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

Seung ll 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 variocus 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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A ZZ (human lung epithelial cell ; L-132) 2%
37 HEZFE iﬁﬁlEZ%E‘)ﬁ’ﬂ T AR5}
9ot AlZeiore L-132 Ml¥E= 10% fetal bovine
serum(FBS), penicillin (100U /ml), streptomycin
(100U/ml) % nystatin(25ug/ml)5S 73
Dulbecco’s modified eagle’s medium(DMEM ) 8}
ZolA, NCI-H237 SK-MES-1 A¥s 10%
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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-yi]-2,5 - diphenyl
tetrazolium bromide(MTT)o|| 2|8F HRPE A

E 54 5%

Cisplatin®] 23 A3 A& MTTH
Atk & vl Az MTTZ 5]%“%57}
mM o] B4 Wrisled 4A]7HE<E v a1zl ookl
& AASL3, Hank’s balanced salt solution
(HBSS) = 33] A3t & MTT &a199[50% NN~
dimethylformamide(v/v) ; 20% sodium dodecyl
sulfate(W/v), pH4.7] 200ml& #H7}sled 540nm
N FREE S4ae.

gt A EE w eI 427 $A 33Uzt v
& cisplating ol MxFEnict A
thet el et e Hus=s ge 8t
Z+Z} NCI-H232 0, 3, 6, 15, 30, 60 ug/ml, SK-
MES-1& 0, 6, 15, 30, 60, 125 ug/ml 1231, L~
132+= 0, 30, 60, 125, 250, 500 ug/ml9] FEE<]
cisplating -3t wjgoio g 2447k ok = ¥

A& mghslo] 244171 o] WU F MTT Bor
cisplatinell &3 ME=HE S sIHT}
T3} glutathione?] A EZFE<| digt

3 A EE wjorgrIEel 2t &A wde & cispl-
atin(NCI-H23 : 0, 3, 6, 15, 30, 60 ug/ml, SK-
MES-1:0, 6, 15, 30, 60, 125 ug/ml ; L-132 . 0,
30, 60, 125, 250, 500 ug/mi¥ glatathione (NCI-
H23 :0, 20, 50, SK-MES~-1 and L-132 : 0, 100,
250 pg/ml) & 715k vyt oz 24X)3F B £ nf
N mEsle] 24417t o] wFE F MTTE A9
&to] cisplatin®] AME=AwL 3| olel thet gluta-
thione] Al XREHHE ESHsIH T}

3. @zt &M

RE H¥E 43 §Y 4P AP vE
The B #RAAE BASIE Y, dddvle) £
SPSS 10.0914 ANOVA & o83} p<0.058
9% Ao AR}
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Fig. 2. The relative viability of adenocarcinoma cell line (NCI-H23) exposed to varying concen-
tration of cisplatin + glutathione.
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lung epithelial cell ; L-132) 2 3%Ft}. Cispla- 94.3% <] AEEE Al ¥Hgo] gl 500 ug/mlo]
ting Fog F 7 HNEFEY AZIHYESS oFF L WELE SAo} 445% ) AEEE Bl
cisplating FosiA] 22k wo] YELS YZA = o cisplatinoll oS M Z = FHE B H(Fig. 1).
st BlslR =l cisplating FA %S W] AEES
100% 2 #3242} cisplatin‘g = FojA)e] 4&=&& 2. cisplatin@} glutathione 27| F£0{A| HMAM|E
T thE MEER FAS A AEEE AEE Fo| MES

Glutathione s Z+7} 3559 cisplatin®} 34| Foidt

1. cisplatine SE0l| M2 M|ZAME=S AL A A M ETHEEES v A EFE
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thionedll ¢]3 SMEEALEANE FreiAA vebst
o T2 A S Aoldl avts BTt A AdSAE

W3] glutathione] Fof $lo] cisplatingt F33k
S A] 7z} AlEF] wlE cisplatin®] ©AIAQ =

THT AUE AEAEZES TR AN

M1 on

ol

— 466 —



— The effect of glutathione on high dose cisplatin-induced cellular

Felative Viability(%)

0 b 15

Squamous cell carcinoma (SK-MES-1)

Cisplatin concentration{ug/m{}

—— Gl 0

—i— GIU, 100

—a— GlU, 250

50 125

Fig. 3. The relative viability of squamous cell carcinoma line (SK-MES-1) exposed to varying

concentration of cisplatin + glutathion.

