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ABSTRACT: Effective measure to prevent oxygen toxicity is
greatly required as there increase chances to be exposed to high
oxygen pressure, for example, space travel, deep sea diving and
hyperbaric oxygen therapy. In the present study, in an attempt to
evaluate glutathione and chlorpromazine as protective agents
against oxygen toxicity, effects of the agents were tested on
various toxicities (death rate, convulsion rate, time to convulsion,
increase in weight of lung and brain and pathological changes in
the organs) observed in rats exposed to 5 Absolute Atmosphere
(ATA) of 100% oxygen for 120 minute. Glutathione reduced
mortality rate and convulsion rate and also markedly suppressed
the increase in lung and brain weight. The pathological changes
observed in these organs were ameliorated by administration of
glutathione. Chlorpromazine also reduced mortality rate but its
effects appeared to be limited mainly to pulmonary toxicities.
Thus glutathione seems to be more effective than chlorpromazine
as a protective agent. The results obtained may support that ox-
ygen toxicity is mediated by oxygen free radicals.

Keywords: Protective Activities against Oxygen Toxicity, Gluta-
thione, Chlorpromazine
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=, 1963)& 7o) walA glew, AbngFol Fubsld TR FAakiFel whd AME7t Al dicz
A& FA 9 Apdelcth

22} Paul Bert(1943)+= 187840l 4415 15~207]8t2] 4bAol] E2A)7) ZAx} o] dojvn
o 2e) Zohay) AbRehE AFEle] Abdo) 7 FHe] dojdria ®g up ok JA A A
AlrnZEol A A3 191243 Bronstein ¥ Stroink (&, 1981 ) ojs) Ajdi=ded 252 2A=
3 At ~]3H(Absolute Atmosphere ; ATA), 100% 0238}ellx] kA8 F918 At 557 F5cleldf
7ol dodg salgh wp gk ¥ @ AYd YAAYEES Fted AW FAlel deH da
JdA2te Aol Hr EAstd o] 71| fal2hgo] dgo] w3z (Lambertsen, 1965 1 Wood,
1969).

JAAFE o) =g okalo 2 M= o A (Lambertsen, 1965 ; Greenbaum %, 1966 ; Clark 5, 1971) 3}
F2A7A 8] o}AH(Lambertsen, 1965 ; Greenbaum 5, 1966)-2 = 5 glow, ulsote) yxitas
FdA & ASde FAAF HFE3AFol Yehves Aol ¥EA ATk, 1965 5 Doull 3, 1980).
o] Wl 2¥r)eT HE YW Y AR Solk AhFEE ko] velz o] waAl vl 9ot
(Wood, 1969 ; Lambertsen, 1965 ; Greenbaum 5, 1966 ;: Clark %, 1971). #Zo] ol dibsist
A2F 5o} 74tE S0 A8 g Y8t ARE T e 2gAE e (E, 1981 Clark 5, 1971 5 Davis,
1977 5 Robert %, 1965)¢] HFog shajuul ope} v ouFAlabze] ALnTHS S A4
g 7bsAdo] ¥ Robert 5(1965)-2 aghitagwls wehrh AbR A5 Rag st ok =,
slyozolstal 2belate] Wt g Qldte] AAZF ¥ E, TYFAE ZT2EE 7|37 5 9le
(A, 1963), wlaa aqpibagde]l HsAl BF (&, 1981 3, 1969) =] &= #8 el
AN ArFE9 EAe 3E3 AT R Yadseistn gich

AA2FE9 1A delA A FREe] 747 T As)E WA lom o} 7] ole & o] o)
AY R 23 AA)A g YA 9= A2 oxygen free radical’d(Clark 5, 1971 ;5 Gershman
%, 1955 ; Raffin, 1981 ; Kimball %5, 1976 ; Frank 5, 1980) %} catecholamineo]v} W&E»]A|¢] |4}
(Bean ¥ 1956 ; Bean &, 1955: Bean %, 1955)¢ &gt} A Solct. Oxygen free radical’d-2
ArEHbR] 7] K o) sl =)H A zo}siAl A%l superoxide anion, hydrogen peroxide(Gilbert 5 3 1957),
hydroxyl free radical % lipid peroxide%-o) A Z=, sulfhydryl 447, DNA, AX FAAE Sl
EAHE Fo] AkAFEo] YAFth: A (Raffin, 1981)0]=, catecholamineo]it WiE-ulA|2} o]4del o)
gl AL Hapad 349 AAe He FE £y wMIAAGAE AHSR FECAE T5
g WAde] A=]x (Johnson &, 1957 ; Bean, 1961) adrenaline $oj8 FE-o] t]L Fo] Uojis
%] (Gershman % 19555 Bean &, 1951) A3 A nAFFAAA G AAADAR WAl =
ol &= A# A (Bean 5 1956 : Johnson £, 1957) ¢l 7|82 F3. AA % Mo} 21 2]olx Hufjo
FelHog gax Atagel 712 AV PN L0 ofo] FaFe] Ao olatalria2) ZF7HJohn-
son %, 1957 ; Marshall %, 1961)7} 55-& f#3vhe An =¥ AA&A7A AN 2 55
A7 Al A% 2}4-(Lambertsen, 1965 : Harris %, 1968) 8}e] Ab4Eo] futxivhe A% Sl o]9}
7o) AbAFF2] 7|He] A3 W AAA AAaFTol o REA 9 W sHEAde] ol ofed %)
A7} guks) A e 9ok Lambertsen, 1965 ; Wood, 1969 ; Lambertsen, 1965 ; Clark 5, 1971).

