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Glucosylsphingosine Induces Itch-Scratch Responses in Mice
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Abstract — Pruritus is one of major symptoms in atopic dermatis. The pathophysiological mechanism of
pruritus is unclear. The search for pruritogen is important in elucidating the pathophysiological mechanism of
pruritus in atopic dermatitis. Glucosylsphingosine (Gsp) is upregulated in the strateum corneum of atopic
dermatitis patients. We investigated to determine whether Gsp induces itch-scratch responses (ISRs) in mice.
Intradermal administration of Gsp induces ISRs. Gsp dose-dependently induced scratching response at 50-
500 nmol/site range. Pretreatment with naltrexone, an opioid u receptor antagonist, and capsaicin, a TrpV1
receptor agonist, inhibited Gsp-induced ISRs. Additionally, Gsp-induced ISRs were also suppressed by
cyproheptadine, an antagonist of serotonin receptor. These findings suggest that Gsp-induced scratching
might be at least partly mediated by capsaicin-sensitive primary afferents, and the opioids receptor systems
might be involved in transmission of itch signaling in the central nervous system. Furthermore, our findings
suggest that Gsp-induced ISRs may be attributable to the serotonin-mediated pathways and Gsp is not any
more one of byproducts of abnormal skin barrier but can lead to induce pruritus, one of typical symptoms of
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atopic dermatitis.
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INTRODUCTION

Pruritus is an unpleasant sensation that provokes a de-
sire to scratch. Pruritus is widely recognized as a major
symptom in various allergic disorders such as allergic con-
junctivitis (Bielory et al., 2001), allergic rhinitis (Cook,
1996) and atopic dermatitis (Lorette and Vaillant, 1990).
Atopic dermatitis results from an interaction between sus-
ceptible genes, the host's environment, pharmacological
abnormalities, skin barrier defects, and immunological fac-
tors (Leung and Bieber, 2003). Although the molecular
mechanisms of atopic dermatitis remain largely un-
explained, certainly an itch-scratch vicious cycle, in which
scratch irritation enhances itch, is at work (Yosipovitch et
al., 2003). Dryness and impaired skin-barrier functioning of
the skin are clinical signs of this condition. Recently, new
data from skin barrier defects has emphasized the roles of
the skin barrier in atopic dermatitis. Filaggrin is a key pro-
tein involved in skin barrier functioning; indeed, mutations
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in the filaggrin gene have been shown to be important pre-
disposing factors for atopic dermatitis (Palmer et al.,
2006). Disturbed skin barrier function in atopic dermatitis is
at least partly related to a disturbed lipid composition of the
stratum corneum. Those symptoms are functions partly of
changes in the metabolism of ceramide, which is synthe-
sized from sphingomyelin by sphingomyelinase in the epi-
dermal stratum corneum. In the stratum corneum of atopic
dermatitis patients, however, the amount of ceramide is
markedly reduced. Correspondingly, sphingomyelin hy-
drolysis, also in the stratum corneum, is due mainly to
sphingomyelin deacylase, which converts sphingomyelin
not into ceramide but instead, into sphingosylphosphor-
ylcholine (SPC) and free fatty acid (Imokawa, 2009). The
activity of sphingomyelin deacylase, in fact, is markedly
higher in patients with atopic dermatitis than in healthy
individuals. Glucosylsphingosine (Gsp) is increased in skin
of patients with atopic dermatitis (Okamoto et al., 2003).
Gsp, a metabolic precursor of glucocerebroside synthesis,
also accumulates in the cerebral and cerebellar cortex in
patients both with type 2 and 3 Gaucher disease (Nilsson
and Svennerholm, 1982; Orvisky et al., 2002). Elevated
levels of glucosylsphingosine were also seen in brains of



ltch Scratch Responses Induced by Glucosylsphingosine 317

type 2 Gaucher mice (Orvisky et al., 2002).

