Qalslelae] 2EL 23] ko] AL o] TandA| Sle] 9= XA XEHMCR o|fE T gt
ol = B8l o) FRIZAZAES) F97) BAZ delolx, gk F7)4 A oAM= superoxide radical(Os), hydr-

MARLZ b F8) 9 I57)F S 3XAES) F2 oxyl radical(OH.) %! hydrogen peroxide(H,O,)7} A2
AREEE g dabslels 50 W AlgE Zleojo) o T gled, ojd FEER e G F T FEHGS dhv)
Abgleta =] VA& -’—'f— dAbstetiol P4 B M o] o] HrAEHA AAEH ] Al 2
(hemoglobin)®] 733t A& (AkX2] oF 2008 )w)Eof AlA o] &AM dd 4= 9lok(Goldberg®} Stern, 1977; Simon

7} G4} Al AL -173 \8}3L, -E-Alol] Wk ZA]e] %, 1981; Moody$} Hassan, 1982; Weiss®+ Lobuglio, 1982;

ALMBIEA Z2E DMtk o7t EF AE0IM2| malondialdehyde

g2kl catalase ¥ superoxide dismutase 0] D|X|= A&

MolE - TN - THE - 5K/
Qophata slstela o) st

Effects of Hyperbaric Oxygen Treatment on the Malondialdehyde Level

and Activities of Catalase and Superoxide Dismutase in the
Kidney of the Rats Exposed to Carbon Monoxide
In Chul SHIN%, Ju Seop KANG, Hyun Chul KoH, and Ji Hee HA
Department of Pharmacology, College of Medicine, Hanyang University, Seoul 133-791, Korea
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Abtract —In an attempt to define the effects of hyperbaric oxygen treatment on the lipid peroxidation and
oxygen free radical reactions in rats exposed to carbon monoxide, we studied malondialdehyde (MDA) level
and activities of catalase and superoxide dismutase in the kidney of the rats exposed to carbon monoxide. Male
Sprague-Dawley albino rats weighing 240 to 260 gm were used. Experimental groups consist of Control group
(=breathing with air), HBO group (=exposed to hyperbaric oxygen [HBO, 3ATA, 100%] after air breath), CO
group (=exposed to CO[3,970 ppm] after air breath), CO-Air group (=exposed to CO after air breath followed
by air breath) and CO-HBO group (=exposed to CO after air breath followed HBO treatment). The CO group
showed significantly higher MDA level, catalase activity and SOD activity as compared to that of control
group. The CO-HBO group showed significantly lower MDA level as compared to that of CO group, and did
not show signilicantly lower catalase activity and SOD activity as compared to that of CO group. These results
suggest that the excessive oxygen free radicals is an important determinant in pathogenesis of CO-induced
nephrotoxicity and HBO inhibits the lipid peroxidation caused by excessive oxygen free radicals in the kidney
of the rats exposed to carbon monoxide.

Keywords [] Kidney, Carbon monoxide, Hyperbaric oxygen (HBO), Malondialdehyde (MDA), Catalase,
Superoxide dismutase (SOD)

A9} Ak SjelulA] A sbalF]H | =8F cytochrome ox1dase Fantone® Ward, 1985; Baud®} Ardaillou, 1986; Jung-
2] JAE Belr A2 A o] 4-S Assled &3 ueira E, 1986; Weiss, 1986). Shin 5-(1998) LAls}er
2ol ik AulE st daldekh 2R 3':] 4 F2F 33 Al A FAads], catalase 24 ¢
o] EHEE dHel| &S 714 9 (Okeda &, 1981; superoxide dismutase o] £7}13jglom o

Okeda 5, 1982) ol#jat Wilsleks 35 Aae] Tk Mk Fod2 2Asi5eky Bosige). 2 fﬂ%ﬂ/ﬂ” <
AbElera ZE % Bl ARk i3E Zzkele Wy vl
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A 9leir] datsletae] HF AAel Wt 5
Heta HF2F Ik 29e] BATS] oxygen free
radicals?}e] A Z FHsIA B AFE A xslsivt