Fo] AEge] 41.1% = Avloldel dMEI} H=
cisplatin 15 ug/mls%olA glutathioneg 20, 50
ug/mITER o] FoI3l e w duid YMEYE
o] Zrzt 70.4%, 94.3% = Z7HslsaL, RS
&0 T8% 2 hF-Ee YAIE7} F+ cisplatin 60
pg/mle 5o % glutathioneg 20, 50 ug/mls
T2 Zo] SIS W 52.9%, 95.5% 2 IHEA
E&9] FAAEQ Z71E HolA glutathioneo| cisp-
latin® FLaNE PIAANE e FAe Ane
BAHFig. 2)

3. cisplatin®} glutathione &7 S0JA| BB ALL|
M| EF ol MES

HAHH G IFANA = cisplatins = 6, 15, 30
ug/mlolA glutathione & —r71 X 2Y7} 89.39%, 82.2
%, 165%9 PHNEAE 29=d glutathione
g AR B2 100 ug/mli S A

7+ 91.8%, 83.8%, 81.5% = 1.5-5%2] <te] A
E& Z7H Bevh Glutathionegd 250 ug/mlz
v Zekshd 2z 99.1%, 97.2%, 93.2% 2 gluta-

thione & F7] AR} 9.8-16.7% 2 N TAHFESo]
Z7}8led glutathione©] cisplatin® M¥E4da535
a7}, Cisplating® & 60, 125 ug/mlE ©
A& W% glutathione & 5717 27+ 66.2%, 56.7
%2 oM ZAEEo] glutathioned 100 ug/mleo.
B @l RolE w) 80Y%, 76.6%, glutathioned
250 wg/mlog o Eo Fo¥ W 86.6%, 80.5%
2 glutathioned F71d BT}h 13.8%o4 =A=
23.8% ¢ 27} ¥oln glutathioneo] cisplatin®]
AEEAEHE DaMZ S (Fig. 3).

4. cisplatin®} glutathione &7l oAl HAtuAtm|
NEFe| MES
Ak A} A 325

o) A= glutathione & F7) 4
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Fig. 4. The relative viability of normal epithelial cell line (L-132) exposed to varying concentra-

tion of cisplatin = glutathione.

cisplating= 30, 60, 125 ug/mlz2 FH AXPE
£°] 989,943, 81.9% 2 7ke) AL Eo] FH=wl
1& =94 glutathioned 100, 250 ug/mlo=
77} 3do] —roiﬁ}?i 91.5%-100% 712 A&Ego] =
il o =2 250, 500 ug/mle) cisplatinis=
JME AN EFANE 579, 445% 2 A&
$o] ZolH=d glutathione& 100 pg/ml B2
g Fosd 247 93, 89.6% 250 ug/ml BER
Fosld 93.1, 83.9% 2 AEEEC] Vi o
EAEZFE B O & NERIFAE BYT Fo
3} glutathione®] %7} 100 pg/mldlA 250 ug/
ml o2 o] A= A EH T F = 152399 v (Fig. 4).

o’de] Aol HALHEFNAE A2 b
g0l £ ¥ A Fog glutathioneo] 23]#
cisplatin®] SFLAEAE FHANAHA Bz 1o} o]

glutathione©] cisplatinel] th3t oAl £o) A&

=
T
fusigT 8 & gk

O

5. 2tz Z+2 £ 9| cisplatinZ} glutathione §0{5}
ollA miEEAmetdEFe} HatnMniMEZF 2 v]

FAGN 2= dage] YR 2ot Asf vlaLs]

53 A= AHFAu A EF A
T 278 22 cisplatins =2} glutathiones
Tl A vimEtdch A AATA EF A glutathi-
one?] A% cisplatind] o1& MEZEA ) s HE
237 g 2 Aoz vERd ANOVA testolA=
EAZR R p<0.055FAA ort e AR o
$kt}(Table 1, Fig. 5).
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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( % ). Glutathione pro-
tection to normal cell from cisplatin toxicity is more significantly effective than that
of squamous carcinoma cell. (ANOVA, p<0.05).

