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We established a novel dermatitis model in mice earlobes and analyzed the roles of histamine using specific an-
tagonists for histamine receptors. After sensitization with picryl chloride (PiCl) by painting it on the earlobes of cy-
clophosphamide-treated mice, 12-O-tetradecanoylphorbol 13-acetate (TPA) was painted twice at the same site, and
then allergic inflammation was induced by painting with PiCl. Histamine antagonists and cyclosporin A were ad-
ministered i.v. The application of TPA shifted the PiCl-induced allergic inflammation from a delayed-type response to a
biphasic response and increased the infiltration of eosinophils and mast cells at the inflammatory site. In this model, the
PiCl-induced increase in the thickness of the earlobe in the immediate phase was suppressed by the histamine H; an-
tagonist pyrilamine. In contrast, the increase in the swelling in the late phase and the infiltration of eosinophils were sup-
pressed by the H;/H, antagonist thioperamide. The inhibitory effect of the combined treatment with pyrilamine and
thioperamide on TPA-modified contact dermatitis was as potent as that of cyclosporin A. Histamine plays significant
roles in early-phase swelling via H, receptors and in late-phase swelling via H;/H, receptors in this TPA-modified allergic

dermatitis model.
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Fig. 1. Experimental Schedule
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Fig. 2. TPA-modified Contact Dermatitis

Mice were treated as described in Fig. 1. Twenty four hours later, the
ears were photographed (a) . Then, the ear lobe tissues were excised and fixed
in 10% neutral buffered formalin. The tissue sections were stained with
hematoxylin and eosin (b). A scale bar represents 100 um. The detail of the
data is described in ref. 19 by Hirasawa ef al.
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Fig. 3. Effects of TPA Application on the Time Changes in
the Ear Thickness in the Mice Exposed to PiCl

Mice were treated as described in Fig. 1. (a) Ear lobe thickness was
measured from 0 to 24 h after the PiCl challenge. (b) The ear thickness of
the mouse before the challenge was subtracted from the data in (a) and indi-
cated as the net increase in ear thickness. The values are the means from four
mice with S.E.M. shown by vertical bars. Statistical significance; **p<(0.01,
**%p<0.001 vs. the corresponding control group (None), *p<<0.05 and
#p<0.01 vs. the corresponding PiCl group. The detail of the data is
described in ref. 19 by Hirasawa ef al.
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Fig. 4. Effects of TPA Application on the Number of Eo-
sinophils and Mast Cells in the Ear Lobe Tissue and the Lev-
el of Serum IgE

(a) Blood was collected on days 4, 6, 8, 10 and 12, and the number of
eosinophils in blood was determined. (b—d) On day 12, mice were
challenged with a 1% (w/v) PiCl solution (‘‘PiCI’’ and ‘‘PiCl+TPA”’
groups) or the vehicle (‘“‘None’’ group). Twenty-four hours later, ear lobe

tissue specimens and blood were collected. The number of eosinophils (b)

and mast cells (¢) in the inflammatory lesion, and the level of IgE in serum

(d) were determined. The values are means from three to four mice with

S.E.M. shown by vertical bars. Statistical significance; *p<{0.05, **p<0.01,

**%p<0.001 vs. None, *p<0.05, #p<0.01 vs. PiCl group, and p<0.05,

p<0.01, p<0.001 vs. the corresponding group at 4 days. The detail of the

data is described in ref. 19 by Hirasawa ef al.

4. Thioperamide & cyclosporine A @ 5 &K%
I SIE A

Thioperamide % TF cyclosporine A O i i R 12 11
I 2R EmEt L. HFRREMOBESL
T, &ZEf 12 %O O eosinophil peroxi-
dase (EPO) &Mz MEL . T DHE, thioper-
amide | EPO &% 2 f B E R ICHIHI L, cy-
closporine A EZIFEEEOHMHIEH 2L 72
(Fig. 6). 9 L7=MM> T, EX¥ I VI3 H, ZHF K%
U THERHEEZHH L TWd Z &R In
Tz, ZORRIE, BEXFYIDOM—DEARETDH
LEAF TR RMERE (HDC) /w2777 bY
TAZERWTHR L., §7xbs, HDC /v /oY
T T ZAIZBNTIE, BER T I THER
BN E RIS L (-7 kEH). —7H,
EXZ I I A MO EZHET 21EHNH
% Z LN in vitro DEFRTHE SN TND 2D,
<A M OB DN T HMHT L7z, HDC /
v 77 R ATEMEBP O A DR
MM|EINTHY, AEBRIIBOVTHHERSI N