AR 52 o2 q AT ol W3 A7) e AN iAe] o2 B3 A F 34LsHA| Q) glutathione
(GSH) # ¥ 3slA] gA|zHgo] Q& chlorpromazine(CPZ)S ratol]l Foig ¥ 052 R3E3E
715t el. RatE 100% 5ATAC] 12087 E2x7] F AbE, Zzdds, Agddrz, 359 o
AFw), =HFF o AFw), AF 2 o] Weldhy Ha 5o AXE At AnFSHel A B
I A gu|gle 2HE A o]d Hasle wlo|ch
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HEES

N8558 Sprague-Dawley A9 rat(male) 60v}e]s BE £A3 ZAsl)A 237 A58 &
#)5-o) °.i‘é—’r‘-$(200~300g) of Tkt AE Abg3tdch AFHEEY AT 7 THE BF {olF
2kl 7} Ak (p>>0.05).

AgHos FUA AR FSA 248 okEe] I ANE R flste] 60vtelE 10ute]4 6709
Aoz Jrsich

Mz

Aol AMgsl 2E Ajokd EAE 15 Ake R AYdd zAs AMgsldch

GSH ™5 MerckAHAl 2 9] 2ol o3k AP A5 Fol7] fi8lte] dA wxo 4do e zAZ

F 4 mmoles/kg, 8 mmoles/kge] HEZ APLEA Foidrh CPZL AXMAGAZoz AE3=
10 mg/2 m/-% Sepamin (Chlorpromazine HCl) FAle& W=l W #sio] 125 mg/kg, 25 mg/kgdS
Fodgtgicth

ey

1) 4as%s A%

oF 16~184]7F FoF FHAHE 247 APEEL AFS ASY F 7 APFEE HI3MAE
Fojstel =, glutathione?) iﬂﬂ% #As7] 98 A¥TFS GSH 4 mmoles/kg(GSH-4), 8
mmoles/kg(GSH-81) S z+2t E7H Falsted o, chlorpromazine?] ¥.3 835 A s517] ¢i3 £
CPZ 125 mg/kg(CPZ-125%), 25 mg/kg(CPZ-257)-& 27 f&FAleldn + HE2FS 39 Ay
NYTE 98 F2R 2 Fabsielch w3 oAl o] el odt Ay eAE Folr] Hste] A
2] A94E GSHE-& 48W, CPZi-e B sakg 747 FAskgch

tI

Table 1. Experimental conditions

Protective agents
No. of  Concetration Pressure 8

Experimental Groups 1

Rats  of Oxygen(%)  (ATA) I.P. Dose 2 I.M. Dose 3
Normobaric Control 10 21 1 N.S.4 1mi/kg N.S. 3.8ml/kg
Hyperbaric Control 10 100 5 N.S. 1 ml/kg N.S. 3.8 mi/kg
GSH-4 10 100 5 GSH 4m moles/kg N.S. 3.8 mi/kg
GSH-8 10 100 5 GSH 8m moles/kg N.S. 3.8 mi/kg
CPZ-12.5 10 100 5 N.S. 1 ml/kg CPZ 12.5 mg/kg
CPZ-25 10 100 5 N.S. 1 mi/kg CPZ 25 mg/kg

1. Normobaric Control Group: % ¢t 2, Hyperbaric Control Group: ¢ 27, GSH-4 Group: Gluta-
thione 4m moles/kg 5o} GSH-8 Group: Glutathione 8m moles/kg %¢J7,CPZ-12.5 Group: Chl-
orpromazine 12.5mg/kg %33 CPZ-25: Chlorpromazine 25mg/kg 537

