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Time Course Change of Phagocytes and Proinflammatory Activities in
BALF in Endotoxin-induced Acute Lung Injury
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Tack Uh,M.D., Yong Hoon Kim, M.D., Choon Sik Park, M.D., Byeng Weon Jin.,M.D.

Department of Internal Medicine, Soonchunhyang University, Collage of Medicine, Chonan, Korea

Background : Severe acute lung injury( ALI), also known as the adult respiratory distress syndrome(ARDS),
is a heterogenous nature of dynamic and explosive clinical synrome that exacts a mortality of approximately
50%. Endotoxin(ETX) is an abundant component of the outer membrane of gram-negative bacteria capable of
inducing severe lung injury in gram-negative sepsis and gram-negative bacterial pneumonia, which are among
the most common predisposing causes of ARDS. The influx of PMNs into airway tissue is a pathological hall-
mark of LPS-induced lung injury. And there is a substantial evidence suggesting that cytokines are important
mediators of lung injury in gram-negative sepsis. However, the kinetics of phagocytes and cytokines by an
exadt time sequence and their respective pathogenic importance remain to be elucidated. This study was per-
formed to investigate the fole of phagocytes and proinflammatory cytokines in ETX-induced ALl through a
time course of changes in the concentration of protein, TNFea and I1.-6, and counts of total and its differential
cells in BALF. The consecutive histologic findings were also evaluated.

Method : The experimental animals, healthy male Sprague-Dawley, weighted 200 + 50g, were divided into
control- and ALI- group. ALl was induced by an intravenous administration of ETX, 5mg/kg. Above men-
tioned all parameters were examined at 0(control), 3, 6, 24, 72 h after administration of ETX. TNFe and IL-6
conc. in BALF were measured by a bioassay.

Results : The protein concentration and total leukocyte count(TC) in BALF was significantly increased at 3h
compared to controls(p < 0.05). The protein conc. was significantly elavated during observation period, but
TC was significantly decreased at 72h(p < 0.05 vs. 24h). There was a close relationship between TC and pro-
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tein conc. in BALF(r = 0.65, p < 0.001). The PMN and monocyte count was well correlated with TC in
BALF, and the correlation of PMN(r = 0.97, p < 0.001) appeared to be more meaningful than that of mono-
cyte(r = 0.61, p < 0.001). There was also a significant correlation between protein conc. and PMN or mono-
cyte count in BALF(PMN vs. monocyte : r = 0,55, p < 0.005 vs. r = 0.64, p < 0.001). The count of mono
cyte was significantly elavated during observation period though a meaningful reduction of PMN count in
BALF at 72h, this observation suggested that monocyte may, at least, partipate in the process of lung injury
steadly. In this sudy, there was no relationship between IL-6 and TNFea conc., and TNFea but not. IL-6 was cor-
related with TC(r = 0.61, p < 0.05) and monocyte(r = 0.67, p < 0.05) in BALF only at 3, 6h after ETX in-
troduced. In particular, the IL-6 conc. increased earlier and rapidly peaked than TNFea conc. in BALF. In histo-
logic findings, the cell counts of lung slices were increased from 3 to 72h(p < 0.001 vs. NC). Alveolar wall-
thickness was increased from 6 to 24h(p < 0.001 vs. NC). There was a significant correlation between the cell
counts of lung slices and alveolar wali-thickness(r'= 0.61, p < 0.001). This result suggested that the cellular
infiltrations might be followed by the alterations of interstitium, and the edematous change of alveclar wall
might be most rapidly recovered to its normal condition in the process of repair.

Conclusion : We concluded that although the role of PMN is partly certain in ETX-induced ALl it is some-
what inadequate to its known major impact on ALIL Alveolar macrophage and/or non-immune cells such as
pulmonary endothelial or epithelial cells, may be more importantly contributed to the initiation and perpetual
progression of ETX-induced ALIL The I1.-6 in ETX-induced ALI was independent to TNFa, measured by a
bicassay in BALF. The early rise in IL.-6 in BALF implies multiple origins of the 11.-6.

Key words : Endotoxin, AL, monocytes, PMNs, IL-6, TNF, BALF.

M B sk aF7|AIEEA cytokines L] FE =T

A4 2§28 cytokines5e A Z ZRu|F

AA¥ 5 EEPSE T (Adult Respiratory Distress
Syndrome ; ARDS)e 2 Eel$-&= 539 FAH&

2 AARE 50%013e] AFtEg Hole o]F4
o] JAFFER oI, YELEFO IFEET H
HENAM WSA(EE3A) e AFdANE 2 &
BEZTE BAAIIL B 3579 w3 A&
& 5oz = 34 dEde fFEAA 498
SIRFLTFEFOE JAPAUG. P A 4
4% vhe-e 843td HE AL E, 327, H
WA E g AuAEEAN FulE d4F AR, &
2] Ax7] 2 82l cytokinesSol & Yojul=
Foz geA A, sS4 4 F4 sid&ddA
WS4 zAo] AU GFMEES G, &

(autocrine and/or paracrine) 2.2 F@ZA¥ 2 o
A9 o 71AAEE 9 o A HeE
7HAeE Ao dista ok 34 HENA &

