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Effects of Hyperbaric Oxygen Treatment on the Malondialdehyde
Level and Oxygen Free Radical Reactions in the
Heart of the Rats Exposed to Carbon Monoxide
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Abstract — 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 heart of the rats exposed to carbon monoxide. Male
Sprague-Dawley albino rats weighing 240 to 260gm 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-HBQO 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 significantly 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 cardiotoxicity and HBO inhibits the lipid peroxidation caused by excessive oxygen free radicals in

the heart of the rats exposed to carbon monoxide.

Keywords[] Heart, Carbon monoxide, Hyperbaric oxygen (HBO), Malondialdehyde (MDA), Catalase,
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2 Mo B H]E)Ef’ﬂ/ﬂt superoxide radical(O;), hydro-
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#4R2 918 4 g)tH(Goldberge} Stemn, 1977; Simon 5,
1981; Moody$} Hassan, 1982; Weiss®} Lobuglio, 1982;
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ADEEL A5 240260 gm®] Sprague-Dawley#] 24
B ARgslg on AR7|0E AR B2 doE AH
a4 st m, 4 AR FA ) 10mte]y] AFsict. ks
A8} A £2F $)ste] W7 37 em, 217 40 cm, Zo] 80
ome] %8 olmd X2 A= UG 38t F2AA
Z AHgslgith. 276 daksleta = 7], AbAaE A¥
2 45A1717] $sted £ 302iE 2 1082k 3
% ZF 274 3084 iyl T AETA
< HlE e 94 £ 30EE 1087 FFIF
A=A 7k FFE EF 10862 FAskg ek 94t
&2 (COYe T oA 71 H Akl 4,000 ppm-S, T8H4E
Zx(hyperbaric oxygen, HBOY=: 100% 2| 8-8-2 A1&3l9ic}.
A2 T2 Woll A vz whe S84 st ow (7]
— 7] — 7)), COTL 3087 7] =5F opA] 7)<}
VL2 7 3027 SFAALE] - 7] - CO),
HBOT-2 3087 ¥i7] =55 thA] diz]s} 3718 100% 4k
22 2} 3027 EFAZ 7] — ®7] — HBO). CO-H7]
T8 3087k 7] BEF dakslekiel dir|= 2 3027
FEARALH, CO-HBOTL 308717 &% JAksls
29} 3719k 100% A2 ZF 3087 £FAZch S5 &
A BE-g& AR 7)23s)e] phosphate buffered saline
PBS)& A& B3 AFAIZF AL wolflo] pellet
pestle tubeol] 237 potassium phosphate buffer(pH 7.3)Z -3
$H(homogenization) A|7)1F 223} A%< -4~ (ultrasonic
cell membrane disruptor, Somics & Materials Co., Danbury,
USA)E. A x=e w3 s}o] thiobarbituric acidZ o]-8-3F
Shah £-(1983)2] Hh¥ 2. F bovine serum albumin(BSA)S Z5
o2zl 534 mmel|lA] 2 FHEE BRIs A (Gilford 260,
Ohio, USA)E &A8}e] 2|2 3413t A £ 2 malondialdehyde
(MDA) Reke 2 54 S50, TAH AL thewh gk,

7}. Pellet pestle tubeol] 0.5 ml potassium phosphate buffer
(PB)2} AAF2AE @77 FA)-& homogenization A]Z1e},

v}. 2027} sonication A] Z1t}.

t}. Test tubeo]] 4.5 ml PB2} sonication A|Z1 Z2]-4- vor-
tex mixing ghc}.

2}. Homogenate 1 mlE &% 17.5% TCA 1 mlE 7}
gt

vk 0.6% thiobarbituric acid 1ml-Z- A 7}glc).

vl 1007 FZolA] 1587 uRe-Ay)s AlgE 70%
TCA 1 mlZ ¢35 4204 2082} vhx|3 v}

©}. 3000 rpmol| A 3087k AR A7 AE-Ae] AT
= £33 AR 57 534 nmol| 4] 23 gt

8 KMnO, &3¢ o]£3 Cohen $(1970)9] Wpg o=
480 nmellA] 7. F3%E A (Gilford 260, Ohio,
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USA)Z. catalase B EE &7 stgod, T4 AL
ohg-3) 2,

7}. Pellet pestle tubeel] 0.5 ml potassium phosphate buf-
fer(PB)&} 4173k2%]-2- ¢ 71 22]-8 homogenization A| 71t}

