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Abstract
Cannabinoids suppress nocifensive behaviors in rodents. We presently investigated peripheral
endocannabinoid modulation of itch- and pain-related behaviors elicited from facial vs. spinally-
innervated skin of rats. Intradermal (id) injection of the pruritogen serotonin (5-HT) elicited
significantly more hindlimb scratch bouts, and longer cumulative time scratching, when injected
in the rostral back compared to the cheek. Pretreatment of skin with inhibitors of degrading
enzymes for the endocannabinoids anandamide (URB597) or 2-arachidonoylglycerol (JZL184)
significantly reduced scratching elicited by 5-HT in the rostral back. These effects were prevented
by co-treatment with antagonists of the CB1 (AM251) or CB2 receptor (AM630), implicating both
receptor subtypes in endocannabinoid suppression of scratching in spinally-innervated skin.
Conversely, pretreatment with either enzyme inhibitor, or with AM630 alone, increased the
number of scratch bouts elicited by id 5-HT injection in the cheek. Moreover, pretreatment with
JZL184 also significantly increased pain-related forelimb wipes directed to the cheek following id
injection of the algogen, allyl isothiocyanate (AITC; mustard oil). Thus, peripheral
endocannabinoids have opposite effects on itch-related scratching behaviors in trigeminally- vs.
spinally-innervated skin. These results suggest that increasing peripheral endocannabinoid levels
represents a promising therapeutic approach to treat itch arising from the lower body, but caution
that such treatment may not relieve, and may even exacerbate, itch and pain arising from
trigeminally-innervated skin of the face or scalp.
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INTRODUCTION
Itch (pruritus) is defined as an unpleasant sensation which elicits the desire to scratch.
Conditions associated with itch include insect bites, contact dermatitis, side effects of certain
drugs, dry skin, cholestasis, uremia, certain cancers, neuropathies, and psychogenic
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conditions (Twycross et al., 2003). Antihistamines are ineffective for most types of itch
except urticaria, and other common topical or systemic treatments include emollients,
immunosuppressants, and opioid antagonists, all of which have negative side effects (Hoare
et al., 2000).

Endocannabinoids may be a good candidate for peripherally-targeted itch suppression.
Endocannabinoids bind the same G-protein-coupled cannabinoid receptors as Δ9-THC1, the
main active component of cannabis. The two most studied endocannabinoids are 2-
arachidonoylglycerol (2-AG) and anandamide (AEA). Systemic (Walker& Hohmann, 2005)
and peripheral (Clapper et al., 2010; Spradley et al., 2010) modulation of 2-AG and AEA
levels induced analgesia in models of acute, inflammatory, and neuropathic pain. These
prior studies and the present experiments modulated endocannabinoids via administration of
inhibitors of: the synthesizing enzyme of 2-AG, diacyglycerol lipase (tetrahydrolipstatin,
THL); the degrading enzyme of 2-AG, monoacylglycerol lipase (JZL184); or the degrading
enzyme of AEA, fatty acid amide hydrolase/FAAH (URB597) (Lichtman et al., 2004; Long
et al., 2009). Additionally, the cannabinoid system is known to be involved in
immunomodulation (Klein et al., 1998) and both CB1 and CB2 cannabinoid receptor
subtypes are present on keratinocytes, skin sensory nerve fibers, and mast cells (Stander et
al., 2005).

While numerous studies have demonstrated antinociceptive and antihyperalgesic effects of
exogenous and endogenous cannabinoids (e.g., Calignano et al., 1998; Richardson et al.,
1998; Johanek et al., 2001; Malan et al., 2001; Johanek & Simone, 2004; Patil et al., 2011),
fewer have investigated their modulation of itch. A role for the endocannabinoid system in
attenuation of allergic inflammation in a murine model of contact dermatitis has been
reported (Oka et al., 2006; Karsak et al., 2007). Systemic administration of cannabinoid
agonists or inhibition of FAAH reduced scratching behavior elicited by subcutaneous
injection of the mast cell degranulating compound 48/80 (Schlosburg et al., 2009). Systemic
cannabinoid agonists reduced ear-scratching elicited by systemic administration of a 5-
HT-2A/C agonist (Darmani, 2001). However, only one brief clinical study reported reduced
itch in uremic pruritus patients following topical treatment with an emollient containing
endocannabinoids, although the emollient itself may have contributed to the antipruritic
effect (Szepietowski et al., 2005). Thus, modulation of peripheral endocannabinoids may
prove to be a useful approach to treat itch.

