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=Abstract=
Role of Endogenous Histamine on the Pathogenesis
in the Endotoxin-Induced Acute Lung Injury
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Jeoung Eun Choi", M.D., Yeon Mok Oh. M.D., Tae Sun Shim, M.D.,
Chae Man Lim, M.D., Sang Do Lee, M.D., Woo Sung Kim, M.D.,
Dong-Soon Kim, M.D., Won Dong Kim, M.D., Younsuck Koh, M.D.

Department of Internal Medicine, Kwang-Myung Sung-ae General Hospital', Divsision of Pulmonary
and Critical Care Medicine, Department of Internal Medicine, University of Ulsan College of Medicine,
Han Yang University College of Medicinex, Kwandong University College of Medicine”,

Asan Institute for Life Science, Seoul, Korea

Background : Histamine is widely distributed in the lung. It increases capillary permeability and the
P-selectin expression on vascular endothelial cell surfaces. We studied the role of endogenous histamine on
the pathogenesis of endotoxin-induced acute lung injury (ALI) in rats.

Methods : We instilled either normal saline (control group) or lipopolysaccharide (3 mg/Kg, LPS group) tc
tracheas of Sprague-Dawley rats. Hl-receptor blocker (mepyramine, 10 mg/Kg, HIRB group), H2-receptor
blocker (ranitidine, 10 mg/Kg, H2RB group), and H3-receptor blocker (thioperamide, 2 mg/Kg, H3RB group) .
were administered through vein or peritoneum along with intratracheal LPS administration. Statistical
significance was accepted at p<Q.(b.

Results @ LPS increases the histamine level in BAL fluid significantly at 2 h after the treatment
compared with control group. LPS significantly increases protein concentration, PMN cell count in
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bronchoalveolar lavage (BAL) fluid, and myeloperoxidase (MPO) activity in the lung tissue at 6 h

compared to control group. PMN cell count in BAL fluid and MPO activity in lung tissue were

significantly lower in HZRB-group compared to LPS-group. However, protein concentration in BAL fluid
showed no significant differences between the LPS alone and LPS with histamine receptor blockade.

Conclusions

Endogenous histamine might be involved in the recruitment of PMNs in LPS-induced

ALI via H2 receptor. However, its role in AL] would not be significant in this model. (Tuberculosis and

Respiratory Diseases 2003, 54:91-103)
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2P Aed dF hgog HIAHE
FT, 843 2 TNF-e, proteases, arachldomc
acid AMEE Zela &4 A7) Fol misfsh:
Ao A It o] F HYFAN YELR
TrEE 34 JA&4E Us2d 98 343
S Wxsad o8 SAdsd T, Axd4
AE 4 AN EEZRE S8de 9% &
A Ale] EFRl (proinflammatory  cytokine)$
IL-1, -8 ¥ TNF-e ¢ 95 A4 AolE7}Q
(antiinflammatory cytokine)$l IL-10 59 435 %
S50 I WA 2 #A3te Aoz Ui
A gop olyd BFEWoR FAHEA ]
el a7t B AR EAE %3k

s AEHS B2 34 9548 4889 T8 v

Histamine, Acute lung injury (ALI), Endotoxin, Histamine receptor blockades.

NEAZ Z 494 glod AEy F9d R¥xs)
¥ HREA E (mast cell)oll FH38}A BEEslme 3
eI 54 #&e] dae o 71 Ad st
of B& AYEol yHogP " Hz wxg
o] &3 WE4AE fiHE 4 dHEN ZdoA
+ Hl 9 B2 84 g 3| 2ePDAE o] &3}
of WelAd slxebale] 282 g Al [P-BSAS
ol&std FAG ¥ whd FEXE7F WEAdl
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A% FREFT HE EAEH WYAE 2 gz
xS B 71 71de Bodiths AE A
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AZA RS gl 2 IDH 555 F9stA 24
HRomR s sty 1 Aol Frkd W
J74d slaEe] F2 H2 TEAE £8i9 Hx
AEe] T F71 485 VEPE Ao AlgH
AT, s olEd ArAFNNE FA4 HE
& 2EoM Ul s AEIY FEE A &%
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1. A8 SR XETQ MR

