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Involvement of the BLT2 receptor in the
itch-associated scratching induced by
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Background and purpose: Recently, we reported that 12(S)-HPETE (12(S)-hydroperoxyeicosa-5Z,8Z,10E,14Z-tetraenoic acid)
induces scratching in ICR mice. We hypothesized that 12(S)-HPETE might act as an agonist of the low-affinity leukotriene B4

receptor BLT2. To confirm the involvement of the BLT2 receptor in 12(S)-HPETE-induced scratching, we studied the scratch
response using the BLT2 receptor agonists compound A (40-{[pentanoyl (phenyl) amino]methyl}-1,10-biphenyl-2-carboxylic
acid) and 12(S)-HETE (12(S)-hydroxyeicosa-5Z,8Z,10E,14Z-tetraenoic acid).
Experimental approach: A video recording was used to determine whether the BLT2 receptor agonists caused itch-associated
scratching in ICR mice. Selective antagonists and several chemicals were used.
Key results: Both 12(S)-HETE and compound A dose dependently induced scratching in the ICR mice. The dose–response
curve for compound A showed peaks at around 0.005–0.015 nmol per site. Compound A- and 12(S)-HETE-induced scratching
was suppressed by capsaicin and naltrexon. We examined the suppressive effects of U75302 (6-[6-(3-hydroxy-1E,5Z-
undecadienyl)-2-pyridinyl]-1,5-hexanediol, the BLT1 receptor antagonist) and LY255283 (1-[5-ethyl-2-hydroxy-4-[[6-methyl-
6-(1H-tetrazol-5-yl)heptyl]oxy]phenyl]-ethanone, the BLT2 receptor antagonist) on the BLT2 agonist-induced scratching.
LY255283 suppressed compound A- and 12(S)-HETE-induced scratching, but U75302 did not. LY255283 required a higher
dose to suppress the compound A-induced scratching than it did to suppress the 12(S)-HETE-induced scratching. One of the
BLT2 receptor agonists, 12(R)-HETE (12(R)-hydroxyeicosa-5Z,8Z,10E,14Z-tetraenoic acid), also induced scratching in the ICR
mice.
Conclusions and implications: Our present results corroborate the hypothesis that the BLT2 receptor is involved in 12(S)-
lipoxygenase-product-induced scratching in ICR mice. We also confirmed that this animal model could be a valuable means of
evaluating the effects of BLT2 receptor antagonists.
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pyridinyl]-1,5-hexanediol

Introduction

Pruritus can be defined as a poorly localized, non-adapting,

usually unpleasant sensation (itch) that provokes a desire to

scratch (Weisshaar et al., 2003). This itch accompanies

various skin diseases (for example, atopic dermatitis, contact

dermatitis and urticaria) and several systemic disorders (for

example, chronic renal failure and cholestasis) (Wahlgren,

1991; Andoh et al., 2001). Details on the mechanisms and

endogenous mediators of this itch remain both incomplete

and unclear. Intradermal injection of various endogeneous

chemicals, including biogenic amines, neuropeptides,
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autacoids, proteases, growth factors and cytokines, has been

shown to induce local pruritogenic responses in the skin

(Stander and Steinhoff, 2002).

As to the involvement of the arachidonic acid cascade in

pruritus, intradermal injection of prostaglandin E2 in

humans is pruritogenic (Hagermark and Strandberg, 1977),

prolonging experimentally induced itching (Hagermark and

Strandberg, 1977; Fjellner and Hagermark, 1979). Lipoxy-

genase products have also been shown to be involved; the

concentration of leukotriene B4 increases in the skin of

pruritus patients (Brain et al., 1984; Ruzicka et al., 1986). In

fact, intradermal injection of leukotriene B4 elicits an

apparent itch-associated response in both mice (Andoh and

Kuraishi, 1998) and humans (Camp et al., 1983). In contrast,

intradermal injections of leukotriene D4 and leukotriene C4

are not pruritogenic in humans (Camp et al., 1983). Kuraishi

has recently demonstrated that thromboxane A2 induces

itch-associated responses through thromboxane A2 receptors

in the skin of mice (Andoh et al., 2007).