Ay

HEESE

ARTELE AF 240-260 gmY Sprague-Dawleyd 84
AHE g8l o] AG77MF AlR e} 22 Y92 AF
A B3, 2 AgEzde 10k Adsieleh
AEER0NS E2

dAbgeriel AbA FRE 9ste] WA 37com, 217
40 cm, o] 80 cm®] UFH ok=H AR A=H AHE-
2% F2ARE AMRsAE. 2706 dakduks = o
7], ARRE AYEZS 55 ASAF)7] #8730
A2 1087 BFIE 7 Z20A 3088 2y
TY AYFNM 221E vlE o= JA] 25 08B 2
1087 FHFF sldz7e] 7hne] R[S 29 108HE
FAEATh QAR (COY= AN $3 x|abaks)
4,000 ppme, %Ak (hyperbaric oxygen, HBOY:= 100%
2848 Algslgdd. HaTe 224 ellA H7]Eks
25 st em @17 -d7|-d 7)), Coe-2 3082t 97
FEF oA A9} daERAR 7 3087 EEAIFT
#7] =971 »C0O), HBOT- 3087t W7] 255 oA o
718} 3713 100% Ak 7 3087 ZFAATH 7] -
7] >HBO). CO7|F2 3082t 7] 355 dAarsists
o} 7|2 7 3087 2FAF29, CO-HBOZ-E 3083t
7] ZEF dAlERAe )E 100% AR 2 3087
FEAHA.
MDA &2, Catalase & SOD &4 =H

F2% ZA] FEE DTFEASH /53l phosphate
buffered saline(PBS)S 57842 B4 2% A=
FFAZF L85 A7 wojule] w]Av) sz Fe5)
o] T A& pellet peste tubeel] ¥ 3L potassium phosp-
hate buffer(pH 7.3)2 w8 3}(homogenization) A17]% =
S5 M Fdr 24 7] (ultrasonic cell membrane disruptor,
Sonics & Materials Co., Danbury, USA)E AZE=-2 =}
7 3ledthiobarbituric acidE- ©]-83F Shah 5-(1983)2]
How Ppellet pestle tubeel] 0.5 ml potassium phosphate
buffer(PB)&} A1AFAL @31 =2& homogenization}
sonication A]Z1F Test tubee] 4.5ml PB%} sonication
A7) Z2)& vortex mixing Z}. Homogenate 1 mlE |
FE 175% TCA 1miE A7k, 0.6% thiobarbituric
acid 1 miZ 7Rkt 1000C R4 1587 w1712
A8EF 70% TCA 1miE 932 ALelA 2082 WAE+
3000 rpmell A 3087 AAREAZ FETHe FHEE F

S A (Gilford 260, Ohio, USA)Z. bovine serum albumin
(BSAYS ZFo23le] Tt 534 nmeol|A] X2 Ik} =
£ malondialdehyde(MDA) &2 &2 )i},

EH KMnO4 AX-& ©]-83F Cohen 5(1970)%] 2
2 480mmol A 1 FF=E EEAEAE ZA 5|
catalase B2 &4 1ot

=] pyrogallol?] autoxidation H3¢& ©]-E38F Markl-
und®} Marklund(1974)2] ®FH .S 2 Pellet pestle tubes]]
0.5ml®] 10mM potassium phosphate buffer(PB)$} 30
mM KCl oot AA-2A-8 €31 23S homogeniza- tion
AlZ) % 45mle] 10mM potassium phosphate buffer
(PByl 30 mM KCFE A7}8kal sonication A7) H441%
2] A|Z1&E A2l 990 ulE #Fle] 100% ethanol 10 ulE
718k} Sample, Blank ¥ SOD Standardelle} Tris-acetate
buffer 9.8 mIE YL votex mixingdH§- pyrogallol 100 ul
A7V E EHEE $33 A2 bovine kidney SOD
2 ZF02 3lequlA 420 nmellA] ZA 3o superoxide
dismutase(SOD) #AS &4 slo).