2. LP.: Intraperitoneal Injection before 50 min. of Hyperbaric Oxygen Exposure

3. L.M.: Intramuscular Injection before 50 min. of Hyperbaric Oxygen Exposure

4. N.S.: Normal saline



S 717 f8te] Y EEE A9 RE AMEEES AT F 5087l 2
Q) J(erz=AA A, F4 10mm, N7 235 mm, AA 700 mm)E o] &3le] 5ATAS A Z=2
o} 12027 F2A17 olf+= 011‘3]’}453 A7 YA ETY rates BT 40~7084 A#E o
0-120%-ol] Albstsd 7] w-Fofl 12087 P2 A Ayl s Ee TR
d WAL Sofl g 28 AEE & 7 Uddkz AREHU7] WEelt) of
) A AaEEE AFAEA7](Oxygen Analyzer, 3 TaylorAtA]) & ol &sle] &AsledE=d] 98~
100%2 A% F-A387] Yated AS 5EZE 171843t A% 442F #4d Bz 58 A
Zofji= vk 1734 7}sH(Jamieson, 1966 ; Gottlieb %, 1966)3ted 5ATA«| =2Al7l Folx 794
FAIEHE A AAE AlS BT 1208-702] H20) vt Foll A 78 At olg AhsrEuA
(A, 1963)& wAlstr] flste] 1385 17190 ZAshsisdch b ez SUdAH A A
i 71hst el 12082 k&Aoo old AR AAEELs 20~21% EHWATh
2) B3 axel #s1

H.i"*xﬂ-/l Fol ek AaFEd i3t vIaAs Hriskr] A AREA A ZEIG F
L) 3 AV T2 AR g AT o AF
A,
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ol iii]?d-"‘ u AlAsHA FA4o R Arbate] vehed ole AaEw 4 F
743 -E1°]3}1’+(7_r, 1981 ; Davis, 1983). 1#{22 Audalge] 74 o Bk x|dS 3 B3
Aol A|RE Abg3ldch

A A A Hale] o A ]

FHo) Ao AR A = 7134 Aede] oF 30x AL oluf SFo] UubHeR A=
Hedohrt fele] 1A Azlo] of 1# ASHE F AMen Solgrh *‘%5 o} o 3
A AHudE ‘-‘PE}‘x’li AEdsl o ® haaigl A,

veld aj7hxe] Al Aews

) A715=F ol *“'&H\

AaFEA BAEE 74 Al B3 535 #A7, o SolA %A Vel Hemingway %
(Hemingway %, 1952), Gottlieb®} Cymerman(Gottlieb &, 1966)-2 ¢]|& A2FEo) gt K3 a2
HA7IEo 2 Ar)F5e o) AFE A=ksste] Hrle & ke X v ek o7 A€ Gottlieb 2]
ubalo] ojste} o}g-o) A4E P3lsirk Gottlieb ¥l (B7]F2/ A4 X 1,0000]c)

Gottlieb B F3}7] 915te] ZaAgo] B F AFHFE APEES 3K Silverman,
1978). 2% Ao A4 AHZHEEANM AXV|Es] 78], AR T AAY F 2 FFEE
ZAslglon, ¥o) AHeE AA7)Fe R Axksle] FUg wo R Hsqc) AFS H¥He] F8¥
F Asgsle] A7 of AFHY A o] 45t

(A7 ZEA g el HA

A2 FEEE 7 A7) WelshA w3} (Greenbaum 5, 1966 3 Schnakenburg F, 1970 5 Wit-
ner 5, 1966 : A %, 1982)= dAU7|Eol wel HHIH AaFEe] HrPriEor AHEHY ¥
ul glet

2 AeAx Ar|FaAZo] £85% FE-L 10% formalin £ 2 3271 Fo hematoxylin-
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eosin %3 4-& & C’rg welstA 7“—'1—“— Arjstsdct. A A £, BF £ ZAEH 549
2738 WA(Witner 5, 1966+ A 5, 1982) & 5 glof $19] 47h2] &de] BAH 47, 3744 7o)
HAHW 34, 274 aAde] AEFHW 24, HA a7 fAEH 14, 99 adde] Ry #3HA
dom 0o hFstyrnt. W) A= $F, gAANAY] F4 gl HAe 278 #3(Greenbaum
S 1966)T 5 9lo] 219 271R) 4de] RF {AFA] wod 24, 17FA] aqt fEEW 14, 9
o] B AAEA] dow 0dog ARkssle] xxE AR

S4B Ao AMRE EZxA(100% 02, 5ATA, 1208)0) AL FES §8AHEAY o8
#AAsl7] ste] HYdz2TFH w2 Tk 25 TEEe1Y] §-29A A (Petrie, 1978) % A%