Squarmous 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
125 569 500 612 585 567 48 | 125 891 812 802 768 818 5.2
60 649 592 697 710 662 53 60 884 946 992 948 942 45
30 788 716 773 781 764 3.3 30 993 987 1.0 974 988 1.1
0 100.0 100.0 1000 1000 100 0.0 0 100.0 100.0 100.0 100.0 100 0.0
Glutathione 100 ug/ml Glutathione 100 pg/ml
cis. 1 2 3 4 AV SD | cis. 1 2 3 4 AV SD
1256 730 789 775 771 766 25 | 125 940 939 970 973 956 1.8
60 741 820 853 785 800 48 60 101.3 993 9.0 959 976 2.5
30 793 827 860 779 815 3.6 30 993 102.0 101.0 986 993 0.9
0 100.0 100.0 1000 1000 100 0.0 0 100.0 100.0 1000 1000 100 0.0
Glutathione 250 ug/ml Glutathione 250 pg/ml
cis. 1 2 3 4 AV SD cis. 1 2 3 4 AV SD
126 862 789 800 772 806 39 | 125 843 939 951 929 9156 49
60 877 852 840 890 865 2.3 60 1033 101.3 1021 981 995 1.0
30 971 930 90.0 931 933 2.9 30 993 102.1 1049 968 99.0 1.5
0 100.0 100 100.0 1000 100 0.0 0 100.0 100.0 1000 100.0 100 0.0

*Abbreviation- AV  average, SD : standard deviation, cis. . cisplatin concentration( xg/ml)

ak2] 23l Jehdol, Al g3-A8 5Ale
A7 e Alxrt FS A9E e g
k2 B FAAE (chemoprotectants) ©] A Q1G]
& AAe 5A1L gedAe] getadd] & HEE
GOoTA A el tigh XEA &A%
d 548 Fol= Aot H cisplatin, alkylating
agents, anthracyclines 5] ek Eo] A=A
EE A7 A 7)Ao ofssEA ts 8y
Al A=A Qv B3], FaAd 288 (nucleo-
philic sulfur compount) o] 72&3t 31614 K34
A2 deFA H9em, o] AAZE glutathione,
amifostine, sodium thiosulfate”} o

A A A v
N

Y

olES

o
TFEA(‘)] )fl%] =

=
3 B3 a7 Aok A 3HEE] (nucleophilic
sulfur compound) ©}2j2] 3}8kd REAAY o=
A=A S g Raan
7} 9= dexrazoxane, oxazaphosphorine(ifosfam
ide, cyclophosphamide) 54 9274 APNZE
Ao 3t B35 577} 9l mesna s & § T2
Cisplatin(CDDP) < alkylating agent®] 3ol
sl oAl 2 8714 34 F OHE &
b WA F 7jdo® DNAY 2 7iEhfe) F 7)<
Q4% guanined| FFATENA nAFEFH(cross-
link) o] A3} B3l E etHA] DNA & Azfstar

cisplatin 4, s 2 S50
S bt}

+ anthracycline
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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, glutathione 0 ug/ml,

SCC2 : squamous cell carcinoma cell line, glutathione 100 xg/ml,

SCC3 :

squamous cell carcinoma cell line, glutathione 250 ug/mi,

Normall : normal lung epithelial cell line, ghitathione 0 xg/ml,

Normal? :

normal lung epithelial cell line, glutathione 100 ug/ml,

Normal3  normal lung epithelial cell line, glutathione 250 ug/ml.

S)IFUATRE HAAA FYREE W), = shlo
Ve g cisplating ¥£3¢ B89 alkylating
AA A EQ‘ g = w50l Al rido s Aafe

712& et wheAl A S7H (reactive nucleo-
philic intermediate) 9] BA4& W/lEE AFE 540
W, o]Eo] DNAWS guanines] N79x e 18
o] EEd FRATE Uepdgt e iz $a)
of 71do] A FEA 7L A43ks 7|doR oY
SR AR Oial ol AlAIZE FEA BEw
Zg-alolA] A2 Qg AM F S4AE oA T
T ek olgd A IEFAEZE B Aol

