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Inducible Histamine Protects Mice from Hepatitis through H,-receptor Stimulation
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Histamine is well known for its roles in allergic diseases and anaphylaxis through H;-receptor stimulation. The H;-
receptor stimulation by histamine results in an increase in vascular permeability, vasodilatation, and stimulation of
nerve terminals in primary sensory neurons, thereby accelerating the inflammatory responses. On the other hand, hista-
mine has been demonstrated to be involved in the regulation of innate and acquired immune responses through H,-
receptors. In a previous study with human peripheral blood mononuclear cells, we observed that histamine exerts vari-
ous regulatory effects on monocyte/macrophage function. In this review, we discuss how inducible histamine protects
mice from lethal hepatitis, induced by heat-killed P.acnes (1 mg, i.v.) followed by challenge with a low dose of
lipopolysaccharide (1 ug), by reducing the excessive cytokine response in the liver. In addition, from in vivo studies with
histidine decarboxylase knockout and H,-, H,-receptor knockout mice, the protective effect of histamine against ful-
minant hepatitis is shown to be elicited through H,-receptor stimulation.
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252 DEEEERZERT UENWSY 1 7 DFEEK
ThHs. HEMEERY I OEERICLEREZSY
I UEREEFETH S HDC (histidine decarboxylase)
EHEOBEIX, URKUS Y T4 R (LPS) &
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INT BRI B W THREBY NS Z &0
5, AREEOEEENRBINTNS. H
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RETINZERWZHEEE 25 X 2 ORERERAT DKL
REMPNT 5.%10
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B2 1R E
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Wik, b 24 I 2EREE TdH 5 HMT (histamine
N-methyltransferase) DOFHE#K /s &2 F W T, Fig.
LiZRLZ7 0 =)L Tt T2 729
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BIZOWTHEZMA 7 (Fig. 2(a)). XiZ, HDC
R T X (HDC-/-) RZRAEXKRE T X (HR
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TORER, WEMI T ZIIHRAZFEL 55,
H, ZBIKEMETHS 77y EF P> (5mg/kg,
SC,2[H) ©F=F > (10mg/kg, SC, 2 [A]) %
BEUZETIE, AHEAHRKEGHICHRTHEHER
EHEROKT, TROBREOHEEMMNA SN
. =7, HiXBREHETHZ /707225
X > (4mg/kg, SC, 2 [H) HEBHITHWTIE, &£
AR GH &N THREBRERIZED SN/
-7z (Fig. 2(a)).
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O H, ZBRMRRE < U ZIFERICL TIHFAERE Z 5]
SEILUAEFEROELZRMFLZE IS, HDC X
#HY X (HDC-/-) RO H, ZHRERETT X
(H2R-/-) DOliF & HITEL WEFRDIL TR
HHN (Fig. 2(b), 2(c)). AT, HDC RIEY
JATERY I &K TG (4mg/ke, SC, 2 [A])
L&A, o HFERIIBENT T ADER
RLNR)VETHET S ZEBFERICHS M ER- 7
(Fig. 2(b)).

Figure 2 (a) TI7o> R EEETFT IV ERITB W
T, TNZTHNOME T T X TRRFIIC MK 2 £RE L
Hig&DEFEHETH DT ANTF BT I/ hT >
X7 = 7—1 (AST, aspartate aminotransferase)
WEHEENC Y S =Z>7YI /)T 2R 725 —F
(ALT, alanine aminotransferase) & 2 HE 3 %
ZEiTE-> THEEOREE ZMmF Lz (Fig. 3).
P.acnes/LPS lLiEIZ &> T, AST & ALT OWiE
DEMNED 5N, HEENEREIN TS Z &N
RSNz, HREERIC Hy, 2B KERZE (77
EFD) EHREGELUREMTIE, S5ITHER AST
KMOVALT {EHE DK, 705K T2RAS
1 (Fig. 3), Fig. 2(a) THR/=AFROEKE & D
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H, ZBKEMETHLZ 70T 225 I G5
SRR E R TR EREBLZ DS S an-o T,
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Famotidine, 5mg/kg s.c.
Ranitidine, 5mg/kg s.c.