HEF%o] S-S HAG Fol ALE Y ADURES B 4 AP REAHE BH)
EAH fo4e A, Auuasze A7 G4

#1el M= Fishere] A HEHE o) 83l &
HAE Student’s t-HAAHE ol43slsich A7I15sE o AFv]a Gottlieb ¥l vH7Hx| & Student’s
t-A G ol B3l EAHoE A 3]-,313}. Helghd A4 E¢ 23 a7 oJ¥E Wilcoxon rank
sum ZHAYPE o) Ldled FAHoE As)ich
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: 717k F AbLE, Aeeds
A A gk, Al o A, A7) ‘ﬂalfz}&i 73*3 < ﬂrz%ﬂ ﬂﬂr— Table 29} Zt} AuhEg
Bl g2 70%9 AP“J%—% o] EAMoR H23 Aa #A4s #EY el
(p<C0.01). Heraldx HYzTde Fes 2ad YPEFo) ai%rﬂ ulslod et 2T 100%

Table 2. The findings of oxygen toxicity in normobaric and hyperbaric control

groups

Normobaric Hyperbaric
Contents Control Group Conyt?ol Group P-Value
Number of Rats 10 10 —
Mortality Rate (%) 0 70 P<0.01a
Convulsion Rate (%) 0 100 F<0.01a
Time to Convulsion {min) d 59.7-11.4 P<0.01b
Lung Wt./Body Wt. Ratio  5.83-1.32 12.20-4.37 P<0.01b
Brain Wt./Body Wt. Ratio  4.26-0.31 4.88-0.30 P<0.01b
Lung Pathology (score) 1.2 3.0 P<0.01c
Brain Pathology (score) 1.0 14 P>0.05

a, Statistically significant between Normobaric and Hyperbaric Control Groups
by Fisher’s exact method.

b, Statistically significant between Normobaric and Hyperbaric Control Groups
by Student's t-test.

c, Statistically significant between Normobaric and Hyperbaric Control Groups
by Wilcoxon rank sum test.

d, Convulsion was not observed up to 120 min.



Aedo] raEe] delo glo] AaFHE dovle AL BFY 7 Stk
3 e it Ariwde] glold Blndd & ddch AdEE o ATHle Y
7o) 583+1.32¢0 whg, "’%MJZ%"] 1220+4.372 $A-H22 #Fo3 F7HE B AnETS
qA4e FEE F Uk (p<00D). HFEF A AFul= g xTo] 4260311 ¥, I £ o)
4.88+0.302.2 2] Fog F7hE B AaFE dAE AT F AWk (p<0.01). 71| He| e
AAE asiagol A A e e FAMR Fo3 Adags 27¢ 42 7 A2 Hp<0.0D),
well = a7 JAeH(p>0.05).

S} A2 A E 23 V=T AnFHS FLEAE
#HA 7] flste] o|-4% S5t Ho Wty

=
N

Aprkofaro 2 mhegl AbAFmo| ¥ HE A= Table 33 vk x
ApE-g 1.9l uhdo] GSH-4F, GSH-8Z o A= 0% Abg§e 5o {ﬁ:—'}%ﬂ] gk —}‘{—

Table 3. Mortality rate by experimental groups

No. of No. of Mortality

Groups Rats Death Rate(%) Dla D2b
Normobaric Control 10 0 0 — —
Hyperbaric Control 10 7 70 P<0.01 —
GSH4 10 0 0 P>0.05 P<0.01
GSH-8 10 0 0 P>0.05 P<0.01
CPz-12.5 10 2 20 P>0.05 P<0.05
CPz-25 10 0 0 P>0.05 P<0.01

a, D1 is the difference between Normobaric Control and Experimental Groups
by Fisher’s exact method.

b, D2 is the difference between Hyperbaric Control and Experimental Groups
by Fisher's exact method.

Table 4. Convulsion rate and time to convulsion

No. of Convulsion Time(min) to
Groups Rats Rate(%) Dla D2b C on(vu lsi)on D2c
Normobaric Control 10 0 - - d -
Hyperbaric Control 10 100 P<0.01 - 597 114 -
GSH-4 10 60 P<0.01 P<0.05 95.2 11.2 P<0.01
GSH-8 10 0 P>0.05 P<0.01 d P<0.01
CPz-12.5 10 90 P<0.01 P>0.05 58.1 12.2 P>0.05
CPZ-25 10 80 P<0.01 P>0.05 86.6 10.5 P<0.01

a, D1 is the difference between Normobaric Control and Experimental Groups by Fisher's exact
method.

b, D2 is the difference between Hyperbaric Control and Experimental Groups by Fisher’s exact method.

¢, D2 is the difference between Hyperbaric Control and Experimental Groups by student’s t-test.

d, Convulsion was not observed up to 120 min.



