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Abstract

We investigated whether the polycation poly-L-arginine elicited cutaneous vascular hyperpermeability and scratching behavior and, if
so, whether these responses involved mast cells and sensory nerves in rats. Intradermal injections of poly-L-arginine induced vascular
hyperpermeability and scratching behavior. Combined treatment with chlorpheniramine and methysergide almost completely suppressed

Ž .the poly-L-arginine 50 mgrsite -induced plasma leakage. Capsaicin desensitization and the tachykinin NK receptor antagonist1
Ž . w Ž . x Ž . w Ž Ž Ž . . . xLY303870, R -1- N- 2-methoxybenzyl acetylamino -3- 1H-indol-3-yl -2- N- 2- 4- piperidin-1-yl piperidin-1-yl acetyl amino propane,

partially inhibited the leakage. In mast cell-deficient rats, poly-L-arginine only minimally induced plasma leakage. On the other hand,
Ž .capsaicin desensitization and LY303870, but not chlorpheniramine or methysergide, suppressed the poly-L-arginine 200 mgrsite -in-

duced scratching. Moreover, poly-L-arginine elicited the scratching even in mast cell-deficient rats. These results suggest that substance P
is at least partly involved in both the cutaneous plasma leakage and the scratching behavior induced by poly-L-arginine. Moreover, mast
cell-derived amines are suggested to be involved in the plasma extravasation but scarcely, if any, in the scratching behavior. q 2001
Elsevier Science B.V. All rights reserved.
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1. Introduction

In the patients with pruritic allergic dermatitis, the
Ž .deposition of major basic protein MBP , which is one of

the eosinophil granule proteins, is frequently observed
Žaround the sites of skin lesions Peters et al., 1983; Leifer-

.man, 1989 . Moreover, MBP, when intradermally injected
into human skin, elicits a dose-related wheal-and-flare

Ž .reaction Leiferman et al., 1984 . These findings suggest
that MBP plays a crucial role in the pathogenesis of
allergic cutaneous diseases.

MBP is a highly cationic polypeptide containing 17
Ž .arginine residues Wasmoen et al., 1988 . The previous

study demonstrated that MBP induced airway hyperrespon-
siveness, which was inhibited by anionically charged hep-

) Corresponding author. Tel.: q81-559-89-2039; fax: q81-559-86-
7430.

Ž .arin Coyle et al., 1993 . This observation suggests that the
MBP-induced airway hyperresponsiveness depends on the

Žcationic nature of this protein Coyle et al., 1993; Uchida
.et al., 1993 , and thus the synthetic cationic polypeptides

have been used as tools to study the biological properties
of MBP. In fact, the synthetic cationic polypeptides poly-
L-lysine and poly-L-arginine are reported to elicit airway

Žhyperresponsiveness in rats Coyle et al., 1993; Uchida et
.al., 1993 . Thus, the synthetic polycations are supposed to

mimic MBP in the light of proinflammatory effect. In the
skin, poly-L-lysine and poly-L-arginine increase cutaneous

Ž .vascular permeability in rats Stein et al., 1956 and rabbits
Ž .Needham et al., 1988 , and poly-L-arginine induces wheal

Ž .and flare in human skin Foreman et al., 1983 .
Ž . ŽHistamine Hagermark, 1974 , serotonin Weisshaar et¨

. Ž .al., 1997 and substance P Hagermark et al., 1978 are¨
known to induce flare and itch in human skin. Poly-L-
lysine, poly-L-arginine and MBP induce histamine release

0014-2999r01r$ - see front matter q 2001 Elsevier Science B.V. All rights reserved.
Ž .PII: S0014-2999 01 01177-3



( )K. Hayashi et al.rEuropean Journal of Pharmacology 425 2001 219–227220

Ž .from human skin mast cells Benyon et al., 1989 and rat
Ž .peritoneal mast cells O’Donnell et al., 1983 , while MBP

and poly-L-lysine induce substance P release from cultured
Ž .rat dorsal root ganglia Garland et al., 1997 . These obser-

vations suggest that MBP and the synthetic polycations
may induce skin inflammation by the activation of mast
cells to release amines andror sensory C-fibers to release
substance P.