We presently investigated the effect of peripheral endocannabinoid modulation on itch-and
pain-related behaviors in the rat. In this species, 5-HT is the most effective pruritogen
(Thomsen et al., 2001; Jinks & Carstens, 2002). 5-HT activates putative itch-signaling
cutaneous C-fibers (Hachisuka et al., 2010) that project to the superficial spinal dorsal horn
to excite second-order neurons (Jinks and Carstens, 2002; Akiyama et al., 2009) via release
of glutamate (Koga et al., 2011), substance P (Carstens et al., 2010) and/or gastrin releasing
peptide (Sun and Chen, 2007; Sun et al., 2009). Dorsal horn neurons responsive to itch
mediators function as scratch-reflex interneurons and/or project to higher centers via
ascending pathways such as the spinothalamic tract (Andrew and Craig, 2001; Simone et al.,
2004; Davidson et al.,2009).

To assess itch we used two rat behavioral models. In the first, traditional, model, intradermal
(id) injection of pruritogens in the rostral back elicits bouts of directed hindlimb scratching

1Δ9-THC: Δ9-tetrahydrocannabinol; 2-AG: 2-arachidonoylglycerol; AEA: anandamide; THL: tetrahydrolipstatin; JZL184: degrading
enzyme of 2-AG; FAAH: fatty acid amide hydrolase; URB597: degrading enzyme of AEA; CB1/CB2: cannabinoid receptor subtypes
1 and 2, respectively; id: intradermal; 5-HT: serotonin; AITC: allyl isothiocyanate; MGL: monoacylglycerol lipase; AM251: CB1
inverse agonist; AM630: CB2 antagonist; DGL: diacylglycerol lipase; ANOVA: analysis of variance; HU210: synthetic cannabinoid
agonist
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(Nojima and Carstens, 2003). However, this model lacks the ability to distinguish between
itch- and pain-related behaviors, since biomechanical limitations restrict the response to
hindlimb scratches. In the second model, id injection of pruritogens into the cheek
selectively elicited hindlimb scratch bouts directed to the injection site, whereas injection of
an algogen elicited unilateral singular wiping motions of the ipsilateral forepaw across the
injected cheek (Shimada and LaMotte, 2008; Akiyama et al., 2010; Klein et al., 2011;
Spradley et al., 2012). We used these models to address the following: 1) if there are
differences in pruritogen-evoked scratching behavior in trigeminally- (cheek) vs. spinally-
innervated body regions (rostral back), 2) the relative ability of peripheral endocannabinoid
modulation to affect itch-related scratching behaviors in each body region , and 3) to
identify the role of CB1 and/or CB2 receptors in peripheral endocannabinoid modulation of
itch- and pain-related behavior.

METHODS
2.1. Animals

Adult male Sprague Dawley rats from Simonsen and Charles River (weighing 305–634g)
were doubly housed, and had free access to food and water. All procedures were approved
by the UC Davis Institutional Animal Care and Use Committee and followed the guidelines
of the National Research Council Guide for the Care and Use of Laboratory Animals (2011).
Every attempt was made to minimize the number of animals tested.

