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= Abstract =
The Effect of Glutathione on High Dose Cisplatin-Induced Cellular
Toxicity in Non-small Cell Lung Cancer Cell Lines

Seung Il Lee, M.D., Gwi Beom Boo, M.D., Dai Yong Jang, M.D.,
Ki Young Chung, M.D., Jeoung Gyun Seo, M.D.,
Byeong Lai Lee, M.D"., Jong Hoon Chung, M.D.

Departments of Internal medicine and Biochemistry*
College of Medicine, Chosun University, Kwangju, Korea

Background : This study was designed to examine how glutathione, one of the nucleophilic sulfur compounds,
effects the cisplatin cellular toxicity in the non-small cell lung cancer cell lines and normal lung epithelial cell
line.

Method : Three cultured cell lines, the lung adenocarcinoma cell(NCI-H23), the lung squamous carcinoma cell
(SK-MES-1) and the normal lung epithelial cell(L.-132) line were exposed to various concentrations of
cisplatin with or without glutathione. The relative viability was estimated as a means of measuring the cisplatin
cellular toxicity using the MTT method.

Results ; In NCI-23, the response to cisplatin was sensitive but glutathione markedly increased the relative sur-
vival of the tumor cells by removing the antitumor effect of cisplatin. In both SK-MES-1 and L-132, the
responses to cisplatin were less sensitive, and the chemoprotective effect of glutathione compared to an equal
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cisplatin dose was significantly higher in L-132 than in SK-MES-1 (p<0.05).
Conculsion : The protective effects of glutathione on cisplatin-induced cellular toxicity is more significant in
normal lung epithelial cells than in squamous carcinoma cells. ( Tuberculosis and Respiratory Diseases 2002, 52 :

463-474)
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AR EFAN 2 dAHCZ cisplating e T
SFoR FHAINN NEEHEFHE BA v|wa}
3L tHA] glutathione & §l 33192 W glutathi-
oneo] L& cisplatin®] A ZEA u)x= FatE
7t M EFE A vas] Lolr ) st o9} §
7 1FE2 Foi% cisplatin®] daalo] Hidto
2 Q%s uEM A4 EAdEA e g
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1. M|Z2o] ek

H4¢ Al EF (Human lung adenocarcinoma cell:
NCI-H23), #H3 45 dAH£3 (human lung squa-
mous carcinoma cell ; SK-MES-1) @ At Abw)
A ¥ (human lung epithelial cell | L-132) &
37K AMEFE A EF A 193} *I%E}
vt AlEujeke L-132 AIXE 10% fetal bovine
serum(FBS), penicillin (100U/ml), streptomycin
(100U/ml) 2 nystatin(25ug/ml) & §Ho-3t
Dulbecco’s modified eagle’s medium(DMEM) )
oA, NCI-H23% SK-MES-1 M¥= 10%
fetal bovine serum(FBS), peniciltin (100U/ml),
streptomycin (100U/ml)® nystatin (25ug/mi)
& THE RPMI-1640 uix)dlA CO, i) =
37°C, 5% CO, &l A vl Faldct.
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Fig. 1. Comparison the relative viability among three cell lines exposed to varying concentration

of cisplatin.

2. 3-[4,5-dimethylthiazol -2-yl]-2,5-diphenyl
tetrazolium bromide(MTT)o|| 2|#f HRPE A
x 54 53

Cisplatin®]] 213} A S4& MTTHE o|&s(d =
st F g AE MTTE HF5E7T 1
mMe] A #H7lsle] 4A1PE?t vl A T F afj kel
& AAslx, Hank's balanced salt solution
(HBSS) 2 33] M3 & MTT &34 [50% N,N-
dimethylformamide(v/v) ; 20% sodium dodecyl
sulfate(W/v), pH4.7] 200mlE H7}sled 540nm
oA F3=s F3sch

wjj ket M2 & vl 87 ZHzh S 3UzT wgdl
T cisplatin® $olFded AEFESulg gqh4d)
gk g=Adell wiet oA HnFes 2] slsley
ztz} NCI-H232 0, 3, 6, 15, 30, 60 ug/ml, SK-
MES-1& 0, 6, 15, 30, 60, 125 ug/ml 18]aL, L-
132& 0, 30, 60, 125, 250, 500 ug/mie] F=E2
cisplating 53 v o2 2443t wiF F vf <}