In this article, we report that poly-L-arginine induces
not only cutaneous vascular hyperpermeability but also
scratching behavior in rats. As far as we know, there has
been no report showing that MBP or the synthetic polyca-
tions induces itch-associated scratching behavior in ani-
mals, or elicits itching in humans. In this study, in order to
investigate the possible roles of mast cells and sensory
nerves in the cutaneous vascular hyperpermeability and the
scratching behavior induced by poly-L-arginine, we em-
ployed mast cell-deficient rats and capsaicin desensitized
rats and, moreover, determined the effects of antagonists
for histamine H , 5-HT and tachykinin NK receptors on1 1

these responses.

2. Materials and methods

2.1. Animals

ŽAll animals were purchased from Japan SLC Shizuoka,
.Japan . For the measurement of vascular permeability, 8-

to 16-week-old male Wistar rats weighing 194–334 g,
Žmale mast cell-deficient rats WsRCrSlc-WsrWs; 12

.weeks of age, 253–303 g and the control ones
Ž .WsRCrSlc-qrq; 12 weeks of age, 347–387 g were
used. For the observation of scratching behavior, 4- to
6-week-old male Wistar rats weighing 85–140 g, male

Žmast cell-deficient rats WsRCrSlc-WsrWs; 7 weeks of
. Žage, 159–205 g and the control ones WsRCrSlc-qrq;

.7 weeks of age, 186–225 g were used. The animals were
acclimatized in an animal room maintained at a room
temperature of 19–25 8C and a relative humidity of 30–

Ž70% with a 12-h light–dark cycle illuminated between
.07:00 and 19:00 h . Food and water were freely available.

This animal experiment was approved by the Animal
ŽEthical Committee of Kyowa Hakko Kogyo Shizuoka,

.Japan .

2.2. Drugs

ŽPoly-L-arginine hydrochloride poly-L-arginine; MW
.11,800 or 12,100, Sigma, St. Louis, MO, USA , poly-L-

Žaspartic acid sodium salt poly-L-aspartic acid; MW 11,100,
. ŽSigma , phosphoramidon sodium salt phosphoramidon;
. Ž .Sigma , naloxone hydrochloride naloxone; Sigma , sero-

Ž .tonin creatinin sulfate serotonin; Sigma , substance P
Ž .Peptide Institute, Osaka, Japan and histamine dihydro-

Ž .chloride histamine; Wako, Osaka, Japan were dissolved
Žin saline. Chlorpheniramine maleate chlorpheniramine;

. ŽSigma and methysergide maleate methysergide; Jans-
.sen Pharmaceutica, Beerse, Belgium were dissolved in

Ž . w Ž .distilled water. LY303870, R -1- N- 2-methoxybenzyl
x Ž . w Ž Ž Ž .acetylamino -3- 1H-indol-3-yl -2- N- 2- 4- piperidin-1-yl
. . x Žpiperidin-1-yl acetyl amino propane synthesized at Ky-

.owa Hakko Kogyo was dissolved in acidified water, and
the pH was adjusted to neutrality with 1 molrl NaOH.

Ž .Capsaicin Wako was dissolved in saline containing 10%
ethanol and 10% Tween 80.

2.3. Capsaicin desensitization

Capsaicin desensitization was performed according to a
modification of the method described by Del Monte et al.
Ž .1990 . Increasing doses of capsaicin were injected for a

Ž .total of 52 mgrkg s.c. over 2 days. On the first day, the
doses of 0.3, 0.6, 1.2 and 2.4 mgrkg were injected at 2-h
intervals. On the second day, 2.5, 10, 15 and 20 mgrkg
were injected. Since the first five capsaicin injections are
highly irritating, pentobarbital sodium was injected at the

Ž .dose of 20 mgrkg i.p. 15 min before the first and the
fifth injection of capsaicin, and at the dose of 10 mgrkg
Ž .i.p. 15 min before the second, third and fourth injection
of capsaicin. The animals were used 5 or 6 days after the
final injection of capsaicin. In order to check the validity
of this procedure, each rat received topical application of

Ž .capsaicin 500 mgrear to the ear 1 day or 2 days before
the intradermal injection of poly-L-arginine. Capsaicin did
not induce ear oedema in any of desensitized rats tested.

