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Abstract

We compared the behavioral effects of treatment with pruritogenic and algesiogenic agents in mice. The animals were given
subcutaneous injections of pruritogenic agents, compound 48 /80 (3-100 ug), substance P (10-300 wg) and histamine (3—-300
£, and algesiogenic agents, capsaicin (30 and 100 pg) and dilute formalin (5 mg of formaldehyde), into the rostral back, and
scratching of the injected site by the hind paws was counted. Compound 48/80 and substance P dose dependently elicited the
scratching behavior, but histamine, capsaicin and dilute formalin were without significant effects at the doses examined. These
results suggest that compound 48 /80- and substance P-induced scratching of the injected site is due to itch, but not to pain. The

data did not provide support for the idea that histamine produces itch in the mouse.
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1. Introduction

Although pruritus is the main and unpleasant symp-
tom of cutaneous diseases and accompanies several
visceral disorders, such as chronic renal failure, hepatic
cholestasis, and diabetes mellitus, its underlying mech-
anisms remain unknown. To shed light on the physio-
logical and pathological mechanisms of pruritus, we
need animal models of itch. However, there are no
reliable animal models available (Woodward et al.,
1985). One reason for this might be due to the difficul-
ties in behavioral animal experiments on pruritus. For
example, although itch is a sensation that is associated
with a strong desire to scratch, the mouse licks, but not
scratches, its hind paw when it is subcutaneously (s.c.)
injected with the pruritogenic agent compound 48 /80
(unpublished observation), a behavioral response simi-
lar to that following treatment with the algesiogenic
agent formalin (Hunskaar et al., 1985). Pruritus may be
a main symptom in canine allergy (Woodward et al.,
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1985), but intradermal injections of histamine and com-
pound 48/80 cause a painful reaction rather than
itching behaviors (Schwartzman, 1965). Humans can
distinguish ticklish stimuli from prickly ones, while
many mammals respond with a similar stereotypical
behavior (see. McMahon and Koltzenburg, 1992). In
addition, the mouse shows scratching of the ear and
body during grooming, which is hard to consider as
itch-associated behavior.

Since itch is a subjective sensation and animals do
not describe their sensory experiences, for the mea-
surement of itch in animal behavioral experiments, we
should use itch-related behaviors that are elicited only
by pruritogenic stimuli but not by other sensory stimuli
such as painful ones and that are rarely observed in
untreated animals. As mentioned above, itch is a sen-
sation that provokes a desire to scratch the stimulated
area, probably to scratch away irritants from the skin.
Clinically, scratch is used as an objective measure of
itch (Savin et al., 1973; Felix and Shuster, 1975; Aoki et
al., 1980; Summerfield and Welch, 1980). Therefore, as
a first step in developing an animal model of itch, we
compared the behavioral effects, especially scratch-
eliciting ones, of treatment with pruritogenic and alge-
siogenic agents in mice. Here, we report that s.c.
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injections of pruritogenic agents, but not algesiogenic
ones, into the rostral part of the back produced
scratching of the injected site by the hind paws, which
probably is an itch-associated behavior.

2. Materials and methods
2.1. Materials

Compound 48/80 (Sigma, St. Louis, USA), sub-
stance P (Peptide Institute, Minoh, Japan), histamine
(Sigma, St. Louis, USA), and formalin (Wako Pure
Chemical Ind., Osaka, Japan) were dissolved in or
diluted with physiological saline. Capsaicin (Sigma, St.
Louis, USA) was dissolved in physiological saline con-
taining 50% dimethyl sulfoxide. All these agents were
s.c. injected into the back at the interscapular level in a
volume of 0.10 ml.

