Tuberculosis and Respiratory Disease A9 9 $571238, Vol 41, No. 4, August, 1994

e MO

WEiol % Y WAAE SN Y2 WS AE2
I8 A2 Gg B A7

r

O
o
o)

Agda o Yt nd 9 dedra
HEM' - 7|57 ST - AU - BT MY - YUY el

YR oz vstegad

¥ 7 M

= Abstract =

The Role of Oxygen Free Radicals from Endothelial Celis in Endotoxin-induced
Endothelial Cell Cytotoxity
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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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Hlell EAlshe dele}Al(elastase) 7} g4 wilEAe)
2719 Z7hEE AR IwdE s P, e
FERTFEE B3k HAlY e xR o)Fd
5o 245 Fe H Y Az SAto] A7)
3L, o2 Qla) HF-Fo] s ZloZ olsiEx 9}

o} o]2@ 7Hde] A IFTATFL HUd V)
Aolgtx & & §A% FERL o3 Eal=z 9l

1:}_10,11).

Iy 3577} od J|AE Fal P gzl
S 7R E 7 obd] FASH s A &
g AAo|tt Rl o3 EA3)%l 3FTE o3
TR @3N £ Bulsd), M2 237
25 Fed AaT|e] Gl el B2 HAo] Kol
A3 ek Sacks 52 Csaoll &) 255 5771 A}
Al s M Z(human
endothelial cell, HUVE) ] Al£54-8 Ho]x o]+ &
A3} #.A4¢l superoxide dismutase(©]3} SODe)g} 3H
S} catalase o) of] 3lx]o] FAIslel T30l A
g Akl o&) A g Az o] 2aE 7}
SR AR, H ol 5379} A B4
A AAEl A3l 4(hydrogen peroxide) oA 2341
hypohalous acid 3 22 o} AlAv|= jaA|Z
AIEEAS Hole Zlo] Lzt visAlzEs A4
o2 Aavle] A4S FI3ATE AT s EAE
rslar gl 39432 glutathioneS A4 g vjg]
A)Z 9} hydroxyl radical 343 o] 23 Zujj#) 2 2+-8-5}
© AFo] B2 YIAMEE IF TN BrlEe Ax
71 o) A g waY, =g Az gt
A AEAAAR A2l A$lE 557 AT
o] GalEd, ol BT WAz} &4t
22717} Beidhg ksl F= Azl wi
o 2378 aAT|aL AR A Aapr) A4
AYFEL] F5-ol g} 2ol Ho|x glo], FTFT o]
A frefd AT WS HE B4k f-9% 7)Adole)
3 370 Egkslo) =3 3572 Afo} BA A
spte g = HYEFA) BRHE A3 WAz Eofo)
[AE]R] G3 AR o2® A7 ZFT FaTol 9
= AN LR A SFEREFTe] Barsof
Yo, WSl 23 H izl MR 4ol 3
FTE 531 v ohE 71Ho] EAF How Y=l

umbilical  vein

o). £F7glo] s EE TExe] A}, para-
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1. YEHHTIMEZ2| HiQk

Hukzlfe] G&g do] 459 7] 92 F ¥A
3] YAl Halste] 2427 ool Ay AML-3}
Ak, 2% DPBSE of Wl 7j3to] Axg F 4}
72 AN AE DPBSE Fajato] Bl oA
o] el visteh ANEAE YHANE il 2
a1l o] viet M3t jg)Hlze} HolA Heug sks
B GEAAN Woz TelheA sha el Aol
vigic) eEe] 3% EL £:31 0.05% collagenaseZ A
Az F90e F V] wielE EX collagenase
7} Ao} e x] E3lxE Helct collagenaseE YL ok
% B8 F& gES F7o) v MR 4] dobA
CO, incubatore]] 108 AX x5 T AUe] £og
oyl FHE oS IF L Fo] o JEEE
50ml Falcon tubeo] A AJ8] ul2 31, o]uff Loz €S
& 4FEste] UgEo] oA sk sz
o2 AlxZe] o] A7 4 glemg I)5lgict ozl
LN o)l Medium 1992 10~20mi 37}l 1000rpm 2.
21087 aldesle] A5 W2|aL ©4A] Medium
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o} YAEeE dojAl AAHEE nl2] Ful AZ wg
W=7} Sol9)e wioF 47)9) 2o} CO, incubator o A
wiokstlct. vid HgAu]os AL wAs] 2~
39 A wixE mge Foick G JoAHEE
wjog7juete] BAEo] 3o lelr] Wi 43
o] Wizl & Fglog ZAXYA Fdste] AAY F A
2% xE FEsigch izl Medium 1999
HEPES $}8-o 3hA1A), fetal calf serum$ E33}o
AHg-sign). AT S| ©Eo® ok 4] widg 5
A Hd oE 7|2 ATE A FYdk F dA il
A] 432 wfjekel-S wEpy2] s Ca™, Mg' o] Eoi9lA]
o+ DPBSE #7}3 & CO; incubatorol}A] 2} 1027}
W)slgdch AEele welx 0.05% Trypsin, 0.53%
EDTAE Y3 CO, incubatorol] ¥-& 3 30% 32 18
vt} Adje] HPAn|A o o] wjoFEr| wiehd
2aglo] gled, AEe] ok 60%7} Bz "Wolx
o™ ArZ=olukg 50ml Falcon tube® &7t} o] Al
ool Hgeke] wjefdlE W2F 1000pmoE. 1087
QAEeEla AL WIFE oA wjFdE deo| 9
Adeshs AAIAANE 2~33] uHEste]  ypsin,
EDTAE A|AsIL wickefo] 21 A wieksr|= &A
CO; incubatord|A wijeFs}tsich