BS wEsle] 2447 ¢ wigE F MTT 'Be=z
cisplatinel] o|g A £54& FA st

T3l glutathione2] M| EFEo|| ofgt Gk uf <t
3 M EE df VB zht &7 el gd 3 cispl-
atin(NCI-H23 : 0, 3, 6, 15, 30, 60 xg/ml, SK-
MES-1:0, 6, 15, 30, 60, 125 ug/ml ; L-132 : 0,
30, 60, 125, 250, 500 ug/ml¥} glutathione(NCI-
H23 : 0, 20, 50, SK-MES-1 and L-132 : 0, 100,
250 ug/ml) & F7Her it o = 24417 vk & oy
FNE sl 24412 A Wl & MTTE A8
3le] cisplatin®] A|EZ5A=} A old] i3t gluta-
thionee] MERTHEIE SFsF).

3. Az 24

EE 492 43 Y H3& Adsd ZE 534
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Fig. 2. The relative viability of adenocarcinoma cell line (NCI-H23) exposed to varying concen-

tration of cisplatin £glutathione.

R

B Aqoa dedt A EFE A4 EF (human
lung adenocarcinoma cell ; NCI-H23) ¥ #H#HH
43| A £ (human lung squamous carcinoma
cell ; SK-MES-1) % 74w/ £5 (human
lung epithelial cell ; L-132) 2 3%/} Cispla-
ting Fo3 F 2 AEFE AEAEES
cisplating Fo3lx] &% o] YEEE A=
slod B2l =dl cisplating FAIZS o YE&E
100% 2 #x Z}Z} cisplatins= FojA|e] AEEES
o] i3 HEER BAIG AhE] AEES AMSSE
o vasedct.

1. cisplatine S0 U}g MEZMES
A glutathione2] §o glo] cisplatin¥t 5% 7

$o)A] 2 HEFo] T cisplating] VAR FE
FF A0 AEATEE T AU EF

2] 79 cisplatin 15 ug/mlx=94] 41.1%3k0] A4
ZE319 3, 60 ug/mlsEellA 7.8%Hto] ABEsle] &
E sl vl A% vhe-g 1ol b HHE g
S EFA A= 60 ug/mle] F%olA] 66.2%, 125
pg/ml2 FFA) 56.7% < AETEE Ba. A
Al M| £F9) A= cisplatin | 80 ug/ml2] FZ=oA
94.3% o] BEE= A9] vhgo] gl 500 ug/mle]
ol E2 NFEEE EeiA ol 44.5% 2] AFESE RO
o cisplatindl o] & M| EE54 F7E W (Fig. 1).

2. cisplatin®} glutathione 7| F£o{A| mMAAE
Fo| MES

Glutathione2 z}z} %] cisplatini} 7] Fofdt
Aold A AEYEEL v R NEFE
el Ho|7t Aslded], ALLHAEFAAME cispl-
atine] A ¥4 zksH we-sAA =31, gluta-
thioneol 2|3t FHNEEY A= Feejx]A Jephd
I TE A £ Aol A9E 2o A4 E
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Fig. 3. The relative viability of squamous cell carcinoma line (SK-MES-1) exposed to varying

concentration of cisplatin = glutathion.

Fo| AES] 41.1% 2 Hilolide] T} F=
cisplatin 15 ug/mls=lA glutathione& 20, 50
ug/miEER o] Foidd e o Adia IHNEZRE
&o] 747} 70.4%, 94.3% 2 71819, SHNEHE
&o] T8% 2 diFEe] PM¥E7} FE cisplatin 60
pg/mle] FEo% glutathioneS 20, 50 ug/mls
T2 Po| T3l L uf 52.9%, 95.5% = LA EA
&80 A Z71E ¥dA] glutathioneo] cisp-
latine] LEAE A AvEE FPEHA ARE
B oHFig. 2).