+ proinflammatory cytokine{! interleukin 1
(IL-1) ¥ tumor necrosis factor alpha(TNFa)&
Ao Fsted B Ayt £3E oA
71828 B3 APUR FY FAE W54 /2
w4 w9 Hel@ne] dojdrt®. TNF
a%t IL-1& A=A o= ZL3H o] cytokines7}
FEe] 8458 I AFAE-HA R
F&F5E ST vNER T3S SUMAIA H
ARA HiEE dodlA du. &I gA4sE 3F
T ABME Fulge] $Fo] 34 ddde 3o
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A2 At §47] 9 fEEE 48R 9
= interleukin 6(IL-6)& 3 ke NZER
FE Rulglo] A& b 4FNgo Bose=
proinflammatory cytokineo] dh}zA B3] i
I3 FEFAEL T Ao FHHT Yo
). o]2j¥ #|AREL proinflammatory cytokines7}
WEA o FAsEAYe] Fa i lEYL HAE
o 85579 2o 9 (emmigration)
% A (sequastration) & AUY ZFTVZFF
7 & ¥Eld 539 shizA s8de W 78
AZAYE AR ENA WEANeY, E43E &
F7F 74 H&d A8 BAe 44 dFHEs
é[gq:ﬂ_ 2}“:}12.13).

A%, 8YFA FYFYAY= (proinflammatory
activity) & 711} A oFJAAZA Ajg=n
2UE cytokine &L HAEHH Wol) QA2 AH
o] dg] ol&Hx v} ¥F ¢ JUXHEA YT
BAAell= cytokine A=} SHEHEAL T
o] B 8471 o] YAEe S AYE 40
2 A A 4= 383 wedg 4 91e Aol
£ Alte] Hug ul Ao},

AREL AY YAolA ofxAlge] WEL Fouy
FUoz fiid FAHENA ARl WE 718
HAZAHAY GSHEES] FHE BHGET §
Al M3 ¥iztE @A o)l YFAEE HS
Bl vlAle 4Eg Bzt . FAd 7R
EAY AGFIPAYxe] W3S  proinflammatory
cytokines] BH 5P & o] &3l BASDEA o|F
o] s Fal gl viXe FF 2 7|EAHEA YA
W d3SAEETe] S8 B sy

g H
1. W8 S8

AF 250 £ 50ge] ARAY A Sparague-

Dawley& AMgstol AAFoIets] 548 Bz
FUsATh U FERE hSL4E FUNA ¥
A% d2ED 34 ASPEE USE 3 A
we} 242 3, 6,24, 72 AREO 2 Aot

2. 2 &Y fu

Aguire] BN 2 uvl33ke] phenthotal sodium,
40mg/kg & F3l wiFIAIZF isoprophyl alco-
hol2 #EE AZ% & endotoxin-free watere] &
3 A7 Lipopolysaccharide(LPS)(E. coli
Serotype 055:BS5 ; Sigma Chemical Co., St.
Louis, MO)& S5mg/kge] &3 o2 Pyrogen-free
phosphate buffered saline(PBS)(Sigma Chemi-
cal Co.)oll 343}, SjHQ & FYUsHA 4004
12 gt WAe] njRAYN G Falo FU3lAT).

3. 7IBXEZHEE AlY

oA Wale] Bzhll= XAFe] phenthotal sodi-
um, 70mg/kg& F9ste] HMANF A9 AAHR
& AAAA isoprophyl alecohol 2 A58 ¥ 273
o2 7% HAE A3ste] polyethylene catheter
(PE40)E 7184l 14 94430 & EDTA 3
mMo] &48 phophate buffered saline-& ¢3] 23
ml/kgel ¥o2 ¥ 6xlello] AA 7184 AT AF
=& APt HAFE Alxe] 358 Y8 g Al
A 1830 F=3A F2 o xE Algsian. =
€ 718A HE AHAL FA] d&slol 2 (chil-
ing), 13 23|z} 718A HE AlHAL Gufpo]
574 9 cytokines®] £3& 8N B o} 7
Zt £kt AYURTS WEL 2 B A
2y 3] glo] vlE xJA}gke) phenthotal sodium,
T0mg/kgE E3UZ 59, sBAZ 3 A& nie}
Zo] T3 718A HE AH&e A, AR
o}
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4. F[HAIEARA| 2| W MZ2| EM

13} 23z} 7€ HE AHH-g 2o} 1000rpme 2
1082 9AEAIZ F 45 3mlg whyjo] Ty
2 9 cytokines] 42 9j& —20°Coll Y% BT
¥ F EARAE A & EFozm duiy d
cyokine® e FAsIH. Ee 3, 4, 5, 6 33
9] 7|8 HE MHAL F EEL F(vortexing)
0.4ml& ") Cytospin(SHANDON Co.)-& o83}
o] 850rpmo]A 1087 F4EEAI & DIFF-
QUICK (modified Giemsa)gssled F3tdn]|
4008) AletellA] 300712] HMIEE Aol EINETE
A2tk AA Axs 4oz d@A4) J1EA] dx
AHHe 2 E52 F(vortexing) 10ml& whfjo
1000rpmoll A} 15837 94 BeAzl § dojd A
M E ZA (cell pellet)& Iml F2 AFefiel A AHE-5
(resuspension) A7} ¥ coulter count® AF&31Y
. 23 e T 2 2579 WESE AAA
Xo) F3lo] gdlFet 5579 A, &I
t}.