MDA ==} SOD €49 42 mg A gt
s ez YEA, TR Lowry 5(1951)9] w
Weg Aok
SHX

HBO¥, COZ, COH7|Z H CO-HBOTS} d&Z7}e]
z¥zke] wlme}, Co7IE 9 CO-HBOZH COze] 7}
Z+e] vlal= ANOVA'S testg ©l-83te] EA A28,

7 delele FFrEFUAE dehioie.

I o

Az}

ot

MDA §H2 (nmol/mg protein)

&Pl ME 2.5340290]3, HBOZ, COZ, COH7]
2 ¥ CO-HBOTME ZFZh 2.48+0.18CHEX]2] 98%),
3372037029 133%), 2.92+£0.28F=]2) 115%),
2354035 2212] 93%)= COToIME daidrc: f2
A (P<0.005) 27159321}, CO-HBOZAME COZlIA
o] 2717} o)Al (P<0.005) AAIETHFig. 1).
Catalase 2 (k/mg protein)

HE2Fel M 56.28+17.34¢]| 12, HBOZ, COZ, CO-H
717 2 CO-HBOToIAM= 22 47.29+11.26(HH 242
84%), 167.43+3521(FHZX2] 297%), 149.25+38.37(N=
A9 265%), 16321+42.13(N2X]2] 290%)Z COT,
CO-N7|ZF 2 CO-HBOTME AZFRT folsH
(P<0.005) 271551 H(Fig. 2).

Superoxide dismutase 24J (unit/mg protein)
th2oAe 13.90£ 1.12¢0]3, HBOT, COT, COH71E
% CO-HBOToIM = ZHzt 1597+ 1.57(HEAY 115%),
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Fig. 1. Malondialdehyde (MDA) level in the kidney of the
Air-treated (Control), HBO-treated, CO-treated, CO+Air-
treated and CO+HBO-treated group. *P<0.01 (N=10) vs
Control. **P<0.01 (N=10) vs CO. The data represent the mean
+8.D.
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Fig. 2. Catalase acuvity in the kidney of the Air-treated
(Control), HBO-treated, CO-treated, CO+Air-treated and
CO+HBO-treated group. *P<0.01(N=10) vs Control. The data
represent the meant S.D.

23.49% .03 ZA2] 169%), 21.74L 1.97FNEA2] 156%),
2134+ 1.06(H 2% 8] 154%)2 COT, CO-d7+ H
CO-HBOToME HE2TRE F-2431A (P<0.005) F7H%1
o}(Fig. 3).

il &

Ak o dAbslebaE 2R, ZEAaT)A], 97
A AT A, 9] Ty 9 BEARA 7-}\]-05’ )8} 7))
A 5o Azl FHHEA AEEHI YMyerssh
Schnitzer, 1985; Gerald 1986). €3] dxrlEslio] =%

|| &0 AM 2] malondialdehyde &2, 123

25}

M
[=]
1

-
o
L

py
o
]

Superoxide Dismutase{Unit/img prolein}
o
i

0

(Control) (HBO) (CO) (CO-AIy  (CO-HBO)

Fig. 3. Superoxide dismutase activity in the kidney of the
Air-treated (Control), HBO-treated, CO-treated, CO+Airtreated
and CO+HBO-treated group. *P<0.01 (N=10) vs Control. The
data represent the mean=® S.D.

< %2 vele) A 2T Sl ETESL oFF
FUAZIAF F837 FAR Felgl, AAHeR
Zz] g w57 5ol AR} F2 AMEE g dal
shekig 5] AL A4E Alolo). dAakdubs F5o] 2
L AlAe] Ak 239 A_l_ o]_g_ =29 ARAIR 9=
ZA Axikargel oled REA7 tiekdt 23 WS
vehd = glot E9] AAkaE ] Wt zrpAde] o Lf’&
2, AR, A7 5 AR 5o A At wHE
Wl o7 ok ﬂn}(Fllkm %, 1987). daksleia
Z2Folle o] FHHE Fge &S 743 2™ (Okeda
5, 1981; Okeda &, 1982) o|=igl dAlHsts 35 2|5
o] Ak o) ] 22 FMe] zsuoes o] &% 37
St Yske F5 A TARRRRE P 100%

AbRE AMSSET QIR TR gL 712 AT
B dAatseiig EHE'—]EM Al g 3 Hsle 22
o) 2= vka Ak4e) F)E], o]4L EAEE BT HE
e}, G £ v @ AAnE &9, $NH sk 4F
29, o=la hemoglobm—CO complexZ- 233t Z2] 9
AARE HEAE R Ea 5 AVHR AHEeH(David
s} Hunt, 1977).