3. cisplatinZ} glutathione 7| F£ojA| mjjHTan]
tM|ZEFo| WES

HHI Au| ok £ M= cisplatins= 6, 15, 30
ug/midlA glutathione & 7] d 242} 89.3%, 82.2
%, 76.6% 2] YMEABEEE BT glutathione
& AAYRD B 100 pg/mi2 T8I W 7

7} 91.8%, 83.8%, 81.6% = 15-5%2] ool 4
£8 Z712 24}h. Glutathioned 250 wg/mlz
U Eespd 2tz 99.1%, 97.2%, 93.2% 2 gluta-
thione & 77] MR} 9.8-16.7% 2 YA LYEZ0]
Z7}8l glutathione®] cisplatin®] A ¥54 Eo}E
7Z+4A 7). Cisplatiny=& 60, 125 ug/ml o
=X S Wx glutathiones #7138 212} 66.2%, 56.7
9% 2] M EANEEo] glutathioneS 100 ug/mle
2 & Fo% W 80%, 76.6%, sglutathioned
250 wg/mlo2 v o F% o 86.6%, 80.5%
2 glutathione® F7|1d Hth 138%0A ==
23.8% ¢ Z71= Xeo|¥ glutathione®] cisplating]
A ESHEAE 4227 cH(Fig. 3).

4. cisplatin®} glutathione 27| FodA| HAlmijAlm|
HEFo| MES

73 Abd] 4} a) M) 3ol Al &= glutathione 2 7] ol
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Fig. 4. The relative viability of normal epithelial cell line (L-132) exposed to varying concentra-

tion of cisplatin + glutathione.

cisplatin’s% 30, 60, 126 pg/ml=2 FH MEYE
£0] 98.9, 94.3, 81.9% = <F{te| Al XS] Fol=d
o]% ExoA glutathione2 100, 250 ug/mle &
ztz} o] T3P 91.5%-100% 714 AEEe] F
7}t | =2 250, 500 ug/mi2] cisplatins=
dAe Adul g2 ME 57.9, 44662 JE
&o| ol glutathioned 100 ug/ml FEE
A Foiaba zbzh 93, 89.6% 250 ug/ml FE=R
Fo3hE 93.1, 83.9% 2 BEEEC] FrHEAL o
EAEFE HY ¢ E AEEsans Y 5o
%+ glutathione®] %<7} 100 upg/mlolA 250 g/
mloZ O £8{= M R & §5=Hd]5=319 tH(Fig. 4).

ol o] AmollA HHUMETAME FAAS] ¥
So] F& vA | T glutathioneo] 23]
cisplatin®] FLFEAE FAAAHY B2 e} o]
= glutathione©] cisplatinol] that $hallEe] W4d-&

fasigca 2 4 9

5. zizt Z2 =59 cisplatin®} glutathione £}
of| A of| T Akt d| =2} HAm A M 2| H

il

HAAANEFE s YUY xjol7} As] Hlas)z]
7t B A AUy e et gaudaA
2F F7/RE 2& cisplatiny =2} glutathiones
Lol vlasiR . AT A AT A glutathi-
one?] iF%E cisplatinol] 2]& ME5Ae] dig BE
"7 ¢ & Ao Yelds ANOVA testoll A%
EAH ez p<0.0657EdA 227t U= o= o
g} (Table 1, Fig. 5).

-

PoA) Fofol oJsiA olxHoz WSl LA
B4 4L YAl Tt YA} YA ES T
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Table 1. Comparison the relative survival in equally varying cisplatin doses between squa-
mous cell carcinoma cell line and nomal lung epithelial cell line( 9%). Glutathione pro-
tection to normal cell from cisplatin toxicity is more significantly effective than that
of squamous carcinoma cell. (ANOVA, p<0.05).

Squamous cell
carcinoma (SK-MES-1) (%)

Normal lung
epithelial cell(L132) (%)

Glutathione 0 ug/ml

Glutathione 0 ug/ml

cis. 1 2 3 4 AV SD cis. 1 2 3 4 AV SD
125 569 500 612 585 56.7 48 | 125 891 812 802 768 818 5.2
60 649 592 697 710 662 5.3 60 884 946 992 948 942 45
30 788 716 773 781 764 3.3 30 993 987 10 974 988 1.1
0 1000 1000 1000 1000 100 0.0 0 1000 1000 1000 1000 100 0.0
Glutathione 100 xg/ml Glutathione 100 ug/ml
cis. 1 2 3 4 AV SD cis. 1 2 3 4 AV SD
125 730 789 775 711 766 95 | 125 940 939 970 973 956 18
60 741 820 8.3 785 800 4.8 60 10183 993 950 959 976 2.5
30 793 827 8.0 779 815 3.6 30 993 1020 101.0 986 993 0.9
0 1000 100.0 100.0 100.0 100 0.0 0 1000 100.0 1000 1000 100 0.0
Glutathione 250 ug/ml Glutathione 250 ug/ml
cis. 1 2 3 4 AV SD cis. 1 2 3 4 AV SD
195 862 789 800 772 806 39 | 125 843 939 951 929 915 49
60 877 852 840 890 865 2.3 60 1033 101.3 1021 981 995 1.0
30 971 930 900 931 933 2.9 30 993 102.1 1049 968 990 15
0 1000 100 1000 1000 100 0.0 0 1000 100.0 1000 1000 100 0.0

