (B) Format as in (A) for 

contralateral paw. There was no significant mirror image effect. (C) Graph plots mean 

mechanical withdrawal thresholds vs. time post-histamine injection in the ipsilateral paw. 

Histamine significantly reduced thresholds compared to vehicle controls (p < 0.001) with no 

significant difference among histamine doses. Both doses of AMG-517 prevented 

mechanical allodynia elicited by intraplantar histamine. (D) There was a significant mirror 

image allodynia effect at 5 min post-injection (p < 0.05). The allodynia effect was prevented 

by AMG-517. Thin black arrow: time of injection of AMG-517. Thick arrow: time of 

histamine injection. Dashed lines connect data for AMG-517 treatment groups with baseline 

at −20 min. Error bars: SEM.
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Fig. 2. 
Thermal hyperalgesia and mechanical allodynia induced by intraplantar injection of 

histamine is not reduced by the TRPA1 antagonist HC-030031. Format as in Fig. 1. (A) 
Thermal withdrawal, ipsilateral paw. The significant thermal hyperalgesia induced by 

histamine was unaffected by pretreatment with HC-030031. (B) Thermal withdrawal, 

contralateral paw. The trend toward a weak mirror image hyperalgesic effect was not 

statistically significant. (C) Mechanical withdrawal, ipsilateral paw. The significant 

mechanical allodynia induced by histamine was unaffected by pretreatment with 

HC-030031. (D) Mechanical withdrawal, contrateral paw. The weak mirror image effect was 

not statistically significant. Thin black arrow: time of injection of HC-030031. Thick arrow: 

time of histamine injection. Dashed lines connect data for HC-030031 treatment groups with 

baseline at −20 min. Error bars: SEM.
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Fig 3. 
Thermal hyperalgesia and mechanical allodynia induced by intraplantar injection of 

chloroquine is reduced by the TRPA1 antagonist HC-030031. (A) Thermal withdrawal, 

ipsilateral paw. Chloroquine significantly reduced latencies compared to controls with no 

significant difference among chloroquine doses. Intraplantar injection of HC-030031 (thin 

arrow at −20 min) significantly attenuated thermal hyperalgesia elicited by chloroquine. (B) 
Thermal withdrawal, contralateral paw. The trend toward a small mirror image hyperalgesic 

effect was not significant. (C) Mechanical withdrawal, ipsilateral paw. Chloroquine 

significantly reduced thresholds compared to vehicle controls with no significant difference 

among chloroquine doses. HC-030031 prevented mechanical allodynia elicited by 

intraplantar chloroquine. (D) Mechanical withdrawal, contralateral paw. The trend toward a 

mirror image allodynia effect was not statistically significant. Thin black arrow: time of 

injection of HC-030031. Thick arrow: time of chloroquine injection. Dashed lines connect 

data for HC-030031 treatment groups with baseline at −20 min. Error bars: SEM.
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Fig. 4. 
BAM8–22 induces thermal hyperalgesia and mechanical allodynia in a manner that is 

reduced by HC-030031. (A) Thermal withdrawal, ipsilateral paw. BAM8–22 significantly 

reduced latencies compared to saline controls, but with no significant difference between the 

two BAM8–22 doses. Pretreatment with HC-030031 significantly attenuated thermal 

hyperalgesia elicited by BAM8–22. (B) Thermal withdrawal, contralateral hindpaw. There 

was a significant mirror image hyperalgesic effect at 5 min post-injection of BAM8–22 that 

was significantly reduced by pretreatment with HC-030031. (C) Mechanical withdrawal, 

ipsilateral paw. BAM8–22 significantly reduced mechanical paw withdrawal force compared 

to vehicle controls. HC-030031 pretreatment significantly reduced mechanical allodynia 

elicited by intraplantar BAM8–22. (D) Mechanical withdrawal, contralateral paw. The trend 

toward a mirror image mechanical allodynia effect was not statistically significant. Thin 

black arrow: time of injection of HC-030031. Thick arrow: time of BAM8–22 injection. 

Dashed lines connect data for HC-030031 treatment groups with baseline at −20 min. Error 

bars: SEM..
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Fig. 5. 
SLIGRL induced thermal hyperalgesia and mechanical allodynia that was reduced by 

HC-030031. (A) Thermal withdrawal latency, ipsilateral paw. SLIGRL significantly reduced 

latencies compared to controls with no significant difference between SLIGRL doses. The 

higher dose of HC-030031 significantly reduced thermal hyperalgesia, but with no 

significant difference at the lower dose (50 μg HC-030031–15 mM SLIGRL). (B) Thermal 

withdrawal, contralateral hindpaw. There was no significant thermal hyperalgesic effect. (C) 
Mechanical withdrawal, ipsilateral paw. SLIGRL significantly reduced mechanical paw 

withdrawal force compared to vehicle controls with no significant difference among doses. 

HC-030031 significantly reduced mechanical allodynia elicited by intraplantar SLIGRL. (D) 
Mechanical withdrawal, contralateral paw. There was a significant mirror image mechanical 

allodynia effect at 5 min post-injection of SLIGRL that was significantly reduced following 

HC-030031. Thin black arrow: time of injection of HC-030031. Thick arrow: time of 

SLIGRL injection. Dashed lines connect data for HC-030031 treatment groups with baseline 

at −20 min. Error bars: SEM.

Tsagareli et al. Page 18

Neuroscience. Author manuscript; available in PMC 2021 June 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	INTRODUCTION
	EXPERIMENTAL PROCEDURES
	Animal care and use
	Chemical injections
	Behavioral tests
	Thermal paw withdrawal (Hargreaves) test
	Mechanical paw withdrawal threshold (von Frey) test
	Statistics

	RESULTS
	Histamine
	Chloroquine
	BAM8–22
	SLIGRL

	DISCUSSION
	References
	Fig. 1.
	Fig. 2.
	Fig 3.
	Fig. 4.
	Fig. 5.