w54 270-370g?1 Sprague-Dawley 52 #(Sec -
tion of Laboratory animals, ASAN Institute for
Life Science, Seoul, Korea)& Al&3}o] tjzite
A 44 05 mE 7% W Fosln, WELLE
2 U= -2 (Escherichia coli lipopolysaccharide 055;
B5, sigma, L2880, St. Louis, MO, USA)E 7%
HE AT 2 3 mge Foaste 34 dsde &
depgich. Fel2El AxFE WE: FY FA
of Hl &3 294 mepyramine (pyrilamine,
Sigma Chemical, St. Louis, MO, USA)& A% kg
3 10 mg AFSIANHL ARDY, H2 544 2}
@A ranitidine (Zantac® : Glaxo Smith Kleine,
USA)E A% kg? 10 mg FFAU H3 44
Al AA thioperamided A% kg% 2 mge ®
4 g FAEATHHZ 2 H3 AR 3).

2. 8 3y

1) %48 §

A48 Fd enfluraned 71EE2 FYANN %
ketamine (40 mg/kg, Boerhinger Ingelheim, St.
Joseph, MO, USA)# xylazine (3 mg/kg, Haver,
New York, NY, USA)Z &% W Edstod #H
A AR F AAAQ wHE FEdA VEet
A 2o B Uz A 495 e yEAe
FE et 5 FAF F 2 A9M ogg 4F

WA A7t BESHES STk

2) 6AIZH 2Y ¢

715 W %kEE T F 5A17 308 Hol| keta-
mine (90 mg/kg, Boerhinger Ingelheim, St. Jose -
ph, MO, USA)#} xylazine (7 mg/kg, Haver, New
York, NY, USA)E& 57 U F93d nj3 g 4=
stttz A¥ TolAM 471 v £ 16-gauge
stub adaptor tubeE F71#X o] AUANIIT HE
AT E7)0 4AF A AR 2 HEELS A
sto] $AHE T8l svd 200898 F9) F 0
ol %354 phosphate-buffered saline (PBS)<
5 Z(masterflex pump, Cole-Parmer Instru-
ment Co. Barrington, IL, USA)E A}43ld #H&
BFAZIHA 45 H AFE A gy
e 23E 243 3579 HA8S 47 9
&t myeloperoxidase S4 %S =AY} W
ARG FE To 3 6AZ Ho vl g2 ¥
71% W 16-gauge stub adaptor tube® AFlstm
712 Y2 Aedde 6my 33 We F R
< F AHEARYS AAR Aok

3) HEMHY S|AEND] HX HHo HE :

kg Fal F 1M7L 2412 E 6X 79 uHE &
¥ 71% W 16-gauge stub adaptor tubeE Ar¢)3}
I 71= e BENAT 6 my 3 3] e 7 5
2L F AxAAdE AAR Agstgnt

3. 53 HTE

1) g8 9 HEMHY f |2 552 X

Zb oA 1AIRE 2212 2 6AIzel ZHz BelEl A
A3 AZAHAE 5319 Astoria Analyzer
Series 300(Clackamas, Oregon 97015-0830 USA)
&AM AP FYPor sAENeY FRg =
LEEY
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2) H& W myeloperoxidase(MPO)2| &ML

%7] /\l%f& e AL A5 HE o] &y
F& 24 -0C ¥F B#Eem MPO 574
Al AAE 59U F 2AE47](Vertishear tissue
homogenizer, Virtis, Gardiner, NY, USA)E 4 ml
¢] phosphate buffers} $4 23121 & Sorvall
RC-5B refrigerated centrifuge (Dupont Instru-
ments, Irving, TX, USA)ZA 4ColA 30000g 2
3057 YAEY 3 Pellets oW o]& o
Al 4 ml phosphate buffer®} 05% hexadecyl-
trimethyl ammonium bromide®A # 42 & t}
Al 9% E9 sonification (Kontes micro-ultra-
sonic cell disrupter, Vineland, NJ, USA)AIZth
A FARA AAE 22 o EAske MPOYAA
g BgAEA 7] 98 60ToA 247 Bt B
AN 8 O-dianisidines o83 445 (spe-
ctrometry) 2.2 MPO2] BAEES =43cH,

