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The Change of Antioxidant Enzyme (Superoxide Dismutase, Catalase,
Glutathione Peroxidase) in the Endotoxin Infused Rat Lung

Jeong Sup Song. M.D., Chi Hong Kim, M.D., Soon Seog Kwon, M.D., Young Kyocon Kim, M.D.
Kwan Hyoung Kim, M.D., Ki Don Han, M.D., Hwa Sik Moon, M.D. and Sung Hak Park, M.D.

Department of Internal Medicine, Catholic University Medical College, Séoui, Korea

Background: Gram-negative bacterial endotoxin induced septicemia is known to be a leading cause
in the development of adult respiratory distress syndrome(ARDS). The mechanism of endotoxin
induced lung injury is mainly due to the activated neutrophils which injure the capillary endothelial
cells by releasing oxidant radical and resulted in pulmonary edema. We studied the change of
antioxidant enzyme in the case of large or small, intermittant dose of endotoxin infused rat lungs.

Methods: Endotoxin was given to the rat through the peritoneal cavity in the dose of 7 mg/kg body
weight in the large dose group and 1 mg/kg for 10 days in the small dose group. Bronchoalveolar
lavage (BAL) was done and rats were killed at 6, 12, 24 hours after single endotoxin injection in the
large dose group and 3, 7, 10 days after daily endotoxin injection for 10 days in the small dose group.
The lungs were perfused with normal saline through the pulmonary artery to remove the blood and
were homogenized in 5 volume of 50 mM potassium phosphate buffer containing 0.1 mM EDTA. After
centrifuging at 104,000 g for 60 minute, the supernatent was removed and stored at —70°C until
measuring for superoxide dismutase (SOD), catalase, glutathione peroxidase (GSH-Px) and protein.

Results: We observed the following results.

1) The lung wet/dry weight ratio and albumin concentration in the BAL fluids were increased to
peak at 12 hours and neutrophil number in the BAL fluids were peak at 6 hours after endotoxin
injection in the large dose group.

2) Cu, Zn SOD (IU/mg protein) was significantly decreased after 6, 12 hours after endotoxin
injection in the large dose group.

3) There were no singnificant change in the level of Mn SOD, catalase, GSH-Px after endotoxin
injection in both groups.

Conclusion: Endetoxin in the large dose group produced the acute pulmonary edema and decreased
the Cy, Zn SOD in the lung tissue after injecting endotoxin at 6 and 12 hours. These phenomenon may
be due to the cell membrane damage by endotoxin. Further research would be necessary whther
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giving SOD by intratracheal route or method to increase the synthesis of SOD may lessen the acute

lung injury by endotoxin.

Key Words: Endotoxin, antioxidant enzyme.
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2% $A4T9] W54 (endotoxin) ol Jsi4 43l
&2 237 (ARDS: adult respiratory distress syn-
drome) o} Fis = AL 2 deiA Qdond avd 7
A wiEAY Zldel Al F2 g45k" 557
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epithelial cell} 5-0] Aoz £48 w7 wFo

D}»l~‘).

Abdololl 9 g A ZEYE Foly] g wolr|dor
Azoll= ofeirlx] FastEss) Easlsd A
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7h & gute|d o g Fo] 2 2ulele ZlEx] AL
Hed saleh, 3R] A2 e 4T
A AdFE 5ccd 7ol FI8k 35N E 4
LEslgl o] 343 A HA2 ZA] YA e sted A
B2 —707Ce i«v}o}"i‘?}ﬂ Zoll albumin ¥ 5% &
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NADPH (0.0028 M), glutathione reductase (type 3),
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Table 1. BAL Cellular Profile in the Endotoxin Infused
Rat Lungs
Cell Macro- Lym-  Neutro-
No phage phocyte phil
(x10¢) (%) (%) (%)
Control 1.5 98 0.5 1
Endotoxin
6 hr 6.56 40.5 5.58 53.95
12hr 516 39.43 31 30
24 hr 2.36 81.4 11.91 6.7
3 day 1.34 88 3.5 8
7day 1.7 77 15 8
10day  2.36 86 9 5.5