149

3 4 9ledoh(p<0.01). Chlorpromazine Foi7-¢] A-$£ CPZ-1257- 0%2] AIHEE 1)
Ztel wisle] EAHez Fogt AT veple] 9A A4ASH HIEANE [AY F Y

A "é"‘ﬁi""ﬂ AeiA Ay g o A e A7 Table 4ef viepd vle} o) Aeigal gl glo]4

1488 ¥olo), GSH- 440!]*& 60%4 g2 4
oFEol WEaAE B 5 Yuen(p<0.05), GSH-8ZN A% A4-g do7l wiar) glo] AbEF S
e R EFE 2 4 ddck(p<0.01). Glutathione] —1—°1£%k il:— 4 mmoles/kg TN &
AR o3t B3 ARNE FAL £ glo] £ Flol g RIAN] A4S I F Ul

AR
(p<0.05). o]l usted chlorpromazine?] 74-$-oll= CPZ-12572 90%, CPZ-257-2 80%2] 7%
FES Bo] ALFTEo] g REEANE DAY F gigdoen Folgepdzr Apddgo] Aelst
A cH(p>0.05).

Aegd A 7tel] sloj M= asht 2Tl A Hu AzgdA|7le] 1
uleie] GSHA4T-S 9524112802 EAHow fogk 7
(p<0.01), GSH-87-2 724 rat7} glo] ZaddA|7HE vl ¥ 4 ¢isdc) Chlorpromazine2 CPZ-
1257 A G 7uidaazie] 5814122808 wohd el vla FAHR fol3 Ay
A7k QA B § 9lsiek(p<0.0D).

5o &

215 of MBH|

D Azgg o A5

AsFE ol REAIAE AAT O AFuE AsE e Table 59 ueld vl o
DU ETe) 7 ARFe o) HFuE 1220+4.372 ¥hdo) GSH-4T7& 652+ 1.11, GSH-8F&
605+ 1272 FAAoZ {3t 744 RHol AbhF ol gt Riaas 33 5 A2 (p<0.01),
glutathione®] $oi4#FH 2= Baase] zlolg ¥ 7} AdAUcH(p>0.05). E3}, CPZ-1257L ¢
AAFek o AFu]7t 860+ 18622 AT FAH LR FoF zolE A F Ao (pl
0.05), CPZ-257 A= H dA45ef of 57}t 6.69+1.1602 A4FEo] Uizt 83598 & F
2 eH(p<<0.01). Chlorpromazine 5o & ac EAMoR K3t HTAAE Woj L3k Z7)df

2 B3uve kg o4 4 Aok (p<0.05).

2) =& ol A5

Aol W3 XIEFAE HFY O AFeE sl BH Table 63 7t

2T T H3e o AFule 488403001927 GSH-4AT 4.19+0.270]19, GSH-87-2
430+0422 Bt} Ab2FEo o RIzasE A 5 Ao (p<0.01), glutathione®] Fof&
B REEe] zlolE B = GAUcHp>005). £F, CPZ-1257L A7 HF% o AFw8)7
493+0332.2 Dz SAAHCR §o03 o)} ¢l 2vH(p>0.05), CPZ-257-& 4.38+047%
AAFEo g 3 aAE 2 7 Aok (p<0.01).

HEe| Halsy Hay

o P& Se] $EA02 Yok A% 2xel A, 2
Folt FFES 2Ys $3) Uehda FAFATAAE T AHET FH 54 293
de & F515

Ao g Hep 2ol e ﬁ]£*°] T3 %3og

0?-
&
_-i
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Table 5. Lung weight vs body weight ratio

Groups nga' ts°f Lung &‘1 fo%‘(’)‘)jy Wt pia D2b
Normobaric Control 10 5.38 1.31 — —
Hyperbaric Control 10 12.20 4.37 P<0.01 —
GSH-4 10 6.52 1.11 P>0.05 P<0.01
GSH-8 10 6.05 1.27 P>0.05 P<0.01
CPZ-12.5 10 8.60 1.86 P>0.05 P<0.05
CPZ-25 10 6.69 1.16 P>0.05 P<0.01

a, D1 is the difference between Normobaric Control and Experimental Groups

by Student’s t-test.

b, D2 is the difference between Hyperbaric Control and Experimental Groups

by student’s t-test.

Table 6. Brain weight vs body weight ratio

Groups ngé t;’f Brain (‘i“l'f OLO“(;;Q Wt Dbla D2b
Normobaric Contro} 10 4.26 0.31 — —
Hyperbaric Control 10 4.88 0.30 P<0.01 —
GSH-4 10 4.19 0.27 P>0.05 P<0.01
GSH-8 10 4.30 041 P>0.05 P<0.01
CPz-12.5 10 4.93 0.33 P<0.05 P>0.05
CPZ-25 10 4.38 0.47 F>0.05 P<0.01

a, D1 is the difference between Normobaric Control and Experimental Groups

by Student’s t-test.

b, D2 is the difference between Hyperbaric Control and Experimental Groups

by Student’s t-test.