2.2 Behavioral Testing of the Rostral Back and Cheek Models
Prior to the day of testing, the fur from each rat’s cheek or rostral back was shaved. At the
time of testing, rats were pretreated with an intradermal (id) injection of the vehicle, an
inhibitor, an antagonist, or a cocktail in either the cheek or the rostral back. These first
injections always were of a 50 µL volume and were verified by the presence of a bleb at the
injection site. Injections were administered via a Hamilton syringe connected to PE50 tubing
and a 30 gauge hypodermic needle. Then rats were habituated to an opaque Plexiglas
chamber with a Plexiglas top on a clear glass table through which the animals were
videotaped from below (for cheek testing) or above (for rostral back testing) for 15 minutes.
Subsequently, rats were injected id in the cheek or rostral back (same injection site as the
first id injection) 15 min after the pretreatment injection with 10 µL of the pruritogen
serotonin (1%, 5-HT) or 10 µL of the algogen allyl isothiocyanate, the main pungent
component of mustard oil (10%, AITC). Immediately following the second injection, rats
were replaced in the Plexiglas testing chambers. Behaviors were recorded for 1 hr post-
pruritogen/algogen injection. Videotapes were scored by viewers blinded to the
experimental condition. Viewers scored the number and length of each bout (events) of
facial grooming with both forelimbs, wiping with the forelimb, and hindlimb scratching for
rats injected in the cheek, and only the hindlimb scratching for rats injected in the rostral
back. Off-site scratches (such as ears or opposite cheek) were excluded from analyses.
Scratch bouts consisted of episodes of rapid hindpaw movements across the injected cheek
area, or directed to the rostral back injection site, and ending when the rat brought the claws
of the hindpaw to the mouth (to gnaw/lick the claws) and/or placed the hindpaw on the floor.
Also the length (rounded to the half-second) of each scratch and groom bout was quantified
and used for various analyses. Wiping behavior consisted of single, isolated unilateral,
caudal-to-rostral wiping movements of the inner aspect of the forepaw across the injected
cheek. A bout of facial grooming consisted of a discrete episode of head- or face-washing by
both forepaws. Wipes and grooming of non-injected body regions were excluded from
analyses. To conserve animals, rats were tested in multiple experiments with at least one
week between repeat testing involving the same injection site.
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2.3. Chemicals
The pruritogen serotonin (5-hydroxytryptamine, 5-HT-HCl, Sigma, St. Louis, MO) was
tested at a concentration of 1% (47 mM) in saline, and the algogen allyl isothiocyanate
(AITC, the pungent ingredient in mustard oil; Sigma) was tested at a concentration of 10%
(1 M) in a 7% Tween-80 solution (in 0.9% saline) based on doses that elicited maximal
scratching or wiping responses (Klein et al., 2011).

The inhibitor of the AEA degrading enzyme FAAH, URB597, was tested at a concentration
of 75 µg/50 µL, and the inhibitor of the 2-AG degrading enzyme monoacylglycerol lipase
(MGL), JZL184, was tested at a concentration of 100 µg/50 µL (Lichtman et al., 2004; Long
et al., 2009; Spradley et al., 2010). The CB1 inverse agonist AM251 was tested at 80 µg/50
µL, and the CB2 antagonist AM630 was tested at 25 µg/50 µL (Spradley et al., 2010). The
inhibitor of the synthesizing enzyme of 2-AG diacylglycerol lipase (DGL), THL, was tested
at 200 µg/50 µL. All inhibitors and cannabinoid receptor antagonists were purchased from
Cayman Chemical (Ann Arbor, MI), and the doses chosen were based on the literature cited
with the exception of THL (the dose of which was chosen based on preliminary dose
response curves, data not shown). All compounds were dissolved in a vehicle containing
DMSO, ethanol, Tween-80, and saline in a ratio of 1:1:1:17, and this vehicle was also
administered id as a control. To make the cocktails (consisting of one of the degrading
enzyme inhibitors plus one of the cannabinoid receptor antagonists), each component was
made separately in double strength concentrations and then was combined with the other
component to yield the original desired concentrations and volumes described above as
when administered singly.