*A pbreviation- AV : average, SD : standard deviation, cis. cisplatin concentration( g/mi)

Balx] 2a) Uehdtt gAY $3-ATY FHe
AN EE Amrt A2 AR @He A%
& 1544 (chemoprotectants) o] A1)
o= AAle] BHe A Agad 2 WEHE
2] ofoma AN Z hF XBAHY SF-AE
q EAlL ZolE Aolth. 3T cisplatin, alkylating
agents, anthracyclines 59| A &< R AFZ A A
TE &A= AGF 7|Ho] ol EEA & B
A a7 vt 53], 7HAd FE3A (nucleo-
philic sulfur compount) Eo] 723 333 H34
Az geAA =%er, o5 AlAZE glutathione,
amifostine, sodium thiosulfate7} o™ °o]&

i)

%y

cisplatin #rEA A4, AFEY £ EF5A
g3 Baaar} Qo 734 #5384 (nucleophilic
sulfur compound) ©}eje} 3etd HEAAL] o=
= anthracycline 54 AASA] A& E5a7
7t dexrazoxane, oxazaphosphorine (ifosfam
ide, cyclophosphamide) F54 8241 A¥AES
A i3t REFA7} JE mesnaE E T Qluphzizd
Cisplatin(CDDP) 2 alkylating agent®] Rl &
= gjokd 2 A4 |de 34 F 7RIE E F UE
g #A & 7)oz DNA S Ze 7hehiiel 5 79
143 guanined] FTHAFMA WAPH R (cross-
link) ¢} @Az} Bal & slHA] DNA 48 Asist

[ B=N
AR
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Fig. 5. Comparison the relative survival in equally varying cisplatin doses between squamous cell
carcinoma cell line and nomal lung epithelial cell line.( %)

*SCC1 : squamous cell carcinoma cell line
SCC2 : squamous cell carcinoma cell line
SCC3 . squamous cell carcinoma cell line
Normall : normal lung epithelial cell line
Normal2 : normal lung epithelial cell line
Normal3 : normal lung epithelial cell line

o|FUITERE WAAIA gebEg-g A E dhe]
7Moo 2 cisplating ¥ o8] alkylating
A A BY 5= 2= B S| H 7ldog 4tafe
713 Zg wrgAd FEA F3H (reactive nucleo-
philic intermediate) 2] B4& o7/l 23 A E5A 0
o, o]5o] DNAUWS] guanineg] N7Yx|ze 3
do] BB FRAFs vepdch vtz )
o] 7|de] A FEA 7t gl 7] ez o)H
WA S Bl Al ol A7 g HE=
Agstol A Az AF A EL] FAE AT
g ok ol2igt Al FEFAERE B dTelA

, glutathione 0 ug/ml,
, glutathione 100 ug/ml,
, glutathione 250 ug/ml,
, glutathione 0 ug/ml,
. glutathione 100 ug/ml,
, glutathione 250 wg/ml.

AMEH glutathione S XFEA, Bl FHQ) &
ZFEAQA, A54YA] a3 ofte] AAEA o
A&ZN7}E A= amifostined} A Eulf Hrh= A E.9]2
cisplatinell F2 ZHg-3ledA] daghl A A5Ae] o
He 48 5 Fo A2z AMEE sodium
thiosulfate 7} QLT 13,