2.2. Behavioral experiments

Male ddY mice of 4 weeks of age, weighing 18-23 g,
were used in the experiments. 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. Before the experiment, the animals were put
into an acrylic cage (22 X 22 X 24 cm) for about 10 min
for acclimation. Immediately after s.c. injection, they
(generally five animals/cage) were put back into the
same cage and, for the observation of scratching, be-
haviors were recorded using an 8-mm video camera
(CCD-700V, Sony, Tokyo, Japan) under unmanned
conditions. Scratching of the injected site by the hind
paws was counted and that of other sites such as ears
was disregarded. Each mouse was used for only one
experiment. The mice generally showed several
scratches for about 1 s and a series of these behaviors
was counted as one incident of scratching at 10-min
intervals.

2.3. Data processing

Statistical comparisons were made using one-way
analysis of variance and Dunnett’s post-hoc test or for
data without normal distribution Kruskal-Wallis statis-
tic on ranks and Dunn’s post-hoc test; the calculation
was done using software SigmaStat (Jandel, San Rafael,
USA) and P <0.05 was considered significant. The
means of data are presented together with S.E.

3. Results

3.1. Compound 48 / 80-induced scratching

Compound 48 /80 has been shown to produce an
itch sensation in humans (Armstrong et al.,, 1953;
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Fig. 1. Time course of scratching after an s.c. injection of compound
48 /80. Mice were given an injection of saline (A, n=10) or com-
pound 48 /80 at doses of 3 (B, n =10), 10 (C, n = 20), 30 (D, n = 20),
50 (E, n=16) and 100 wg (F, n=10). Values represent the means
and S.E.

Higermark et al., 1978; Fjellner and Higermark, 1981).
When sixteen mice were given compound 48/80 (50
wug, s.c.) into the rostral part of the back, all showed
scratching of the injected site by the hind paws. The
first scratching was observed within 5 min after injec-
tion in all mice examined and then scratching appeared
intermittently. The frequency of behaviors other than
scratching, for example grooming and forelimb mo-
tions, was not apparently different between compound
48 /80- and saline-treated mice.

Fig. 1 shows the time course of scratching behaviors
for 2 h after the injection of compound 48 /80. When
compared with saline, compound 48/80 at doses of
10-100 pg produced apparent scratching, without ef-
fects at a dose of 3 ug. The effects of compound 48 /80
(10-50 pg) peaked within 30 min and had almost
subsided by 60 min, while that of 100 pg of compound
48 /80 lasted for more than 60 min. When the number
of scratches in 60 min after compound 48/80 was
plotted against the dose, the effect was dose-depen-
dent from 10 to 50 wg; the effect of 100 wg was not
apparently different from that of 50 ug (Fig. 2).

3.2. Behavioral effects of substance P and histamine

Substance P and histamine as well as compound
48 /80 produce an itch sensation in humans (Armstrong
et al., 1953; Higermark et al.,, 1978; Fjellner and
Higermark, 1981). Injections of substance P at s.c.
doses of 100 and 300 ug elicited slight but significant
scratching, without effects at lower doses of 10 and 30
wng (Fig. 2). The first scratching after substance P (300
ng) was observed within 5 min in all mice examined
(n = 5) and the effects of substance P (100 and 300 ug)
peaked in the first 10-min period and had almost
subsided by 30 min following injection. Grooming and
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Fig. 2. Dose-response curves for the scratch-inducing effect of com-
pound 48/80, substance P and histamine. Mice were given an s.c.
injection of compound 48 /80 (®, n = 10-20), substance P (a, n=5-
6), histamine (e, n = 5-10) or saline (VEH, ©, n = 10). The number
of scratches in 60 min was plotted against the dose. Values represent
the means and S.E. * P < 0.05 when compared with VEH (Dunn’s
post-hoc test).

forelimb motions were not apparently different be-
tween substance P- and saline-treated mice.

Injections of histamine at s.c. doses of 3-300 ug did
not have a significant scratching-inducing effect (Fig.
2). Although following the maximum dose tested (300
w1 g) the number of scratches in 60 min was 31.8 + 10.5
(n =5), there were few scratches in 20 min following
injection. Histamine at the doses tested did not pro-
duce any apparent alterations in gross behaviors, such
as sedation, and motor functions, such as ataxia and
weakness of the hindlimbs.