5. 7|BX|o 2 A% Hlsso] 54

P& A kit(SIGMA DIAGNOSTICSR) & o]&3}
o &A%}t AA= Brilliant blue G.& #A1, 1t
SAIA 595nmellA ¥F vAAZ FFEE FAs)
o th23} go] 719 HE MFHH) Pl =g I
At

BALF Protein conc.(mg/dl) = (Arest/ A sandara)
% 30

A : absorbance

6. Z|HXMZMH cytokine2| &

TNFe 2 &3
Actinomycin DE Ag|® TNF-7pA AXEQ mu-
rine L929 A{2AMEE o|&3ly S}, 100

plel AR-EAE JE9Y(suspension)e] F7bE L
929MHEE 4x1059 FZE 96 well flat-bot-
tomed microplated] &3t} 37°C, 6% CO, &2
7oA} overnight ¥l%{t 3 mediumS &<1s}t
of Ztwelld] 5041 supplemented Eagles Minimum
Essential Medium(EMEM)& #7519t medi-
um controlol= 50x1 EMEM & &=718t1 19l& 7]
FAAEAA AL PgAoz FE 1:15624742] Su
N HMald S0ul¥ Zwelld] 27kshm, 50l
actinomycin D& H718F & 37°C, 6% CO, &)
F710l1A 18 AIZHE<t EF BT Zhwellol A A
Zole F2I8 F 200u! 0.9% salineo & Fhxlal] A
3, &2 ¥ 50410.05% Crystal Violet in 20% eth-
anolg& Hrisle] A2 108 F4% F cold
tap water2 M|&3}e] overnight dryd ¥ g%
Ztwelldl] 100u] 100% methancl®2 g8 A3
F ¥3EA7E o83t 595nmolA Zwelld] F
258 ZA3Yc). maximal control BHF29] 50%
o g THEE AS9SE L1929 cells 50%2] &3
2 71F8901 sampled) U/mlae] 42L& 50%
$3E 2 Hd 549 dF2 gt A

Interleukin 62 &4

IL-62]&4 AN|¥<¢! BOAXE (murine hybridoma cell
line)& o83t &A3Avh. BIMEE 10% FCS
¢} 2.0 U/ml9) IL-6(Genzyme, Cambridge, MA)
7} 38 RPMI du =)ol A] vl gste] o]8-3t%Tt.
BOMEE 5% FCS7} @48 RPMI gaul=lo] 5x
1049] =2 96well flat-bottomed microplatec]
Al 3wellol 100p18 53t 71BAHEAHYE
Aoz HE 1:1562471%) SujH H4s}o] 1004
1% st 37°C, 5%5% CO, &-2ujg7]e]
A 9AIZF vk & 2} wello] 10419 tetrazolium
salt MTT[3-(4, 5-dimethylthiazole-2-ys)-2, S-
dipheny! tetrazolium bromide]& F7}ste] 417t
o sjkslgdn). 25ule] acid sodiumdodecyl sul-
phate& 2+ wellol A7k F oF 1AFFL A&
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Table 1. Time course change of protein cone., counts of total and its dirrerential cells in BALF

after i.v. administration of endotoxin(5mg/kg)

BAL NC 3H 6H 24H 72H
NO 5 5 6 5 5
Protein 10.76 33.03* 73.68** 93.00** 84.35%
conc.(mg/dl) +0.75 +11.81 +8.65 +4.74 +3.11
Total cell 0.52- 1.30* 227+ 10.92%* 4.68*
count{ X 10%/ml) +0.06 +0.10 +0.45 +2.14 +1.57
Monocyte 0.49 1.23* 1.79* 2.93* 2.27*
count( X 10%/ml) +0.05 +0.11 +0.40 +0.75 +0.42
PMN 0.01 0.05* 0.44* 8.04** 2.36*
count( X 10%/ml) +0.00 +0.00 +0.19 +1.95 +1.78
Monocyte 94.14 94.30 80.02 28.14* 68.00
% +0.40 +1.48 +6.10 +8.28 +14.63
PMN 2.34 3.70* 16.60* 71.84* 31.00*
% +0.08 +0.54 +5.38 +8.28 +14.73

*p < 0.05 vs. NC ; **p < 0.05vs. 3H

FAG F EBER7)E ol8sle] FRES 2
B9AIEe] ZHAEE 24stgrh. BEAko 24 7
Z% Yo} IL-68 ojg) HE= uEo] BAEY
g #5819 IL-6 U= BoAZE Az 24
Azl et W wigkel APYE B Az AN
s

7. =3 Ha| L2 2Y

7184 S AAeg APSA g2 ZFoA 4
W& Z|Algke] phentotal sodium, 70mg/kgE 3
A3te] A F B3] AYFHo 2 HEEL &
g F 2AAHA HE 323l 10% Formalind)]
A AA7) ¥ paraffin block3le] hematoxylin eosin
(HE) g4& 9831t 2 AlxbEe] =4 slided)| o
4 9 sxyze] gZ4xe 2R (recruitment)
9 4E A%, dxy 9 a9 1Az £ASE
B3I GFAE] BPY == HH(section) &
7aee Adgsle]  vlekA o 2 (semiquantitively)

B7hck. FEEE x300 wigsld IBM
IMAGE PROE Algslo] 5z Mdg 10749
AlebollA A 4F AIEE AU FAlO] HEY =
A& 53310

reld 2y

STATISTICA %4 packages o|&3}] $-24&
AFsRer F#F + FFeAw AAE Jehign
AZbE o] APAAx] vade vimsy AUy
Q1 Kruskal-Wallis one-way ANOVA by ranks&
AHgSla] frel@k xtelg Bl FEo)A Mann-
Whitney U test& AJ3i5ld p < 0.05 o]a}el AS-
SAVEe] frojAde dAsA

