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Abstact - After high-dose irradiation(8 Gy), the viability of lymphocyte with a prior
low-dose irradiation was 3.7-fold higher than that without a prior low-dose irradiation.
The viability could be increased by the reduction of oxygen radicals or the removal of
damaged molecules -DNA, protein, lipid membrane, or the removal of damaged cells. In
this paper, we studied the radioresistance mechanism in lymphocytes and lymphoma cells
by examining the activities of radical scavengers(catalase, peroxidase, superoxide dismu-
tase, and glucose-6-phosphate dehydrogenase), and a radical protector(glutathione).
Different enzymes were induced in lymphocyte and lymphoma with low-dose irradiation.
The activity of peroxidase increased most(133.3%) in lymphoma, while the enzymes
increased most in lymphocyte were superoxide dismutase(138.5%), glucose-6-phosphate
dehydrogenase (122.4%) and glutathione(120.8%). The activities of these enzymes were
highest when the interval was 7 hours between low-dose and high-dose irradiation.
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209 - Z 7o} X mEH PAMI(8 Gy) & 2AFES W, A& WAKE WA A A5 A
T AEEo] 3.7 Ftehe Aol BAAUD. AE AEEL 1T WA ZAIR BA4EE A4 By
Zel AA, ANE fAxe ande AA, AgE AX] AA Fo= I/ & Ak E dFdMe
AEY A AR FESE PA AP AE goli) sted, nES] A ZAM] TAHE A2
& A0S AASe E4E0 TAF A B34 2 98l glutathioned 48 &3 Act J=F
o] A% AES WA 2AM] peroxidased] BAle) 133.3% 2 F71stslct. =79 79 superox-
ide dismutase, glucose-6-phoshpate dehydrogenase®t glutathione®] #4°] Z+7F 138.5%.
122.4%. 120.8%2 Z7Fl9en, o5 FAES 4L AFZPIAMA ZAF 2HFe] 7 AL o AR
7k et
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T e A =, old ugse A
F¥ DNAS 99d B4 o]} 0|23} ukg-g
2 Hol ME &3¢ YoA . & 23
AolMe 4 dZ79 X AEE ASY WAt
Aol =342 A% 2FEQ A A gt
Zade RS #F3GT). 19849 OlivieriEo] o]
23 PAdel @ AA Y=ZP A kgL w
EE ol (1), AEH WA AL A i
AR E f=dche Lurt 2EIUDG(2-8). 2F
A A AP AL FAA ) o) gag
A& gYo] ZAHAY, DNA, @Wd, xAqt
T &89 BEAE0 A& EpEdAY, &34
AE7} AARe2H 55 Aog JZEr}H9,
10]. AT o= ou @ A o2 AYY L 2
HeA B8 wEA A gL Auolth, £ d
ToAE o]E 3] g8 AFY WD 2Ap)
AZ ASEL 371 AIeXg B3 2539 AR
FAIZ HAs e 44 gugde] Rasexg A7
5t olE S WA A F Fo AN Y=
79 FZF A catalase, peroxidase, superox-
ide dismutase, glucose-6-phosphate dehydro-
genase%9 T AA Hirge ¥4 wsiet
A BEAQ glutathioned] AT % wis
339t
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B cell lymphoma$l A20(mouse BALB/C,
ATCC #TIB 208)= 10% fetal bovine serum,
20 mM HEPES, penicillin(100 U/ml), strep-
tomycin(100 g/ml), 0.05 mM A-mercap-
toethanol 5°] H7Fe RPMI 1640 x| & A}-&3}
o 37¢C, 5% CO, dtollA wjFslict.

BEEZFo &2 W ujY

273 ¥ZFE 8-10 39 ICR mouse®] H%
< AFA3 Current Protocols in Immunology
(11 HAE Wye] we} ool e whgos
s}t Y-S HBSSZ AAgE F 10 mle)
HBSS7} 9ASNE petri-disholA )i Az
FA171 ©& Ficoll-Paque gradient& o]83}o
Pz7eks Besigich Ead Y=TE HBSS2
A&se] RPMI 1640 WX 37%C, 5% CO,3}e]
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A& BA(0.01 Gy) 2ALE 98] 310s
wtE #£7 0.0014 Gyd AHER 289,
2ES] WAR(8 Gy) A= Theratron 780
cobalt-60 source(Atomic Energy of Canada,
Ltd., Canada)& o}&3ld €0Co ZAvi¥E £F
1.321 Gy AFE= AR,