2.4. Statistics
All data are expressed as Mean ± SEM and data are significant when P ≤ 0.05. Data
represented by line graphs were analyzed by repeated measures ANOVA. When Mauchly’s
Test of Sphericity indicated significance, the Greenhouse-Geisser correction factor was
applied to the interaction term of all repeated factors. When a significant interaction was
present, 1-way ANOVAs were performed for each time point. The values represent the total
amount of specified behavior quantified per 5-min bin either during the baseline period
(time -15 up through 0 min) or during the post-pruritogen/algogen period (time 0 up through
60 min).

The data represented in bar graphs were analyzed via either 1-way ANOVAs and Tukey
post-hocs as needed or unpaired two-tailed t-tests; these values represent the total amount of
the specified behavior quantified over the entire 60-min post-pruritogen/algogen injection
period.

Statistics were performed using the software SPSS 9.0, and for graphing purposes the
software Graphpad Prism 5.0 was utilized.

3. RESULTS
3.1. 5-HT-evoked scratching was greater in the rostral back vs. the cheek

Id injections of the vehicle in rostral back or cheek elicited very little scratching behavior
(0.06 ± 0.06 scratch bouts/15 min for rostral back; 0.5 ± 0.4 for cheek). Fifteen min after
vehicle injection, 5-HT was injected id. 5-HT evoked significantly more scratch bouts
(summed over the 60 min observation period) in rats injected in the rostral back compared to
the cheek (Fig. 1A; F(1,23)=11.968, P=0.002). Similarly, the cumulative time spent
scratching was significantly greater (Fig. 1B; F(1,23)=5.471, P=0.028) for 5-HT injections
in the rostral back compared to the cheek. Finally, the mean duration of scratch bouts was
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significantly shorter for bouts directed to the rostral back vs. cheek (1.98 ± 0.1 vs. 2.5 ± 0.17
sec, respectively; t(24)=2.736, P=0.0115).

3.2. Inhibition of endocannabinoid degradation in rostral back skin reduces scratching via
CB1 and CB2 receptor mechanisms

Pretreatment of skin in the rostral back with both URB597 (t(18)=3.287, P=0.0041) and
JZL184 (t(18)=3.393, P=0.0032) resulted in a significant reduction in the total number of 5-
HT-evoked scratch bouts (Fig. 2A) and cumulative scratch time (Fig. 2B) compared to
vehicle-pretreated rats. Pretreatment with THL, AM251, or AM630 had no effect on any of
these parameters of 5-HT-evoked scratching (Fig. 2A–B), indicating absence of
endocannabinoid tone.

Rats pretreated with a cocktail containing the AEA degrading enzyme inhibitor URB597,
plus either the CB1 inverse agonist AM251, or the CB2 antagonist AM630, exhibited a
normal number of 5-HT-evoked scratch bouts (equivalent to vehicle-pretreated rats) that was
significantly greater compared to rats pretreated only with URB597 (t(13)=2.317, P=0.0375
for AM251 + URB597, t(12)=2.369, P=0.0355 for AM630 + URB597) (Fig. 2A). Similar
results were obtained in rats pretreated with the 2-AG degrading enzyme inhibitor JZL184,
plus either AM251 (t(12)=3.855, P=0.0023) or AM630 (t(13)=4.39, P=0.0007) (Fig. 2A).
Thus, both CB1 and CB2 antagonists reversed the antipruritic effects of URB597 and
JZL184 pretreatment.

The data for JZL184, as assessed by total number of scratch bouts (Fig. 2A), was
corroborated by measures of total cumulative time spent scratching (Fig. 2B). However,
results with the AEA degrading enzyme inhibitor URB597 were more complex. While the
antipruritic effect of URB597 was reversed by both CB1 and CB2 antagonists based on
scoring of scratch bouts (Fig. 2A), analysis of the cumulative time spent scratching (Fig. 2B)
indicated that neither antagonist reversed the effect of URB597 although there was a trend
toward increased scratch time.