3.3. Effects of capsaicin and formalin

To determine whether the painful stimulation of the
rostral part of the back would elicit scratching behav-
jor, we examined the behavioral effects of s.c. injec-
tions of algesiogenic agents, capsaicin and formalin
(Fig. 3). In contrast to compound 48 /80 and substance
P, capsaicin (30 and 100 rg) and dilute formalin (5 mg
of formaldehyde) did not induce significant scratching
behavior following injection. Although a higher dose
(300 wg) of capsaicin resulted in the death of all
animals tested (n =5) during the observation period,
capsaicin and dilute formalin at the doses tested did
not apparently alter gross behaviors and motor func-
tions.

4. Discussion

The main findings of the present study are that,
when injected into the rostral part of the back of the

mouse, pruritogenic, but not algesiogenic, agents
elicited scratching of the injected site by the hind paws.
In human subjects, application of 500 pg/ml of com-
pound 48 /80 on the blister base (Armstrong et al.,
1953), an intradermal injection of 0.3-10 wg/ml (Fjell-
ner and Higermark, 1981), and an s.c. injection of 10
wg/ml (Higermark et al., 1978) have been shown to
cause an itch sensation the duration of which is rela-
tively short, for example several minutes (Armstrong et
al., 1953). In the present experiments, s.c. injections of
compound 48/80 at doses of 10-50 ug (100-500
ng/ml) produced scratching behavior in mice in a
dose-dependent manner. These concentrations are
greater than itch-producing ones in humans and the
duration of the scratching was longer than that of the
itch sensation in human subjects. Intradermal injec-
tions of substance P at doses of 0.1-10 uM (corre-
sponding to about 0.13-13 wg/ml) produce an itch
sensation in humans (Higermark et al., 1978; Fjellner
and Higermark, 1981). Although higher concentrations
(1-3 mg/ml) were needed, substance P produced
scratching in mice. On the other hand, injections of
capsaicin (30 and 100 wg) and dilute formalin (5 mg of
formaldehyde) into the rostral back did not elicit
scratching behavior. When s.c. injected into the hind
paw, these algesiogenic agents elicit licking of the
treated paw (Hunskaar et al., 1985; Sakurada et al.,
1992), a behavior considered to be a pain-related re-
sponse. Taken together, these findings suggest that
scratching of the treated rostral back by the hind paws
is due to itch, but not to pain.