Table 7. Protection with both agent against lung damage

No. of No. of Rats with following scoresc
Groups Rats Mean Dla D2b
0 1 2 3 4

Normobaric Control 10 1 7 1 1 0 1.2 — —
Hyperbaric Control 10 0 2 1 2 5 3.0 P<0.01 —
GSH4 10 5 3 2 0 0 0.7 P>0.05 P<0.01
GSH-8 10 5 5 0 0 0 0.5 P>0.05 P<001
CPZ-12.5 10 2 3 4 0 1 1.5 P>0.05 P<0.01
CPZ-25 10 2 5 2 0 1 1.3 P>0.05 P<0.01

a, D1 is the difference between Normobaric Control and Experimental Groups by Wilcoxon rank sum

test.

b, D2 is the difference between Hyperbaric Control and Experimental Groups by Wilcoxon rank sum test.
¢, The scores are summation of each score, 0 in absence or 1 in presence, of following pathological fin-

dings; congestion, edema hemorrhage and capillary proliferation.
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Wedsle] glow AEwARRE BASHA bk LTI AE YT §Fo] Falsiw T2l
sus wAgd $4o] AxeldL RENE Toig AFTAAE F 2T TS 23E
wol olzfet Wel£Ae AT Amel Wt GRE Folste] Mol NY MIaTHE Fol B
Ashe Table 7o) bt wie} Aok BE BEeR SolFoly §oT AaFE Y R A}
2R ool (p<00D), 7 bl SFURE WEE Folr} FAsH ZHTHp>005).

n H

WS e ofel Bakoz tehd 4 Jov) 7bg AAE AL sk FFAAAN a3t

pud [+
23R Atz o] Ababolrh($, 1981 ; Lambertsen, 1965 ; Greenbaum %, 1966). ¢]2}& 4455259
g-ure 97}5b7] $98k9) Beand} Johnson(1955), Taylor(1956), Gerschman 5(1958), Saiki 5(1969)-
AE EE AESES AAAFE g AFEA Akl w3, Adle]l AnFE FA F M

Eolstl= Aol #tste] Bean(1956), Gerschman $(1958), Currie 5(1969), Sanders 5-(1969),
Faiman $(1971) & 7#2a@dA|17k-e A4E5e] Gas) ghelg 9 2|3 24 o] 4319 ct. Hemingway
5(1952), Gottlieb®} Cymerman(1965)-& 7t #7)9] F-Fo] AbagHe] 78 Wslehs Aol 2<lste]
ANFE of AFWE AXZA stz 22 FHelAM Faiman $(197D2 #Wejshd 218 A
F3hste] W4 o] &3ledch

B A e AE Audg, Aandng), A%k o A, JE3F o A, Ao =9
welahy HAL AbaFEe] s ]S 2 A3 vl o] wejshd 4dels =k
2T TYH2TER SAA foAAdS HAT 5 9l 49 AR JbA] WeEE AdaFFY Y
AF 24 o] 43k o) elsltia AAF 4 Uglch

oFE9] 4t FHol gt M3 AN glutathioned] 79 THET ) AHE
tathione 472 0%2 ALARFHol g Lsaas 3% 5 U B
100%<1d] wkslod glutathione 4 mmoles/kg F-o}7-& 60%, 8 mmoles/kg Fof 72
gtz o] 59.28-¢1 vl 4| glutathione 4 mmoles/kg Fol T2 952803 WE Ay
s g T §olgt ¥ 3 dFe] Ao & < 9lglt) ol Gerschman £(1958), Sanders(1969), Currie
5(1970)8) AF-AFAET vlws) 2 of APEE, Ay, A8t e] feko] et dgAHow v
287l WEA A2 glutathioneo) A IHRAAIZHE AFAIATE HollA dAHe 248 Btk
=g A7 o HFed o A, Ags =) ejstd YN BAHR Fo7 REEHNE Mo
glutathione S AVHE, 574 A4LES, FRAAA AeSSel ¢ B35 vehiry g4%
T Uk