High levels of Gsp is observed in the skin of patients suf-
fering from atopic dermatitis, but the role of Gsp in patho-
physiology of atopic dermatitis is not known at all. Our con-
tinuing efforts of finding pruritogens showed that 12(S)-
HPETE and sphingosylphosphorylcholine (SPC) induced
itch-scratch response in mice. Recently it is reported that
SPC downregulates the expression of filaggrin (Choi et al.,
2010). Therefore, SPC or Gsp is not any more simple by-
products of abnormal skin barrier but they can act as main
factors affecting symptoms of atopic dermatitis such as
itching and inflammation. Therefore we speculate whether
Gsp, one of byproducts from abnormal skin barrier of pa-
tients with atopic dermatitis, induced itch symptom in mice.
At first step, in this study, we examined whether Gsp in-
duces ISRs in mice. Furthermore, in order to assess the
precise mechanisms governing the Gsp-induced ISR, the
effects of ketotifen, a histamine H 1 receptor antagonist,
capsaicin, a TRPV1 agonist, naltrexone, a p-opioid re-
ceptor antagonist, and cyprohepatadine, an antagonist of
serotonin receptor, are described.

MATERIALS AND METHODS

All of the experiments were conducted in accordance
with the Guiding Principles for the Care and Use of
Laboratory Animals approved by The Korean Pharmaco-
logical Society.

Animals

Male ICR mice weighing 26-36 g were used. They were
housed under controlled temperature (23-25°C) and light
(lights on from 08:00 to 20:00). Food and water were freely
available. Each group of mice consisted of 5-8 animals.

Materials

Glucosylsphingosine was obtained from Avanti Polar
Lipids (Alabaster, Ala., USA). Additional reagents included
the following: ketotifen fumarate (Aldrich, St. Louis, Mo.,
USA) (Inagaki et al., 2000), cyproheptadine (Aldrich, St.
Louis, Mo., USA) (Suh et al., 1999), and naltrexone (Sigma,
St. Louis, USA) (Bienkowski et al., 1999). Additional re-
agents included the following: histamine dihydrochloride
(Wako Pure Chemical, Osaka, Japan) (Fu et al., 1997), and
capsaicin (Wako Pure Chemical, Osaka, Japan) (Holzer,
1988).

Gsp was dissolved in physiological saline, and capsaicin
was dissolved in physiological saline containing 10% etha-
nol and 10% Tween 80. The remaining reagents were pre-
pared in physiological saline.

Behavioral observation

Male ICR mice 8-9 weeks of age were used in the ex-
periments (Charles River Laboratories, MA, USA). They
were housed under controlled temperature (20-26°C) and
light (lights on from 08:00 to 20:00), with food and water
freely available. Before the experiments, the mice, the hair
on the rostral part of their backs having been clipped, were
put into an acrylic cage (140x32x12 cm) comprising 20
cells for at least 1 h acclimation. Gsp or another prurito-
genic agent (50 ul) was administered intradermally into the
rostral region of the back. Immediately after intradermal in-
jection, each mice was put back into the same cell and vid-
eotaped with no one present. Scratching responses to the
injected site with the hind paws were enumerated as an
itch-response index (Kim et al., 2008b). The number of
ISRs was monitored utilizing a video camera (Sony, Tokyo,
Japan) equipped with a zoom lens according to the meth-
od of Kim et al. (Kim et al., 2008b), i.e., the scratching of
the rostral region of the back with either hind limb was
counted.

Gsp-induced ISRs

Gsp (50 or 500 nmol/site) was administered intra-
dermally, and the ISRs were monitored as described
above. The number of ISRs was counted every 10 min for
30 min following agent administration.

Statistics

All data are presented as means and S.D. Statistical sig-
nificance was analyzed using two sample t test and the
two-way ANOVA test; p<0.05 was considered significant.

RESULTS

Time-course of scratching behavior by Gsp

To determine whether Gsp induces itch scratching re-
sponse, Gsp was injected intradermally, and histamine,
which is reported to induce the scratching response in
mice, was used as a positive control. Intradermal admin-
istration of Gsp (500 nmol/site) elicited scratching of the
rostral region of the back with the hind limb (Fig. 1);
Scratching was first observed within 1 min post-injection in
all of the mice examined, and then appeared intermittently.
The scratching behavior diminished substantially after 30
min.