0.12 4
a . 30 min
. g 0.10 4 T
%E 0.08 -
o O
g _g 0.06 4
% £ 0.04 o
5 J
g o024 5
0 Lo Lol
- - 10 10 10 30 3 (mgkg)
Pyr Cim  Thio CsA
PiCl + TPA
b 0.4
_ 12h
= £ 031
2%
S 3 k3k
§_§ 02 -
: :-E ......
2 ; 0.1 4
M seskk | EEEEEANNYL- - -
0

~ - 10 10 10 30 3 (mgke)
Pyr Cim Thio CsA
PiCl + TPA

Fig. 5. Effects of Histamine Receptor Antagonists on the Ear
Swelling in TPA-modified Contact Dermatitis

Mice were treated as described in Fig. 1. On day 12, mice were in-
travenously administered the histamine receptor antagonist pyrilamine
(Pyr), cimetidine (Cim), thioperamide (Thio), the immunosuppressor
cyclosporin A (CsA), or the vehicle. Thirty minutes later, mice were
challenged with a 1% (w/v) PiCl solution (PiCl4+TPA) or vehicle (closed
column) . Ear thickness was measured before, and 30 min (a) and 12h (b)
after the challenge. The ear thickness of the mouse before the challenge was
subtracted from the data and indicated as net increase in ear thickness. The
values are the means from four mice with S.E.M. shown by vertical bars.
Statistical significance; *p<{0.05, **p<{0.01, ***p<0.001 vs. PiCl+TPA
control. The detail of the data is described in ref. 19 by Hirasawa et al.
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Fig. 6. Effects of Thioperamide and Cyclosporin A on the In-
filtration of Eosinophils

Mice were treated as described in Fig. 1. On day 12, mice were in-
travenously administered thioperamide (Thio), cyclosporin A (CsA), or the
vehicle. Thirty minutes later, mice were challenged with 20 mlof a 1% (w/v)
PiCl solution (PiCl4+TPA) or the vehicle (closed column) by painting on
the right ear lobe. The ear lobe tissues were excised 12 h after the challenge,
and the EPO activity was determined. The values are the means from four
mice with S.E.M. shown by vertical bars. Statistical significance; *p<0.05,
**p<0.01 vs. PiCl1+TPA control. The detail of the data is described in ref.
19 by Hirasawa et al.
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Fig. 7. Effects of Combined Treatment of Pyrilamine with
Thioperamide on the Ear Thickness
Mice were treated as described in Fig. 1. On day 12, mice were in-
travenously administered pyrilamine (10 mg/kg) and thioperamide (30 mg/
kg) (Pyr+Thio), cyclosporin A (3 mg/kg) (CsA), or the vehicle (Vehicle).
Thirty minutes later, mice were challenged with 20 ml of a 1% (w/v) PiCl
solution (‘“‘Pyr~+Thio’’ and ‘‘CsA’’ groups) or the vehicle (‘‘None’” group)
by painting on the right ear lobe. Ear thickness was measured at the indicated
time after the challenge. The ear thickness of the mouse before the challenge
was subtracted from the data and indicated as the net increase in ear thick-
ness. The values are the means from four mice with S.E.M. shown by vertical
bars. Statistical significance; *p<{0.05, **p<{0.01, ***p<0.001 vs. PiCl+
TPA control (Vehicle) at the corresponding time point. The detail of the
data is described in ref. 19 by Hirasawa ef al.