1}, 2027} sonication A Z1T}.

t}. Test tubeol] 4.5 mi PB%} sonication A|Z] %32 vor-
tex mixing ¥t}

2}, 308-7} cold ice water bathej.+] incubation &+c}.

vh. 2500 rpmefl 4] 10871 AAIEE] A)Z1F A4S 990
uiE 33sle] 100% ethanol 10 u1E Ar}glch

B} 3027} cold ice water bathel] 4] incubation 3+%. 10%
Triton X-100 100 W& #H7}3led 9.9 ml PBe} vortex &-%
el

Catalase BA £ 1353 vhgateel k2 T38Y 4 9)
o] 7328 ohgT 7o

k=log(Sy/S) < 2.3/t
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78] 7 pyrogallol2] autoxidation @}4}-& ©]-&%F Marklund
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o2 3lod 420 nmellA] 2 F4EZ B3R A (Gilford 260,
Ohio, USA)E &A1 5)¢ superoxide dismutase(SOD) Z4 %
2 24 shgen), TAY HE-L T8 e,

7}. Pellet pestle tubeol] 0.5 ml2] 10 mM potassium phos-
phate buffer(PB)¢} 30 mM KClol|t} A&z Wy F3)
-2 homogenization A] Z1T}.

1}, 45ml2] 10 mM potassium phosphate buffer(PB)ell
30 mM KCIE A75k)

t}. 4°Cell A 307} sonication A 71T},

2}. 30%7F 20000 goll 4] 41 #-2] A7t

vh. 2500 rpmel] A 1087 FAlRE] A|7F AEd 990
WS #&+ed 100% ethanol 10 pl-E A3l

B}, Sample, Blank % SOD Standardejt} Tris-acetate
buffer 9.8 ml-E- @ 77 votex mixing%l-¥ pyrogallol 100 ulE
AP s BssA R 4 420 imelld 3%
2 &A1 387 A1 F oA g SR sk

MDA g2k} catalases} SOD B4 w2 2412 mg thil
Ao gt gt GAEE T, AL Lowry &
(1951)2] vy o& Z43lct.

ANOVA's testE o]&-3le] EA| A3l 2 dlolels
BALFFAXZ Pl At
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MDA ElZF(mmol/mg protein)
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Fig. 1. Malondialdehyde (MDA) level in the heart of the Air-
treated (Control), HBO-treated, CO-treated, CO+Air-treated
and CO+HBO-treated group. *P<0.01 (N=7) vs Control. **P
<0.01 (N=7) vs CO. The data represent the mean+5.D..

&= Tl A= 1.68+0.170] 2, HBOT, COE, CO-H7)F
I CO-HBOTFAE 22 1.60+0.18(N 22 95%), 2.69
+0.39(ch 222 160%), 2.2640.22(=2)) 135%), 1.71+
0.22(NF A 4] 102%)2 COToll A= T B} f2si
(P<0.005) &7}54].2r), CO-HBOTZ AL COTlA]<]
Z717} #2154 (P<0.01) A =] 93 c}H(Fig. 1).

Catalase EME (k/mg protein)

] 2T A= 19.90+4.750] 3, HBOF, COE, CO-t}7]
T 2 CO-HBO-ol 4 3= Z}z} 18.98+4.13()Z%] 2] 95%),
192.94+ 2315022} 970%), 224.534:3529(x)F%]2]
1128%), 187.26+-31.52(N 22 ] 941%)2 COTE, CO-H7]
T 2 CO-HBOT A= 2T R} {9354 (P<0.01)
7+ sl vh(Fig. 2).

Superoxide dismutase EA T (unit/mg protein)

) Z el A& 11.56+1.130) 3, HBOT, COF, CO-t}7]
T 2 CO-HBOV-l A& Z+2t 13.37+1.52(F %] 2] 116%),
2173+ 1.59( 2] 2] 188%), 19.60-£0.67(H27]2] 170%),
20.544+1.93(H 229 178%)2. COTF, CO-tr)iE ¥ CO-
HBOT M= T ®eh {-20381A(P<0.01) 71550t
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Fig. 2. Catalase activity in the heart of the Air-treated (Control),
HBO-treated, CO-treated, CO+Air-treated and CO+HBO-treated
gruop. *P<0.01 (N=7) vs Control. The data represent the
mean+S.D..
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Fig. 3, Superoxide dismutase activity in the heart of the Air-
treated (Control), HBO-treated, CO-treated, CO+Air-treated apd
CO+HBO-treated group. *P<0.01 (N=7) vs Control. The data
represent the mean+S.D..