ol2]gl glutathioned] AtAFEo i3k BRI A 7]Ho dfsle] oJerixlg {FF8 & & Qlct
AWMA R antioxidantZ 9] 3 (Gerschman &, 1955 ; Raffin, 1981 5 Kimball 5, 1976) ]t} AkA:
ZFE9] Yoo FA=E superoxide aniond W3} 2 3Hs}le] lipoperoxides 3433ttt ol lipopero-
xide¥ glutathione peroxidase®@ ¥]E-A]3}=li=d] o] ), glutathione®) cofactor® =H-8-3}2 2 (Kimball
= 1976) o] 7o olsh AbAaFEel did B Eadr} vt Re] obdr} ALgHt} o) antioxi-
dant enzyme<l superoxide dismutase, glutathione peroxidase(Gerschman %, 1955; Frank %,
1980 : Hailliwell, 1984), antioxidant?! tocopherol(Taylor, 1956 ; Saiki, 1969 ; Steinberg %, 1979 ;
Ward %, 1984)ol % EEE5E B33 A72dxs Bope 571 7issidie & + gtk F
WA 2L glutathione® SH-AiAlo] & 2524 (Currie %, 1969)¢lt}. Lambertsen(1965)2 4t
A£F5L SH-84AE T3 Axe @5raie] ngAdstz Qs dAx dage7ix= {442
4 ol Fa4sl7| % &) ¥} glutathioneo] o]2|3 SH-AAA9) v &ASHE Told H3aE WH3&
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7} Ao 2w cysteine, cysteamine, disulfiram 5 SH71ZE &3t <t (Currie 5, 1973 5 Currie
5, 1969 ; Currie =, 1970 ; Gerschman 5, 1958 ; Faiman %, 1971)7} B3 &35 Hol: AL
A= 27delel & £ ok AHAR A4E 5 gl 23713 S 2+ glutamate—>succinic-semialde-
hyde—>gamma-aminobutyric acid—succinate7}#] 2] tAla}le] B & 2h8-(Sanders 5, 19692 &
oJt. Currie(1969) = gamma-aminobutyric acid®) A7} d3k-S wlo} x| o] AlAA L Aol AR e} 2
o] frdEichal £ v 9o glutathioneol] ojgk A} A &) Bo 2 AdLgSHof e RS aHE
w3s £ glokw A2 Ee o]+ glutamate, succinate 5 (Currie %, 1969 5 Currie 5, 1970 : Gers-
chman %, 1958 ; Sanders 5, 1969 ; Chance 5, 1965 ; Faiman 5, 1977)¢] <7} 25835 )
ehlls ZAdely dxjgleh edul Schellenberger $(1974)-2 gamma-aminobutyric acid®] 277}
AR Al REAAE el fdetia $3Ael B 3 vie qlvh AR e 2 Ed A
W& 2518 (Sanders, 1969)% S 4 3t} Bean¥} Johnson(1954), Saiki(1969) v AtaF52 7|3E
2EH A0 dEo g FAE vt oledl, 99 vatgA e A o) dsfed e M5 2H4-(Sanders, 1969)
& el B2 glutathione®] B3 7]*o] ~EH e digt ¥ 52844 £x 9lris A7} Chlorpro-
mazine?) AAFEo) g RIS @3 v}, AbgEo] TR TL 70%<) ¥hdE el chlorpromazine
12.5 mg/kg Fo3Fol| A= 20%, 25 mg/kg FHTAAE 0% A4FESd N Reayrt 3aEgd.
Zeh AR g nddizTo] 100%<l vhHe) chiorpromazine 12.5 mg/kg o) ol A+ 90%, 25
mg/kg Fololl A 80% AtaFSol Wi M3 Ayt HAEA] sk} AALEATL 2RI o)
59.7%-<1d], chlorpromazine 12.5 mg/kg $J72 581828 X E a7} A=A dghot} 25 mg/kg
Foi e 86.68-02 HE At RAEch ol Agulye] Fdeir dgFH o8 v Edr)e Lt
Bean(1956)©] chlorpromazine 13 mg/kgs Foidlo] AAZTHuFSlA AT E h3t 23 EHNE
A3 vpel= o} 227 Faiman 5(1971)©) norepinephrinee] 7 #wdlsl= Fadsichke 7479l
v)l2gt Sdor), TEo] AlAEE LEgo olg AAldale] FAdA o) Fsl= ofF HAUZ
o]&°} glot} Lambertsen(1965)-& 54174 A] AlEo] gt s9k4kAe] SA4421-40.2 <lste] A7)
fEla AEot shase] 1 v)ee) AAEHM, = SFVIAY AvAEd g gatdes A=
JabaFe AHEES 2dste) 5Eo] A Hopx Fgsta ik B A4 chlorpromazine--
Abrgol e B 3aEy Aee e BEEdrl AR ¢E FHoeg Wl $)9 XAl
Z ZE71AY A A L) dij)E shx)2kg-o] o] & epgate]el Ao} 3, chlorpromazine 12.5 mg/kg
FordAe AAEHE o sy, e Weega PANoMe RIadst $EHA wsich el
25 mg/kg ForelAde $l x4 BT BIadst §8Ec) o]2idt chlorpromazine] %
A8 B3 a3 Bean(1956) 9] AFAAANE YA == Ffolch