74 Tl A @1%& mlzﬂlz*@l dAE A2 F
A P(aliquot)diA 60T d& F HAb
of olgatgct. dd &#oE AEx leukocyte
e % olE 1 mY dEAezA

=
=
2o 3 YA (hemocytometer) 24 & ¥ &

o aF7-o WEES AN A
S Auge A AR F 4F9e B
gygoz Husigon, HIEAHNY duigk
BSA %8 HFO= bicinchoninic acid (BCA)
method "% ol-&8te] Tat%th

3. ANz

AR Frstgen, Hx
A MPO &€A4xE Z9dgt(median)® H$(range) =

#7150k di2E, Wsaw, P2k AATE
Apolel &A4gke EAFHT SPSS 100 (SPSS
Inc., Chicago, IL, USA)< ©]-4-3}49 nonparametric
Kruskal-Wallis test& A3 ¥ Duncan’s multiple
com-parison®. & T4 ¢ FA AF Alo]9] zlol
g Awse F 7 Alole] Hl@¥E Mann-Whitney
U test2A4 AAZsAh #o +E& p<0062 8
ek

2

1. HEAMHY U 8§83 SIAER 29| 5F

AN e TR dxTdA A
& BEd 31 (n=H), 2 (n=4), 6 (n=4) A7kl 2z}
zZ 2878833 ng/ml, 31.671953 ng/ml, 2890+
672 ng/miel e WELT(n=Hod e WEA
Eo & 7} AzZhhel] 2758%£6.72 ng/ml, 75.96%
485 ng/ml, 374711059 ng/mieE WE4 Fd
T 2N tzTel HlE] fojstAl &kt
(p=0.016). aF3|2El9l HEFolA HEAHH &
28 FEE Hl HAXZ0=H94 H5L Fd
& 7} A7iefel 410512304 ng/ml, 81.79+12.32
ng/ml, 46591752 ng/mle 2 W52 §o ¥ 2
Azt el HE ke AgE Holy
(p=0.063), A HIH8e Aok H2 AHAL

SN E WEA F9 & 72 A7k 6253+
26.76 ng/ml, 19534*5870 ng/ml, 31.98+1650
ng/mie.2 F 2N A O T Zo) )
3 FosA Ekouk(p=0032), WHAl HlF
F98 2ol gt H3 HAF(n=4)olH =
E4 Fo F 7 Azl 614511322 ng/ml,
42.23+1301 ng/ml, 31.12+155]1 ng/mle& A A
ZHell A g zToly WELdtel vlE] BAAo=
Fo3k Aol Atk (Table 1)

g3 sl FEE d2FAM AYHESF
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Table 1. Effects of histamine receptor blockades on BAL histamine level (ng/ml)

1h %h 6h
Control arou 278 + 883 3167 + 953 B0 + 672
Nt group (n=5) (n=4) (n=4)
L g 758 + 672 7596 + 485 3747 + 1059
HlR(E;g)mup 4106 + 2304 8L79 + 12.32 4659 + 1752
ng;g)m“p 6253 + 2676 19534 + 5870" 3198 + 1650
}B}Eﬁj{"“" 6145 + 1322 4223 + 1301 3112 + 1551

'p <0.05 compared with control group

Table 2. Effects of histamine receptor blockades on serum histamine level (ng/ml)

Ih 2h 6h
Contral aron BA6T + 052 11688 = 1632 8084 = 2214
Brou (n=5) (n=4) (n=4)

LPS-group 8624 + 461 %24 = 174 10166 + 499

s 24 2 £ 17, 66+ 4
HIRD group 17079 + 3655 26081 + 3051 1812 + 3086
HERB group 6870 + 29.44 14938 + 2327 371 + %51
RS growp 1325 + %5 1796 = 487° %53 + 1377
' p <0.05 compared with control group
i p <0.05 compared with LPS-group

=

Fo & 1(n=h), 2(n=4), 6(n=4) ATHH ztz
846713052 ng/ml, 11688+16.32 ng/ml, 80.84*
22.14 ng/mlY e WEAFn=HNNE UEL &
of ¥ 1, 2 6N 77 86241461 ng/ml,
9%6.24+1724 ng/ml, 101.66+49 ng/mlz ET
I Hlusted fo3 Aol fITh HI AT
(n=5)9] A% A s2el =& 47 17079+
3555 ng/ml, 26081+3051 ng/ml, 181.26+30.86
ng/mlo2 2A 7 2T 2 WEAT HE &
o&A FI(p=0.029, p=0.016), 6AIZAAE U

sl s} foldhA EaTh (p=0.032) H2 A
T(n=5)8 ZAede 47 687012944 ng/ml,
149382327 ng/ml, 43712651 ng/moZ iz
T R WSaTd BlE FoF 2ol ATk H3
AAZm=A e BH s28¥ FEE 4L32%%
2651 ng/ml, 1796487 ng/ml, 3553+1377
ng/mle 2 AAZ AH WELTd vlE Fo
A @Edth#zt p=0016, p=0.016, p=0.008).
(Table 2.)
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2. Bi& W myeloperoxidase(MPO)2| ®MxE &3