2.4. Vascular permeability

The back skin of the rat was clipped. In the Wistar rat,
Ž . Ž .poly-L-arginine 5–500 mgrsite , histamine 5 mgrsite ,

Ž . Ž .serotonin 0.5 mgrsite or substance P 5 ngrsite was
injected intradermally at a volume of 50 mlrsite. Immedi-
ately after the injection, the rat received 0.5 ml of 1%

Ž .Evans blue Wako intravenously. The rat was sacrificed
with CO gas 30 min after the elicitation of the cutaneous2

reactions, and the skin at the reaction site was excised. The
dye content in the skin specimen was measured according
to a modification of the method described by Katayama et

Ž .al. 1978 . The specimen was dissolved in 1 ml of 1 molrl
KOH solution. Nine milliliters of a mixture of 0.6 molrl

Ž .H PO solution and acetone 5:13 was added, and the3 4

sample was centrifuged at 1200=g for 10 min. The
amount of dye extracted in the supernatant was measured

Žcolorimetrically at 620 nm U-2001, Hitachi, Tokyo,
.Japan . The leaked dye amount was calculated by subtract-

ing the dye content of untreated site from that of the
intradermally injected site. To examine the possible in-
volvement of cations in the poly-L-arginine-induced hyper-
permeability, poly-L-aspartic acid was administrated intra-
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dermally together with poly-L-arginine at a volume of 50
mlrsite. In another series of the experiments, chlorpheni-
ramine or methysergide was orally administrated at
a volume of 10 mlrkg 1 h before the intradermal inject-
ion of histamine, serotonin or poly-L-arginine. More-
over, to examine the possible involvement of substance
P, the neutral endopeptidase inhibitor phosphoramidon
Ž .Hashimoto et al., 1997 or the tachykinin NK receptor1

Ž .antagonist LY303870 Iyengar et al., 1997 was intrave-
neously injected at a volume of 1 mlrkg 5 min before the
intradermal injection of substance P or poly-L-arginine.

To examine the possible role of mast cells, we em-
ployed the mast cell-deficient rats. In the mast cell-defi-

Ž . Žcient WsRCrSlc-WsrWs rat or the control WsRCrSlc-
. Ž .qrq rat, poly-L-arginine 50 mgrsite was injected

intradermally at a volume of 50 mlrsite. The vascular
permeability was determined as mentioned above.

2.5. Scratching behaÕior

Scratching behavior was observed according to a modi-
Ž .fication of the method described by Andoh et al. 1998 .

The rostral part of the back skin of the rat was clipped, and
the rat was put into an acrylic cage composed of four cells
Ž .the size of each cell: 200=145=170 mm and accli-
mated for about 30 min. In the Wistar rat, poly-L-arginine
Ž . Ž . Ž50–200 mgrsite , histamine 0.005–500 mgrsite In-

.agaki et al., 1999; Yamaguchi et al., 1999 , serotonin
Ž . Ž0.005–500 mgrsite Inagaki et al., 1999; Yamaguchi et

. Ž . Žal., 1999 or substance P 0.005–300 mgrsite Andoh et
.al., 1998 was intradermally injected into the rostral part of
Ž .the back around the interscapular level at a volume of 50

mlrsite. Immediately thereafter, the rat was put back to the
same cell, and the behavior was recorded using an 8-mm

Ž .video camera CCD-TRV95 NTSC, Sony, Tokyo, Japan
for 30 min. The scratching around the injected site with the
hind-paws was counted. The rat generally scratched sev-
eral times in about 1 s and a series of the scratchings was
counted as one incidence. To examine the possible in-
volvement of cations in the poly-L-arginine-induced
scratching, poly-L-aspartic acid was administrated intrader-
mally together with poly-L-arginine at a volume of 50

Ž .mlrsite. Naloxone Pini et al., 1997 was intraperitoneally
injected at a volume of 1 mlrkg 15 min before the
intradermal injection of poly-L-arginine. Chlorpheniramine
or methysergide was orally administrated at a volume of
10 mlrkg 1 h before the intradermal injection of serotonin
or poly-L-arginine. Moreover, to examine the possible
involvement of substance P, phosphoramidon or LY303870
was intraveneously injected at a volume of 1 mlrkg 5 min
before the intradermal injection of poly-L-arginine.

To examine the possible involvement of mast cells, we
employed the mast cell-deficient rats. In the mast cell-defi-

Ž . Žcient WsRCrSlc-WsrWs rat or the control WsRCrSlc-
. Ž .qrq rat, poly-L-arginine 200 mgrsite was intrader-

mally injected into the rostral part of the back at a volume
of 50 mlrsite. The scratching behavior was examined as
mentioned above.