77 3 2 Qubtrt 10% HE 2 F7hslo] glieh
Cu, Zn SOD= 27 66.7+26.3 U/mg proteinoi]

ula) HE4L @FodF 647 2 1247 XM Tl A
21.9+5.8, 32.0+9.52 Zzt F-ostAl 743 o
(p<0.05) 24417+ ) A by Fol g °M+ bl

o] ot EAA ] FA4-2 gl (Fig. 1),
Mn SODE &7 3.76+3.18 U/mg proteinell d]
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Fig. 1. The Cu, Zn SOD levels in the endotoxin infjsed
rat lung tissues.
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Fig. 2. The Mn SOD levels in the endotoxin infused

rat lung tissues.
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Fig. 3. The catalase levels in the endotoxin infused
rat lung tissues.
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Fig. 4. The GSH-Px levels in the endotoxin infused

rat lung tissues.
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Catalaser th2F 32.3+22.4 U/mg proteinel] ¥}
3 ek 5l 48 bRl 2ol & sl gldde
(Fig. 3), GSH-PX= A&7 43.3nM/mg proteinoi
vl oFd B4 2wt gisich (Fig. 4).
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Fig. 5. The lung wet to dry weight ratio in the en-
dotoxin infused rat.
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Fig. 6. The albumin concentration in the bron-
choalveolar lavage fluids of endotoxin infused
rat lung.
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Aol A3 35 o] F L i}s]ojof shzd] 22d
FEo] A7l AL AAd o2 o mAd It 43
9] o}F& Walshe WAL} &AL W] wFo)T,
Al 3FFL FEFY HdFole 2354 ATl 4
gAY Fol o E& AR T WELE 1S4 AT
FAERRA o o) d Lol 54 E3-5 viello] A4
Ee AgdUdA 4] 3FEe FETH FAE £
£ vehd 4 Qi

% (sheep) & A1l 52 F3 79 Ay o
o] o]-¢Hx gl=d E. coli HE4E Ay FAshd 1
AlZbdoll AFH ¥kt 7|2 Age] 7}, compli-
ance?| ZtAgo] vehdciio B4 F9I% 147}
Weoll d2 Aol $FF7} 743 leukopenia7} 1}
Eh} 441 7F Bk A4 6l A 2] A x A
o W54 18] digFod ¥ 64171 W 122) 70l AJ 84l 7]
A AZAY RN E 557} BA ] Foha Aoz
u]Fo] gtz Palo]| A= leukopenias} YUY L Aoz &
A},

ol iS4 F9UF e e Aeled wiske
arachidonic acid HALE Hale] glEn]'®™ Z 14
7l # 9] qlslell 1l ¥} (plasma)ol cyclooxyge-
nase tHAHE3] thromboxane A,$} prostacyclineo] &
7bsb ol s mstel vl A7ka dA@
29 =8 arachidonic acid®] lipoxygenase tHAME
¢l 5-HETE (hydroxyeicosatetraenoic acid),
12-HETE, LT (leucrotriene)-C,, D,, E, % LT-B,7}
F7bsled|vee B3] LT-B,9 £71= leukopenia®)
A|7igk A8tz LT-By7t ©xd4e) 3375 A&
o] FA7IeHl BeddAE Ao A4, AAEY
AgolA 2] wet/dry FHvI £ WS4 dFFAdE 12
A7kl A Fosl e ole ol HEFo] A ¥
A28 Su)sby o)eldl o822 meclofenamate
v} indomethacin 22 cyclooxygenase & A Ao} <]}
of A3 FFashm g f5E ol H59 a8t
ukAlell arachiconic acid®] cyclooxygenase tjAl-&o]
B3l & Aoz AL