2 AFaA AMgE Y FuFAe] shiel glu-
tathione(1~-Glu-Cys-Gly, GSH)& = sulfhy-
dryl(SH)71& 714 tripeptide® A4 efollA+] EH
B8 AxEe] FE MEW thiol E4delt}. o]} A
54 BEaad tizt 483 82 olF =40
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Porgl go] Bo] Ak aixgt dAzA gzl b
2= o 74 713E 8 depted AR glu-
tathione peroxidase®] &A1std Hel=2 FA3IHA
=4 peroxidesE A3, F HAZ cisplatin¥}
2o AEEAEAT ATY B3AE st ol
E4e 7aA7|3 ¥, DNA 9 75 RAAR
o} A Rz @olA] o]&E=e H3(d, KT F
2)o Zesl] AESHQ A2 FEE A
7t 22 AR AE GHIEFAM platinum 53
A7} glutathione A2l F8 &R r-glutamyl
transpeptidase(y-GT)2l fRxEH] F¥=4
(upregulate) o] 2 A7} A Eo] glutathione ¥
o] Z7ldtia BIPI ol BAEQ rHez oAZ
t}25915  Glutathione g <Fo)A Foisle] A2

BEE 2ol 7 H o)k F2 A% FFo| Hn
T3 AAZAE FHe] Ho} AERBZETAE e}
ek

Ajeoknt SErde] ATFENA cisplatin A ¥
=40 glutathione& A Fodlde o Fo ¢
He wol v PAEAE FolX G Aoz H
7} Hi 2 ASAT AFEA ¥z AAE R
ko) 5o R

dadgozt o A77) Hued AR o
oo} A E=E= lMAe 27iA] A8 29 Parnis
o 29me] Yagksalel|A cisplatin 40mg/m*/
dayE 2A17HESH F913la cisplatin Fof A
glutathione 15g/m’*& Foid, 29 E= 3Y &<t
Eosig o} A4S o|FAos A7t FEHIL,
oz 2719 ele] AF(dAaYdA Az 543
339 ) oM %E cisplatin 50 E£& 75mg/m?( &34 8-
450mg/m?) 2 $Eo g F3 15849 glutathione
2588 Edsigsd o SAHde vt gln A
AEA ] Zao] Agnte Holn AT AES e
2= Bk 25 Ayl e dTEE 271
A7t ke R AFE CascinudS 509
o] AYPFYGRA M F A2 308-F<t cispla-
tin 40mg/m? epirubicin, fluorouracil, 6S-leucov-

orin and A EFE2914} (granulocyte colony-
stimulating factor) & H#3le] 95738l 1 F vt
go] YAY AN E AT FAES YFeg o
Al 637 o Agsl #4458 A cisplatin F
o} Aol placebo EE glutathione 1.5g/m? 249
A} 5U7M= glutathione 600mg/m*& Fo31%
th. 95 YAHQ AAWEE placebo 259 F
9ol WAl Wb, glutathiont 267 & &
M e FUL, 6FE ¥ X853 16FAd e
placebo 184 % 169, glutathionet 24 %‘- 4
o2 glutathione oA €3 AR TE S| &
B3 a7E Bt} PlaceboTolA AlAFH Tl ¢
AE BRME FFAA, BIFAAE a8 FEA
(sural) 2179 ZE7|(latency)$t EFHAIEH
(action potential amplitude) 2] Az+gt Aol & BH
o}, siotAld] dhE B olME 52K o} T6% o=
glutathione & Foid FfiA ofUe F7P UK
o, B Hx 9dF2 Bowman''5& 1513 M2
Ag dagt BxlelM £F cisplatin 100mg/m’
glutathione 3g/m*& v} 3571402 63] A&
t}, Al=AJL glutathione?™ 748% 119, placebo
& 77EE 269, 1WA 2719 AAFHELS A4
38% <t 49%, AA Ao digt W& 73% %
62% 2 glutathioneToll A £& AAE BAL AA
BESS AIE 7lgelx e Folnt

B Ao s YA EFE AFES AdA A
ohi EFel HHAMHGAEFAN HA] LdlA
cisplatinel] th¥t FHZo] & Ygsh= 2H9] AA
AEL} AN EE o xg A YINEFE LAl
yZo}e) vl Are 2 FHd cisplatindl g AES
e Mz HasHa R