25
1. ZIBXHZ Y Y 5 &Y

A% =T (n = 5)dN 9 7|BANEZAHY Gy
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Fig. 1. Time response curve of protein conc. and total cell counts in BALF after iv.

administration of endotoxin(5mg/kg)

*#p < 0.05vs. NC ; **# #p < 0.05vs. 3H

= 10.76 = 0.75mg/dl olQoem F4 H&y
z} #EEE 3A7HE(n = 5) 33.03 + 11.81, 64]
Z(n = 6) 73.68 * 6.65, 24A17H(n = 5) 93.
00 + 4.74, 72X7K2(n = 5) 84.35 + 3.11mg/dl
oltt. ZIBAHEAY o xE FAWESE 42
Al 2ol wisl f-2sA F7ksEck(p < 0.05
). ZEHEEE 6, 24, T2AZRAA 3AZEE HlE)
fostA FMEde F2xE BAok(p < 0.05)
(Table 1, Fig. 1).

2. J[HRS A £5T X BET SEY

AgdzzoAe 7184 HAE AF F HP7e= 0.
52 + 0.06x10%/ml 0|32 7 2 35T 4%
o] HESLS 94.14 £ 040% 2 2.34 £ 0.08% I
ot 3AIZEES] 3 HET, ST 9 23T A
&2 77} 1.30 £ 0.10, 94.30 + 1.48, 3.70 = 0.

54, 6175 &2 2.27 + 0.45, 80.02 £ 6.10, 16.
60 + 5.38, 24 A7 242 10.92 + 2.14,28.14 +
8.28, 71.84 + 8.28, 7221kl A= 242t 4.68 +
1.57% 10%/ml, 68.00 + 14.63%, 31.00 + 14.73%
o]¥th(Table 1). 7|BAHAEA Y F APFFE &
Azhrol A AR Bls) Rl F7HEAST
(p < 0.05). 24AIZEEelA 6 AIZEl wigh frofs)
A F7tE 2238 BAHp < 0.01). 722724
£ 24X vis) & W TS /sl ZAdE
& Bgot(p < 0.05) 6x7HE3 vwmale FAS
A folde iz, 3AIEl HsiMe folEH
Z7}s)o] YU (p < 0.05)(Fig. 1). 71@AHAEA
H G WER-2 24 A 7HrA AR diZF v &
oAl ZAAstdtk(p < 0.05). 5T AEgL &
Azhel A gzl vig feldhAl FUHENS
o (p < 0.05), 24X+ 6ARbE ¥ f-oJ8t
A 2789008 (p < 0.01) 2427323 72A13F
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Fig. 2. The logarithmic relationship between total cell count and protein conc. in BALF after i.v.

administration of endotoxin(5mg/kg)

e Fode AA9A itk (Fig. 3). Z2ollA
9 23 9 33F Ades FYURTAAN 474
0.49 + 0.05x 10°/ml & 0.01 + 0.00x 10°/ml, 3
A 42 123 £0.11 2 0.05 £ 0.00% 105/
ml, 6A17: 242+ 1.79 + 0.40 & 0.44 + 0.19, 24
Az Zb2 2.93 £ 0.75 2 8.04 £ 1.95, 7243t
ZAME 42 227 £ 0.42x105/ml € 2.36 + 1.
78 x 10°/ml o[t} (Table 1). 7| BRI XA &3]
TF4E ZpoA AR vis) s F01s
AAH(p < 0.05). EFTFFE AN FPd=E
o] ulg] #-2dA 2= (p < 0.05) 24A1E
oA 6 ATkl vls] f-oJstA F7HETHp < 0.01
), T2ANZETA fesiAl ZAEUTHp < 0.05).
T2AZEZN A 3AIZER vlg) GA] Rf-2EHAl F7hs
A= AHE BYHp < 0.05)(Fig. 4).

3. JIBXMEAN CY =, § YT W 24
ME &2t A

ABAAZAH & AYT4} Y Tk 242 34
2ol frole 37H8 RETHp < 0.05). 72417 %
W fele Z2NE(p < 0.05) BT @
Aers A4 e 478 2T AT
AN & YT} 9 SESRE folt FUVAS
YHeRI R (r = 0.65, p < 0.001)(Fig. 2). 71#A
AZAH G Shel by E e oY YT
o 37 S 2Rl & WYTSS) 55
7 3 9aTs o fold JudAE ugon
(r =097, p<0.001;r=061, p<0.001), &
WS 537 3 RS QOIS fo% S
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Fig. 3. The time response curve of differential cell percentage in BALF after i.v. administration

of endotoxin(5mg/kg)

*#p < 0.05 vs. NC ; **p < 0.05 vs. 3H

2E BHHr = 0.55, p < 0.005 ;r = 0.64, p <
0.001)(Fig. 5). 7|#AA2AN d¥+= B
T AE FoF IV BYoY 35T 124
o drigle ZAE B A& AN ddTE=
AA5HA AEE & oz AsEHAY. olyT An
Z Hol WETZE {49 ditEo] AT M9 ¥
gl dHozs TS WAL JYHT UL 0
AL T+ AL A2 AEHA.