Chlorpromazine T4l ZEF7AIS 530440 B3 aart dxehA] & A F A7
AaFE ) Ae] 2ol 9)E F ke AL AAbs F32 gtt Bean#} Zee(1965), Harris(1968)2
7)Ao} i) Ale) o=l F4gk wl gl b4 Johnson(1965)-& R 7iMeletn F4-E st
+ Agdaee Aede o2 A sHedE Ao ool High At o xlsdE]o] At 7)Ado)
FF JtEE ook Al A7

£ dFo) el chlorpromazine®] 4tA45%Eo| g B3r|Ae o8 72 438 2 5 o
AA2E o35 o4 7) 5 (Bean, 1956 ; Johnson %, 1957)°lc}h. HslpalE AAlsted FAlV5E
A A)3}e] epinephrine ¥-¥1& ZaA|A ZAAFAGET(Bean 5, 1955)7F 7] wWEo] opd7zt A
7t} AubAQl ApFelle welrjion 2gste HIFAFAA FF0) o] FRde FFE A3
A7l v 2 Jehsd, 2 o)fis o}A) B #slA] ekov Beandt Johnson(1958)-8- xf 8F A off 4 2]
B2 EALo] ALFES AL FAE v} stk SHAEE antiepinephrine d#olth ol&

X



Gerschman(1958) ¢] epinephrine2] Fol& AAF%9) o3& gl w}
2 A7 (Gilman %, 1980) ) £]Ale] Mstz o]4tsluta QA&
vl wtad olsbzlet o] HHo] AhnFEE-S fuE 7’3§§ %
aeju A o4 Aaesol g Reav(Bean ¥, 1960 ]H—L— O]aia}
2871 HE Azks) 2 wkslo), U HA) 2% chlorpromazine ] *447sl 7igolcl HUAIE HE v
GFeko] Hasle] At FEd Y LI EAAE 7| = o, o] AE7|HLe B anﬂr Wegemaker
(1960) 8] AglellAe A= v sich =g, £ Ay Ay
2 FHo® Hol ¥3ii)ste] oFk HEY Zﬁ,% Au)det Aokar A7)

ojAke] =9lg Egslel RAd glutathionee EF71A 3 FHARFA UrF o] vfste] Fg
HF AN} 9lSo] BEFE AL, chlorpromazine ZE7|A AlLFTHolut BE E*PP gel FaH
drt. AL He) oh2 F okfelA HEawrt Ay Zog HolAlnh el FEAFEA L
A3} QAY wuokAe] JAH S8 7 okl Habgy A FgeF S5 sty 4F3]
A EEo]Ho} & Ao =t} £ HYP AR %A F= 23 ZF7 A FFA17 A o
EAlol] B3 Ess)t gl glutathioneol] Hi3E dA-g42 7H5Ae] o+ Eoti 474 5 Aok =
HejupAtAl 2 Al (Gerschman %, 1954) v} 434 ¢ paraquat %% (Gerschman %, 1955) ¢] oxy-
gen free radicalel]l }stof futglvhs FAE0] 9l 7l o2 Kol o|d o3t glutathione?] X8 &35
ol & whalia Abssich

T oohE Sueld gzt 5 gl A o Biokaele] EHET BuriAdAse

T 2gtEte] I ANE bz A L?%ﬂ 714& stz A4

B RS A7) 7lmsleloldt e Wl ulolrh
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29t 3ol Al A shE AbaFEe] il glutathione®} chlorpromazine®] HE# w5 @23
LA} Sprague-Daweley#| rat(male) 60v}e]E thAbo 2 S5ATA 100% 023} 12087t Z2A1H ow
7hA A& FESE gofsla, olejdt FEZl i3t HIAe AdE #AsA g e HES

L AFYE, ARRe, AU, AFS 5 AF, 45T 5 AF0), AP ey Aol
AEFFE P2 DRY S Yok K9 ey AN 43R S dd dedde o

2. Glutathionee FE714] % FF3A74A ALAFTEol tiste] e axE Hch

3. Chlorpromazine-& 35714 AA4LFEol sl Ae BEAT7} Fa=E o} 3444 AT
el wEEHs HRY S ol

4. °]4tel Qi’qli glutathionec‘l ch]orpromazineiﬂr AaZEeo Ysled vl AR BIAAE
Holrly & 4 9low olaidt A AtLEE9] 71do] oxygen free radicald) &gt AL 3
WA Ao "gl}ﬂﬁiﬂ’n
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