Ash= A ERE A cisplatind] 28 A 254
&7 2 glutathioned] 2j& MERZT & BFA
Mz zjolg wyrh AMLGHEFY A9+ cispla-
tin 15 ug/miEEdlA 41% o] AEse F2 2t
£ B ot A A A 250 FAAH FeA
¥ Fo|rE 242} cisplatin 1259} 250 ug/mle] el
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= ot 50% el 7H7ke A7} F
o2 yeht el 2ol Byt e ua
A EAG AT} HAHY o)) Z A o] o] 5
Aol 2h2t A Eejct ekAle) Al xSl tid v
ol LHHE AR Ao)r}t Addrin B 5 9uh
3 A EFep) cisplatin =400 glutathione
o o MERF A Jo|% glutathioneo] &Mt
Ao g tigt WAL fdeks FEo) A ¥ 3o}
Heeg Qv g2 ¢ ok "7z e
cisplatinof] thgh QA E o] WAl 710 g= X Wx
2 oA AN AR 2 multidrug-resistant gene)
of olsl #dHE P-2ehaA (P-glycoprotein) & of
N2 & ATP &4 A¥9 iz H (efflux
pump)l o kEo] AM¥el2e] WEE Qs Ax®
Wel BEE Sz £ W¥EoE w9,
Eosht 7lde AkagElr] AlA2A (oxygen free
radical scavenger) 0| Al ZUo N gekao] HE=
gol A 71-el] Beahs AafErsy A
ol&& AT Ao MYETH: Bax
oHeRE ggng B Qpex gy 23] A
ol oeldt glutathione®] %17} cisplatin®] uj
e 2P 8 5 Qi

HE G N} A FAN LA cisp-
latin AlXE=5/del o] g glutathioneo] vjehdl & 3}o]
Nl 22 cisplatins£2! 30, 60, 125 ug/mlol
A BIEEE S o) F AEF mRolA AEgo] A
HAouv o g 22 cisplatin XA H A
E7} Bo] dopda glutathioned 100 ug/mliA%E
T Fodled® 90-100% 9] L AWEg R e
HoldA olzjet Aupy} BAHo R Sol3l Anje
Hol £33 Hd a2 A QA ERT O 4
300 e BE3EA} Qoke A o £

2 AT A LgFo R cisplating FT glutathi-
ones P FUL o cisplatin®] dta i) A
OS2 FESHHA A2 e dMvEER
U FANEENEE Hoje A™e 22 cisplatin
¢ =9 glutathione] =& Uolnelm sjyc).

Al Ao o] ciaplatinsEo} Al QAakolA] 8t
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td o]2 g cisplatinn®] &% A g FAEES 3

SpAIF|AA 3839 cisplating Al=s] Fta
& 23718l ATt 8ol AldiEa vt

g oy
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nEFo 7 FEAFIHAM AEXHHEE WA vn
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U ueld Zzlz B o glutathioned] Fo+=
cisplatin®] FREAE AHAA GANA Foshk=
e 2471 A& Foz AZEY. AHEATYAE
F9 FAWAEAHNEF FIIAE 2 cisplating=
¢} glutathione g9 A vlastg &8 Cisplatins =
= 0, 30, 60, 125 g/mle] 494 FLolA v
33 Al UL HYMEFA e glutathi-
ones% 100 g/mlolA 76.6-81.5%, 250 &/ml
oA 80.5-932%F=E AEEST YERT FAH
Al A 304 glutathionesE 100, 250 1g/ml
BRI 91.5-100% 744 90% )39 AEEE &
28t9t}. ( ANOVA test p<0.05)

3 &

glutathione> A G A 2534 %5 cispla-
tinel] o3t N EFJol| thgt Bea=y} At

ol

b

1. Cascinu S, Cordella L, Del Ferro E. Neuroprotec-

tive effect of reduced glutathione on cisplatin-
bound chemotherapy in advanced gastric can-
cer . a randomized, double-blind, placebo-con-
trolled trial. J Clin Oncol 1996, 13:26-32.

2. Hoekman K, van der Vijgh WJF, Vermorken JB.
Clinical and preclinical modulation of chemothera-
py-induced toxicity in patients with cancer.
Drugs 1999,57:133-565.

3. Kemp G, Rose P, Lurain J, Berman M, Manetta
A, Roullet B. Amifostine pretreatment of protec-
tion against cyclophosphamide-induced and cisp-
latin-induced toxicities . Results of a randomized
control trial in patients with advanced ovarian
cancer. J Clin Oncol 1996,14:2101-12.