Dose-response curve of Gsp

Fig. 2 showed the dose-response relationship in Gsp-in-
duced scratching. 500 nmol/site of Gsp increased the ISR
number (72.66 £ 18.14) for 30 min following agent admini-
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Fig. 1. Time-course graph for Gsp-induced scratching in mice.
Gsp (500 nmol/site) was administered intradermally into the
rostral region of the back. The number of ISRs was then
observed and recorded every 10 min for 30 min following the
injection. Each control group was injected with saline. The values
shown represent the means and S.D. (n=8-10) *A significant
difference from the control group (p <0.05).
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Fig. 2. Comparison of ISRs induced by Gsp (50, 150, 500
nmol/site) in mice. Gsp (A) or histamine (B) was administered
intradermally into the rostral region of the back. The number of
ISRs was observed and recorded for 30 min. The values shown
represent the means and S.D. (n=8-10) *A significant difference
from the saline-treated group (p <0.05).

stration. intradermal injection of vehicle solution (saline) at
a volume of 50 pl did not significantly elicit scratching when
compared with the reactions in untreated mice (data not
shown). No changes in gross behaviors other than scratch-
ing were observed after these doses of Gsp.

Effect of capsaicin and naltrexone on Gsp-induced
scratching

In order to evaluate the characteristics of Gsp-induced
scratching in the transmission of itch signaling, we tested
whether capsaicin or naltrexon inhibited scratching in-
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Fig. 3. Suppressive effects of capsaicin and naltrexone on Gsp-
induced scratching. Gsp (500 nmol/site) was injected intra-
dermally alone (Gsp) or together with capsaicin at 0.05% (topi-
cally applied), and naltrexone (10 mg/kg, orally 1 h before injec-
tion), respectively. Values are the means and S.D. of eight
animals. *p <0.05 when compared with Gsp control.

duced by Gsp. Capsaicin, a well-known Trpv1 receptor ag-
onist (0.005 and 0.05%) (Bevan and Szolcsanyi, 1990)
was applied topically after the injection of Gsp, and naltrex-
one (10 mg/kg) was administered orally 1 h prior according
to reports of Kim (Kim et al., 2008a). Capsaicin or naltrex-
one significantly suppressed the Gsp-induced scratching
response in mice (Fig. 3).

Ketotifen (a histamine H¢ receptor antagonist) or cypro-
heptadine (a serotonin receptor antagonist) is used to
check the involvement of histamine H¢ receptor or seroto-
nin receptor in the transmission of itch signaling induced
by Gsp. Ketotifen (10 mg/kg) was applied orally 1hr before
the injection of Gsp, and cyproheptadine (10 mg/kg) was
injected intravenously 5 minute prior according to reports
of Kim (Kim et al., 2008c).

The suppression by ketotifen is not significant in the
Gsp-induced scratching response, however, cyprohepta-
dine blocked the Gsp-induced scratching response in mice
(Fig. 4). The Gsp-induced number of ISRs was 70.66 +
6.55; moreover, this value differed significantly from that of
the saline-treated group (p <0.01). The Gsp-induced num-
ber of ISRs in the cyproheptadine-treated group was 21.00
1 1.60. Moreover, the value differed significantly from that
of the Gsp-treated group (p<0.05). No statistically signi-
ficant differences were observed with respect to the ve-
hicle-treated group.

DISCUSSION

Pruritus is a main symptom of atopic dermatitis and the
mechanism of pruritus is not clear. Pruritogen is the en-
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Fig. 4. Suppressive effects of the ketotifen and cyproheptadine
on Gsp-induced scratching. Gsp (500 nmol/site) was injected
intradermally alone (Gsp) or together with ketotifen (10 mg/kg,
orally 1 h before injection) and cyproheptadine (1 mg/kg, intra-
venously 5 min before injection). Values are the means and
S.D. for eight animals. *p<0.05 when compared with Gsp
control.

dogenous compounds in inducing the pruritus or itch. The
identification of pruritogen is one of ways to clarify the
mechanism of pruritus and clues for therapeutics. Gsp is
upregulated in the lesional skin of patients from atopic der-
matitis (Okamoto et al., 2003). We speculate that abnor-
mal skin barrier itself contributed to the symptoms of atopic
dermatitis. Therefore we examined whether Gsp, one of
byproducts of abnormal disruption of skin barrier in atopic
dermatitis induces the pruritus, one of major symptoms in
atopic dermatitis.

