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Effect of glutathione on the mitotic delay induced by X-irradiation in cultured mammalian cells

(L-5) was studied. When a random cell population was treated with various concentrations of glutathione

10, 20, 30 and 40 mM, mitotic index increased 5-8 hr. later and mitotic index decreased 10-1

4 hr. after

the treatment. Glutathione (20 mM) was given at 6 hr., 3 hr. and 30 min. before and during

irradiation of 200 rads. Its radioprotective effect was observed clearly when treatment was made at

3 hr. or 30 min. before and during irradiation, but treatment 6 hr. before exposure was not so effective.

Post-treatment 6 hr., 3 hr. and 30 min. after irradiation with glutathione resulted in an enhancement of’

recovery rate of mitotic index but not a shortening of mitotic inhibition, but gave no effect on the mitotic

delay time induced by X-irradiation.

On the basis ol these data, the mechanisms of the radioprotective action of glutathione were discussed.
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THHEIRTWBY, ChbDénb, §
HALEH OWBEHRTEER OO Lo, B
WX DA% S 2 H A0 scavenger F LTS
EFEzbhTWA. LhL, SHILEW, Ik

Bt X5 Mg itz st L, radical scave-

nger ¢ UTIEMT % &ThE, fila@fioro
stage Th, SHIELAWOBEI TS bhhidic
By,

=73, invivolt AT, BURKEIBEHhC X % MR
ZHEIEC S 5 S HIL A OB#%) 1%, Maisin
618)“), %% 539)'10)5":1"31, ﬁ%‘&?}l, %%, 6
X, G SHOPHEGT Mo SZLEM 2 BE L
TWwhZ EXWE L, X bic, Bl oin vitro
T, BUHRRSHT X 0 FiE S h B fias ALEE T
HLTOGSHD &hFiL, Geblock DfifE (4
ZURIERSRI OBHE) ik fEH LT, Gy iR
OHfafE © b %H—5E stage IfFHLTW5 &
WEL, ZoZihb, GSHITHKE radical
scavenger L LT\ T30 Tidiou = kA
HEZEES B, FZT, GSHM—FE stage DL
AERT 5 &hid, BEENC, G S HAUME AT
2Th, GSHOMELSHA~DHEN, RdbA
LTLENELZ BB, £ T, GSHUMY, Ik
HHRBEFIH TT v, G S HOMIJasZLEIE~
DIHFEEBELT. G S HOFAEE A Sz
T2 L, SHLEYOBURIRE MR A Y
Tk, BELAFHI KD LEL, KERY
Tivot.

HFRITER UM
1) BEEFHE: Lo, 250kVp, X
#, 742 x— 1.0mmCut 1.0mmAl, F.S.D.

40em Tz, fikilay, Mg & [ U4
C, Fricke ofb2Efgaita B uCIE Lz, 14
fidix, 186 rads THOT-.

2) FEEEMNG : B, L-5 AHRaA R L.
¥i#&Wx, Eagle’s MEM L 20% 8410l © &
5. SHIL&¥L, GSH GEILHZ A4+ )
R L. L5 fi % 3= 75 2 ko kg
(36~40IfH) L, &~ 0EBHH LY. 6§
HALER, MEHATI00C S MERED G SHEY &y

AAESLHESRE QNS M4k B85

SR AL, EHEREEHE, GKN ( 0.1%
glucose, 0.8% NaCl, 0.04% KCI) =T 2 [@¥Eik
8, G SH%E&F I\ ME MESIEE & 25 L 7-.
G S HAUERFEX, 3040 T 5%, &ToOHEE
\%, 37°CHhCfTisotk.

3 SEUHERE AT, BOHEREEHE, Faw
Qe fT7c. BB, #EA, - 3,0004
FaaB, BELic. £ERCI, &4 0%
Eiee Ly vl

#®w B

D MIEHZAD G S Ho 4 0% 3

G S HOFMERERE (10mM, 20mM, 30mM, 40
mM) OB EFTOT, HfAHZI~D G S HDL)
REBRLL. GSHAREFRS &, wTFho
WEHE & %, JUFRES 2 BRI 2D ¥ — 7 28
A b, I3 ~ A Rich T, WAL
bhady, O, HMT5. GSHUEEKS
~ 8D, BAAEROAE LY — 2 23
"IhH, LORBATSH. G S HAUFE#HIO~
LRSI I3, BOZHERoBA» R bR %, WG
fil (FH39) B LT, EvEy2REcY =
T. G SHOMEBEN, Hndhid, Forp
WERERS, Fihbb, G SHAMK LY, 4

60
50
40

index (°/es)

307

20

Mitotic

10}

% 2 A 6 8 10 12 14 16
Hours after treatment

Fig. 1. Changes of mitotic index in mammalian cells
L-5 after treatment with glutathione( @ 10mM,
020mM, A30mM, x40mM)
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i 5 ~ S R o Mfa RN L, 4 ZE[10~
1R oML w5 (H1).

