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Background: The pathogenetic mechanism of adult respiratory distress syndrome(ARDS) is not
clearly defined yet, but it is well known that increased pulmonary capillary permeabilty is
characteristic feature of ARDS. The increased alveolar-capillary permeability is usually preceded
by damage of pulmonary artery endothelial cells. The released enzymes and oxygen free radicals
from the activated neutrophils seem to play a predominant role in endothelial cell cytotoxicity. The
activated neutrophils, however, probably are not the sole contributing factor in this type of damage
because many cases of ARDS have been reported in severe neutropenia. Bacterial endotoxin per
se andfor oxygen free radicals released from endothelial cells are suggested to be possible factors
that contribute to the development of ARDS. The purpose of this study is to investigate the direct
cytotoxicity of endotoxin and the role of oxygen free radicals released from the endothelial cells
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in endotoxin-induced endothelial cell cytotoxicity.

Methods: First, to investigate whether endotoxin is cytotoxic to HUVE by itself, various doses
of endotoxin were added to culture medium and cytotoxicity was measured. Second, to evaluate the
possible role of oxygen free radical in endotoxin-induced HUVE cytotoxicity, various antioxidants
were added on the endotoxin-induced HUVE cytotoxicity and cytotoxicity was measured. Third, to
verify the release of oxygen free radicals from HUVE, the concentrations of hydrogen peroxide in
the endotoxin-treated culture supernatant were measured. Finally, to observe the cytotoxic effect of
hydrogen peroxide, HUVE cytotoxicity in the presence of various doses of hydrogen peroxide was

measured. The fourth generations of subcultured HUVE from primary culture were used. The cell

cytotoxicity was quantified by the chromium-51 release assay.

Results:

1) Endotoxin alone showed HUVE cytotoxicity in a dose-dependent fashion.

2) Endotoxin-induced HUVE cytotoxicity was significantly attenuated by the pretreatment of

catalase and DMTU.,

3) Hydrogen peroxide was released from HUVE after endotoxin treatment in a dose-dependent

fashion.

4) Exogenous hydrogen peroxide also showed HUVE cytotoxicity in a dose-dependent fashion.

Conclusion: These results suggest that endotoxin alone can directly injure HUVE, and, oxygen-

free radicals released from HUVE in response to endotoxin may also participate in the endotoxin-

induced HUVE cytotoxicity.
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Fabalgo] dES o] 4Fd 47]d 92 F 3R
3e] YAl o Bpsto] 24A17F oo Ay AME-3t
Ak, 9% DPBSE of2 il 7o) AlHE F F4}
712 AdAY Y= DPBSE FYsto] AAEE 7
o] Mo uiglt}. AlEds pEA e oA EA
s o] e} Fg WAL} 4olA HE=2 sbe
e FEAAA oz FeeAl sz 7j3te] Ao
Wgich glEe] P T8 £ 0.05% collagenase S A
Az 0% F Ueix] WS 25 collagenase
7} Aot ex] EsteE Bgict collagenased Y31 o
Z 2g R YgEL F7o] & 7RI 4] FobA
CO; incubatorel] 108 AE wx|g F 7o] &2
o FRE ofE IF BE o] U] WEES
50ml Falcon tubeoll AA3] wt=3, olwj &0z €z
< 25l Yf-Eo] YA shd g Eee
o}E Alze) 2o A 5 glerng Fgick iR
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o} 918 F dojzl AHES nlE] EvIY AT wld
wjz)7} Eol3lE wjod 8-7]¢] Fe} CO: incubator A
sebstct. o BRARIALE e D 2~
34 Y wizlE mgs) Fock 9 WAEE
wfekg7|ntete] RAES G o g zjehy] did] 43
o] wix)E sz =AAHA Fste] AAR F A
2% WxE FFsck izl Medium 1999
HEPES $H38-o A4, fetal calf serumS &E3s}o]
AHgsigich AEEo] o2 ok 47] whtE BF
9 =4 ke 4712 AEE A4 Fck F A4A o
2] 2422] wiokel& wjehwe] sl Ca™, Mg o] EollAl
o} DPBSE A7}3 F CO, incubatorojr] 2k 1087}
whalsbede). AFedg W] 0.05% Trypsin, 0.53%
EDTAE Y3 CO; incubatorel] ¥ ¥ 30x &2 1%
o} Ao} #3dn|R o sl wjoksr) vl
nzglo] oled, AL ¢} 60%7} AFHeR Heojx]
o™ AZelukg 50ml Falcon tube® &7Zith o] AbE
ool edae] wiokdE Y-2F 1000rpm o 1087
QAR A2AL HYF P wfokeds Yol ¥
AEsie ARFEE 2~33] B3t rypsin,
EDTAE AA3ta wiokefo] &7 A} wjrgr12 A
CO; incubator9jA] wfjokslgict.