The results of the present study indicate that Gsp caus-
es ISRs in mice. We found that 500 nmol/site of Gsp in-
duced ISRs. Moreover, the maximum effect was observed
during the initial 10-min period; this effect nearly subsided
by 30 min following Gsp administration. Consequently, the
number of ISRs was monitored for 30 min. The results of
our study indicated that Gsp induced scratching at 50 to
500 nmol/site in mice, showing a peak at 500 nmol/site
(Fig. 2). It was found that, at the same concentration, Gsp
elicits scratching to the less extent as histamine, LPA or
SPC (Inagaki et al., 2000; Hashimoto et al., 2004; Kim et
al., 2008c). Incidentally, the reason that high amounts of
Gsp are required to provoke the scratch response in ICR
mice might be the weak binding affinity of the putative Gsp
receptor in mice or due to nonspecific binding to endoge-
nous proteins such as albumin in mice (Han et al., 2007).

Several compounds such as capsaicin, naltrexone, cy-
proheptadine, and ketotifen were used to characterize the
Gsp-induced ISR. Capsaicin was shown to exert inhibitory
effects on the Gsp-induced ISRs (Fig. 3). These results

suggested that ISR by Gsp might be at least partly medi-
ated by capsaicin-sensitive primary afferents. Capsaicin is
reported to induce the release of substance P through
TRPV1 from C nociceptors, which desensitizes nerve
fibers.

The oral opioid receptor antagonist naltrexone was also
shown to exert suppressive effects on the Gsp-induced
ISRs (Fig. 3). These results suggested that opioid receptor
is involved in Gsp-induced USRs. Opioids have been re-
ported to play an interesting role in itch induced not only by
histamine release from dermal mast cells but also by a di-
rect central and peripheral pruritogenic effect in addition to
their major well-known role in pain (Stander and Steinhoff,
2002).

The Gsp-induced ISRs displayed a marked inhibition
upon treatment with 1 mg/kg of cyproheptadine, an antag-
onist of serotonin receptor (Fig. 4). This finding was in-
dicative of the involvement of the serotonin-mediated path-
way in Gsp-induced ISRs. Serotonin has been reported to
be an important pruritogen in mice, because dermal mast
cells in rodents contain little histamine but high concen-
trations of serotonin (Purcell et al., 1989). It is also re-
ported that serotonin receptors such as 5HT1 and 5-HT2
receptors exist in the peripheral nerve endings (Kim et al.,
2008a). Therefore, 5-HT from dermal mast cells and pe-
ripheral nerve endings might play an essential role in in-
ducing ISR via serotonin receptors. It is not clear what
mechanism is involved in the Gsp-induced ISRs. One pos-
sibility is from that Gsp mobilized the calcium via a mecha-
nism independent of ryanodine receptor (Lloyd-Evans et
al., 2003). Therefore calcium mobilization by Gsp might in-
duce the scratch response. In fact, it was reported that
phospholipase Cp 3 which is a key player of intracellular
calcium release, mediates the scratching response acti-
vated by histamine receptor (Han et al., 2006). Another
possibility is that Gsp might induce the scratch response
through G protein-coupled receptor (GPCR). Actually it is
reported that lysolipid such as sphingosine 1-phosphate,
lysophosphatidylic acid act via GPCR (Meyer zu
Heringdorf and Jakobs, 2007). It is not identified GPCR for
Gsp.

To summarize, we concluded that Gsp induces ISRs;
furthermore, our findings suggest that one of byproducts
from abnormal skin barrier disruption such as Gsp can
lead to evoke the symptom of atopic dermatitis, i.e.
pruritus.
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