2.6. Statistical analysis

The data were expressed as means"standard error of
Ž .the mean S.E.M. . Analysis of statistical significance was

performed with the SAS system for Windows ver. 6.12
Ž .SAS Institute, Cary, NC, USA . In the experiment of
vascular permeability, either the Student’s t-test or the
Aspin–Welch test was used for comparisons between the
two groups, after the variances of the data were evaluated
with the F-test. Multiple comparisons were made first by

Ž .the one-way analysis of variance ANOVA , followed by
the Dunnett test when appropriate. In the experiment of
scratching behavior, the Wilcoxon rank sum test was used
for comparisons between the two groups. Multiple compar-
isons were made first by the Kruskal–Wallis test, followed
by the Steel test when appropriate. Differences were con-
sidered significant if P values were -0.05.

3. Results

3.1. Vascular hyperpermeability

In Wistar rats, an intradermal injection of poly-L-
Ž .arginine 5, 50 and 500 mgrsite into the dorsal skin

increased cutaneous vascular permeability with the in-
crease of the injected dose. The Evans blue contents
Ž .mgrsite were 3.8"0.64, 5.8"0.45, 13.7"1.59 and

Ž .29.8"3.37 mean"S.E.M., ns7 following 0, 5, 50 and
500 mgrsite of poly-L-arginine, respectively. In the subse-

Ž .Fig. 1. Effects of chlorpheniramine CHL, 10 mgrkg , methysergide
Ž . Ž .MET, 1 mgrkg and chlorpheniramine 10 mgrkg plus methysergide
Ž . Ž .1 mgrkg CHLqMET on the vascular hyperpermeability induced by
poly-L-arginine in the rat skin. Chlorpheniramine or methysergide was

Ž .orally administered 1 h before the intradermal i.d. injection of saline or
50 mgrsite of poly-L-arginine. Each value represents the mean"S.E.M.
from six animals. aaP-0.01 compared with the value in the saline i.d.

Ž . ) ))group open column . P-0.05, P-0.01 compared with the value
in the poly-L-arginine-injected control group.
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quent experiments, 50 mgrsite of poly-L-arginine was
used since this dose produced the cutaneous vascular
hyperpermeability sufficient to assess the effects of drugs.

ŽPoly-L-aspartic acid 0.5, 5 and 50 mgrsite, intrader-
.mally , a synthetic polyanion, inhibited the poly-L-arginine

Ž .50 mgrsite -induced increase of vascular permeability
with the increase of the injected dose, and almost com-
pletely inhibited it at 50 mgrsite. The Evans blue contents
Ž .mgrsite were 23.8"1.35 for the control, 21.6"1.30 at
0.5 mgrsite, 17.9"1.22 at 5 mgrsite and 4.0"0.51 at 50

Ž . Ž . Ž . Ž .Fig. 2. Effects of capsaicin 52 mgrkg A , LY303870 10 mgrkg B
Ž . Ž .and phosphoramidon 2.5 mgrkg C on the vascular hyperpermeability

induced by poly-L-arginine in the rat skin. Capsaicin was given subcuta-
Ž .neously in eight doses 0.3, 0.6, 1.2, 2.4, 2.5, 10, 15 and 20 mgrkg over

2 days. The animals were used after 5 days of the last injection.
LY303870 or phosphoramidon was administered intravenously 5 min

Ž .before the intradermal i.d. injection of saline or 50 mgrsite of poly-L-
arginine. Each value represents the mean"S.E.M. from 6 to 8 animals.

ŽaaaP-0.001 compared with the value in the saline i.d. group open
. )) )))column . P-0.01, P-0.001 compared with the value in the

poly-L-arginine-injected control group.

Fig. 3. Comparison of the poly-L-arginine-induced cutaneous plasma
extravasation between the mast cell-deficient and the control rats. Poly-

Ž . Ž .L-arginine 50 mgrsite was injected intradermally i.d. into the mast
Ž . Ž .cell-deficient WsrWs rats and the control Wild ones. Each value

represents the mean"S.E.M. from six animals. aaaP-0.001 com-
pared with the saline i.d. group in control rats. $$P-0.01 compared
with the value in the saline i.d. group in mast cell-deficient rats. )))P-

0.001 compared with the value in the poly-L-arginine i.d. group in control
rats.