F714 A EolME superoxide radical, hydroxyl radical
9! hydrogen peroxide?} HHIE g glo] FAe| &AL
d8 4 9o (Goldberget Stem, 1977, Simon 5, 1981;
Moody2} Hassan, 1982; Junqueira %, 1986), 21 ¥
Alol| = 22 2] adenosine triphosphate(ATPY3429} ATP
Ha] AFE<] adenosine, inosine % hypoxanthine®] 7}
£ 28 hypoxanthine®] E7o] 2)&lod =l ¥kg-=<]
oxygen free radicalsQl superoxide radical, hydroxyl
radical %! hydrogen peroxide’} A=l AFHA, $sfa
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At 5l dsgAate] X3 FakEhEE B8 M IS
of7| A7 (Paller %, 1984). Lee &(1994y A&} |24
20 HF AlA| ojgt E2h8-e] 7]HOE oxygen free
radicalsel] )3t £ARS B39, Shin?t Koh(1994)=
A3 Aol 3FH A Wg 52hg-e] rHeE
oxygen free radicalsel] <3} AN HIIsldc), gk A
Ao 2 FAl2 WelAd Al A (endogenous scavengers)g &
31 oxygen free radicals At o¥)] Ble]x oz 248
F2 ¢le] (Chance 5, 1979; WendelZl Feuerstein, 1981)
H|AAF 0 2 Z7}8]1= oxygen free radicals®] A|AHE #
dled 1 BAo] FolAE ALm el glom, ot
A AAE superoxide radical A7 A| 2= superoxide dis-
mutase, hydroxyl radical A|A#|Z¥&  alpha-tocopherol
(vitamin E), dimethylthiourea, dimethylsulphoxide, ascor-
bate, histidine @ tryptophan ¥, hydrogen peroxide |7
A 2= catalase?} glutathione peroxidase 5] 912 SHF
tellie AAAY FFo) 2R Th(Paller 5, 1984; Wasil
=, 19872 s}, ©]#3 oxygen free radicalst
sulfhydryl oxidationg -F3ted A =4S o7|AZ 4
8] vHFreeman@} Crapo, 1982; Band$} Ardaillou, 1986)
3 gte) ASAfE o8l gentamicin(Walker#} Shah,
1988)# puromycin aminonucleoside(Thakur -, 1988)%] =
Alol| = hydroxyl radicale] #ed =™ (Halliwells+ Grootveld,
1987), 57l Z2d FEA¥AAME
superoxide anion®} hydrogen peroxide®] AJAde| F7F=L
(Sajiki 5, 1983) A& FAkzkge] FAEck vt
(Klimczak 5, 1984; Jamall¥} Smith, 1985; Hussain <,
1987). ©|2J8t oxidative stresse DNA £Akal 283 A
7%= X349l nicotinamide nucleotide &= ZA &}
= I F27|32 FEole /€A hydroxyl radical®]
AAje] 22 deferoxamineZ- A #}Al (chelating agents)2]
Fode o] 21€4 hydro- xyl radical®] AJAd2- <k
g 4 9lthRehan =, 1984; Halli- well®} Grootveld,
1987). Halliwell?} Gutteridge(1983y= F<-°]-2°] oxygen
free radicalsell 2]8] A= AW} =Hakapihgol e oln]
A AakElge] MEZAEH] aldehydesZ 2] F3E =
ZAAZEET Bt} Seldin Giebisch(1985y= F41 4
Ag dozl AdEEeMe] S 25 e 5
A RH71F2 AM| x|l FIpis A wATEs
Azatal AlggAgels], MEZEka AlgAe] FAFA4]
alkaline phosphatase, Na-K ade- mnosine triphosphatase,
cytochrome C AREFEA: 59 #AzhAES ZAgdlT s
o}, AlZAe M AFSM vhS-e] Folsld AbEA] diARAE
E=24 oxygen free radicals AJAdo] F7IslA] Eed ¢
Z oxygen free radicals®2 prostagl- adin ¥ (Band®}
Ardaillou, 1986)3} cyclic nucleotide ©AH(Shah, 1984)%