Histamine, 4mg/kg s.c.

d-chlorpheniramine, 4mg/kg s.c.
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Fig. 1. Protocol for Preparation of P.acnes-Primed and LPS Induced Hepatitis in Mice
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Fig. 2. Survival Rates of Wild-Type, HDC-/- and H2R—/- Mice with P.acnes-Primed LPS Induced Hepatitis

The mice received an i.v. injection of 1 mg P.acnes suspended in 100 ul saline, followed by an i.v. injection of 0.5 mg LPS in 100 ul saline 7 days later. The wild-
type mice were treated with d-chlorpheniramine (CHL), famotidine (FAM) or ranitidine (RAN) (a), and HDC—/— mice were treated with histamine (HA) (b).

The histamine receptor antagonists or histamine were injected into mice 10 minutes before and 2 hours after the challenge with LPS. (¢) The survival rate of H2R—/
— mice was compared with the respective wild-type mice. cited from Ref. 9)
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Fig. 3. Change of Plasma AST and ALT Levels in Wild-Type Mice with P.acnes-Primed LPS-Induced Hepatitis
The plasma AST and ALT levels in wild-type mice treated with d-chlorpheniramine (CHL) or famotidine (FAM) 6 hours after the challenge with LPS. Hista-

mine receptor antagonists were injected into mice 10 minutes before and 2 hours after the challenge with LPS. *p<(0.05 compared with the value by treatment with
P.acnes alone. *p<0.05 compared with the value by treatment with P.acnes plus LPS. cited from Ref. 9)
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Fig. 4. Effect of Amodiaquine, a Specific Inhibitor of Hista-
mine N-Methyltransferase, on the Survival Rate of Mice with AST
P.acnes/LPS- Induced Hepatitis
The wild-type mice received an i.v. injection of 1 mg P.acnes suspended (KAU)
in 100 4l of saline, followed by an i.v. injection of 1 mg of LPS in 100 ul of %
saline 7 days later. Amodiaquine was administered to mice 10 min before 600 -
challenge with LPS. cited from Ref. 10) {
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Fig. 5. Effect of Amodiaquine on the Serum Levels of ALT
and AST in the P.acnes/LPS- Induced Hepatitis Mice
Serum ALT and AST levels in wild-type mice treated with amodiaquine
10 min before challenge with LPS. **p<{0.01 in comparison to the value
treated with P.acnes alone. **p<0.01 in comparison to the value treated with
P.acnes plus LPS. cited from Ref. 10)
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TR, TORE, WMvA1 A2 &bl
H, ZAKREMETHD 7 7y EF P TUEL R
DI HRBEIC LN TH DN RN EBEICER L TN
T EMHS NI /= (Fig. 6). Hy Z& KK
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HETIVRIZBWT HDC-/-X 7 AT, B4R
ICHARTHRERICHES WY1 M1 > OB EN
MHTEWI &, TR I 2HEYE L TR
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ENT, HRERITHED BT A1 b1 B OHE
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Fig. 6. Expresssion of Pro-IL-18 and TNF-« in the Liver of Wild-Type and HDC—-/— Mice Treated with P.acnes and LPS

Mice were administered d-chlorpheniramine (CHL), famotidine (FAM) or histamine (HA) 10 minutes before and 2 hours after the challenge with LPS. Three
hours after LPS challenge, mice were killed, and liver samples were prepared for electrophoresis. Pro-IL-18 and TNF-a were detected by Western blotting, and the
results quantified by image scanner were normalized by S-actin. *p<{0.05, **p<(0.01 compared with the value in the respective wild-type mice treated with P.acnes
and LPS. #P<0.01 compared with the value in the HDC—/- mice treated with P.acnes plus LPS. cited from Ref. 9)
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BboTWbZEH, HDC RIEXT A ET A MM
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U 7 BOSIE ez fifla Ot Re 2 SR i 2 2 & THENE AR
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