4. 7|1AXHZAMA TNFaS} IL-62] SEY

71EAHEAY TNFe 2 IL-69] =& FJu=
oA Z7Z}+ 0.06 + 0.06 U/ml(n = 5) 2 0.45 +
0.23 U/ml (n = 5)ojych. 3A1+2e ZH2 3.05
+ 1.51 (n=7) 2L 184.56 + 49.49 (n = 7)°|
I 6AIZE 22 31.15 £ 14.30 (n = 6) 2 125.
22 + 42.65 (n = 6), 24A1Zk® Z2+ 3.71 + 1.36

(n=15) 2 72.14 + 42.65U/ml (n = §), 7277t
FAME 242 1,71 £ 0.99U/ml (n = 5) 2 4.04
*+ 2.61U/ml (n = 5)0|YtH(Table 2). 71#AHE
A3 TNFaw ZEFNA Fgza f240] ¢
A=9lon(p < 0.005) 6AMES An HFAE
HolHA 3A17heel vlg] feldhAl F7HEAN (p <
0.05). 2421 A 6 AZEZ) wIs] f-<J8iA A
B AFE g (p < 0.05). Z|BAAEAY IL-6
= 3AIZREA A AR vis] foEkAl F71E
oJ(p < 0.005) Hi HEAE BYom T2AT A
fFostdl #2d A3E BYH(p < 0.05)(Fig. 6).
Z1BRAHA XA TNFao} IL-67 e a4 93
HA ekskeh. 58] 3 9 eAEAHAlY 27] #EY)
7% TNFast 987 € Q87 42zeA &
ol AABAE BYH(r =061, p<0.05;r=
0.67, p < 0.05)(Fig. 7). EAFNs IL-67}
TNFe Hth 7|6 HaXd =% Aoz
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Fig. 4. Time response curve of monocyte and neutrophil counts in BALF after iv.
administration of endotoxin(5mg/kg)
*#p<005vs.NC; # #p < 0.05 vs. 3H

Bo} IL-69] #u]7} TNFeo] W% J3ke vz ¢
%& Aoz st #A IL-61 s
A 24XN7A] fol¥ FERZ SAEHE 298 By
o AR o =2 Az Mol 27| IL-
69 719 Aoz FAE HYFA Bu|F
7] Boks o] e ¢ Al ge
ol BH|EE 7HsA & AAE Aoz AlgEH
TNFee #37I2F 271009 448 $9ET ¢ 53
G4 foF AUPAE B dSi) e
ZH3<Q TNFeo] 98L& 27l @8 Zez A
ZtE|m @371HEt F3 2 AXE Hgu =g 9on)
AE HEFYS TNFa 2/9] the E32 MY ojof
e AR Aoz AR E.

5. X3 &2 2

izl FFHEFE 34.80 £ 22280

¥y A= 10.85 £ 1.07m, 322 22 117.
10 + 7.87, 10.44 * 0.89, 6 A1 242} 229.50 +
12.66, 28.99 + 3.29 24A1Z+ Z2t 279.90 + 1.
55, 56.94 + 14.89, T2XZ+2AE %zt 248.00
+ 20.15, 17.51 £ 1.04m ©]{c}(Table 3). F2}9)
2 A4S 23 49 slide #2247 943 HESFE 3
AR A frefstAl F718led (p < 0.001) 2413
ZoAA HLHFRE Holty} sl e 1Y
o} 6A17HET 24 R T2AENE BAA f9
48 k. HEY FAle] A 6AEANA F9
374 Z713ted(p < 0.001) 24A]7+zoll A HugF
g BPow T2A7RrA ekl ZadHe(p
< 0.005) #AE BTt T2ABEE 6A17ERY B
e fedA ZaHY ds(p <0.01) 2HE
BATH(Fig. 8). AFMEF} XY SAE= 437
oA fg JuEAE LAt (r = 0.61, p < 0.001).
o]4te] Az Hol HFy HFH XS] F7Ie) HEY
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@ Neutrophil( r= 0.55, p < 0.005)
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Fig. 5. The logarithmic relationship between protein conc. and monocyte and neutrophil count in
BALF after i.v. administration of endotoxin

Table 2. Time course change of TNFa and IL-6 conc. in BALF after i.v. administration of endo-

toxin(5mg/kg)
BAL NC 3H 6H 24H 72H
NO 5 7 6 S 5
TNFa 0.06 3.05* 31.15% 3.71* 1.71*
(U/ml) +0.06 +1.51 +14.30 +1.36 +0.99
IL-6 0.45 184.56* 125.22* 72.14* 4.04#
(U/ml)- +0.23 +49.49 +42.65 +42.65 +2.61

*p < 0.05 vs. NC ; **p < 0.05vs. 3H ; p < 0.05 vs. 24H

z7ope) Zrlohe WBAO) U Ao ARET. Hd AZA A% B AWHHGA AERe] Bz

B3] AUz ED 3ARTRY MudlH @FAEY Mg DA 4B AN 4 A Aoz AuE
#eI¥ 27Hp < 0.00D) o] Baslo} 271 FH 3 EE RE AR ZRREIZHE Fo4o] AR
SPAG) ARA) FA ASEchs 93 AZ) & m2 BRI 227l BAUET HEd) £
Yol 78 WO E Btk YU NAVTIME A ek AABE Yol ke Aoz mar),