EMEEINZNS D, H SHMEEFER O RIZ
METHHDTIERN>E. TUINF—HEERD
HERIZPBNT, ERY I IITDORA TR ZR
KENUERZRBEL TSR RB I N T
ETNVS., FIZITEESIZIERY I UMVEBERIEIC
BWTHELESIN, H, ZHERZ N L TIEHE
5L TWAHZEBHENILTNS 0 ZDXD
12, 7 UIVF—HEEBICIE H) 2R PR 2 Bl
THEHATZ2OTIERLS, TOREIZHEDET, Hy
SZHERIETED 2 W H, ZREETEZFHL T
AN Z&ITRD, BENREBARSED 0]
HRTHDHEEALNS.

REFERENCES

1) Hanifin J. M., Clin. Rev. Allergy, 4, 43-65
(1986) .

2) Hashizume H., Takigawa M., Curr. Opin. Al-
lergy Clin. Immunol., 6, 335-339 (2006) .

3) Lin Y. T., Wang C. T., Chiang B. L., Clin.
Rev. Allergy Immunol., 33, 167-177 (2007) .

4)  Shiraishi M., Hirasawa N., Kobayashi Y., Oi-
kawa S., Murakami A., Ohuchi K., Br. J.
Pharmacol., 129, 515-524 (2000) .



184

Vol. 131 (2011)

5)

6)

7)

8)

9)

10)

11)

12)

13)

Shiraishi M., Hirasawa N., Oikawa 8S.,
Kobayashi Y., Ohuchi K., Immunology, 99,
600-606 (2000) .

Jutel M., Blaser K., Akdis C. A., Int. Arch.
Allergy Immunol., 137, 82-92 (2005) .
Nguyen T., Shapiro D. A., George S. R., Seto-
la V., Lee D. K., Cheng R., Rauser L., Lee S.
P., Lynch K.R., Roth B. L., O’ Dowd B. F.,
Mol. Pharmacol., 59, 427-433 (2001).
Daugherty B. L., Br. J. Pharmacol., 142, 5-7
(2004) .

Hofstra C. L., Desai P. J., Thurmond R. L.,
Fung-Leung W.-P., J. Pharmacol.
Ther., 305, 1212-1221 (2003).

Ling P., Ngo K., Nguyen S., Thurmond R. L.,
Edward J. P., Karlsson L., Fung-Leung W.
-P., Br. J. Pharmacol., 142, 161-171 (2004).
Bell J. K., McQueen D. S., Rees J. L., Br. J.
Pharmacol., 14, 374-380 (2004) .

Kitagaki H., Ono N., Hayakawa K., Kitazawa
T., Watanabe K., Shiohara T., J. Immunol.,
159, 2484-2491 (1995).

Kitagaki H., Fujisawa S., Watanabe K.,
Hayakawa K., Shiohara T., J. Invest. Der-

Exp.

14)

15)

16)

17)

18)

19)

20)

matol., 105, 749-755 (1995).

Harada D., Takada C., Tsukumo Y., Takaba
K., Manabe H., J. Dermatol. Sci., 37, 159-167
(2005) .

Satoh T., Chen Q. J., Sasaki G., Yokozeki H.,
Katayama I., Nishioka K., Eur. J. Immunol.,
27, 85-91 (1997).

Kootiratrakarn T., Fujimura T., Sano K.,
Okuyama R., Aiba S., Tagami H., Terui T.,
Eur. J. Immunol., 35, 3277-3286 (2005) .
Ikezawa Y., Nakazawa M., Tamura C., Taka-
hashi K., Minami M., Ikezawa Z., J. Dermtol.
Sci., 39, 105-112 (2005).

Grabbe S., Steinert M., Mahnke K., Schwartz
A., Luger T. A., Schwarz T., J. Clin. Invest.,
98, 1158-1164 (1996) .

Hirasawa N., Ohsawa Y., Katoh G., Shibata
K., Ishihara K., Seyama T., Tamura S., Hong
J., Ohuchi K., Int. Arch. Allergy Immunol.,
148, 279-288 (2009) .

Ghosh A. K., Hirasawa N., Ohtsu H., Wata-
nabe T., Ohuchi K., J. Exp. Med., 195, 973—
982 (2002).