3.3. Inhibition of endocannabinoid degradation in cheek skin increases scratching, wiping,
and grooming behaviors

Rats pretreated with vehicle followed by id injection of 5-HT in the cheek exhibited many
hindlimb scratch bouts but very few ipsilateral forelimb wipes directed to the cheek, as
previously reported (Klein et al., 2011). Pretreatment with either the FAAH inhibitor
URB597 or the MGL inhibitor JZL184 resulted in a significant increase in the number of 5-
HT-evoked scratch bouts compared to vehicle-pretreated rats (Fig. 3A; URB597:
t(17)=3.439, P=0.0031; JZL184: t(18)=2.427, P=0.0259). Pretreatment with AM630 or the
DGL inhibitor THL both also increased the number of 5-HT-evoked forelimb wipes
compared to vehicle pretreatment (Fig. 3A; AM630: t(18)=2.305, P=0.0333; THL:
t(18)=2.537, P=0.0206).

Pretreatment with the CB2 antagonist AM630 significantly increased the number of 5-HT-
evoked scratch bouts (t(18)=2.65, P=0.0163). Pretreatment with the CB1 inverse agonist
AM251 did not significantly affect 5-HT-evoked scratching (Fig. 3A). These results were
corroborated by analysis of cumulative time scratching (Fig. 3B).

AITC evoked very few scratch bouts and many wipes (Fig. 3C). Pretreatment with JZL184
resulted in a significant increase in AITC-evoked wipes compared to vehicle pretreated rats
(t(13)=3.323, P=0.0055). Pretreatment with URB597 resulted in a numeric increase in wipes
that did not achieve statistical significance (Fig. 3C; t(14)=1.693, P=0.1125). AITC-evoked
scratching behavior was not affected by either pretreatment (Fig. 3C, black bars).
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The number of groom bouts following id cheek injection of 5-HT or AITC was not affected
by pretreatment with either degrading enzyme inhibitor, except for one condition in which
URB597 pretreatment significantly increased AITC-evoked groom bouts (t(18)=2.94,
P=0.0088). JZL184 pretreatment resulted in a numeric increase in AITC-evoked groom
bouts that was just short of statistical significance (t(18)=2.071, P=0.053).

4. DISCUSSION
5-HT elicited more scratch bouts and greater cumulative time spent scratching when injected
in the rostral back compared to the cheek. Additionally, the presumed elevation of levels of
the endocannabinoids 2-AG and AEA peripherally in skin, by pretreatment with inhibitors
of their degrading enzymes MGL and FAAH, respectively, resulted in a CB1 and CB2
receptor-mediated decrease in scratching elicited by injection of 5-HT in the rostral back,
but enhanced scratching elicited by cheek injection of 5-HT as well as wiping elicited by
AITC. These results emphasize fundamental differences in the sensitivity of facial vs. lower-
body skin to itch and pain mediators, and the ability of endocannabinoids to modulate itch
and pain in these different body regions of rats. Although caution is warranted when
translating basic science data in animals to clinical practice, particularly given the known
species differences in itch mechanisms (Carstens & Kuraishi, 2004), our data nevertheless
strongly suggest that effective clinical treatments may differ between facial vs. lower body
skin.

4.1 Differences in trigeminal vs. spinal processing and modulation of itch and pain
Limited evidence suggests differences in itch and pain modulation between trigeminally-
versus spinally-innervated body regions. The incidence and magnitude of itch elicited by id
microdialysis of histamine and compound 48/80 were much higher when delivered to the
forearm than to the scalp of human subjects (Ruckwied et al., 2002). Moreover, plasma
protein extravasation elicited by both itch mediators was much lower for scalp vs. forearm
skin (Ruckwied et al., 2002). The authors suggested that the differences in physiological and
sensory responses are attributable to structural tissue differences between scalp and forearm
skin, and to a lower density and/or higher central itch threshold for scalp vs. forearm skin
(Ruckwied et al., 2002). This is supported by a recent study reporting that histamine-evoked
itch sensation was weaker on the face compared to distal extremities (Truini et al., 2011).
Shingles patients affected in regions such as the head, face, or neck tend to experience
postherpetic itch more frequently compared to patients affected in lower body regions
(Oaklander et al., 2003). Additionally, neuroselective transcutaneous electric stimulation
was reported to elicit itch in the hand and ankle but not head or neck (Ozawa et al., 2006).
The intensity of histamine-evoked itch did not differ across different lower body regions
(forearm, upper arm, or upper back) (Wahlgren and Ekblom, 1991). In contrast, the algogen
capsaicin evoked irritation at significantly lower concentrations when applied to facial vs.
forearm skin (Green, 2000). Peripheral opioid receptor activation differentially suppressed
muscle pain elicited from the masseter (trigeminally-innervated) but not gastrocnemius or
triceps muscles (spinally-innervated) (Sanchez et al., 2010). Also, it is often noted that
spinally-administered opiates induce pruritus that is preferentially localized to the face
(Ballantyne et al., 1988). These observations suggest that there are major differences in
trigeminal vs. spinal signaling and modulation of itch and pain.