1 . 2
2. S'Chromium %}

A7) A& Fslo] oA MEE dA £AE Al
24 well Wik8719] 7h wello] ¥ F 2 whfos
sfekstedl, WokF 7t well WjollA 3-& o] & HlE2
i ok 20x10°717h HEF shgich 2 AP A
4Aice]  elRAIEE ARSsiglch AY 24410
Slchromium 10 £Ci8 7+ wellell go] 24)7H52} CO,
incubatorel|lA] wiekstgich.

3. WS20l o3 HBYLME a0 &8

E2-TodF-ol= Ecoli 055B5 WS24(Sigma Che-
mical, U.S.A)E FZ 5%7}0.01, 0.1, 1.0, 10yg/mlo]
HEE 7t welld] 715k AAXFl= SOD,
catalase, dimethylthiourea(DMTU)E 3F w57} 27
20ug/ml, 1100 unit/ml, 0.01 M/L7} H=5 3 3 J=
48 10pugmle] FEE Hrbsigich AEEde) AEE

S4E FolaL 242P7)e] R F, o5 uhge.

2 Agslside. &, AYH 9o chromium$
3 YoHEd) 227 F ol 2Adsteld AlEE
A A o, Al wjek 87]2) vt o}
) A EE DPBSE 53] AL §92] M5 gam-
ma counter2 ZHsjel e OB AT SRS
Aeslslo ATEAAEL PO

ATEA F 4399 TCr(Ci) - d2Z 3399 "Cr(£CD)

- - X 100(%)
AR Ao 2238 (i) - d2F A3 on(wCh)
4, g3 JHmMiEoiM g8 2AEeA0
£5

>

ICrg gola] e Wk USIAIE Wkl S
g 2% ¥%7} 001, 0.1, 1.0, 10ygmle] HEE
welloll H7psidc). Zh 28 3 well¥d AJstaL =54
£ Sofskn 244\700] A F Zrpe] AFAo 2y
B Ssrce] SEE Sgelsch Shasra &
A& phenolsulfonphthalein(phenol red)e] horseradish
peroxidase(HRPO) )| 2|3 #atsleae] Fxol e}
ejE= o2 ws]e] Y] phenol red] ¥
Ao WAse] g FREE Heole HIE olf
ste) ZA}slgicl”. =, 140mM NaCl, 10mM potassi-
um phosphate buffer, 0.28mM phenol red, 5.5 mM
dextrose @ 8.5 U/ml HRPO7} &34l phenol red §-<§
£ AN Y UELe FEE 001, 0.1, 1.0,
10pgml 2. A71EE 24217 F<2k CO, incubator o4
HhE-A|7] 3L o] & 4°C, 2000g o)A 587 LA -1
N NaOH 20 418 o] pHE 12.52 ZHIF 610nm
M FREE Sqshenh Bsesd) SEE F%
59} wEgte] EEFAE ol4d AFetgick

F

3

5. Ziakslgaol o5t ok LmMES| &4

#aksl4E 2FEE571 0.1, 1, 10, 100 UM/L7} 5
£ Sd3} 3A17k0) A7} F ko] whgoR AX
AR EE ZAsIge) Basleae] AR A5
ol 3alsl7] 9)3le] SOD, catalase, dimethylthio-
urea(DMTU)E 2% ¥%7} 242t 20pgml, 1100unit/
ml, 0.01 M/LE AAx|& F FAis}e4E 100 tM/L
2 sl 3A17k0] AR F A e AES
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6. A4 ANz=|

7t 22} feld ARelE WBAZHYR Mann-

Whitney U-Wilkoxon Rank Sum W Test& o]-&3}5ic}

1. =40 ot 2t LHu|Mzo| &4

Y549 ¥5& 7174 001, 0.1, 1.0, 10ggmlE 37}
A7 AEEAAEE FEsEE u, AEEAAAR
7} Ztz+ 1.3740.23%, 12.18+3.88%, 21.85+59%,
70.84+10.55% 2 F7}stichFig. 1).