WELZ QE HA5F o o5 n¥te] el 4
47} (oxygen radical) 7} #{dicte AAA FAE
371 -FEA1 N-acetylcysteineZH2 oxygen
radical scavenger® 5o 8}5-gu] #H5 nEg5e
&73o] YA H AEE AR v]Fo® Aars) F

3 98¢ stejgtan AdEd, 371 Aldrle obvke
WE4ol e o2 o] 5= x B3 TFTelA F
2 Fulsioiz @43k 2 A 2o Fulshe
Az 9¥ HAosEietn A4 AFAHNA L3
8} AFA HE4L (lipopolysaccharide)+ <l A& =&
Fub oA A 22820 = EFF29E primeA]# phor-
bol myristate acetate (PMAN} formyl-methionyl-
leucyl-phenylalanin (FMLP)%- 2 2 = 23 ¢ &
superoxidey} hydrogen peroxide?] 4o} Fr15l},
YA o] Z7}% superoxider 3FT9 FFA
(chemotactic factor)2 5. 2tg-8te] o] 2§ =
2 &AL ER4]7]92829 superoxidest H,0,5 24
of %4¢ JehllAlat o]& Eo| Haber-Weiss 4h-3-2
2 9bEoldl hydroxy radical (OH%)o] t1& EAle] &
A s o2 g AbAr| 7} Aol o] uhEoiA ™ 2AIY
B H 2} dapHQ FHI) Hof g4 Yo m g
HEFo] wAsle Aoz deiA gk

QAo Alarle] 2AE4e 1] 5o A7t
2 gAstE 47} EAshed 25 HEAH4ql Zo] SOD,
catalase, GSH-Px5-¢|t}, SODE F71x ]2 &)
3}= mitochondriaio] & A& Mng #H3z Al
2AWY AL Cu Zng FHdk SOD+= F 49
superoxide®d 44cl-&¥ ubEAlA H,0,2 W§A)7]
3 catalase®t GSH-Px¥ H.O,% ¥&gch wheby
ol§ dalsti4r) Fobsld AbLvlol] & 2ALNE
HAY AR 4 Y& Aoz A, AAR FHell
AFE (10%) 9 A4E Fosla 2% a5=9 A4LE
F RS 259 Abdo] 3 Abggol AAF L3
JE59 A4 28]4 SOD, catalase,
GSH-Px7} %713k sl ol =P 1#%,

WE ol s sz Aks7]7t ol ubeeld 7
+ galstas el wsto)] diside o &e] gl Kubo
E%92 of(sheep)oll 100% A£F FoldtAY 4
WE A4S A A9 Mn SOD+E $718h Cy, Zn
SOD+= F718A ge4 asieich, whde] Hass®®
L Foll HELE FYUsta 95% ojAHe] A4E Fo4]
Cu, Zn SODg} A o] F7lslvt WiS4nl gHRo2 &
dAE 28 4L FEE 4 Az FdE
JenkinsonE9¢ seliniume] AP E FHoll £ W&
425 o) ol Fqeb A FE 4bdol eFA)
Z-8d selintum®] 748 98] GSH-Pxo] 5% §
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8] Yekx SOD o catalasex Z7}5l=] g¥grort A
g HA s adle A @asled SOD, catalase,
GSH-Pxo| 9|9 t}-2 ofw g} 7ol oJefa] spee Ab
Zol| &g Abugo] ZaEE oz wEslech

updo] FrankE7¢ Fo WELE AAASE 1FE
o) Abkol 72417 = FAAEH HAA R e Fol
vlsted Abel-go] WA E] Zradtla 259 sz v
A& SOD, catalase, GSH-Px7t Z7hslo} 912 wd
et

AAEL Fol WEaE o (Tmg/kg) 13] Foidt
of ARDSE uhsslewel 4% (1mg/kg)e 15U
qhE FolFol sz gabstise] WEE BAste
B.oket, f‘Hak ol Foll A o 40/——] 7‘]*}‘%“‘ 2o