2. YChromium &t

7] FE Fsle] QoiA AEE €A £AE Al
24 well wjok87]e] 7+ wellol] ¥ F 7He uhgos
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S!chromium 10 £ CiE 2z} welldl] ‘go] 2421752k CO,
incubator |4 wjeFs}sich.
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S8 7+ welld] 7Btz AAMXEE SOD,
catalase, dimethylthiourea(DMTU) & &£ %7} 77}
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WEALE Foisial 24230 A7 F, oo e

= AYshaigch 3 A¥Y LA chromiumg
Y3 Ao F2AZ F o2 2N MTE
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A9 Az 288 V0 pCi) - 2T A3 01 C)
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£ Folsla 24A17k0] AR} F Zzte] AFJoy
¥ Fbslpae) EE A8 gaseLe] &
#]-& phenolsulfonphthalein(phenol red)o] horseradish
peroxidase(HRPO) ol Ja }atzlrd-e] = vz}
ojEA oz wghsle] Y] phenol rede] B o] =
g0z Haxle] oE FFPEE Role HE o%
3] ZA3}gcF”. &, 140mM NaCl, 10mM potassi-
um phosphate buffer, 0.28mM phenol red, 5.5 mM
dextrose 3 8.5 U/ml HRPO7} &§% phenol red £
2 Aol Y 5L F5E 001, 0.1, 1.0,
10ugml 2 H7WRFE 244]7F £¢F CO; incubatorof|A]
HESA]7)3 o)F 4°C, 2000g 94 587 VXA F 1
N NaOH 20 1% o] pHE 12,582 ZHETF 610nm
dA F3=E ZAslgch Hsirse] ¥E= ¥
59} FE7e] BEETAE ol4s) A

5. Rpatzlpaof offh @E WE|HEe| &4

A8 528 HEE T} 0.1, 1, 10, 100 pM/L7} 5
£ Fojslx 3A7ko] FH7E F oo ez A
SR REE FAsgc Faksgae] AR xS
AJel-S els}lr] ¢35ty SOD, catalase, dimethylthio-
urea(DMTU)E 32 w57} 27} 20pgml, 1100unit/
ml, 0.01 M/LE A% ¥ FAs}44F 100 uM/L
2 Arisla 3A17)e) AR} F A wpfes AES
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6. A 2|

2 2209 #24 Aol WESEAE Mann-
Whitney U-Wilkoxon Rank Sum W Test& o}-4-3}%ic}.

¥z B}

1. =200 o8 @2t oMzl &4

Y=o 55 2421001, 0.1, 1.0, 10pgmlE F7}
A7HA] AEZEAAAEE R39S o, AZTIIAR
7} 27} 1.37+023%, 12.18+3.88%, 21.85+5.9%,
70.84+10.55% 2 Z7}sbgdckFig. 1).