AH8-E glutathioneS EJSIA, naz FH s
ZFEAAA, AHAAA 2] ozte] AAEY o

A A7 Qe amifostine i Al BHule A ¥E9)e)
cisplatin®ll F2 Za3ledA dadelA AEAde] 4

He 9gt BEh Fo] AER2 AREE sodium
thiosulfate”} glvh®* '3,

2 AToA] AR T BB Sl glu-

tathione(v-Glu-Cys-Gly, GSH)}-& =& sulfhy-
dryl(SH) 71 712 tripeptide & A3 A eloll A
52 AEEY F¢ A2l thiol B ]U} oje} Al
Y54 Regyd tie g gL opf =Ao]
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w2 ANEZHERN A2 B E g4l o]¢]
B8 FaAPIa W, DNA 9] 7158 §xA121
oAl MR gy o]EEe] Ash(d, KT
2o 2g3fe] AESH ML
7tk 29g A g EFA platinum 3
A7t glutathione 4] FH A9 y-glutamyl
transpeptidase(y-GT)& HdxgdHe] A4
(upregulate) o] = A= Al¥) 2] glutathione %
o] F7Fetha I ol HAHER vHeg oA
r}a8941 - Glutathione € oAl Fofsled A E9)
TR o 3 HW o]e F2 A% &3] Ha
= %

Aol F2jo] =Ho| MErFaIAE Ve

e
ok
>,
ox
rulo -
o
N

Axads $Erde A1EA cisplatin Al E
=44 glutathione s a?}?ﬂ FoIolEg uf Fof <

gg EHQ} Hhmﬂ U]'\:x g ZolA] ke Ao B
HEX

ﬁg‘r‘ﬁﬁ’r‘“'”.
dAdEoRs oy Al Hded 7R o
oo} ITA = IMANY] ©rkx] A58 B¥ Parnis
T 227e] JdAd@RA cisplatin 40mg/m?/
dayE 2712t J FshaL cisplatin Fo ZAd
glutathione 1.5g/m*E Fold, 2¢ T3= 3¢ =9t
—roﬁs}ﬁ"\% AT ojFgez At FUHAA,
Z 2709 olo]4 A-( LJr/\oLg\z}x} k7t 54n33].
38‘33)0111\152 cisplatin 50 ¥ 7hmg/m*(&2 88
450mg/mY) & dE o0& 23 1586 glutathione
2.5g & Fosigerl e SA4de gt gla A
A=Age] ae] TS Holu A3 ARS U
A Zo. 7R Ayt v dtae 271
A7} AR A AFE CascinusS 50
o] APl A A7) 2 3085t cispla-

tin 40mg/m? epirubicin, fluorouracil, 6S-leucov-

orin and FPAM EFEZ1A (granulocyte colony-
stimulating factor) 2 ¥W¥sle] 9576w 1 5
£-0] 017‘11,} ;%X—]/R)—E’Hg x]zs ;Q_lx],_y Ao 7 q
Al 62:7F B X Bkt @45 A cisplatin
o] e placebo ®& glutathione 1.5g/m? 2Uel]
A pY7lE glutathione 600mg/m*& o1&}
o} 934 Al AAHEEL placebod 26% F
9uo| whald=E ¥, glutathiond 25 % &
B PR gk, 6578 o ARF 157

placebor 189 = 16 , glutathionei 24 = 4

© = glutathioneTol A BHE g A4 3o EHE?}
B3 EAE Btk Placeboro A AATEZo]
e gl e ASAld, HEAA aEa A
(sural) AA9 E7](latency) 9} BHEHHNE
(action potentia] amplitude) ¢} A28 Foll & HF

v} kAol e AsfgolA® 52% o 6% or
glutathloneé— Falg) oA 2l9= FA) A9
o 5 HA 72 BowmanE e 15179 A=
AgdE A $hxjola] &% cisplatin 100mg/m?
glutathione 3g/m*% 7} 3F7H40E 63 A33iA
1‘4: 2 EA3e glutathione™ 74%% 11
L 77EE 26, 1WA 271
38/9} 49%, A kAo o
62% 2 glutathioneFoA &

, Dlacebo

E;]l.)\é] <] 2L71

€]
& kg %5’ 73% %+
Aig Bl A

AEe-e Az 7ldgla 9l Folh

B Ao HYA EFE ARLSE AFA HA
b £Fel HEAH A EFA A Al A
cisplatindf] gl o] & s 249 A

Al
A A FEE opA M A M EFE

zagle] nlwrhake g &ted cisplatino]l Wt A LE
e A= vl sl skl

Al MEFE)A cisplatinel] 2§ AlXEA
53 2 glutathionedl] 93+ MEHETEH T A
Mz ZelE APt ANESTe] B$-= cispla-
tin 15 ug/mlsSolr 41% ko] AEsle] £ 7
F4& P o Ay dw A Ee g 3l
Z=o| A= 242} cisplatin 1259 250 ug/mlo] Ak
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[}