Capsaicin acts on primary afferents to release sub-
stance P (for review, see Holzer, 1991), but, in the
present experiments, substance P, but not capsaicin,
elicited scratching in mice. The precise reason why
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Fig. 3. Scratching following s.c. injections of compound 48 /80, cap-
saicin and formaldehyde. Mice were given an injection of compound
48 /80 (50 ug, n=19), capsaicin (30 and 50 ug, n =5 each group),
dilute formalin (5 mg of formaldehyde, n = 5) or saline (n =10) and
the number of scratchings was counted for 60 min. Values represent
the means and S.E. * P < 0.05 when compared with saline (Dunnett’s
post-hoc test).
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capsaicin did not induce scratching is not clear. How-
ever, when applied on the human skin, capsaicin pro-
duces a burning pain, but not an itch sensation (T6th-
Kisa et al., 1986; Breneman et al., 1992). Taking ac-
count of the ‘selectivity theory’ of neural mechanisms
of itch (McMahon and Koltzenburg, 1992), the
widespread activation of nociceptive primary afferents
with capsaicin might mask the activity of ‘itch-signal-
ing’ primary afferents induced by released substance P.
Intracranial injections of substance P at relatively
low doses induce hindlimb scratching in mice (Dobry et
al., 1981) and rats (Van Wimersma Greidanus and
Maigret, 1988). However, it is unlikely that peripherally
administered substance P acted upon the central ner-
vous system to elicit the scratching. The reasons for
this are as follows: first, in the present experiments,
substance P at s.c. doses of 100 and 300 ug (corre-
sponding to about 5 and 15 mg/kg, respectively) pro-
duced scratching of the injected site in mice, while this
peptide at intravenous doses up to 50 mg/kg does not
elicit scratching in the same species (Dobry et al.,
1981). Second, an intracranial injection of substance P
elicits grooming behavior (Dobry et al, 1981; Van
Wimersma Greidanus and Maigret, 1988), while an s.c.
injection of substance P did not. Third, in our prelimi-
nary experiments, substance P (135 ug) injected into
the caudal part of the back did not induce scratching of
the rostral part of the back. These findings taken
together suggest that scratching of the injected site
following s.c. injection of substance P is due to a
scratch-inducing sensation at the injected skin.
Compound 48/80 and substance P release media-
tors from the skin mast cells (Barrett et al.,, 1985;
Ebertz et al., 1987; Lowman et al., 1988). Therefore,
one of the conceivable mechanisms for the scratch-in-
ducing effects of compound 48 /80 and substance P is
that these agents act upon the mast cells to release
mediators, which produce scratching behavior. His-
tamine is present in the mast cells and has been
thought to be an important mediator of itch. When
applied on the blister base at concentrations of 100~
1000 pg/ml (Armstrong et al., 1953) or intradermally
injected at concentrations of 0.3-10 ug/mi (Hidgermark
et al., 1978; Fjellner and Higermark, 1981), histamine
produces an itch sensation in humans. In the present
experiments, however, s.c. injections of histamine at
doses of 3-300 wg (30-3000 wg/ml) did not appar-
ently elicit the scratching behavior. Although the pre-
cise reason why histamine could not elicit scratching is
unclear, one explanation is that, at least in the mouse,
histamine is not a strong itch-producing mediator and
that scratching induced by compound 48 /80 and sub-
stance P is mediated by mediators other than his-
tamine. In support of this view, the histamine H,
receptor antagonist chlorcyclidine inhibits the flare re-
sponse, but not the itch sensation, induced by an

intradermal injection of substance P at a concentration
of 10 wM, corresponding to about 13 ug/ml
(Higermark et al., 1978). In addition, it is claimed that
histamine is not a main mediator of itch in many
pruritogenic diseases (Krause and Shuster, 1983;
Wabhlgren et al., 1990; Hiagermark, 1992). Another ex-
planation is that there are species differences in itch
mediators and that histamine produces itch in humans
but not in mice. In this context, serotonin, another
chemical mediator of murine mast cells, apparently
elicits scratching in rats (Berendsen and Broekkamp,
1991) and mice (unpublished observation), although it
produces mild itch in humans (Fjellner and Higermark,
1979). In any case, histamine does not induce a desire
to scratch in the mouse.

In summary, the present results suggest that scratch-
ing of the rostral back injected with compound 48 /80
and substance P by the hind paws may be due to itch,
an impulse to scratch, but not due to pain. Such
pseudo-itch behavior may be a useful index for physio-
logical and pharmacological studies on itch and an-
tipruritic agents. The data did not provide support for
the idea that histamine applied peripherally produces
itch in the mouse.

References

Aoki, T., H. Kushimoto, E. Kobayashi and Y. Ogushi, 1980, Com-
puter analysis of nocturnal scratch in atopic dermatitis, Acta
Dermatovener. 92, 33.

Armstrong, D., RM.L. Dry, C.A. Keele and JW. Markham, 1953,
Observations on chemical excitants of cutaneous pain in man, J.
Physiol. 120, 326.

Barrett, K.E., H. Ali and F.L. Pearce, 1985, Studies on histamine
secretion from enzymatically dispersed cutaneous mast cells of
the rat, J. Invest. Dermatol. 84, 22.

Berendsen, H.H.G. and C.L.E. Broekkamp, 1991, A peripheral 5-
HT,p-like receptor involved in serotonergic induced hindlimb
scratching in rats, Eur. J. Pharmacol. 194, 201.

Breneman, D.L., J.S. Cardone, R.F. Blumsack, R.M. Lather, E.A.
Searle and V.E. Pollack, 1992, Topical capsaicin for treatment of
hemodialysis-related pruritus, J. Am. Acad. Dermatol. 26, 91.