MEE 5

AN ZAL F 9A ARk AIEE B3]
Current Protocols in Immunology[12)e] Al
¥ trypan blue dye-exclusion ¥'do= A& A
E5E At

ML cHHE 22

AEE 200 xgolA 10 ¥3 LA LS AA
A1l & 0.2% 3-((3-choramidopropyl) dimethy-
lammonio)-1-propanesulfonate (CHAPS)7} X
2€ 50 mM MES/Tris buffer (pH 6.0)°] #g
AlA 4celA 1 Azt Bt WA3IAY. Sonicator
(Fisher Sonic Dismembrator Model 300,
U.S.A)E °] &3l 30 24 5 ¥ 543 oL 4
€, 10,000 x gollA 15 3t 948 F a0
34t BA 84 FA ) ARSI

EAEM 53

7}. Catalase assay

Catalase 84 &%3-& Beers 9 U¥(13)&
o] g3t ol e} Zo] 43P ct. 50 mM potas-
sium phosphate buffer(pH 7.0) 444 wo} A&
50 M€ ¥3 9.6 mM HgOg‘g‘ ‘?—‘g’?} E}%
240nmoiA 10¥3 FF= AslE A
(UV/Visible spectrophotometer, Beckman
DU-68, U.S.A). £% 1 #mold H,0,& E33l
= 549 4 1amiteg Falsch

1}, Peroxidase assay

Peroxidase 42 Claiborne®} Fridovichel
Wy (14)e) wel g3 o] FPsHd. 50
mM sodium acetate buffer(pH 5.5)9 0.5
mM o-dianisidine® Al& 50 W& ¥2 ¥F 4mM
H202% 7]'-31'01 460 nm°ﬂ’*1 10 'E“Zl'gl g‘%& il
38 3. Ak FF=7F £2 0.01 3}
e Bhe] ¥E lmunito 2 FIQot
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o}, Superoxide dismutase assay

Superoxide dismutase &% 2 Paoletti®
Mocali®] 3 (15) wat oo} ol =43yl
k. 0.2 mM NADPH, 2.5 mM EDTA, 0.25
mM MgCl,, A8 504 (R2Feze Milli-Q
50d)8 &% F triethanolamine-
diethanolamine (100mM each)-HC! buffer
(pH7.49)& 7}etd] HF Fo7} 450u7) HES 3}
At °ol& 30Tt HEE FFAI2 o7ld) ImM
B-mercaptoethanol$ H7F&F ¥ 340 nmolA 15
£ F3x ¥H3E Z2H&99. gz
NADPH 418} £58 50% 9Alsts 549 <&
1unite 2 Byt

2}, Glucose-6-phosphate dehydrogenase
assay

Glucose-6-phosphate dehydrogenase®] &
4 84 232 Worthington Manual(16)9]
Alg el whel olefe] o] FIYTE. 4304
9] 100 mM Tris-HCI buffer(pH 7.5)°] 154
9] 32 mM glucose-6-phosphate, 549 23mM
NADPE &#3} ¥ sample 5042 ¥3 340nm
X4 NADPY #4E A3 At 3 1xmold
NADPE #AAI7e £49 %S 1pmnite s 3
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Fig. 1. Scheme of irradiation. Lymphocyte and
lymphoma cells were irradiated at low-dose (0.01
Gy) using "Csr- rays and at high-dose(8 Gy)
using a Theratron 780 cobalt-60 source(Atomic
Energy of Canada, Ltd., Canada). Cells were
grouped into three: (a), control(without irradia-
tion): (b), a high-dose only irradiated group:; (c),
a high-dose irradiated group with a prior low-dose
irradiation.