The above-noted findings support our present data showing opposing effects of
endocannabinoid modulation of itch and pain in facial vs. rostral back skin. Also, a previous
study reported that pretreatment of the rat hindpaw with URB597 suppressed capsaicin-
evoked mechanical allodynia via the CB1 receptor, and pretreatment with JZL184
suppressed capsaicin-evoked nocifensive behavior and thermal hyperalgesia via both CB1
and CB2 receptors (Spradley et al., 2010). In the present study, similar pretreatments of the
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rostral back reduced 5-HT-evoked scratching behavior. In contrast, however, the same
pretreatments in cheek skin significantly increased forelimb wiping elicited by cheek
injection of AITC. We believe that wiping reflects a nocifensive response, since forelimb
wiping elicited by cheek microinjection of AITC was significantly reduced by systemic
pretreatment with morphine, but not naltrexone (Spradley et al., 2012). Therefore, assuming
that AITC-evoked facial wiping, and capsaicin-evoked hindpaw nocifensive responses
reflect pain, then the presumed increase in peripheral levels of 2-AG has a pronociceptive
effect in facial skin that is opposite to the antihyperalgesic and antinociceptive effects of
increased levels of 2-AG in hindpaw skin. The implication is that topical endocannabinoid
agonists may be useful analgesics in spinally-innervated skin but may exacerbate pain
arising from trigeminally-innervated skin of the face or scalp.

4.2 Endocannabinoid Suppression of Itch and Pain
Pretreatment of skin of the rostral back with the 2-AG or AEA degrading enzyme inhibitors
resulted in a reduction in 5-HT-evoked scratching behavior. This is consistent with previous
studies reporting that itch-related behaviors were suppressed by systemic administration of
exogenous cannabinoids or inhibition of FAAH (Darmani, 2001; Schlosburg et al., 2009). In
the rostral back model hindlimb scratching is the only biomechanically viable option.
Rostral back injection of AITC elicited very little scratching or other pain-related behaviors
such as freezing or vocalization (authors’ unpublished observations). Assuming that itch and
pain processing in skin on the rostral back and hindpaw are similar, it is to be expected that
rostral back pretreatment with the degrading enzymes for 2-AG or AEA would produce
analgesia similar to the hindpaw (Spradley et al., 2010). Our findings are consistent with
reports that topical application of the synthetic cannabinoid agonist, HU210, significantly
attenuated itch elicited by histamine delivered to forearm skin in human subjects (Dvorak et
al., 2003), as well as capsaicin-evoked pain and hyperalgesia/allodynia (Ruckwied et al.,
2003), and support the concept that activation of peripheral cannabinoid receptors may be
useful to relieve both itch and pain in skin of the lower body.