XY zzoko] #93Hd #ZAH(p < 0.005) A=
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Fig. 6. Time response curve of TNF alpha and IL-6 conc. in BALF after i.v. adminstration of

endotoxin

*#p < 0.05 vs. NC ; **p < 0.05 vs. 24H

# #p < 0.05 vs. 3H

&

i
WEie USAF3Ed (LBP-lipopoly- saccha-
ride binding protein) 22 &7 ¥ Axle} Ae
slo] ZL3c}. ol WEAS FZF F47|H A9
d @ o UYEL: B5o2A¢ HERY
Azl ALt AEiAAEH cytokineo] A&
B2 ot P} WEL2 A5E WA EAA
A9 IL-1, TNFe & yoHze S3tds 3
7hll % Aoz HAEET o0, WEAe} wE3t
= oja] FANE (target cells) EHANA I &
ZRAEo] WHEH D 9lon]'” 53] th¥ -t AM X
A WELd O g2 F2 CDI4 &Nz &
A tl. CD14+ 55kD¢9) glycosylphosphatid-
ylinositol2 T3E AE gawds YWEb-SL
AT 2R o) £4A2® ey, ysL2Z2Y

o] gEojaH X i &35t YCDI4SEE
A1 28C59] ojd] A|go] BRAEo TN YFA-
WEadeteh B3] 2gido] CD1471 F8%
g8 3= Aes FEHAA AP AZH thy
A EAA CD149] EA7} FEE2 HEHHNE R
g3l geRsiatd 2 phosphatidylinositol
Eo] phospholipase CEol| 2]8] ¥2](shedding)®
sCD147} A sCD142] g+ 719de] Ajt= o]
o]2¢18] CD147F EAHA g A3 ke 712A
¥AE WEL g F72d whe-g gt ot
9 WEAFFGo CD14%-2 3T 83U
58 USA #% Uuedg 327110 BHAE
9] cytokine @ f-EE=}(adhesion molecule)$] F
Zg @) 7dEE Fer 434 AP, FF F
A H&38ate] 33 SAHZANAYANA
Z245d9 & sCD149) uiddes 77 $2EHA
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Fig. 7. The logarithmic relation ship between the TNF alpha conc. and monocyta and total cell
counts in BALF at 3-, 6h after i.v. administration of endotoxin

Table 3. The quantitation of the infiltrating inflammatory cells, thickness of alveolar wall ac-

cording to the time after i.v. administration of endotoxin(5mg/kg)

TISSUE NC 3H 6H 24H 72H
Count! 4.80 117.10* 229.50* 279.90* 248.00*
+£2.22 +7.87 +12.66 +21.55 +20.15
Thickness 10.85 10.44 28.99 56.94* 17.51#
(mm) +1.07 +0.89 +3.29 +14.89 +1.04

"The count was calculated by the examination of ten fields, selected randomly, under x 300 LM

via IBM IMAGE PRO program.
*p < 0.001 vs. NC ; #p < 0.005 vs. 24H

on ol 71BANEAY DT ouigle Aed
A€ B v A, WELZFTH S gk
M F2 AE¥EHRE ZAAHZA RN WE
2B F7HE W Y] F doEse £
Fgol F7HA R doluks ez A4E T Qi
E2ATEHAA BA7IES ALE 71T

S fol vSolu el Z71E sy ME
FAe] WE L o= WEL AP R 9
sCD149] AFhze) #4947 48E oz 428
o} WS£ZGWY % sCD149] AR 27k vz
4 e 52 P A AES de =
A9 AHE U] ZEAJE ABe AAE
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Fig. 8. Time course change of histologic finding such as alveolar wall thickness and inflammato-
ry cell counts under X 300LM after i.v. administration of endotoxin
*#p < 0.001 vs. NC ; # #p < 0.005 vs. 24H

#4y LPS-LBP-CD14A)9] 23 & Faf W54
g A3l BA veTE ARAE F dE Her
A= a glot

357, @97 2 AEAANLE H3H Ao
710 Fag ANERA 53] WSAE-I8E4
& 294 #43td o8 357 € 29879 AP
F3do] AR Wolrie A3l FoF J¥E A 2
0%, WS 2geg A% 337 ¢ 23] o
34 9] 7449} 3 Thromboxane A2%2} E3Zu)7
ASd g dEgsEon dojd HEF EFF
of Y 7IQl=e] 337 4 2T A% A
ARe] doluAEs 43t T AAIES A3
WEa2 25" WMzt /2 2 (adhesion
molecule) ¥ do| A5Ho g FAHTA FHzo=
Ada 79 Uttes SA3tE M xe 13 B ¢
% (diapedesis) o} Z715HA Hol B4 @3l d
oiupAl g}, 337 % d¥TEAY 2FE FFAL