In a recent study, we established that 12(S)-HPETE (12(S)-

hydroperoxyeicosa-5Z,8Z,10E,14Z-tetraenoic acid; its struc-

ture is shown in Figure 1), one of the products of

12-lipoxygenase, induces itch-associated-scratching in ICR

mice (Kim et al., 2007). In fact, 12(S)-HPETE was almost as

potent as leukotriene B4 in inducing itch-associated scratch

responses. As leukotriene B4 acts through BLT1 receptors

(Andoh and Kuraishi, 2005) and hydroxyeicosanoids bind to

and activate the low-affinity leukotriene B4 receptor BLT2, we

hypothesized that BLT2 receptors are involved in

12(S)-HPETE-induced scratching. 12(S)-HPETE is a TRPV1

(transient receptor potential vanilloid type-1) agonist

(Hwang et al., 2000; Alexander et al., 2007) and also mediates

the inhibitory synaptic response to the neuropeptide FMRF-

amide (Phe-Met-Arg-Phe-NH2) in Aplysia sensory neurons

(Piomelli et al., 1987). In addition, hydroxyeicosanoids have

been shown to bind to and activate the low-affinity

leukotriene B4 receptor BLT2 (Yokomizo et al., 2000;

Alexander et al., 2007), indicating that 12(S)-HPETE can

function as an agonist of the BLT2 receptor (Yokomizo et al.,

2001).

As, to our knowledge, there is still no in vivo model for

evaluating the effect of BLT2 receptor antagonists on

pruritus, we studied the involvement of BLT2 receptors in

12(S)-HPETE-induced scratching in ICR mice using the BLT2

agonists 12(S)-HETE (12(S)-hydroxyeicosa-5Z,8Z,10E,14Z-tet-

raenoic acid) and compound A (40-{[pentanoyl (phenyl)

amino]methyl}-1,10-biphenyl-2-carboxylic acid).

Methods

Animals

Male ICR mice, 7–8 weeks of age, were used in the

behavioural experiments. To test the various compounds,

we used the same method as that used by Kuraishi et al.

(1995) with minor modifications. The experiments were

conducted under the Korea Association for Laboratory

Animal Science’s Guidelines for the Care and Use of

Experimental Animals.

Counting of scratchings

Briefly, the hairs were shaved over the rostral part of the

mouse’s back to facilitate the intradermal injections.

Twenty-four hours later, each mouse was acclimatized for

1 h in an individual cell within a 20-cell acrylic cage

(140�32�12 cm). Immediately after an intradermal injec-

tion of the BLT2 receptor agonist (12(S)-HETE or compound

A) or concomitant injections of the BLT2 agonist with other

testing compounds including capsaicin, naltrexon, U75302

(6-[6-(3-hydroxy-1E,5Z-undecadienyl)-2-pyridinyl]-1,5-hexa-

nediol) and LY255283 (1-[5-ethyl-2-hydroxy-4-[[6-methyl-6-

(1H-tetrazol-5-yl)heptyl]oxy]phenyl]-ethanone), the mice

were put back into their respective cells and videotaped

with no one present. Scratchings of the injected site with the

hind paws were counted in formulating an itch–response

index. One scratching bout generally consisted of more than

10 repetitions of the scratching movement of their hind

paws. Because one movement occurs too quickly to count

individually when observing videotaped replays, one

scratching bout was regarded as one scratching frequency,

a protocol followed in previous studies (Kuraishi et al., 1995).

Statistical analysis

All of the data are presented as means and s.d. Statistical

significance (Po0.05) was determined by one-way ANOVA

followed by appropriate post hoc tests (Newman–Keuls).

Po0.05, relative to the control group, was considered to be

significant.

Materials

12(S)-HETE or (R)-HETE ((R)-hydroxyeicosa-5Z,8Z,10E,

14Z-tetraenoic acid), LY255283 (1-[5-ethyl-2-hydroxy-4-

[[6-methyl-6-(1H-tetrazol-5-yl)heptyl]oxy]phenyl]-ethanone)

the BLT2 receptor antagonist, Souza et al., 2000; Alexander
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Figure 1 The structures of the BLT2 receptor agonists.
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et al., 2007) and U75302 (the BLT1 receptor antagonist,

Falcone and Aharony, 1990; Alexander et al., 2007) were

purchased from BIOMOL. Capsaicin (the TRPV1 receptor

agonist, Bevan and Szolcsányi, 1990; Alexander et al.,

2007) and naltrexone (the m-opioid receptor antagonist,

Bienkowski, 1999; Alexander et al., 2007) were purchased

from Sigma (St Louis, MO, USA). The ethanol stocks of 12(S)-

HETE, 12(R)-HETE, compound A (40-{[pentanoyl (phenyl)

amino]methyl}-1,10-biphenyl-2-carboxylic acid) (Iizuka et al.,

2005), LY255283 and U75302 were dissolved in physiological

saline. These reagents, in volumes of 50 mL, were adminis-

tered intradermally into the rostral part of the back.