Ž .mgrsite mean"S.E.M., ns8 , respectively. Poly-L-
aspartic acid at up to 50 mgrsite did not affect vascular

Ž .permeability by itself data not shown .
Ž .Chlorpheniramine 10 and 20 mgrkg, p.o. , a histamine

H receptor antagonist, almost completely suppressed the1
Ž .histamine 5 mgrsite -induced cutaneous vascular hyper-

Ž .permeability. The Evans blue contents mgrsite were
22.9"1.30 for the control, 3.6"0.27 at 10 mgrkg and

Ž .3.0"0.60 at 20 mgrkg mean"S.E.M., ns7–8 , re-
spectively. Methysergide, a 5-HT receptor antagonist, at 1
and 3 mgrkg almost completely suppressed the serotonin
Ž .0.5 mgrsite -induced cutaneous vascular hyperpermeabil-

Ž .ity. The Evans blue contents mgrsite were 24.4"1.69
for the control, 11.3"1.97 at 0.1 mgrkg, 4.3"0.58 at 1

Ž .Fig. 4. Effects of naloxone 1 mgrkg on the scratching behavior induced
by poly-L-arginine. Saline or naloxone was administered intraperitoneally
15 min before the intradermal injection of 200 mgrsite of poly-L-arginine.
The scratching around the injected site with the hind-paws was counted
for 30 min after the intradermal injection. Each value represents the
mean"S.E.M. from seven animals. )P-0.05 compared with the value
in the vehicle-treated group.
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Žmgrkg and 3.8"0.32 at 3 mgrkg mean"S.E.M., ns
. Ž .5 , respectively. LY303870 10 mgrkg, i.v. , a tachykinin

NK receptor antagonist, almost completely suppressed1
Ž .the substance P 5 ngrsite -induced cutaneous vascular

Ž .hyperpermeability. The Evans blue contents mgrsite were
25.5"2.50 for the control and 5.3"0.46 at 10 mgrkg
Ž .mean"S.E.M., ns6 , respectively. Thereby, 10 mgrkg
Ž . Ž .p.o. of chlorpheniramine, 1 mgrkg p.o. of methy-

Ž .sergide and 10 mgrkg i.v. of LY303870 were used for
assessing their effects on the poly-L-arginine-induced cuta-
neous vascular hyperpermeability.

Ž .Chlorpheniramine 10 mgrkg, p.o. and methysergide
Ž . Ž1 mgrkg, p.o. inhibited the poly-L-arginine 50 mgr

.site -induced vascular hyperpermeability by 46.4% and
45.8%, respectively, and their combination inhibited it by

Ž .90.5% Fig. 1 .

Fig. 5. Scratching behavior following intradermal injections of histamine
Ž . Ž . Ž .A , substance P B and serotonin C . Histamine or serotonin at doses of
0.005–500 mgrsite, or substance P at doses of 30–300 mgrsite was
injected intradermally into the rostral back of rats. The scratching around
the injected site with the hind-paws was counted for 30 min after the
injection. Each value represents the mean"S.E.M. from six animals.
)P-0.05 compared with the value in the saline-injected group.

Ž . Ž .Fig. 6. Effects of chlorpheniramine CHL, 10 and 30 mgrkg A ,
Ž . Ž . Ž .methysergide MET, 3 mgrkg B and chlorpheniramine 30 mgrkg

Ž . Ž . Ž .plus methysergide 3 mgrkg CHLqMET C on the scratching behav-
ior induced by poly-L-arginine. Chlorpheniramine or methysergide was
orally administered 1 h before the intradermal injection of 200 mgrsite of
poly-L-arginine. The scratching around the injected site with the hind-paws
was counted for 30 min after the intradermal injection. Each value
represents the mean"S.E.M. from eight animals.

Ž .Capsaicin desensitization 52 mgrkg, s.c. and
Ž .LY303870 10 mgrkg, i.v. inhibited the poly-L-arginine

Ž .50 mgrsite -induced vascular hyperpermeability by 54.8%
Ž .and 28.7%, respectively Fig. 2A and B . Phosphoramidon

Ž .2.5 mgrkg, i.v. , an inhibitor of neutral endopeptidase,
Ženhanced the vascular hyperpermeability by 47.1% Fig.

. Ž .2C . Phosphoramidon 2.5 mgrkg, i.v. did not affect
Ž .vascular permeability by itself Fig. 2C .

Ž .In mast cell-deficient WsRCrSlc-WsrWs rats, poly-
Ž .L-arginine 50 mgrsite, intradermally induced minimal

dye leakage, although it markedly increased vascular per-
Ž . Ž .meability in the control WsRCrSlc-qrq rats Fig. 3 .

The dye leakage in WsRCrSlc-WsrWs rats was signifi-
Ž .cantly smaller than that in the control rats Fig. 3 . No

mast cells were histologically confirmed in the dorsal skin
Žof WsRCrSlc-WsrWs rats in 5 mm width: WsrWs,

.none; qrq, 117"13 cells .