2. WS20 o8 Fat HulMZEEAM A
71| Ay

Ys4 10pgmi 5] AETZAARILE= 7084+
10.55% 921}, SOD ZHA=R|A] 61.22 +9.34%, catalase
AAA)A] 34.90+4.15%, DMTU x4 509+
4.64% = A catalase 8} DMTUAA X]A] WE-AFoT o
Wol ALZHAT felebA ishsichpe0.05)
(Fig. 2).
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Fig. 1. Cytotoxicity Index with varying concentration
of LPS.

200 2|3 g3 M Zoll M| ataT|
2|

ek ue] Fakslad FEE djRFe] 34 +18nM/
L3 =2 ¥6J4] 001, 0.1, 1.0, 10ugmlei)A zHzh
79+£5nM/L, 237+158nM/L, 289+237nM/L, 789+
2800M/LEA 58] $E7} S71 wet 22 o
Mz 2 HE ] FHaksled: Fu| = FolslgichFig. 3).

’ R
100 * p<0.05
80
)
X
2 60+ *
F=
S N
S 40
[=)
<,
(&)
20
07 SO0, | Catal DMTU
Ho02 , atalase, ,
0 H202 H202 H202
. J

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-0,
concentration.
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Fig. 5. Inhibition of cytotoxicity by pretreating cells with

SOD, Catalase and DMTU in H,O»- treated en-
dothelial cells.

4. taviel ga vim M=ol it Mz S4

FAkeEAE 2B Sr) 0.1, 1.0, 10, 100 xM/LE
Fosigd e Zzte] AETZAPAEE 65111.97%,
13.19+4.76%, 41.76+4.49%, 75.42+5.2% 2 S52
7ol we} AEFAAEE 71815k Fg. 4). 43t
F4 100 kM/L Kool 2J3 MEZEAR]ZE catalase
st DMTU AHAAZ feolshAl d43=glckp<0.05)
(Fig. 5).
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Asle A9 o}, 1 71AE skt sigich

E dFoAE o}l AR Yol AEE AHsigE
dl, AlAgole] ol WIHMEE ) « 7o}
ol Ul Az uleko] AtjE o]Foix|A] b=t}
£ dpdhe 9EE 383 FEY Fo] AdEAE
E3hslo] giEulo)] SAlshs A4S 3] AA”R ¥
ol Apgste] Y7} 4olx] & o8 vimAEgt
< e e 4 Yglk

AEEAAAEL] 2R °'Crg Axel T34 o}
£ vsau s od $48 9o F AT

Cfjorele] AFReloale] WAFs-& 245 *'Cr release

& e, Ade) whabsst AE &4 AR
el Aee geld PO v AEe) wier 9
ZAAee) whe} S'cre) AT RRAE Aols} A
71 AEEAA T Jakg v § gl & ATl
Ae WS4 2ozt Fkes ool 22-80)
24t 18.2%, 18.1% % k27t FAIE =Rl #ol7t o
o] S'cro] BatEl: AL gl Aze] e} g 5
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sk ahlolck & A& § 459)0) LDHE 3%
A

S}3L wokE-7) H}‘“’ﬂ ‘a‘% *ﬂi‘i —Eriw?%

i%‘oﬂ}f.% T3z Hhelch Xi"]"—a:‘t LDHZA
= Aol Algsle Vg o] 43 whds e Ans
#akslgd el data not shown).

Fpakslrae] A 4 galslese] $eot &
71ghell w2} phenol redr} Wb ol rebilo 2wl
st 45 olfslgey”. olu) AxE BoTer @
F2] o Alxe] Wslyko g s WAlo] HluR Fo
E 83k} o] wHH.& phenol red ApAlE 2R njokel o)
A FA4o) A3 gl Aol ik

3k WAL wfFAe] UFA xrt 7 w
g} d3 Wz AEEAATE AA} Fkskd 10
pgml el of 70% 2] AlZ5A o) W= glekFig. 1).
Azl w5 o ¥ Jula2g whgA)7)d 40
~50%2] MEEA o] Y ¥Tegs gt Al
stad] ofd gAdd =bsleds 60~90%2) Ha
WA HMESAE Belef?. o Us2d g F )
JJ‘*]E FE EFTE AR e 713e) &A%