Additional reagents included the following: compound A

(Iizuka et al., 2005), from Dr Sang Hee Kim (Lipidomics

National Research Laboratory, Seoul, Korea).

Results

12(S)-HETE-induced scratching in ICR mice

We found that 12(S)-HETE induced an itch-associated scratch

response that was dose dependent (Figure 2). The maximum

response peaked at around 0.05–0.15 nmol per site (Po0.05

when compared with the saline); the higher dose of 0.5 nmol

was less effective than 0.15 nmol at inducing scratching.

Characterization of compound A-induced scratching in ICR mice

To prove that the BLT2 receptor is involved in 12(S)-HPETE-

induced itch-associated scratching, we tested whether com-

pound A (a strong synthetic BLT2 agonist; Figure 1; Iizuka

et al., 2005) induces scratching. Figure 3a shows the 40-min

time course of the scratching behaviour observed after an

injection of compound A (0.015 nmol per site). Scratching

first occurred within 1 min post injection in all of the mice

examined, and was observed intermittently thereafter. This

scratching behaviour had diminished substantially by

30 min.

The compound A-induced scratching behaviour was dose

dependent (Figure 3b). The response peaked at around

0.005–0.015 nmol per site (Po0.05 when compared with

the saline vehicle). The higher dose of 0.05 nmol was less

effective than 0.015 nmol at inducing scratching. The

number of episodes of scratching induced by compound A

was similar to that induced by 12(S)-HETE (Figure 2).

However, the amount of compound A needed to induce a

similar response was approximately one-tenth of that of

12(S)-HETE, reflecting the potency of compound A as a BLT2

receptor agonist.

Effects of capsaicin, naltrexon, U-75302 and LY255283 on the

scratching responses to BLT2 receptor agonists

To evaluate the characteristics of scratching induced by the

BLT2 receptor agonists 12(S)-HETE and compound A, we

determined the effects of capsaicin and naltrexone on the

scratching responses to these agonists. Capsaicin, a well-

known TRPV1 receptor agonist (Bevan and Szolcsányi, 1990;

Alexander et al., 2007), was applied topically after the

administration of 12(S)-HETE or compound A. Naltrexone

was administered orally 1 h before injection of either 12(S)-

HETE or compound A. Capsaicin and naltrexone at doses of

0.05% (w/v) and 10 mg kg�1, respectively, suppressed the

scratching responses induced by 12(S)-HETE and compound

A (Po0.05 when compared with the control responses to

12(S)-HETE and compound A; Figure 4a). Two kinds of

leukotriene B4 receptor antagonist, U75302 (the BLT1

receptor antagonist; Falcone and Aharony, 1990) and

LY255283 (the BLT2 receptor antagonist; Souza et al., 2000)

0

10

20

30

40

50

60

70

80

saline 0.005 0.015 0.05 0.15 0.5

12(S)-HETE (nmol per site)

S
cr

at
ch

in
gs

 p
er

 4
0 

m
in

*

* *

*

Figure 2 Dose–response curves for the scratch response induced by
12(S)-HETE. The mice were given an intradermal injection of 12(S)-
HETE (n¼8) or physiological saline (saline, n¼8). Scratching
following intradermal injection of 12(S)-HETE in mice. Values
represent the means and s.d. *Po0.05 relative to saline. 12(S)-
HETE, 12(S)-hydroxyeicosa-5Z,8Z,10E,14Z-tetraenoic acid.
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Figure 3 Time course of the scratching induced by compound A
(0.005 nmol per site) (a) and dose–response curves for this effect of
compound A (b). The mice were given an intradermal injection of
compound A (n¼8), or physiological saline (vehicle, n¼8).
Scratching following intradermal injection of compound A in mice.
The values represent the means and s.d. *Po0.05 relative to the
saline. Compound A, 40-{[pentanoyl (phenyl) amino]methyl}-1,
10-biphenyl-2-carboxylic acid.
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were tested against 12(S)-HETE- and compound A-induced

scratching. LY255283 (5 mg kg�1) suppressed 12(S)-HETE-

induced scratching but did not suppress compound

A-induced scratching (Figure 4b). Higher doses of LY255283

(10–200 nmol per site) suppressed compound A-induced

scratching (Figure 5).

12(R)-HETE-induced scratching in ICR mice

According to the results of Yokomizo et al. (2001), 12(R)-

HETE might also be a BLT2 receptor agonist. Hence, we tested

whether 12(R)-HETE induces scratching in mice. At high

doses, 12(R)-HETE was found to induce the itch-associated

scratch response (Figure 6). However, the dose required to

elicit the maximal response was higher than that of 12(S)-

HETE (Figure 2), 12(S)-HPETE (Kim et al., 2007) or compound

A (Figure 3).