2. =20 218 Fat oM ZaaboflM A4

US4 10pgml FoJA] NEEAJXEE 7084+
10.55% g2}, SOD A x]A] 61.22+9.34%, catalase
A XA 34.9014.15%, DMTU AXA]A] 509+
4.64% 2.A catalase 2} DMTUAH A X]|A] YZAFod7o)
Hls AEERAEI} FelsiA 7H4skckp<0.05)
(Fig. 2).
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Fig. 1. Cytotoxicity Index with varying concentration
of LPS.
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Fig. 2. Inhibition of cytotoxicity by pretreating cells with

SOD, Catalase and DMTU in LPS-treated endo-
thelial cells.
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Fig. 3. H;O; release from endothelial cells treated
with endotoxin(LPS).
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Fig. 4. Cytotoxicity Index according to incrcased H»O;

concentration.
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Fig. 5. Inhibition of cytotoxicity by pretreating cells with

SOD, Catalase and DMTU in H,0,- treated en-
dothelial cells.
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Eoslgd-2uf Zzte] AEZAAXEE 6.51+1.97%,
13.19+4.76%, 41.76+4.49%, 75.42+5482% 2 FEF
7tell ule} AESAAEE FrFslslckFig. 4). 443
T4 100 uM/L Folel 27 MEFAARE catalase
3} DMTU AHAX|Z wr-h}fll 2315 2l cl(p<0.05)
(Fig. 5).
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she abfolth. &, M2} ¥ Ab3olo] LDHE £3
33 wfogr] vt Y2 AT X Bejx|A A LDH
£ A% F chromium A Y3} 22-& FA) o ojs) )
EFQARE Fihe whyoldh. 4252 LDHEAY
= FAlo) Aldste] *'Cre o] 43 ubyw e AnE
H2s)gicidata not shown).

Fabslra-e] A FAL Aseie] $E01 3
7Fstell ale} phenol red7} B7HA el eatlo g WAy
= QS ol g3y, ojwf AxE AHuRelz 9
F2) ¢k Atz el Wslgtogy wWHAlo] slug Feo
E 83kl o] vPHE phenol red 2pA= 22 uljokel o)
A FAdo] A3 ke AAe] o

3 R HE wjetde} Wsd w50} VMl o
2 A AR AESAXFE = a2} F7)slod 10
pgmiolNE ok 70% 2] AEFAo] wHas|SIckFig. 1).
sk 2579 o g WAAEE A7 40
~50%2] AEEA o] A=Y, Trdw w4
BhE e ofs) e FasaE 60~90%) d3
WA MEEAE Halef?, of UEe] o3 et o)
A 2Edele 578 ARk g 71de] AR
£ Ak Aot F, US4 33 WL g A
HelMx o2 54 B35 2 A5 P YAz
SR VL AL o F Uik UsA 3E £y
o 23 ¥k oM ESA ] Zldeg s WEL 2|
of &3 AEFAE S AL 5 3 WiFA AT
2 ¥k ARl Bulsle B8 o3 AEEA
£ ¥ g Qo). Avle 2 A A AEs
A Bolu H AN 3FTFF2) wyr|A o
= B3 25N Bl o)) 83 o
L 3k ZloR geA Qo £ dPeds o 2
AZA WELel 27 Y3t WAl EE oA AAr)e]
o] H-5E FHs}2A} SOD, catalase, DMTU 5-9]
HAz)7} WS4 o3 F YA EAtd nxle
S WAsiPcE WS oI} AEFAYAEE
SOD AAA2E felshA 93ls)x] 9dkor) catalase
3} DMTU Axxj=2 z}7} ¢k 50%, 30% 2] AESAo|
&35 lekFig. 2). o] Axhs US4l 23 ¥ vy
HIZe] EAdols aav7h A8 S8 8o sk
o8Bl #Ak8}4 4, hydroxyl radical $o] 2 3