A= WEAFE-UIHEDL ojFd Fad J¥e
st} B3] H3HEAe) 311l CD11b/CD18L 24
59 "i-dA4 (flexibility) ol 2 FFE v]A
W AR AEeM FCDIsFEA 2 T Te] ujA|
7} o1 Zav} #Ed v Y. dT o 9
EAAEE IL-88 E0ishy 537 28U H3E
zte] wdo] IL-89 & FA=1, S5 Wb
2 fAAE} FIL-8PA 2 oAlge] BuE ut
AT, el FE 3ol uls] AEZZ ] HYPAo
AR og Hoj s-nMETA N AR FEol
Bor olgjg AWZFA (marginated pool)7t W
E4¥EA A3 AEGANEE X3]E ST
F4% V1 e, @Te 337 HiE)
HEHQ FAAE (effector cell) & IL-1, IL-6, IL
-8, TNFa %9 cytokine& H|E£3}od lysozyme,
collagenase, eicosanoids, poteinase inhibitor,

fibronectin$-& Ev|gto a2 #AUH ALl F
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HHQ M Ease] G@eo Fad JFS Y3}
AEH®, E3 HEAA TS X§3 o] T
HEGFol @322 AAHA T ez 4
3 Ao, s §2 34 &G 843
d 257N Bulse fEatar)st dedel 719
3o #lade] izt a2 &Yl FEEH
o a7 E FLAY 357 AU W
B4z f4d 34 vdde] 5de 4%E A &
So] R ? JAHNE T5TF APIA
A HAY IFTEFFTo] L] & LA
Ao, BAPAS | EAAINY 35T HuFH
)9t 71BAHEAY Gles HHEA FEARE
o] dXHE FAHE Ro 35T FA A& F
a3 7198 Aoz AZE o 3579 A4
' f Zvlx 9 Fote] S avke
Holz| gksrow, T3 &3] fojdt Za Aol
T gl A&AQl FVE By Wit 338
TZFTete g Agsyle vnlg Aoz Azgd. 7|
FAAZAH A7 Jele FRAIDNE} 3257
Fofg rolx A&Hoz FE d7It F
A diEate] 27130 9 A F8% %S R
2 Ay, £ dige] dF AT o
Aoz Azted).

TNFee H8%5E& A5 79 opiE2A ¥
Zo)xe] TNFae d&e I TNFegAz A
WEL 39 E76A A& AL S 432 vt
AHW. olgdt TNFee WuAlE 2 ANEES &
A3AE 95849 98E 714 thE cytokine
olv} FAEZoE AEE AFUMESH A5HY
ZE olFWAM FHAT YL Yot
TNFEe& 238 AEA IL-19] APL 453
7% &, viad @ sxe fg IL-17 453
o2 =3t xA 9 AWk (lethalty) & F7H
o, IL-13} g D87 £uld r-interfer-
onk o|&{g TNFaee] Aelasg ZFZA7|A AT,
2y f¥Z RN FTNFeddal 9o U]
Az YE&2| foF MM HuEx Ralgor}

ol HEFS JHAAR wet EA Y, ARY
ojof 3hg AlAlehz wpolth. UEAE 4 7I=
W2 FUAA FEd 49984 TNFa, Mac-
rophage Inflammatory Protein-2, IL-1, IL-6%9]
cytokines7} 4@ EHY o= FYE 3T € @dTF
A Fujg Aoz 49 @ vl Ao, olE HE
AlA 337 FFEAQ CDlla ZNE A 73
$ 3579 H3 fde 32%00A4 BAEHAeH |
A E fFEAQ ICAM-1 A2 AXXA] 66%
NN 25T FU& & & UMeH 94 CDI8 &
Az AgHze 33T /Y9E Ao FAl
2% Z1#AFH EA HAY TNFexle] ¥Ee gl
#Hg3W TNFe7}t siZd2AEoA] 2 v|£E Ao
g% Y. AYAPNME G-CSF= A5
P USAE AF5E d¥TFe TNFa 452
AAAASo] HAFHATH. AAA HPE UF5LE
¥z &7l ¥FY TNFest IL-6x= 934
(monophasic) .2 Z7}% FAld] tissue plasmin-
ogen activator, von willebrand factor%-9] Z7}1=
o] yigM x| BAstel AXJgo] w37l 6t A
o, =52 8FdA 8% TNFa & IL-6 felng
Agsls 2o d8iA Jon,? Fuy YEsik F
4L 713A ) viXe FEo] Aol r|FAHNEAHY
Well cytokineso] AR Fdrhe AA= ot
9 BARME otxAlEe] WEAESE RLs
71BAHAZAHA YA A cytokines7t HEE F UNA
d ez AT fAFIEZAAe IL-6=
TNFau t}& cytokine$-9] ¥A]A}(surrogator) &
aeiA ok, IL-6x9} 48 ZFELHFFT
HATe] APE Bl Rty HEF A
A AU IL-65=7F 2&T& APES FlsiH
TNFa s=Xe dFoe 347 gle 202 Bud
HiQITH®. §3] 24 Atoljel] IL-6X]7} ZastA| &
£ Aol 4 FuAge] 2ot AHE A2 HEHT
Ak, ZA2HJ FEFHEE e IL-68 123t
A olo] AEAQ] F5e 74 93] A&EHL US
2