28 558 gHomt 50% 9 /e Al =
v AoZ et pAe) alolg Bt 2 Hla
AZEA AR AMt HEH Ju Zdol| A e 0|27
Aol 247k gl 2zttt A o] Al E=Ao) digt
Aol BEEE Axd Aol Ugioia B & vk
gt A EFEeh} cisplatin A E5A9) glutathione
o o3 Mxr3Fve] Xo)T glutathioneo]
Ae] Al g W& FHske JErt A EFeic
rfgug Ao A4 5 ok @Az gz
cisplatindl] tf3t bl Ee] A9} 7ldozE= A ¥
2 o A6 F A (multidrug -resistant  gene)
of o) FHE P-3¥A (P-glycoprotein) & o
AZ & ATP 984 AEY ulEd = (efflux
pump)ol] 23 FEo] AEZo) HET s AE
o] Bxg Sg99X] R dEhe Bav) da,
£ sht 7)dE Aafelzl AIAEE (oxygen free
radical scavenger) Eo] AZUo)A Ao} N E=
de] GF 71Hel Bofshes daferER A
olES HEgo M o] MAHTE Bk Q)
opeRs gag B AN AXAgAEFY FS-
Al o]t glutathioned) 5497} cisplating] 1
AE Y 8 5 9ot

Y o] w A 2ot BT ZFA cisp-
latin AE=A] 5 glutathioneol VERE &79)
B RE 2 cisplatin®yE¢) 30, 60, 125 ug/mid
A ulREH g o 5 AEF B ABEE] A
HAou Aoz & cisplatin FEAA FAHA)
F7t gol Aol glutathioned 100 ug/mlIAE
N Fosi® 90-100% 9] ¥ AESRY 45S
Ho|dA o|Hd Hit BAFCR: foF AHE
Hal 233 A EA A A ERT O] AE
49 tig B3 aaprt qloks AL o 5 ok

B AT 11880 2 cigplating F1 glutathi-
oned 7 F& 9 cisplatin®] FLFFE A HA4E
o7 AE3HA Al g R tE dHEER
o N EELaANE Hol= A3 £33 cisplatin
9] %9} glutathion?] =& doldalw 3lgc)

KU e

o

A Eap kool A9l ciaplatinEEot AA dallA &
g AA Foshil 9= cisplatingFe YU EE,
AL, vl T B Wl Qo] Aoz vlws)
B e QAIRE AA dAelA BladEde] A g
cycledr] 19 BoJA) 70-120mg/m® 832 cisp-
lating FAHE ] FYo] Ao 0% oldol Ha
She H28 T oldE Hole A7t 20-40% 4
=9 Heow Hy B dalA #dgo] cisplatin 16
ug/mlsEolA 41.1%, 8B4 2] cispla-
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A cisplatin®) ¥-Zgo] & WA Ee F9gl A
AAE, AME, ZFAE Sl 8lar} opsith
= A ol AN EE ol 8iA EA L
2 8RE gilglen ol A% invivo 49& 5%
AF7y desielel AdEg. F AR 2E 2 e
U 418 cisplatind]l th¥t 7245 glutathione]
MRS FT o)zt YA o Bo ClE MEFES
AHE-EE At} S R B Bl R EAE o
Ao 2% in vivo 977} e skele) AlEEth

8 <
o F:
AA wioke] 76968 AABI e ¥lAA EAL]
3}

o+g e Cisplating 27teg sl FZ o 7}
] Nz FAA Bl AuH AMEEla it Ci-

N

— 472 —



— The effect of glutathione on high dose cisplatin-induced cellular —

splatine] 53 golava 7| F 9= 83
Axshed Fa3t o] &8 A $+4 (dose-limiting )
Fagoz AZ JHTYNE} AN EE TEE
g glo] s §W o] A m&(single
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test p<0.05)
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10}934. ( ANOVA test p<0.05)
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