Discussion

Lipoxygenase products are implicated in the physiology and

pathology of skin (Ziboh et al., 2002). In a recent study on

pruritus, leukotriene B4, a 5-lipoxygenase metabolite of

arachidonic acid, was discovered to be acting as a new

pruritogen at low doses in mice (Andoh and Kuraishi, 1998),

and we showed that 12(S)-HPETE induces itch-associated

scratch responses (Kim et al., 2007). These results and the

finding that hydroxyeicosanoids bind to and activate the

low-affinity leukotriene B4 receptor BLT2 implicate the BLT2

pathway in 12(S)-HPETE-induced itch-associated scratching

in mice. To determine whether the BLT2 receptor is involved

in 12(S)-HPETE-induced itch-associated scratching, we used

the BLT2 receptor agonists 12(S)-HETE (Yokomizo et al.,

2000) and compound A (Iizuka et al., 2005) instead of 12(S)-

HPETE. As expected, 12(S)-HETE induced the itch-associated

scratching at doses (Figure 2) similar to those of 12(S)-HPETE

(Kim et al., 2007). Also as expected, compound A induced

itch-associated scratching at lower doses (Figure 3b) than

either 12(S)-HPETE (Kim et al., 2007) or 12(S)-HETE (Figure 2).

The dose range (0.005–0.015 nmol per site) for maximal

compound A-induced scratching was lower than that (0.05–

0.15 nmol per site) for 12(S)-HETE (Figure 2). This might be
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Figure 4 Suppressive effects of U75302, LY255283, capsaicin
(CSN) and naltrexone (NTX) on compound A- and 12(S)-HETE-
induced scratching. (a) Compound A (0.005 nmol per site) or 12(S)-
HETE was injected intradermally alone or together with capsaicin at
0.05% (topically applied) or naltrexone (10 mg kg�1, administered
orally 1 h before injection). (b) Compound A (0.005 nmol per site) or
12(S)-HETE was injected intradermally alone or together with
U75302 (5 mg kg�1) or LY255283 (5 mg kg�1). The values are the
means and s.d. for eight animals. *Po0.05 relative to the compound
A or 12(S)-HETE control. Compound A, 40-{[pentanoyl (phenyl)
amino]methyl}-1,10-biphenyl-2-carboxylic acid; 12(S)-HETE, 12(S)-
hydroxyeicosa-5Z,8Z,10E,14Z-tetraenoic acid; LY255283, 1-[5-
ethyl-2-hydroxy-4-[[6-methyl-6-(1H-tetrazol-5-yl)heptyl]oxy]phenyl]-
ethanone; U75302, 6-[6-(3-hydroxy-1E,5Z-undecadienyl)-2-pyridi-
nyl]-1,5-hexanediol.
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Figure 5 Suppressive effects of LY255283 on compound A-induced
scratching. Compound A (0.005 nmol per site) was injected
intradermally alone or together with LY255283 in the range of 1–
200 nmol per site. The values are the means and s.d. for eight
animals. *Po0.05 relative to compound A only. Compound A, 40-
{[pentanoyl (phenyl) amino]methyl}-1,10-biphenyl-2-carboxylic
acid; LY255283, 1-[5-ethyl-2-hydroxy-4-[[6-methyl-6-(1H-tetrazol-
5-yl)heptyl]oxy]phenyl]-ethanone.
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Figure 6 Dose–response curves for the scratch effect induced by
12(R)-HETE. The mice were given an intradermal injection of 12(R)-
HETE or physiological saline (saline, n¼8). Scratching followed
intradermal injection of 12(R)-HETE in the mice. The values represent
the means and s.d. *Po0.05 relative to saline. 12(R)-HETE,
(R)-hydroxyeicosa-5Z,8Z,10E,14Z-tetraenoic acid.
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related to the fact that the affinity of compound A for the

BLT2 receptor is much stronger than that of 12(S)-HETE or

12(S)-HPETE (Yokomizo et al., 2001; Iizuka et al., 2005). The

minimal concentration of leukotriene B4 required to induce

ERK phosphorylation is 10 nM, but that of compound A is

only 1 nM. The EC50 of leukotriene B4 for calcium mobiliza-

tion by the BLT2 receptor is 170 nM and that of compound A

is 20 nM (Yokomizo et al., 2000; Iizuka et al., 2005).