3.2. Scratching behaÕior

In Wistar rats, an intradermal injection of poly-L-
Ž .arginine 50, 100 and 200 mgrsite into the rostral part of

the back skin produced scratching behavior with the in-
crease of the injected dose. The numbers of scratching
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Ž . Ž . Ž . Ž .Fig. 7. Effects of capsaicin 52 mgrkg A , LY303870 10 mgrkg B
Ž . Ž .and phosphoramidon 2.5 mgrkg C on the scratching behavior induced

by poly-L-arginine. Capsaicin was given subcutaneously in eight doses
Ž .0.3, 0.6, 1.2, 2.4, 2.5, 10, 15 and 20 mgrkg over 2 days. The animals
were intradermally injected with 200 mgrsite of poly-L-arginine 6 days
after the last injection of capsaicin. LY303870 or phosphoramidon was
administered intravenously 5 min before the intradermal injection of 200
or 50 mgrsite of poly-L-arginine, respectively. The scratching around the
injected site with the hind-paws was counted for 30 min after the
intradermal injection. Each value represents the mean"S.E.M. from 8 to
9 animals. )P-0.05, ))P-0.01 compared with the value in the
vehicle-treated group.

Ž .timesr30 min were 1"0, 6"5, 37"15 and 77"14
Ž .mean"S.E.M., ns4 following 0, 50, 100 and 200
mgrsite of poly-L-arginine, respectively. In the subsequent
experiments, 200 mgrsite of poly-L-arginine was used
since this dose produced the scratching behavior sufficient
to assess the effects of drugs.

ŽPoly-L-aspartic acid 2, 20 and 200 mgrsite, intrader-
.mally inhibited the scratching behavior with the increase

of the injected dose, and completely inhibited it at 200
Ž .mgrsite. The numbers of scratching timesr30 min were

37"8 for the control, 27"8 at 2 mgrsite, 25"5 at 20
Ž .mgrsite and 5"1 at 200 mgrsite mean"S.E.M., ns8 ,

Ž .respectively. Naloxone 1 mgrkg, i.p. , an opioid receptor
antagonist, suppressed the poly-L-arginine-induced scratch-

Ž .ing behavior by 75.0% Fig. 4 .
ŽAn intradermal injection of histamine 0.005–500

. Ž .mgrsite or substance P 30–300 mgrsite failed to induce
Ž .scratching behavior Fig. 5A and B . Intradermal injections
Ž .of the lower doses 0.005–5 mgrsite of substance P also

did not elicit scratching behavior. The numbers of scratch-
Ž .ing timesr30 min were 2"0, 0"0, 2"2, 3"3 and

Ž .3"2 mean"S.E.M., ns3 following 0, 0.005, 0.05,
0.5 and 5 mgrsite of substance P, respectively. Intradermal
injections of serotonin at the high doses of 50 and 500

Žmgrsite significantly induced scratching behavior Fig.
. Ž .5C . Methysergide at 3 mgrkg p.o. significantly inhib-

Ž .ited the serotonin 500 mgrsite -induced scratching behav-
Ž .ior. The numbers of scratching timesr30 min were 88"

21 for the control, 75"12 at 0.1 mgrkg, 45"6 at 1
Ž .mgrkg and 27"4 at 3 mgrkg mean"S.E.M., ns8 ,

respectively. Thereby, 3 mgrkg of methysergide was used
for assessing the effects on the poly-L-arginine-induced
scratching behavior.

Ž .Chlorpheniramine 10 and 30 mgrkg, p.o. and methy-
Ž .sergide 3 mgrkg, p.o. did not inhibit the poly-L-arginine

Ž . Ž200 mgrsite -induced scratching behavior Fig. 6A and
. Ž .B , and their combination also failed to inhibit it Fig. 6C .

Ž .Capsaicin desensitization 52 mgrkg, s.c. and
Ž .LY303870 10 mgrkg, i.v. inhibited the poly-L-arginine

Ž .200 mgrsite -induced scratching behavior by 62.8% and
Ž . Ž95.0%, respectively Fig. 7A and B . Phosphoramidon 2.5

. Ž .mgrkg, i.v. enhanced the poly-L-arginine 50 mgrsite -
Ž .induced one by about fourfold Fig. 7C .