2) JEHRERET ( 200rads) FiTO,
B (20mM) KR & o BAER

SR BE ( 200rads) 247725 6 BERIAT, 3
IREfETAI, BT O RS Ric &~ 304 G S HALE
(20mM) #4Tis\, FlAHZLBEA OGR4 8

G S HAL

Z2L7 (K 2), 200rads fREY35 &, RS 6 IR
L, BABEy L GRS, TREE 7 R

I WS AUENBEI RS, 0%k, EoH
BRI L, BREBISEEIC -7 Lich. Kk
HIRBH I G S HAFE A {37 5 &,  200rads i§
SR L R, RSHE 6 R oA BBl
Sy, MR 7 BERENCE, B DREOB4

HENRHBOND. X0, HOEIERO LW
MPAEEIh B, BaZieiug, TR 9 KRl
X, BLE-2hb0, Tk, bTFoiaidn
Hb, BOHNL, BHBIEECE 20—
DD DS, G S HAH N BETETR, 3 KEREIRT
DA, WAk, ERBEOBM AR, H240
@ik,  200rads FESHEIR & 1303 [ CRERhc B4
5. DL, BHERHORBIES B2, Bt
G S HILE OB A b i B 9 B 1
DE—=Z7HPE o, L, HaoE—20, i3
ER Cic@igz S, R4 6 BiMATG S HALBE©
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Fig. 2. Effect of glutathions Z0mM on mitotic
delay induced by X-irradiation of 200 rads.

Cells were treated with glutathione 6 hr.,

3 hr.

and 30 min. before and during irradiation.

1%, MR 7 ~10WFRiT I,
B\ IS EER R RS,

Dix,

200rads fiE G High
FOEE, 200

rads Bifh L iziEfkEch s (R2),
3) HchHRmES ( 200rads) HCO G S HALER
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Fig. 3. Effect of glutathione 20 mM on mitotic delay induced by X-irradiation of
200 rads, Cells were treated with glutathione 6 hr., 3 hrr, and 30 min. after

irradiation.



602-—(78)

(20mM) [R§f] & DBAGR (4 3),

BERRST ( 200rads) EEE, 3HSRMIEK O 6
RN G S HAABE (20mM) #1770, filffasy
ZUBIE~DG S HORYR2BZ Lic.  200rads @
ST, M 7 R s 2 g
b b, TOH%, WinL, HEEHE14~158 )
Y= 2h%. BEEKG S HUELTTS &,
DAFBORIEIEL e h, GSHMII XA
EREd bR, Lal, BEMRI2ERE i,
200rads fBETHAR X b &, EIEHEER O ¢ —
7R b, T, BT 5H. MR 3 K
TDG S HAWE T, BpZfix, 200rads f@5t
B L 3 USRS IA 5. LinL, G S HAHE
XY, BoZdeBur, BoZHEEHEE 3 ~4
WIS, G SHIT X 2RHE R, W bhic. WA
B 6N G S HMBE %1778 5 &,  200rads B4}
Bigh bR CRERIC A2 UE B, LL, #
SEEOBMBIE 3 ~ 4Bz, G S HMMBHIT
BB ol T nH 0, G SHIZ X 5BHEM
Wwhhie.

HARREZ I RE RS H34k He s

H B

S HALE 4 O BUH#B R, ek, ~ v A,
HfasE D4R CilZE S, S HbAM o i b5
H & BEZh I > BIRY G X h Ty 3 MI9me,
ThbowTFhdny, BEeschy, i,
BSTEINC RS T 5580, BlgEr—FL &
WEIhTWwb, S B o BEHEErE R o
B onwTh, W onoERNE S h, RE
IhTELD, EFEHL, SHILAWOBERE
By A LCELPD, zodT, GSH
i, HEEGHERSHC X5 il 2LEET Gy-block
DIEFIC X ER Licwds, G T o 2 —%2
stage WAEHLTW5 Z ERFE LD, =
Z &b, G SHIE, Hic radical scavenger o
TFRRZTlow 2 &03F 2 bhie, —F, By
DA BIERY, MianH~DHF, Wi
Ffo & oRgiC, BEHE B S h bk
CHRFELTWBH, GSHDIERL, Mmoo
—%E stage 7FIfliE, o flladkEFoHZH
o RAEAFRTZZ i b, G S HOMEY R

L6 S 1l

oMl ]

—
—
-
vz,
/M
Pz
7 |

Blgck Block

Glutathione treatment’

At 6 hr. before irradiation
At 3 hr., before irradiation
before irradiation

At 30 min.