To evaluate the characteristics of BLT2 agonist-induced

scratching, we also tested the ability of several compounds,

such as the TRPV1 receptor agonist, the opioid receptor

antagonist, and the BLT1 and BLT2 receptor antagonists, to

suppress the itch-associated scratching induced by the BLT2

receptor agonist. We observed that capsaicin and naltrexon

suppressed the itch-associated scratching induced by 12(S)-

HETE and compound A (Figure 4a). These results suggest that

the BLT2 agonist-induced scratch response might be, at least

partly, mediated by capsaicin-sensitive primary afferents

(Schmelz et al., 1997), and also that the opioid systems

might be involved in the transmission of itch signalling in

the central nervous system, which would be consistent with

our observation that both capsaicin and naltrexone sup-

pressed 12(S)-HPETE-induced scratching (Kim et al., 2007).

In the experiment using the BLT2 receptor antagonist

LY255283, the doses needed to suppress the compound A-

induced scratching were higher than those able to suppress

12(S)-HETE-induced scratching (Figures 4a, b and 5). This

phenomenon might be explained by the fact that compound

A has a strong affinity for the BLT2 receptor compared with

the antagonizing effects of LY255283 (IC50 950 nM for the

human BLT2 receptor).

As shown in Figure 6, 12(R)-HETE also induced the itch-

associated scratch response at high doses; the dose required

to elicit a maximal response was higher than those of 12(S)-

HETE (Figure 2), 12(S)-HPETE (Kim et al., 2007) or compound

A (Figure 3). This result is consistent with those of Yokomizo

et al. (2001); they showed that 12(S)-HPETE, 12(S)-HETE and

12(R)-HETE exhibited dose-dependent inhibition of [3H]-

leukotriene B4 binding to the BLT2 receptor with the

following rank order of potency: leukotriene B4412(S)-

HETE412(S)-HPETE412(R)-HETE.

What is the location of the BLT2 receptor that mediates the

itch-associated scratch response? Recent studies have found

that the BLT1, the high-affinity receptor for leukotriene B4,

but not the BLT2 receptor, is located in cultured dorsal root

ganglion neurons (Andoh and Kuraishi, 2005). However,

according to another study, not only the BLT1 but also the

BLT2 receptors are expressed in mast cells (Lundeen

et al., 2006). Hence, BLT2 agonist-induced itch-associated

scratching might involve the BLT2 receptor from mast cells,

rather than any direct action on peripheral nerve endings.

Confirmation of this hypothesis requires further study.

What is the role of the BLT2 receptor in disease pathology?

The BLT2 agonists 12(S)-HETE, 12(R)-HETE and 12(S)-HPETE

have been shown to have a role in several pathophysiological

phenomena. For example, significantly higher amounts of

12(S)-HETE have been found to be present in unstimulated

platelets from human subjects with atopic dermatitis.

Moreover, 12(S)-HETE production has been found to be

increased in platelets stimulated with heat-killed isolates of

Staphylococcus aureus (Neuber et al., 1992). Our result that

12(R)-HETE can induce the itch-associated scratch response

indicates that BLT2 could be involved in the pruritic

symptoms of psoriasis or other proliferative dermatoses

manifesting the characteristic accumulation in the skin of

the unusual arachidonic acid metabolite, 12(R)-HETE

(Boeglin et al., 1998).

12(S)-HETE is thought to be involved in cardiovascular

disorders (Gonzalez-Nunez et al., 2001; Pock, 2003),

Alzheimer’s disease (Yao et al., 2005), diabetes (Antonipillai

et al., 1996) and metastatic tumours (Tang and Honn, 1999)

and to show that the BLT2 receptor is involved in these

clinical situations requires further study.

To our knowledge, ours is the first animal model indica-

ting that the BLT2 receptor involved in itching since the

discovery of the BLT2 receptor (Yokomizo et al., 2000). This

model, incorporating the BLT2 receptor agonist, is very

valuable for evaluating the effect of antagonists in suppres-

sing itching. The results from this model suggest that in

elucidating leukotriene-related itching, it is necessary to

consider not only the BLT1 receptor but also the BLT2

receptor.

Conclusion

Our proposal that the itch-associated scratching induced by

the 12(S)-lipoxygenase product 12(S)-HPETE is attributable

to the BLT2 receptor pathway is confirmed by the involve-

ment of the BLT2 receptor agonists 12(S)-HETE, 12(R)-HETE

and compound A. This animal model is a valuable means of

evaluating the effects of BLT2 receptor antagonists.
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