5279 Az4 Wl 43 =Y A A%
W MPO BAEE WETNn=6)0& 1.72(1.33-8.36)
unit/g, WEAT(n=5)& 1805(10.30-25.04) unit/g
o2 USATAA dxdel HlE felsl =
okom(p<0.01), Hl HX#(n=5)< 16.19(11.49-
1661) unit/g, H3 HX(n=5)< 1382(3.93-14.80)
wnit/g® WEAT Bla] feld zolg BolA @
gkoul H2 AAT(n=H)< 7.18(6.68-10.79) unit/g
o2 HAF U MPO @457 yEadd H&f 9
A FHeHp<0.01). (Fig. 1

3. HES XEo 53

HEAHY £ NPT £ R2E(n=4)N A A
g4 B 102 66X 47 7.3311.19%
10%/ml, 177%045% 10%ml, 272052 10%ml ©|
gon YEATNMNE WEL Fd & 1, 2, 64
Hel(n=5) Ztzt 420+2.25%10%/ml, 1401+571
% 10°%/ml, 5355+ 1415%10%ml &2 WELX §F

2, 6A12F Aol F W™ Fr} hERTe W #o
kA i»h:}(l} p=0016). HI AT+ WEL
Ed % 1, 2 6ANAN(Z FAM n=H) 2+ 608
+195%10%ml, 1.96=0.45% 10°/ml, 2587+434><
10/mes WEA o 6AIZAC] F A

WEE b Rl vlE s i’—;-akﬁur
(p=0016), WEATH Bla A] BE AZFHAA
93 ol ¢tk H2 AAFAIAE HWEL F
d % 1, 2 6AAN(Z oA n=b) A4 3R+
19x10%ml, 1.891034x10%ml, 11.62+131X
10%ml 22 WEAa o 3 6A A HAXAHY
z Wy $7 e v FosiA wker
(p=0.016), WEATH HIL Al WEA T 2, 64]
el WEsLTe]  BlE] foskA ”%4(74
p=0008). H3 HXFelME WEL ¥ $ 1,2 6

MPQ activity (unit/g)

Control LPS LPS+H1RB LPS+H2RB LPS+H3RB J

Fig. 1. Effects of Hl, H2, and H3 histamine rece-
ptor blockades on lung myeloperoxidase
(MPQ) activity at 6 hours after lipopoly -
saccharide(LPS) intratracheal instillation in
rats. Lines within box indicate median
value, Whiskers indicate the minimum
and maximum value.
*p<0.05 compared with the control group.
p<0.05 compared with LPS-group.

N7l (n=5) 7tzt 9.87+098% 10%/ml, 342+ 1.39
% 10°/ml, 5131+16.12%10%ml &2 WEL Fo
% GAZHA HAEAHY F W€ FI gz
1] v«lﬁ}ﬂl =9t o Hp=0016), WELTTH H|

AAE &9)8 xlol= glolt) (Table 3)
\]Exﬂﬂoﬂ LH TETE ERI(n=4AA A
Hels 5o T 1 2, 6N 47 074+025%

10%/m, 022+012x10/ml 04z+096x10/nﬂo121
on YExTANE WEL Fd F 1, 2 643
Aol (n=5) ztzk 151+-101x10%ml, 513+219%
108/ml, 5058+ 13.40%x10%ml 2.2 WS %o 26
A7 Aol 2 WETF b iz viE folst
A =gthzt p=0016). HI HAXTolME WER
2ol 3 1 2 6A7ACdM=5) Zt7 0.78+0.28%
10%/ml, 049%0.15% 10%ml, 23.894.06% 10°/ml2.