(Fig. 3).
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Mk 8-S dakstetAe 35 2P, rhad]A], ¥
71 AT 2, A F5a 2 b 24k &%) Zee
=] S-2] " 3ho] H ) eHA AR 3 ek (Myerse} Sch-
nitzer, 1985; Gerald, 1986). 53] $-2]vle}ell 4= 1980 o)
Zal7kA| = AzF dalsteka £% fAA oF 10094, A
wA}7) oF 3,000 o] WAshE AL 2 B wE S gl o]l
mHE 3HEA @9 AR WIE T Zolx|m gl Aol
o} dAbEbek S50l 23 QAo S a2 Abd o]
£ FHY AR o A AakiFel] sl 2E A7)
off thekgl A W& viebd 5 glr}. B3] AabbFol
gk ZpAde) oalalr Zhak, Al HR 2 AR 59 A
ol Az vh-g EskeE AL d8A gloh(Fukuki 5,
1987). J4kslets T2 S o) AT o &4
& 7}# 2.7 (Okeda 5, 1981; Okeda 5, 1982) o]&]3}F U4t
ek 25 A B mhikd gdle] ed HA4Y XE
nhog o] 2=y gvt. dAlstRA: F5o oigh wghat
& 892 37]5F 100% AbAE ARSI 9l vk A
29 714 g2 R dakEEAE sielste] Akad
i 5 8E FE3le] 2Ad o|2 A IR 4k 4
7], o] 8-S A= FE 39}, @2 & o] B2 Ak
£ 239, 2ulH s 4= &3k, z#]l5 hemoglobin-CO
complex& B#3le] FAe] AL3HE FBA7|= o= &7
E A7AE A= Elci(Davide}l Hunt, 1977).

E7)A AlxolA] superoxide radical, hydroxyl radical
2 hydrogen peroxide7} A= 4 gl o w ofw Fgf-EA o]
v} ok Tl Z2E| %5 wv} WA APl o] o]
oA A= A FHAakEakg, wela wla], A A o]

t
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48 HeF 33 5 2 AFAL £ Y 4 o
tH(Goldberg 2} Stern, 1977; Simon %, 1981; Moody2} Has-
san, 1982; Junqueira =, 1986). Z}Abo)rt A1Ake] 3 Al
£ 242 adenosine triphosphate(ATP) 7349} ATP %3]
tHE-2l adenosine, inosine % hypoxanthine®] 2718 =)
8w hypoxanthine?] &3l 2|s}e] wf-¢ ul-g2 el oxy-
gen free radicals¢] superoxide radical, hydroxyl radical %
hydrogen peroxide7} A= o] AL A, sl 247 2 A
Aute] A Farsubg-S Bk AE S48 oA
(Paller 5, 1984). &t AAPHo® T2 <lA] A|AA)
(endogenous scavengersy& ¥--5F2 9lo] oxygen free rad-
icals ¢=4kel] ohs] Wlolxl oz zhgslm gle{(Chance 5,
1979; Wendel®} Feuerstein, 1981) B]AAbd o & =73l
oxygen free radicalse] A|AZ 2jsle] 2 A w7} =0l
B 7o g delA glrh(Paller 5, 1984; Wasil 5, 1987), o]
B gt A AAZA= superoxide radical A A== supero-
xide dismutase, hydroxyl radical A A&+ alpha-
tocopherol(vitamin E), dimethylthiourea, dimethylsulphoxide,
ascobate, histidine ¥ tryptophan %, hydrogen peroxide A
HAAZE catalase2} glutathione peroxidase £o0] 9137 &8
Fokelle AAAY Fgo] 2 chPallor 5, 1984; Wasil
£ 1987). o]2] %} oxidative stress7} = o kL m) x| =}
7= Ho} 25 A7 A o] v (Halliwell#} Gutteridge, 1984),
53] 53 AAAL] £k A0 olfe He Azt
of B2 33} Ak FH3hn 9low HstE 4
HAET} vlokshar, Abafe]r] vhgdd 83 98 3§
£ RV} &A% wo) WMk 3 SolchPackers)
Glazer, 1990). Catalaseis thep®] #4bsf4 A8 4-E
E9AE #4dsted peroxisomesel] 2. B Z&}o] (Chance
% 1979) Hilkseind B A2 Bajgho g whiis)
S F7ho] BE ZALAE wolske a7} dloka o
$ich(Frank$} Massaro, 1980). €+ HhAlAd ZAl} kR B
of 5 A€ oxygen free radicals BAd-E F71A]7]