vehdtia B 5 glen BTl Z1aA| w24
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Y IL-6& 72417t HoJ8 28 Byt L6
dANER 3lg T-AEE Waske TGFE 9
A S WAL HAE2) nitric oxide 5L
AN F Qon? F=3 339 27T
IL-67} 829 EAJAA(PAF)9} AsHoz g
3to] Thity A7) DAl 71998 4 stk 31
th48). 3 FIL-6FA2 AAANT WS /S F
A& FEFANA BELS] /Mol B vt o]
¥ FuIEeN A IL-69] FEF o) A=
22& vt g 29729 718X EA Y IL-6
© B 244X #o@ Z7PL ASErt
T2ARZANA 1A FYsE 278 290 &
2 HIFFEE T2 IL-667} 2A17A o)
fo3HA F7tso] 417t A g vl 244
el 71AX 2 BEchs 2953 vusle 2
AFeqA A IL-6& 24AAAE Rl BE
7t FAge] g2 sFNelA IL-69 Ful7t =
£51 9l&-2 Jehdcky & £ vt AF2A9 w3
W IL-67} 3, 6417l 31 APAE Bl 27 IL-
69 719 AR @AM fA=Y MFN2 T3
(compartmentalization) @ 2Jo|= AGHEE #HA}
Z1dog Azdch. A3 7jde ¥AsE HEd
2 3F77} 247200 HuPAAE BYY Ao
Hol HEAAE 2 tE 7|FAE F W g Ay
A ZFANA 2 ZEUALE AAEke Aoz 47
HArk. 27] 3AREEANA 9] TNFa 9] IL-69 H]s)
33 HEAHEE TNFe o 47} ZLFHo=
HIZA3IEUAY, TNFerl 498 3§33 7
2] 7]1EA HEAHAN A AAFAIES} [L-1
Bshz tE2A dA3 HolA dgo] @Ed ARz
ojRo] HERAMEANA IL-149= the A=A
dith= 7Hd=2 dF HYEE 4§ g Aoz A"
TS, BAgAsnt 7|#AHEAMY IL-69 TNFea
B33tel ol dEAdL gidith. TNFes #3)
7 2711 F9E A FNET 9 53] 9y
T} fold FHAAE Hof HEa) nixje FHA
%l TNFa ¢ 9% #&d x7)d BodsE Ao

Az, $NEL 1Y 2 4" Sz
Ui AEHYe TNFe So2 xj2ulo} 843
H N ESdA B 420708 2 chemokineS-2]
PO 2 o]FojF & HAFT}= M,

a0kt s 8 34 dege 2] 49
HERAAE, #3 7| ZA S0 843 o} tlEo
o8 A¥oA E¥)E: proinflammatory cyto-
kines7} 288 A8& ¥ A= Algdch

2 o
Tl :

IFEET dAEY AN 4R oI
(lipopolysaccharide) & TAE WS4 18 24

- o A AEeE UE 9% veE Y Fa

Aotk EA (X3 )= 53] 25379 =3
&L 540z = F4 dAsge 248, o
@ &G 2 71Ae RN WSS A3 g%
#A &34 ¥ (effector cells) 9] cyto- kines %
do] &2{A Ut} ol F2]¥ cytokinese THA] @
FAE E 3 NEAES JYL Fol F4 o
&40l 2= Rog AgsHolxx gt} e
AN A ol A e US4AE AU FYT F
F2E 34 A& UsL: FUF A e
W&ol ¥slE BB o)F GFAIEIL HEA
U)X FPL Bz o).

L

AF 200gH 29 AFE WA v]i FHg Faio
WE4E Smg/kg 8302 FUE A7 0, 3, 6,
24, 2N Z1BAAZAAELE NPsle] F X
T % Y AEFE A2, F 99 2 TNFa
s} IL-6 333 Ao 2H2A] AL 47 v
R, #wEsle] g} 2L ARE 4.

A 1}

71 BA AN F HYFL4e O R 747 34
el £ 5718 RAH(p < 0.05). T2A17) &
WYL folgt Aad=(p < 0.05) EFetn &
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et A4 271EUE 4228 2o J1EAHE
AN F RPFee 9 Froks fo8 JUuAE
JeRIGATH(r = 0.65, p < 0.001). 7|BAFNZAF
Z Y7o} 13T € DTS ol A A
#oAE Bgen(r =097, p<0001;r=0.
61, p < 0.001), Y¥sxs} 357 ¢ Q75 3t
d= foF ABFAS HAHr = 0.55, p<O0.
005 ; r = 0.64, p < 0.001). 7|FAHEAY S
B BR7IES AS ol FUHE BYov 3%
T 7247 ugle AAE B e FA
A FEE A5 98E ¥ Aoz A4HUT-
IL-69 TNF ¥%+ 3 2 6A1A 0 42 AdXE
Bgon 24 ¥ 72A7EH vl fA¥ ZAE
HP(p < 0.05). °)F 457 BAHL U2
o, 53] §4 A&y 3 € 6AENRAS] 7] 83
712t TNFe9} £ W74 2 Q74 dzdA
Folg JEBAE BYH(r = 0.61, p<0.05;r
= 0.67, p < 0.05). 24 27 A4S Az} w7
A& 9% AEre Ay 54 A= {4
#Ago] #RHUT(r = 0.61, p < 0.000). 3Aj7ke]
£ 9 4% Axe] Afvre] foF F71HE B (p
< 0.001) #H&3 xr)dle 9% AT Fgel TE
Z7 o] ¥3E M Ao AlaEHeH, 724
BN E AXYe FARlo] Fojsid Fiad 2An
(p < 0.005)& 2ol H=4F QA BAHZF HEy o
Bzol /b4 WA gAaHE Aoz Ags
ad B
WEL 42 34 dSddAd (1) 337 58 9%
AEe Zgsht gat/AEgAAx L H3hy H
A EFo] &) HA 2 Ao 87 IFE
& Aog AEEHAUD. (2) 71BAHAEAY L6
TNFet H|EE #AIE g 279 HUAE B
o, 53] IL-6 ¥vle dAgu bkt AlzolA] fel
g Aoz AlgEHH
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