During irradiation

At 30 min. after irradiation

At 3 nr, after irradiation

At 6 pr, after irradiation

Fig. 4. A possible model to explain the effect of glutathione on the mitotic inhibition
induced by X-irradiation, Hatched area show cell population affected with glu-
tathione at X-irradiation of 200 rads. Open area show cell population affected
with glutathione by glutathione treatment.
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HATcfTiEoTh, GSHOBENE IS - &
NEZbRDS. ZTT, BELR, BOHaRsE
G S HALBERFR] & OBIfR AR Lie. = 2 ¢Bb
iR, DEfR~NTEs L 2 LT
5. CCTRI4RART X 5%, GSHOIERERE
wHEZI. H4TR, B REIRFG S HOME
RS ai-filafER©, B, G S HAEERZ{E
A% 5T sfilER 2R, Thbb, H1nb
bREND X5, HlRSHE~DG SHEZT O
KT, GSHONIH 5 ~ 8 BIic o 2N
DRIMHZ B, B0~ 4RI LT
5. TOZLiX, GSHAUMI L b, HZH710~
LRI DHIRESS, G S HOE % 5, MiafEL
PYERE L, 2215 ~ 8 Rl o MIfag R, B
T5. thoDfilanrzox AT &
Ezbhb. Zhik, GSHMNEL, BEh, B
GHERT, 3IRERIRTOBA, 13IFR TG S HOBE
BESRS. L L, BEHT6 MG s HOM
HETe5 &, GSHDEMA%Z 5 - MifakH
By, JRHHRFS T Gy-block i @i L>o%
L7z, GSHDOHRY 5 FicfilgiModc,
Gy-block iz % A o MDA Gy-block
%51F%. Gpblock iR Iz 21U A %1
b, fEGt6 RFHIRT T G S HAUE T, F0RpE
vk, [RSFRT 3 RERALELE KB it Bt b o
LEz2bh5 (K4), Lil, GSHOBHGM
IR b B FRATE 9 R DR ZUE RO

E— 70, BEHIG S HAME T, WFhofd
b, BEIhicw. oz Ly, toE—23,
G S HD\BEHhICEET 5 & S D RIERAT 5%
ReEFEZ BB, G62T, BTG S HAUM DL
f, Mfa” G s Hic & b flaoHZ R o T o
RiEx 505, Ok, GSHi, BUHEOIER
TR SWREBR TS (B, Mlaomisy
FED{ET).

—7, G S HAELBSHSETE 58560, B
i, GSHME®D X5 BB ihs bhity. =
DLW, kD ZEMhELLRSE O GSH
v, B X B MR- ZLRIEANE b 1 Wik
5%, @ HSHBST XoT, #iiasgdhciy
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RUIHTFH, REEEL, BEE, ¢S HAM
2T Th, bEThx bl FOREE,
SRRESh L oT, SRR RGBS e
o, GSHODEM% 5% stage ~OHifaniih
B Lies. Eih, BEHEMAHEG S HURE <
%, GSHOEA% 5 sz, BE LK
WG SHOER% 5 1 s8I & vy, 4z
T COREA RV, f62oT, BEHTG S HAM T
Hbd X iekhREy e (R3), BEE, &
O 3N, G S HAMZ{Tins &, A3k
HELTHH LIS i,  200rads B4R &
Dk, BOCEAOZHERARL TS b b,
K4DGSHOBEE EY Shz.

T, BAHEBEEEIT G S B 277 o
YA, BHMOMHRY, BEHE3, 6K
G S HAEET % L0 B0 MBI 3 ~ 4 BSR4y
HMB2r R LR B T Eh b, G S HIX, Gypblock
Hil 3 ~ 4 Rl Ml DT 2 BEE LT3 &
Zrxbhs, thiz, R1kiZbhs iz, G
S HAEODOKR T, MBI 4 BRI, il
HrROhBZEnbbBEL HbhE, LhL, G
SHIZ X% ZOME, ¢ SHYEMR S LA
RixTrb0LEL bh 5.

PEDZEnt, RAFETLIE, Bgmg
Gt ( 200rads) 1 X 2 MIRAHZIAD G S HOB)E
X, G SHH, Geblock RfEfi3 %D iz <,
Gy JHATO—IE stage oS DMEFTICVEFI 3
. DI, B X b, Hifnc Gp-block
BOERIIhBY, GSHOERIZL Y, #la
FBD AT T B b, & DRI~ D LR
G 8 HALEEFfIc & { Jc 5. Fhif, Gy-block mfi
RELbie, BEWLMEL, ARSI A S
128, G S HAUEHOBAZHER omE N, 7
BB DEBbhs. O ik, PR
R EETHFLTBLELBRS. GSHOME
AR, IR O ERECEEL, o s Hik
B b FEROTEERECh 2 eI, 46
CERE iz, RS 5RECHB.

N
RELE A (L-5) & R U, MBHmet
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( 200rads) i J %ML ELBIE~D G S HO%K)
RegLie.

@ MfasH~D G s HOfERZ, 10mM, 20
mM, 30mM, 40mM oG S HALBIZ & v, MFE
# 5 ~ 8 BN IR ZHE B ORI € — 27 5%
b, B, 10~14B5ERIRA 3 5.

@ GSHME (20mM) % B4, Eii, 3
RElHIET, 6 BEREIRTICATe 5 &, W&, HRT, 3
KR, BoBUR OB L Th HokksyZd
FEBOEE?F . RS 6 BFERNC G S HALBE %
3765 LEN AR OBBENRE WD, fiod ok
K& g

@ HEHEREST ( 200rads) B, 3 EHEE,
6 RifHlftic G S HAER (20mM) #{F7cofc. M
G S HEOYAIZ A bR G S HIT X 5(E
BEoRERFED S hithsore.

PEDZ Epb, GSHOMEHRAHT & 540
Jan ZLRIE DB ST DLW TETFOZE LNz
y
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