Dobry, P.JK., MF. Piercey and L.A. Schroeder, 1981, Pharmaco-
logical characterization of scratching behaviour induced by in-
tracranial injection of substance P and somatostatin, Neurophar-
macology 20, 267.

Ebertz, JM., C.A. Hirshman, N.S. Kettelkamp, H. Uno and J.M.
Hanifin, 1987, Substance P-induced histamine release in human
cutaneous mast cells, J. Invest. Dermatol. 88, 682.

Felix, R. and S. Shuster, 1975, A new method for the measurement
of itch and the response to treatment, Br. J. Dermatol. 93, 303.

Fiellner, B. and O. Higermark, 1979, Pruritus in polycythemia vera:
treatment with aspirin and possibility of platelet involvement,
Acta Dermatovener. 59, 505.

Fjellner, B. and O. Higermark, 1981, Studies on pruritogenic and
histamine-releasing effects of some putative peptide neurotrans-
mitters, Acta Dermatovener. 61, 245.

Higermark, 0., 1992, Peripheral and central mediators of itch, Skin
Pharmacol. 5, 1.

Higermark, O., T. Hokfelt and B. Pernow, 1978, Flare and itch



Y. Kuraishi et al. / European Journal of Pharmacology 275 (1995) 229-233 233

induced by substance P in human skin, J. Invest. Dermatol. 71,
233.

Holzer, P., 1991, Capsaicin: cellular targets, mechanisms of action,
and selectivity for thin sensory neurons, Pharmacol. Rev. 43, 143,

Hunskaar, S., O.B. Fasmer and K. Hole, 1985, Formalin test in mice,
a useful technique for evaluating mild analgesics, J. Neurosci.
Meth. 14, 69.

Krause, L. and S. Shuster, 1983, Mechanism of action of antipruritic
drugs, Br. Med. J. 287, 1199.

Lowman, M.A., P.H. Rees, R.C. Benyon and M.K. Church, 1988,
Human mast cell heterogeneity: histamine release from mast cells
dispersed from skin, lung, adenoids, tonsils, and colon in re-
sponse to IgE-dependent and nonimmunologic stimuli, J. Allergy
Clin. Immunol. 81, 590.

McMahon, S.B. and M. Koltzenburg, 1992, Itching for an explana-
tion, Trends Neurosci. 15, 497.

Sakurada, T., K. Katsumata, K. Tan-No, S. Sakurada and K. Kisara,
1992, The capsaicin test in mice for evaluating tachykinin antago-
nists in the spinal cord, Neuropharmacology 31, 1279.

Savin, J.LA., W.D. Paterson and I. Oswald, 1973, Scratching during
sleep, Lancet, ii, 296.

Schwartzman, R.M., 1965, The reaction of canine skin to histamine
and 48/80, J. Invest. Dermatol. 44, 39.

Summerfield, J.A. and M.E. Welch, 1980, The measurement of itch
with sensitive limb movement meters, Br. J. Dermatol. 102, 275.

Té6th-Késa, 1., G. Jancsd, A. Bognar, S. Husz and F. Obdl, Jr., 1986,
Capsaicin prevents histamine-induced itching, Int. J. Clin. Phar-
macol. Res. 6, 163.
Van Wimersma Greidanus, T.B. and C. Maigret, 1988, Grooming
behavior induced by substance P, Eur. J. Pharmacol. 154, 217.
Wabhlgren, C.-F.,, 0. Hiagermark and R. Bergstrom, 1990, The an-
tipruritic effect of a sedative and a non-sedative antihistamine in
atopic dermatitis, Br. J. Dermatol. 122, 545.

Woodward, D.F., J.L. Conway and L.A. Wheeler, 1985, Cutaneous
itching models, in: Models in Dermatology, Vol. 1, eds. H.L.
Maibach and N.J. Lowe (Karger, Basel) p. 187.