Ž . ŽIn mast cell-deficient WsRCrSlc-WsrWs rats 235"
. Ž49 timesr30 min as well as in the control WsRCrSlc-

. Ž .qrq rats 109"22 timesr30 min , poly-L-arginine
Ž .200 mgrsite, intradermally induced scratching behavior
Ž .Fig. 8 . The number of scratching in WsRCrSlc-WsrWs

Fig. 8. Comparison of the poly-L-arginine-induced scratching behavior
Žbetween the mast cell-deficient and the control rats. Poly-L-arginine 200

. Ž .mgrsite was injected intradermally into the mast cell-deficient WsrWs
Ž .rats and the control Wild ones. The scratching around the injected site

with the hind-paws was counted for 30 min after the intradermal injec-
tion. Each value represents the mean"S.E.M. from eight animals. )P-

0.05 compared with the value in the control rats.
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rats was significantly higher than that in the control rats
Ž .Fig. 8 .

4. Discussion

In the present study, we observed that the cationic
polypeptide poly-L-arginine induced cutaneous vascular
hyperpermeability and scratching behavior, and that both
responses were inhibited by poly-L-aspartic acid, a nega-
tively charged polypeptide. These observations indicate
that the poly-L-arginine-induced responses were elicited by
the cationic nature of this polypeptide but not by any
non-specific effect. Moreover, these responses are sug-
gested to mimic the skin inflammation involving the en-
dogenous polycations, like MBP.

The present study showed that the poly-L-arginine-in-
duced vascular hyperpermeability was partially suppressed
by chlorpheniramine or methysergide and was almost com-
pletely suppressed by their combination, suggesting an
involvement of histamine and serotonin in the increase of
vascular permeability. In the present study, moreover,
poly-L-arginine only minimally increased cutaneous vascu-
lar permeability in mast cell-deficient rats as compared to
the control rats. These results indicate that the poly-L-
arginine-induced dye leakage is produced almost exclu-
sively by mast cell-derived histamine and serotonin. In-
deed, polycations are reported to induce histamine release

Ž .from human skin mast cells Benyon et al., 1989 and rat
Ž .peritoneal mast cells O’Donnell et al., 1983 . Mast cells

activated by various stimulators including basic poly-
peptides are also known to release serotonin as well as

Ž .histamine Uvnas, 1974 .¨
The present study also showed that capsaicin desensi-

tization and the tachykinin NK receptor antagonist1

LY303870 partially suppressed the poly-L-arginine-in-
duced cutaneous vascular hyperpermeability, while the
neutral endopeptidase inhibitor phosphoramidon enhanced
the poly-L-arginine-induced one. These results suggest that
the sensory neuropeptide substance P is involved in the
vascular hyperpermeability. In fact, substance P is reported
to release histamine from rat peritoneal mast cells via

Ž .tachykinin NK receptors Ogawa et al., 1999 . Collec-1

tively, poly-L-arginine is assumed to induce vascular hy-
perpermeability at least partly by releasing substance P
from capsaicin-sensitive sensory nerves, resulting in the
activation of mast cells to release histamine and serotonin.
Indeed, polycations are shown to release substance P from

Ž .rat dorsal root ganglia Garland et al., 1997 and from
Ž .sensory nerves Coyle et al., 1994 .

We found that poly-L-arginine induced scratching be-
Ž .havior in rats. Andoh et al. 1998 demonstrated that the

substance P-induced scratching behavior in mice was an
itch-associated reaction because the opioid antagonist
naloxone suppressed the scratching behavior. Naloxone is
known to inhibit the pruritus, which is the most common

side effect associated with the epidural or intrathecal injec-
Žtion of opioid analgesics, especially morphine Saiah et al.,

.1994 . In addition, naloxone ameliorates itch sensation of
Žthe patients with pruritic diseases Bernstein and Swift,

.1979; Bergasa et al., 1992 , and inhibits the scratching of
Ž .the patients Bergasa et al., 1992 . In this study, the

poly-L-arginine-induced scratching behavior was also de-
pressed by naloxone. Thereby, it is supposed that the
poly-L-arginine-induced scratching behavior is an itch-re-
lated reaction.