= glodeh, mgtell Mn SOD, catalase, GSH-Px& of
o £FAT BRelA S HshE e —"r 81
Arh, Z 2 Age)AE WELES ek A S Fadd)
Adeu FASEAZT £3) Cy, Zn SODY) 72 7} H7]

gro] K71&ntdt Afgtolglel, olefgt @A ofulx W
o ﬂifﬂf‘% Hageman 1x}7} &A1 tslo] k4] o
# v § 3 Z(disseminated intravascular coagula-
tion) ] Yot Alzute] £AEIAY W40 o84
2al7b gAdstslo] 3557 A o) Boigitist
ZAEPE E40 2 AT R o]Fo] FrlxElT A
35 ZF5TolA #u]sle lysosomal enzyme, 4h47)
ol Al Al MLyt Sakg dtol A2 Ao F43 &
A3 Cu, Zn SOD7} 7h4% Zle 7 AR}
AAREY A3 FAR AE AE =F2 2 Ighal
B30 Flol| HE4AE FodF dAza Cy, Zn SODS
ko] Zasiel Yot nwf Cu, Zn SOD mRNAS
e F7hElo] 9le& HWAste] W47} Cu, Zn SOD
mRNAS®] ok F7b4]7]m translation =HAE wthsis)
o Cu, Zn SOD&] oke] 7r4d Ao g dusldn, =
42" 22 Cu Zn SOD mRNA7Z} 715 Cu Zn

SOD# o] Bobdl A9 WF4 Foi% 95% ol 4]
Ak E 72417F Fod @ A follut 24 Qloloha shad et

£ AgollAe W54 5459 Cu, Zn SODE 23

g P4tstEsel mRNAS e SAsha £agion
%oz o] mRNAS] #ste &43kx & SODE £}
' =

HAPUY - 2% AT WELe ARDSE #%
 AY £ Yooz el glon 2 7HFel W
Zof A 2ol Folo] Frisln A TF0
A Brlsle A7) o) Fobete] 2A B3 WAL E
£ARE 9f 3] wiFolabe Aol R¥slel, a#ld ot
5 At E Heldle gAsta4rt WEAE e Fof
AU 47 U FoiA] oG A WdtsheA] dotr izt
AL sk

g [ 250~300g =l F el
mg/kg body weight® WH4E 13] 70 F=AeHg
3 &8 dl2- B0l 72 1 mg/kg body weightZ 104 7H

ol Bzhg FAbstedet, d#gSeEd FAE 6, 12,

2427k Bo)), Ak HPE-FolF-& FALE 3, 7, 10U0] 7+
7 AR AZAAES Agste Al
& E3lod A2 AdaF FUstd HITF AAGSE
FE HE ol FAL AF FAY sulsl e Sakel
50 mM potassium phosphate £ & ¥ 3} of 3% 7}
homogenizeA] Zic}, ©]E 4'CellA 6027 100,000 g2
%52 d4telsted AFAg —70%) Rgsisivis}
Cu, Zn SOD, Mn SOD, catalase, GSH-Px%} albumin
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1) #Hel wet/dry FA4] o A3A] #HZA A Y
albumin 5+ WS4 dgkFol & 124] 70 A2 =
74t 73] HZAH G 355 HEL R
o] % 64| 7toll Ha g Fobelaivt,

2y Cu, Zn SOD (1U/mg protein)s v} & F(66.7+
26.3) 0l ulal tHeFFodtol Al 64]17h%(21.86+5.79) 9}
1241705 (31,969 .54) ol 27k olelQle #H4E vied
Weon] saf ubgfo]FolAE & *%'1;:52}7} Siﬁiﬁ}.

3) Mn SOD, catalase, GSH-Px¢] <k2 oz} ==
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A 22 Cu, Zn SOD7} 6412k 2 124245 @A
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3 A4 BAY 4 dded ol e WEL
o oA o] Al Z7t &8¢ BT Wl Foz A2,
wetx] SODE 9]0l BEalFAvt el A 42
AN o R B4 sedel AL HEF Jle
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