oAk Zlez ¥ & vk 2 FaksiAlE A
A A, AEFA ] ARl JAEE Ao Hel YE4
o] 2l 543 A7) 9)e] & ER ) o7 Al
SAE 2to] Aej¥ o Azbect B AL ¥
T Wi A Eale] fU7 AlEAH|BR AT WS
£ AT A uAlEe 2ujd Aoz Y7y
2 Qlck. ol& Halshy] $ste] WEAAA] F ¥ W
SAE eple] FABL FEE SsT UE
22 FE& F7INF 6 wet ety Fatsleae)
57t kel US4 AFeE ¥ oMy
A4z} Bujge ¢ 5 JgickFig. 3). olF FHaksly
£ ¥59 Z7P) US4 A AEEtes A2y
o] shaslear) v fElEsE bede A4E
F QA Fakslras AEge HAEe] e £
o} oj7] wjEol L 7Fs AL e o= walgch
Catalase A 2)A] WEol o3 HAbslsa Eu7t ¢
3}=|oj(data not shown) £ Qe Patsl HaisiA|
o oJ3t MEFAS] ZhAE R Az 447 &
H) Ao e & & gtk £ A7 ok dAlll
Ae g WalAZeA BujE =asiear) AA Al
EEAES e Frlsige. § d4tslrael
5 371 B WAAESAA-S SAlea FAshA| o
23 93} E3E dasle ksl AR
HARE Frisigc} FHasieie] w5 S wed
HEEANAEE Z27)3}53 o]+ catalase2} DMTU A
AR 2 FejshAl 43t AckFig. 4, 5). webA s}
FaE 3 W AR AHA Q) AEEAS e
A& & gt diEAE HX)A] AR WYy &
AP sl FERE ouRlE AEEAS B
2T 5 e, ol UiFAdl s AZ A A4
g AaTle 2 AEde EAlshY, 54 28-S
Els dREate] Alxels BuE]y] Wi Hew
Azt

US4 23 F3t W AE] 40 HE A A
A A7) 27 Agke s AYsirls 3]
el 3 F Akdvlele] AlxEA Edo| Fyel 33
A7t 28 o= A=

— 325 —



(=} of

il sx-mAREY T2 Sl 2% sy
3§ BAozss A4 IZLTFIFLARDS)Y
w742 obx] W] wElA 1A vt W E-2AE
T 5] ke o) A el AEe] &l o3 A
oz od8A glo] HE-2AEA 53 FU1e] JAE
olai3l7] HsiMe HER JHAHE &) JAE
g3he o] WRslel P UFHx &4L F2 8y
e ZFFA Buld Q5 B 2jicie
AzbEl 3 Qi) 2y #2 Sof UITAE SA44eld &
Z79} B3} A2g 71AY EAE Ak AHE
o AL Qi) & Ao EFTY B3 B
Ae] Egale] WSagte] ofs) ¥ WisjHEe] &4
ol Whsh= ), UiFel ol ¥ AR Ak
717} frElEle 28 sl ojzie] ¥k AR
A}l FosheAE F9stealt sisic

g US4l 3570 =2¢le] ¥ oAz
4L 7R LR E ] A8 UFLE FoAF Al
EFAARE FAslgc) ol )7} s E
H7ks7) S8 o7 FastAlz AAAFE F S0
o3 NEEAE FAsIglc) o AR WSl 9
T g I AEN A AH47) Bl {58 A
AF UiEA HxlE efokdue] FilseL FEE S
sl wiAjete g #Ralsiede] AMERA £58 @
Aslaa) FAslead HXF MEFAYAAE AjPsid
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D W54 @5 M4 g9 JejHEe] &) #3
Heled, o $-ubEHAlE Byt

2) UiS4el <@ Yk yulA¥e] £432 catalases}
DMTU | J3te] 7}z fr-efsiA| A= glc

3) Uis2el o ¥ WsHlER 3 Jalsleio)
SRS BAE BoluA Eu)Egich

4) HBeLe 3 JINESAYS Holx o
catalase$} DMTU AA|x)2 ¢3}5]4ich

HWE USEE 95202 ¥ WSAESAE Mo
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