AAkss Aol &, WisAE 353t e 4
E‘MWE« E B4 By e Axe] d3 vsae
4 A LE g ¢ F Y USA: 95 o
o 2lg df A ESAe] rideg: WEA A}
o oJgt MEFHE $A ALY £ 9ly 5L 2T
2 83 W AT oA EniEls B o7 AEEA
S 2 g Yok Aavle 2 2P A AEs
= Mo 22 A TEEWFFF |-
243 el EejEls Ao $8% o
T e ZleE duA vk # el o
AZA s gk dg oA EEAdola ks
o] 55 Fsla} SOD, catalase, DMTU -]
AA27F WELe] ogt g e EEge] vl
dFE WA WS oI AESPAEE
SOD A2+ FrolshAl ¢3l5]2] ¢kgkon], catalase
2} DMTU Axzjz zbzt oF 50%, 30%2] AEZAo)
&35 3ickFig. 2). o] Zahs 52 <3 P2 ujy)
AlEe] Eells AT)7h dF 9 s 2l
o] 2Rl Akslds hydroxyl radical o] F3 3

FIF oX, ﬂll

ofsh Hoz 4% 4 sk 2oy PasAlR 2424
A, AESe] A AAHE oz Hop s

o Y B4 19 b B 9 A
S4% o] Bol¥ Ao Az & AP B
2 WAz Rle] fdd ABH LB ATl WS
& AFom A% USlATAA Bu1R Aew A7
.

% gleh ol& Eelsly] Hste] WE ] F ¥t W)
FHAE wjefee] Fatslpd $EE stk IF
29 ¥58 UM ulet ekl shlsleae
557} Erbsle] UER AFoE d3 YAz lA
2277} 2ujgg & o QslekFig. 3)- °123. ksl
2 ¥ F7P) USad) A3 AEEes ATy

o] spsleart @l fEEdE 7]"‘ AL e
Z gxjat Akl Azl AAE e £
o} op7] el L 7b5 AL ke ZloR AGRIch
Catalase AA A W52l 2J& Fpabslea Bui7t &
#}5]o)(data not shown) £ 7oA shagl FAsIA
of 23 MEEAL] 4t P Tz 427
] AR o3 & 4 gk B ] o Al
Ae g oA ZoA Buld Basleart A3 A
EEAS YRS Wrlsiddch &, Hakskeae]
5 Zvt) wlE s AE5A-E SA sl daksiA ¢
ojgt 93} &S B3l Hasleae] QA 5
Fejng srsigich FAseae] 2 7 wet
AEEAA T ksl ar o]& catalase £} DMTU A
A2 Felsh| gslElgichFig. 4, 5). wlepA Fabs)
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£ & 5 ek UL AXA] AE ek F
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24 of

ipuZ: HlE-mAEd Fapde] Zotdl o7 sy
L EAozsl= AN ZTEFEZIFFIHARDS)S
uhg 7| o}z wiahs] whalA Al ek slE-EAY
3 2apde] Sk B 3 Al Ee] &4 2@ A
o2 A glo] HE-ZAYD T St 7|AE
olsisl7] $lalde Hid N &3¢ 7S
e o] Wasich € AT &4 F2 84
3 FTolA Euld g3l 2 2Rt
Az 3 gk 2y 2 Bl WAE 4l 3
79t 54 A2 7)Ae] EAE A AHE
o] a1 g} & APeAE AT BER B
Aol =gglo] WSt o] ¥ =z &4
o] uhAsh= =), Wil <) ¥t AR Ak
717} freiEle 28 Fsl, ojzle] 3 imxe]
&2}l st FPskAt shsich

g JEav) 357 Sdgle] 3 viujAlEd
A JR L EXE B A8 USLE FoAF Al
EERARE ZAsg). 0w AT)7 AAdFkeRE
H74s17) 918 o8 FAARZ AARG F UF2l
o3 AEEAE FAsgch o AR JSA 9
g B3 JgAEelbe] dar]) Bu]) 558 s
A WEA AAE wekahle] sk 28 34
st} vix|ete g skslede] AESAY A5E B
Aetazl FAaksea AR AEZSAAHAE ABEE
th 2E AgolA g} wiekz HUVES] A 4400 Al
ek AEE ALt AEFAAAALE s51CrfedE
ARg-s}giet.

dng:

D iEE 25 A3 €3 el AEe] E4)o] #
Hwd, o) 43 h$AIE Byt

2) US40 213 8 JyuAEe] £ catalases}
DMTU ) ¢jsle] zbzh f-ojslA] AA)=Iglch

3) WSl ofs g WA Ee 38 salslear)
SRS AAE RolA] Bulsgct

4) Fsleats % JAERAS Bolx o)&
catalases} DMTU A2 ¢93}=|gich

HE USat 9502 ¥ USAESYE Hel
of olu) W UAEAN BHlR sl AEEA
o Bl Ao Aztech
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