The present study indicated that neither chlorpheni-
ramine nor methysergide affected the poly-L-arginine-in-
duced scratching behavior, suggesting that the activation of
histamine H or 5-HT receptors is not involved in the1

scratching behavior in rats. In addition, exogenous his-
Ž .tamine 0.005–500 mgrsite failed to induce scratching

behavior, and exogenous serotonin only at its high doses
Ž .50 and 500 mgrsite induced scratching behavior. Fur-
thermore, poly-L-arginine elicited scratching behavior even

Ž .in mast cell-deficient WsRCrSlc-WsrWs rats, and the
frequency of scratching was even higher than that of
control rats. These results indicate that histamine or sero-
tonin, derived from mast cells, is not essential to the
poly-L-arginine-induced scratching behavior in rats, though
both amines are known as itch mediators in humans
Ž .Hagermark, 1974; Weisshaar et al., 1997 and in some¨

Žstrain of mice Inagaki et al., 1999; Yamaguchi et al.,
.1999 . Although it is not clear why the number of scratch-

ing in the mast cell-deficient rats was higher than that in
the control ones, the deficit of the anion heparin due to the
lack of mast cells may have contributed to the higher
frequency of scratching.

Capsaicin desensitization and LY303870 significantly
suppressed the poly-L-arginine-induced scratching behav-
ior, while phosphoramidon enhanced the poly-L-arginine-

Ž .induced one. In the in vitro Garland et al., 1997 and in
Ž .vivo Coyle et al., 1994 experiments, polycations have

been shown to induce substance P release from sensory
nerves. These findings suggest that the release of substance
P from sensory nerÕes is involved in the poly-L-arginine-
induced scratching behavior. On the other hand, intrader-
mal injection of substance P did not induce significant
scratching behavior in rats, suggesting that this peptide is
not a main peripheral mediator for the poly-L-arginine-in-
duced scratching behavior. Substance P is known to be a
neurotransmitter not only in the afferent sensory neurons

Žin the skin but also in the spinal cord Otsuka and Yanagi-
.sawa, 1990 . In fact, the tachykinin NK receptors are1

Žexpressed in the rat spinal cord Yashpal et al., 1990;
.Moussaoui et al., 1992 . Moreover, substance P is reported

to facilitate the activation of spinal dorsal horn neurons
Ž .following noxious peripheral stimuli Henry, 1976 . Simi-

larly, substance P is assumed to mediate at the level of
spinal cord the transmission of itch sense from the periph-
ery to the brain in the poly-L-arginine-induced scratching
behavior. It is thus suggested that LY303870, acting on the
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tachykinin NK receptors in the spinal cord, inhibited the1

poly-L-arginine-induced scratching behavior. Indeed,
LY303870 is a centrally active tachykinin NK antagonist1
Ž .Iyengar et al., 1997 . Accordingly, we hypothesize that, in
the poly-L-arginine-induced scratching, substance P acts as
a spinal transmitter. This hypothesis is partly based on the
desensitizing effect of capsaicin on the scratching behav-
ior. However, since ablation of capsaicin-sensitive neurons
is widely known to have consequences on a range of

Ž .afferent modalities McMahon and Koltzenburg, 1992 ,
there remains a possibility that the other mediators than
substance P are involved in the response. Further studies
are required to confirm the present hypothesis of substance
P as a spinal transmitter in the poly-L-arginine-induced
scratching.

The present findings that poly-L-arginine induced the
scratching behavior as well as the vascular hyperperme-
ability suggest that the polycation, possibly derived from
eosinophils, is one of the mediators responsible for the
pathogenesis of pruritic dermatitis. This is supported by
the observation that MBP is deposited in the skin of the

Žpatients with urticaria or atopic dermatitis Peters et al.,
.1983; Leiferman, 1989 . The present results also suggest

that histamine and serotonin from mast cells and substance
P from sensory nerÕes play crucial roles in the vascular
hyperpermeability and the itch of the pruritic dermatitis
involving MBP. In fact, repeated topical treatment with
capsaicin is reported to ameliorate pruritus in the patients

Ž .with urticaria or atopic dermatitis Cappugi et al., 1989 .
Thus, the presently clarified, poly-L-arginine-induced re-
sponse in rats seems to be an appropriate animal model to
investigate the pathophysiology of the pruritic dermatitis
involving polycations and to examine the effects of drugs
on this disease as well.

In conclusion, the present study demonstrated that poly-
L-arginine induced scratching behavior, which may be an
itch-associated response, in addition to cutaneous vascular
hyperpermeability in rats. The present results suggest that
both the cutaneous vascular hyperpermeability and the
scratching behavior are at least partly mediated by the
sensory neuropeptide substance P. Additionally, mast cell-
derived histamine and serotonin are suggested to be in-
volved in the cutaneous vascular hyperpermeability but
scarcely, if any, in the scratching behavior. Polycations
may thus play roles in the pathogenesis of pruritic dermati-
tis.
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