4. Planting AST, Vermorken JB, Catimel G. Ran-
domized phase II study of weekly cisplatin with
or without amifostine in patients with advanced
head and neck cancer. Eur J Cancer 1995,31A !
85-6.

5. Castello MA, Dominici C, Clerico A, A pilot study
of 5-day continouous infusion of high-dose
cisplatin and pulsed etoposide in childhood solid
tumors. Am J Pediatr Hematol Oncol 1988;10:
103.

6. Higa GM, Wise TC, Crowell EB. Severe disabling
neurologic toxicity following cisplatin retreat-
ment. Ann pharmacother 1995,29:134~7.

7. Haupt R, Perin G, Dallorso S, Garre ML, Sobrero
A. Very high dose cis-platinum(450mg/sq m) in
an infant with rhabdomyosarcoma. A nticancer
Res 1989,9:427-8.

8. Schunemann HJ, Muti P, Freudenheim JL,
Armstrong D, Browne R, Klocke RA. Oxidative
stress and lung function. Am J Epidemiol 1997,
146:939-48.

9. Rahman [, MacNee W. Oxidative stress and
regulationof glutathione in lung inflammation.
Eur Respir J 2000,16:534-54

— 473 —



— S. 1. Lee, et al —

10. Komiya S, Gebhardt MC, Mangham DC, Inoue
A. Role of glutathione in cisplatin resistance in os-
teosarcoma cell lines. J Orthop Res 1998,16:15-
22.

11. Bier H, Hoffmann T, Eickelammann P, Hafner
D. Chemosensitivity of head and neck squamous
carcinoma cell lines is not primarily correlated
with glutathione level but is modifed by ghitathi-
one depletion. J cancer Res Clin Oncol 1996;122:
653-8.

12. Robert T. Dorr. Chemoprotectants of cancer
chemotherapy. Semin Oncol 1991 ;18(Supple 2):
48-58.

13. Howell SB, Pfeifle CL, Wung WE. Intraperi-
toneal cisplatin with systemic thiosulfate protec-
tion. Ann Intern Med 1982,97:845-51.

14. Links M, Lewis C. Chemoprotectants : a review
of their clinical pharmacology and therapeutic ef-
ficacy. Drugs 1999,57:293~308.

15. Elakawi Z, Zdanowics J, Creaven PJ. Induction
to gamma glutamyl transpeptidase mRNA by
platinum complexes in a human ovarian carcino-
ma cell line. Oncol Res 1996,8:415-23.

16. Hamers FPT, Braklee JH, Cavaletti E. Reduced
glutathione protects against cisplatin-induced
neurotoxicity in rats. Cancer Res 1993;53:544-9.

17. Cavaletti G, Minoia C, Schieppati M. Protective
effects of glutathione on cisplatin neurotoxicity in
rats. Int J Radiat Oncol Biol Phys 1994;29:771~

6.

18. Bowman A, Perren T, Wikinson P. Effect of
adding glutathione to cisplatin in the treatment of
stage I-IV ovarian cancer. Br J Cancer 1995;
71(Suppl X X 1V)214._

19. Parnis FX, Coleman RE, Harper PG, Pickering
D, Topham C, Whittington JR. A randomised
double blind placebo controlled clinical trial as-
sessing the tolerability and efficacy of glutathione
as an adjuvant to escalating doses of cisplatin in
the treatment of advanced ovarian cancer. Eur J
Cancer 1995,31A :1721.

20. Bogliun G, Marzorati L, Marzola M. Neurotoxi-
city of cisplatin +/- reduced glutathione in the
first line treatment of advanced ovarian cancer.
Int J Gynaecol Cancer 1996;6:415-9.

21. Colombo N, Bini S, Micelli D. Weekly cisplatin +
/- glutathione in relapsed ovarian carcinoma. Int
J Gynaecol Cancer 1995,5:81-6.

22. Sangeetha P, Das UN, Koratkar R, Suyaprabha
P. Increase in free radical generation and lipid
peroxidation following chemotherapy in patients
with cancer. Free Radic Biol Med 1990;8:15-9.

23. Spitz DR, Phillips JW, Adams DT, Sherman CM.
Cellular resistance to oxidative stress is accompa-
nied by resistance to cisplatin : the significance of
increased catalase activity and total glutathione
in hydrogen peroxide-resistant fibroblasts. J Cell
Physiol 1993,156.72-9.

— 474 —