~

= 2764 catalase BT} Z71=T, w3l catalase S
Eol&l oxygen free radjcals®] Fr)AiAd o g ol 2]
Al

fed

F&- ibeldt 5= glokyr 3ol v Guiteridge -, 1983; Yoshi-
kawa &, 1983). SOD= hydrogen ion¥} superoxide radical
o] gh-g-stod iSSP 2 A FA) Y] 3 FA4kE) 4= catal-
asedll 98] B3} 442 #3992 24 (Baud2} Ardaillou,
1986) superoxide radical®} IHiHelA4 S7le] M2 A2
A& wlelshs 837} 9) a1, superoxide radicale} =ikl
Z-0}e] whge] A7]x]ero} hydroxyl radicale] AAde] x5t
=o] hydroxyl radical £7}ol] W2 24 &AL Wlolsl= &
27} elekar 3194t (Frank$} Massaro, 1980). 3+ oxygen
free radicalsel] £]qh A1 -4 o] D3} Miura 5 (1997)2
arefo] Aladella] w7)7ke] 83 oxygen free radicals”}

A7 myocardial stunning@} A& ¢ 2 7l F7FA1A L] ne-
uronal stunningo] AZ1t}m ¥ araldc). wgk AlAE P T
oxygen free radicals7} F7}5le] #4 A13lubgo] QA
Hadse] AZcka sl (Myers 5, 1985; Hoshida %,
1993). Griffin 5(1988)2 3Fe}tAlal adriamycino] A} )&}
AEAATE g FAHE 2L} R4S FHEAA
Felol 7158 AolE Lotky e, ojgt 4t
Z}ol] superoxide radical, hydroxyl radical, hydrogen perox-
ide B Hol2e} Fofdtz kAl Aol R Fabg-2 o
X178 Tharshs) Balo] glch st

Thom(1990)y2 4lsleti E2% 2 v 37]%9] 100%
A Fold AFTRG At gy 100% A4F
ol gl Aol HellAq MDA o] Frl=gicky 34
2n, o]l F TAHE JAEFRAE T5Y AP ngilki Al
7t H el A XA Habsinkg-g A o A7) Aeos HE
Algdet. 2Eu daksiRia E25] Aadel vlxle gk
HeiM e Bad vih glod B Addne Jadas
FEZ MDA ko] Zrlstledl o] B3} Aupite
A4 FakEr-g-& B3 A2EAE e oleldt 7
Abs}ell superoxide radical®} hydroxyl radicale] Hed sk o
Asprka S5 Al i FHee B Fasel
#Ho] 9l Ao 2 AlsErt. 19 catalases} SOD 3%
£ 27k ol WAHT: F50 % Y 54
2] & 27| H 2 F oxygen free radicals’} F9.9lAtz =t
|E RojF Aelv}. Waksitsh £2 2 catalases}t SOD
A w7} 271 73S oxygen free radicalse] =rb= olsh
A4 Haksekg-o] 218 A A AlTEAE 2l
7] 918 A Ao Alrdoh. dAEEs TR B o)
7] B IAA FoAgt el JdAakslai 223 R
MDA #=pe] 72445l 3 J4legd s 2% gqhils =
o5k Tl A JAEterA: F2F 7] Foldl R} MDA
o] o Zhadlglon 2 JdAsleth T2 E Gghaks g
o] oxygen free radicals S7}8 <3} =& s4tshulee
EgAeg A AeE Abg"o)h. et catalasest
SOD I dalslga F2F Ihilr Foid Fat
kB F23 T oalelo] {8 AelAe] glelew
2, AW A7PEE Holrl ol AR oy BE o] 47}
U=A] Bl et o Z2& A7yl dasidy ALgE,
AE R 22 A k] 3] Bl gt @ X EE2A ca-
talase®} SOD A =Rl MDA ko] ©] Balo] gl A
o= d=g,

ZHAte] 24

£ 37 19974 o)) Q7H] X)4lel) elaked st
2716 ZHA =R
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