WEL2 B A HZAHY S5 F
7}tz we oA EotHp=0016), W
24739 Bl A §93 Aol Uitk H2 A

FHE WEA R F 1,2 6A%AN05) &
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Table 3. Effects of histamine receptor blockades on BAL total cell count(10%/ml)

Ih oh o
Control group 733 + 119 177 + 045 272 + 052
LR g 420 £ 225 1401 + 571" 5355 + 1415"
FIRD grow 608 + 19 196 + 045 2587 + 430
H2RB-group 100 + 199 189 + 0.3 1162 + 1.31%
(n=h)
}BR(ﬁ;g)m“p 987 + 0.98 342 + 1.39 531 + 1612

'p <0.05 compared with control group
*p <0.05 compared with LPS-group

Table 4. Effects of histamine receptor blockades on BAL neutrophil count(10%/ml)

1h 2h 6h
Cont(riﬁmup 074 + 0.5 0.22 + 0.12 042 + 026
Lp?rf;) up 151 + 101 513 + 219" 5058 + 13.40"
HlR(?n;g)mup 0.78 + 0.23 049 £ 015 23.89 + 406"
R g 100 + 051 100 £ 017 1060 + 137"
HSR(E;gOUD 149 £ 011" 164 + 0.80" 4755 + 147

'p <0.05 compared with control group
#p <0.05 compared with LPS-group

7+ 1.00+051 % 10/ml, 1.00+0.17x 10%ml, 1060+
137x10%ml 22 W=EA Bd F 6A 7] HAE
ARY 357 71 gz vF FostA =%
oH(p=0016), HEATH VI Aol WS4 F
o] GAIZHAo] W E Aol vlE f3kA Tt
(p=0.008). H3 HAFANME WEL Foq F 1, 2
A A (n=5) Z}7t 1.49+011x10%ml, 164+
080 10°/ml, 47565+1472x10%ml o2 WEx
Eo & &0z AZAHY £FT 57tz
ool BE fdsA wde ki Zz p=0032, p=

0032, p=0016) WEATF HlZAdE FAT A
o= ik (Table 4.

4. H&4 X ES &S

AT GEFe gEzFn=4)4 AHHFF
Fo] ¥ 1, 2, 6A17Ael ZtZF 238831525 pug/m,
56380t 7374 ug/ml, 590.97+54.49 pg/mlolR o,
UEshidMe dEsE: Fo F 1, 2, 623
(n=5) 747} 36808+t11828 peg/ml, 644.47+132.34
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Table 5. Effects of histamine receptor blockades on BAL protein concentration(g/ml)

1h 2h 6h

Control group(n=4) 23333 + 525 55380 + 7374 590.97 + 5449
LPS grou 36308 + 11828 64447 + 132,34 103282 + 15355
HlR(E;g)mup 4644 + 4998 386.97 + 1630 56494 + 15316
H2R(§;§§°“D 41789 + 13573 63313 * 6193 1681.92 + 455.24"
nglgoup 647.33 + 207.31 969.98 + 164.05 273379 + 792.35"

b <0.05 compared with control group

pg/ml, 103282115355 pg/mlZ W54 Fof 6A1ZF
Aol o] dizarel vl frolatA e HIE
B o Hp=0063), BAH Ho42 AUt H1 A
AT E WS Fo £ 1, 2, 620N (n=5) Zt
Zt 4564414998 pg/ml, 3869717630 pg/ml,
56494115316 pg/miz WA AH gz 2
UiEsaad) vlaste fog Aol Itk HZ A
X E WEL Foq T 1, 2, 6A74A 9 (n=5)
Zyz; 41780113573 pg/ml, 6381316193 pg/mi,
168192545524 pg/mlz WS4 F9 6A17HA
galgre] ozl wls]  fojEAl Egeu
(p=0.032) WEZ2TI vl Al Fog 2ol U
o} H3 AR Tl E W5 Fo F 1, 2, 642
Aol (n=5) Z+Z} 64733120731 pg/ml, 969.98+
16405 pg/ml, 273379179235 pwg/mlE W54 F
o & 6AITAC HEA AN o] ool
Bl fo)stAl FRh o (p=0.016) WSATF H]AL
Al Fre g 2ol 1Y (Table 5.)