In the rostral back, pretreatment with neither the CB1 inverse agonist AM251, nor the CB2
antagonist AM630, nor THL which inhibits synthesis of 2-AG, had any effect on 5-HT-
evoked scratching behavior (Fig. 2). This implies that there was no significant amount of
tonic endocannabinoid activity. Both AM251 and AM630 completely reversed the
antipruritic effect of pretreatment with JZL184, indicating that the presumed increase in
levels of 2-AG in the skin suppresses itch via both CB1 and CB2 receptors. The antipruritic
effect of URB597, which increased AEA levels in the skin, was also reversed by both CB
antagonists according to some, but not all, measures of scratching (Fig. 2). Our data are
consistent with a previous report that compound 48/80-evoked scratching was attenuated by
systemic pretreatment with the FAAH inhibitor URB597, as well as in mice lacking CB1
receptors (Schlosburg et al., 2009), and extend them by showing that in addition to AEA, 2-
AG is also involved in peripheral modulation of itch via both CB1 and CB2 receptors.

In contrast to the rostral back, pretreatment of cheek skin with URB597 or JZL184
significantly enhanced 5-HT-evoked scratching, with JZL184 also significantly increasing
AITC-evoked wiping (Fig. 3D) and URB597 also significantly increasing grooming.
Curiously, the CB2 antagonist AM630 increased both 5-HT-evoked facial scratching and
wiping, presumably by blocking tonic CB2-mediated antipruritic and antinociceptive
actions. THL pretreatment also increased 5-HT-evoked wiping (Fig. 3A), suggesting the
presence of tonic 2-AG-mediated antinociception. Overall, these results indicate complex
interactions of endocannabinoids with peripheral itch- and pain-processing mechanisms,
whereby tonic levels of antipruritic and antinociceptive activity are overcome by pro-pruritic
and pro-nociceptive effects of increasing levels of AEA and 2-AG.
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Our finding that endocannabinoids appear to activate pruriceptive afferents in facial skin,
while inhibiting pruriceptors and nociceptors in rostral back skin, is puzzling and the
underlying molecular mechanisms are currently unclear. Cannabinoid receptors,
endocannabinoids, and their synthesizing/degrading machinery have been identified in
keratinocytes and sensory nerve fibers (Hohmann & Herkenham, 1999; Maccarrone et al.,
2003; Stander et al., 2005) and possibly also mast cells (Facci et al., 1995; Lau and Chow,
2003; but see Maccarrone et al., 2000; Croxford & Yamamura, 2005). Thus,
endocannabinoids have multiple sites of action to potentially modulate peripheral
transduction and transmission of itch and pain.

Considerable evidence indicates that cannabinoids act directly on nociceptive nerve endings
via both CB1 and CB2 receptors (for recent review, see Kress & Kuner, 2009). Intradermal
AEA directly excited nociceptors in a TRPV1-dependent manner (Potenziere et al., 2009)
but also inhibited nociceptor responses to noxious stimuli (Sokal et al., 2003). Peripheral
application of another agonist, arachidonyl-2'-chloroethylamide (ACEA), inhibited
mechanically-evoked responses of nociceptors in a CB1 –receptor dependent manner (Kelly
& Donaldson, 2008; Potenzieri et al., 2008). Knockout of CB1 in Nav1.8-expressing
nociceptors reduced the analgesic effect of peripheral and systemic cannabinoids (Agarwal
et al., 2007). Cannabinoids acting via CB1 indirectly inhibit TRPV1, TRPM8 and P2X2 and
P2X2/3 receptors, directly inhibit a variety of potassium, sodium, calcium and
thermosensory TRP channels (TRPV1, TRPA1 and TRPM8), and also directly activate
thermosensory TRP channels (TRPV1,2,4 and TRPA1) (Guo & Ikeda, 2004; van der Stelt
and Di Marzo, 2005; Reis et al., 2011; Todorovic and Jevtovic-Todorovic, 2011; reviewed
in Kress & Kuner, 2009). Moreover, FAAH is found in TRPV1-expressing dorsal root
ganglion cells, raising the possibility of a peripheral autocoid action of AEA (Lever et al.,
2009). That histamine-evoked scratching behavior requires TRPV1 (Imamachi et al., 2009),
and histamine-independent scratching requires TRPA1 (Wilson et al., 2011), raises the
possibility that endocannabinoids may act peripherally at these TRP channels expressed in
pruritogen-sensitive nerve endings to suppress itch-related scratching behavior, as observed
presently. What is surprising is that while presumed elevation of peripheral
endocannabinoids reduced both itch and pain behaviors in the lower body, it enhanced itch
behavior in the cheek. To our knowledge, the only relevant study reported that cannabinoids
elicited nocifensive eye-wiping behavior and evoked CGRP release (and did not prevent
capsaicin-evoked CGRP release) from trigeminal ganglion neurons (Price et al., 2004),
supporting a ronociceptive action of cannabinoids in trigeminally innervated tissues.