cadmiumel]

e

ZEE= AFEA AgE Bl F88 27 AEEHe 3
Aol JeFS Fil, ARFA Z1A=Z k2 3hH (Shah F
1987) 35 o] Al7A| Asts FA okl (Boyce)
Holdsworth, 1986) ¢=##] 9127 o]5 oxygen free
radicals:™= catalase, superoxide dismutase % ghutathione
peroxidase?} 722 FHAFELE Ao o]dl] A AZTH(Baude}t
Ardaillou, 1986). Catalasel =9] spAbslps A ES
3 BIAE $AEle] peroxisomesel] FE EE 3|
(Chance %, 1979) #AalEpas Bo) Akhz Fajioz
A AR A ST W TAEARS velEle Eaprt
ook Fedvh(Frank?t Massaro, 1980). ¥R ARG <F
Z Fof 5 A Me oxygen free radicals S &
7FA1 7)1 FZ oA catalase BAe] FrlEHW, =gl
catalaseS F{3}H oxygen free radicals®] FvAlAle®
013t 22|22k Woldh 4 gJial Sl vH(Gutteridge 5,
1983; Yoshikawa 5, 1983). SOD¥ hydrogen ionZ} super-
oxide radicale] ¥hg-3fo] TpakElpAE A A7\ ZpAakEL
4= catalased] @)l B3 ARAE EE 2 24 (Baudeh
Ardaillou, 1986) superoxide radical®} M4l 71|
B FZ A vlelsl B3 903, superoxide radical
2} FAarslpaelo] vbgo] AJ7]|=|oke} hydroxyl radical®]
A o] A7|A 9222 hydroxyl radical F7}el] e F3]
2218 vlelshe Bl olvkal 8o (Frank®} Massaro,
1980).

FHH Shin (1998 YAIRIRIA: 25 313 YAfel|A|
A4 #AEEL, catalase ¥4 ¥ superoxide dismutase
Aol F713191.0m, o] HRgE FgMAEAE: Feq B 714
ok Ruslelal, w5 dakgsta FERFee ¥ 3y
8k ododel] =AML 71H 9 (Okeda 5, 1981; Okeda®,
1982), Thom(1990y> YAbSfets: F=2F 2 == 37|44
100% A28 Fodof] sl d7)vt 17]9F 100% ALAE
Foigl Agge] ¥eM MDA W& E7AFe, o]
AR LAERATES A Itk 287} el
A Fakshe-g HA ik A7) LR AE A9
et datsisks F271 23kl rl2e of kel wisrM=
BrE vl gloat B AddMe dalsst: F2E
MDA o] S7BlEd o)y A& FAbaube-& 53
A 200G n)Eie, dAlslets F2e] A% d8t =
Zhg2. wpx]Ae] #itste}l o] glE LR AR
& catalase?} SOD EAJe] F7Bslsled] oly dAbstst
A5 Wg g 2HE7]H SR oxygen free radicals %
9] sl hydroyl radical®} superoxide radicale] 8.9l
A2 AH8-ghd BedFE Zlo|ot, dAlSsks FEZ catalase
2} SOD #Ade] ZvFH 72 oxygen free radicals®] %
712 Qg A1 Ak F315 AAAA SN
ZAA717] 7 AW AR ALREE. YAk F
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2 EEFYe 7 AAsl= Aoz Ala®o) 22t catalase
2} SOD A YAakgleld 2% ygkakh Folg) 73}
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