o #

F4 olegel 18 A AR g 5379 Pao
WY, olgA BYE £F77 34 AL
sl A 4L g ¥ Fei u

Ak g ST HAFA = BEA SFFY
23o] Agsojof nR TFF o|Fd T
3l 3}skEAl 9l AHchemotactic  factor)®] HE-2
e Fasitn & ¢ vk FAHRE AEE
HIA# 735 2 ZAES FHY 371 FEol o
om® HHEA F9o| MW E(mast cel)dl EH
A EAE ¥ oluz HXdAMEA Fuy
= histamine releasing factortlt IL-1 5o 2]&l
pujH e yEaz $709 IL-19 o8 2
rl7t Z71d Aoz diddd. £33 ~Ee
gt YuAd 2o Exste slaER $EAE F
sta” mF Tl ol #As: P-selectin®l ¥
Ae WIHME FANAN FH71H5E GEA
¥ 53 ZFTY 4% Fag FEg g
IL-89 £8E YoM HAA0G” 2

2, Ul gl 2ERle] g4 ASddA 557 3
ol #9E Ao /MEE 4 9oy 1
e S48 FHEA FY

£ dTdME H2 HATAA UEL Fo 64
T AZAEHS F NESFS) 5T 4, H2F
MPO A4 %7} WEAatd vla] {-o3tA @t
ol g4 3]*5}” o] H2 +8AE F3td &F
T HAY HEE F/HNIIL 5FT wiAd HE
o Bl AAE FHY 5 v etk W

ofy
ol
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|, H2 ¢&A g A 34 dE&de
Zatded ol o Bl dxEile] 3F
T-¢8] 3}8he %A (chemokinesis) & Z7HA 71 38

%A (chemotaxis) & FAA7IH? &FT9 AshA
AR 2 aAd(ysozyme), B -glucuronidases
EF7 W29 BHE dAA7E A¥oE Bu
i o] Wi FxEtdle] s3] €43
v #oEA ¢gn HxFoF IFT EINE
TS A2 E FEE & Ut

717

W 2HolE AE Al 7AX e deel slxg
9 5847 BESHY o)F HI £84: 718X
52 9 AYB F2IEE H2 $EAE O 7]

B2 43 Ay 2o 2 AR o] ALL v
Aset Aoz gHA ok EF, AE 2Add
Yo Az 34 ZulE F2 Hl 5847
HE AT B FrldE H2 FEA7F°
gl Bast ey 1 Zg 71de g
g yas geAA FYrh o9 234 W 3F
Fo A4S HI 849 840 o Aee® &
27 &% 4 (chemokinesis)®) &7 H2 5849
Ao 9§ Aoz dHA gden W3 A
A IL-89] AL ZN7)E EdE HI 2 H2 4
SA4 A 25 st AddE Aow U4
A glof? sl2gkElel o FFT wiAM B A}
o EFIQ w7l FA wieatel HI 2 H2 444
g 98doz 5o E¢yor uste sk
Rog 28 4 glov I A 7jAe FA3
gHAA gt W, ojmel # AFNMM dF
gAY AtolEFIR] F Bl IL-108] A 3]~
Elule] H/H3 4848 wisiste Bedditis wn
ol9lof F4 HEA] e oj| AFoXE H3 &
A B AT AW il

N7 Al mE 7t 4% Amse Wil i
& UYEA Rogh A 32 FEAE A
3 7 AAFAHNE WELTH wsdged, 8
A Sl2E FEE HI AATAA 247 o] W)

SHaTd HlE] F3A w%om, H3 XA
T fYEA Gttt HI ATl s AT
uja A 3]"5}”‘ FEZF =349 Al dig @
7HA Tt AR, H2 84 A" A 3] 2E
9 %‘:ﬂ(degradatlon)ﬂ A ke 74°1E}. oj2i %k
FELS 2 giate F8% 4¥E de 2
7}A EAF 849l histamine methyl transferase
(HMT)9] #go] Mgl HI £ H2 84 A
Al AsjEnte 332 REHolynt Add 4 gl
AT, AR F4 el s H3 S84 o
oy} H3 &4 atd Al 84 3|2 T
W3t ik BRue giled, 2 ATl H3 A
AolA BH F2ER FEE UEadd HE
T 8A @dth H3 #8AE 4174 ddelA 3§
2etle] s Fxle] oig SAEHo|xY
(negative feedback controlel] #AHES Roz
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