Cannabinoids may also act indirectly to peripherally modulate itch and pain. For example,
AEA was reported to either elicit (Lau & Chow, 2003) or inhibit (Vannacci et al., 2004)
release of histamine from mast cells. An intriguing possibility is that cannabinoids acting via
the CB2 receptor induce the release of β-endorphin from skin keratinocytes, to inhibit pain
by local action at µ-opioid receptors (Ibrahim et al., 2005). Intradermal injection of µ-
receptor agonists elicited scratching behavior (Yamamoto & Sugimoto, 2010). We speculate
that cannabinoid-mediated release of endogenous opioids in the skin is capable of eliciting
itch and also suppressing pain. The differential effects of peripheral endocannabinoid
modulation, i.e., antipruritic and antinoceptive in lower body but pro-pruritic in the face,
may depend on differential distributions of cannabinoid and µ-opioid receptors in these
different skin regions. Cannabinoids inhibit monoamine oxidase (MAO) activity (Fisar,
2010), and MAO is reported to exist in the skin (Slominski et al., 2003; Nordlind et al.,
2008). We speculate that cannabinoid inhibition of MAO in facial skin could decrease 5-HT
degradation and thus increase the intensity and duration of itch and scratching behavior, as
presently observed. Such an effect was insufficient to overcome the antipruritic effect of
topical application of enzyme inhibitors in lower body skin, again possibly due to
differential levels of MAO expression in the facial vs. lower body skin.
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In conclusion, the present data show that the presumed increase in levels of the
endocannabinoids AEA and 2-AG in rostral back skin reduces 5-HT-evoked scratching
behavior via CB1 and CB2 receptors, while the same treatments in skin of the cheek enhance
5-HT-evoked scratching and AITC-evoked wiping indicative of itch and pain, respectively.
These results indicate fundamental differences in endocannabinoid modulation of itch and
pain in skin innervated by the trigeminal nerve, compared to skin of the lower body
innervated by spinal nerves. These results hold promise for use of drugs that modulate
peripheral endocannabinoid levels to treat both itch and pain arising from skin of the lower
body, with the added advantage that this approach is likely to induce fewer negative side
effects compared to systemic endocannabinoid treatment. However, our results caution that
such treatments may be ineffective against, or even worsen, itch and pain arising from facial
skin.
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Fig. 1.
Effect of id 5-HT on scratching behavior in the cheek vs. rostral back over time. Rats were
pretreated with vehicle 15 min prior to 5-HT. Data are Mean ± SEM. *P≤0.05, **P≤0.01
(cheek vs. rostral back).
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Fig. 2.
Effect of endocannabinoid modulation in the rostral back on the total 5-HT-evoked scratch
bouts and cumulative scratch time when rats were pretreated 15 min prior to 5-HT. Data are
Mean ± SEM. *P≤0.05, **P≤0.01 (vs. vehicle); ^P≤0.05 (vs. URB597); +P≤0.05, ++P≤0.01
+++P≤0.001 (vs. JZL184).
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Fig. 3.
Effect of endocannabinoid modulation in the cheek on the total 5-HT- and/or AITC-evoked
scratch bouts and cumulative scratch time, as well as wiping behavior, when rats were
pretreated 15 min prior to 5-HT or AITC. Data are Mean ± SEM. *P≤0.05, **P≤0.01 (vs.
vehicle)
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