A

ul, Total glutathione assay

A EU glutathione® ¢ Griffith(17)<
Ue] wEk os3 Zo] FPIATE 44749
phosphate buffer(123mM Na,HPO,, 6.3
mM EDTA)<] 1149 10 mM NADPH, 104
2] 30mM 5,5 -dithiobis—(2-nitrobenzoic acid)
& EYR F 25 Mol AIRE Y3 30T HEFH
BIPAA. 971 0.5 punite] glutathione
reductase® #7138t 412 nmoA FF=e] ¥
£ z#43849. Glutathioned %& EEFIJIHE
7122 3o A4tsiyct.
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£ A¥oINE AZ WA o8 fxsE
PA AYIAE Lolunzt wA YzTe Y=
Fo AZES ZAAAT. BAAE ZAA %
& Yz7g AEY PIADE 2AE AT
(28 1) 12 AR E F AP AEE) g
b Atk 22t 22 AR S 2AG A A
ZE2 8 A F 22.3%, 12 Azt ¥ 13.6% %
BRI 2). old] W) A2 WAH 2 F
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Fig. 2. Viability of lymphocyte after irradiation.
Viability was measured using a dye-exclusion
assay. Cell suspension was mixed with 1/2 volume
of 0.4% trypan blue solution. After 5 min, live
cells were counted under a microscope. 2, control;
®m . a low-dose only irradiated goup: ©, a high-
dose only irradiated group: ®, a high-dose irradi-
ated group with a prior low-dose irrdiation.
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Fig. 3. Viability of lymphoma cells after irradia-
‘tion. Viability was measured using a dye-exclusion
assay. Cell suspension was mixed with 1/2 volume
of 0.4% trypan blue solution. After 5 min, live
cells were counted under a microscope. O, control;
®, a low-dose only irradiated goup: ©, a high-
dose only irradiated group: ®, a high-dose irradi-
ated group with a prior low-dose irrdiation.

IS M-S AR ASdle 8 A ¥ AEE
o] 81.4%=F mi$ Egtonl 12A3F FE 20.1%
2 3743 ZAsu. & A WY g%
hormetic effect7t 8AIZMAA] FAHe= Aoz A
ZHot. olg @ AFEH A 2§ hormetic
effecte AEH WAMA(0.01 Gy)S A Q4
YT M DNA €4 B771 o] 2 dojute AL
#FF Wolff(2)9] Aasl Ao A2 WA
(0.025 - 0.075 Gy) & 24819 S o, "M X
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Liu 5] 27N E RodATH(18).
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Fig. 4. Enzyme activities in lymphocyte after irradia-
tion. Cells were obtained at 6 hours after high-dose
irradiation. Enzyme activity in a high-dose only irra~
diated group was considered as 100%. a, catalase: b,
hydrogen peroxidase; ¢, superoxide dismutase: d,
glucose-6-phosphate dehydrogenase: e, glutathione:
o, a high-dose only irradiated goup: ®, a high-dose
irradiated group with a prior low-dose irradiation.

HARA A g4 WAl o8] AAE Etge)
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Table 1. Specific activities (U mg!) of enzymes in lymphocyte.

Catalase  Peroxidase SoD¢ G-6-PDHY  Glutathione®
- L
& high-dose only irradiated 0.15£0.01 1.0340.03  2.83£0.05  0.08+0.06  56.30+4.00
group
A high-dose irradi
high-dose Irradiated group 1510 ) 1144002 3.924030  0.10£0.06  68.00+4.00
with a prior low-dose irradiation
2 Cells were irradiated at 8 Gy.
b Cells were irradiated at 0.01 Gy. After 7 hours, cells were irradiated at 8 Gy.
¢ Superoxide dismutase
d Glucose-6-phosphate dehydrogenase
Table 2. Specific activities (U mg!) of enzymes in lymphocyte.
Catalase  Peroxidase sop¢ G-6-PDHA  Glutathione®
‘; j;ig‘d"se only irradiated 0.11£0.01  0.03+0.01  12.70+£0.48 0.03£0.00  20.65+4.76
& high-dose irradiated @roup - 13,0 09 0,0420.02 14104027 0.03+0.05  23.78+6.22

with a prior low-dose irradiation?

2 Cells were irradiated at 8 Gy.

b Cells were irradiated at 0.01 Gy. After 7 hours, cells were irradiated at 8 Gy.

€ Superoxide dismutase
d Glucose6-phosphate dehydrogenase

€ The amount of total glutathione was presented as nmol/mg.
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Fig. 5. Enzyme activities in lymphoma, A20 after
irradiation. Cells were obtained at 6 hours after
high-dose irradiation. Enzyme activity in a high-
dose only irradiated group was considered as
100%. a, catalase: b, hydrogen peroxidase; ¢
superoxide dismutase; d, glucose-6-phosphate dehy-
drogenase: e, glutathione: o, a high-dose only irra-
diated goup: ®, a high-dose irradiated group with
a prior low-dose irradiation.
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