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RS AFYIE 94T W3S AR 724 87 A9 EL2EHE9) ¥ E A
ZAfE ¢&3 2} 1) Alkaline phosphatase 84X+ 0.1, 025, 05, 2, 4 Gy9] ¥AMA ZAHE
AN A S5 F7MAL 7200 AR e 2 E T v ad BAEE Y
Creatine kinaset 2, 4 Gy WA ZALE dAgoly BT} 7282071A Frtstg ey 01,
0.25 Gy HAH ZAMA e Atk WEE Holx sich 2) Malate dehydrogenase 84 =+
0.1, 025, 0.5 Gy WA ZAMA ol Atk ¥W3krt §191e 1 lactate dehydrogenase ®HAHI
ZALF 827 228U 3) GOTY 8A4EE AFE 0.1 Gy/minZ 0.1, 0.25, 05, 2, 4Gy
ZAFolE ojHE WBtE gien] AFE 05Gy/sec.2 05,1, 15,2, 3,5 76y2 EAMFol=
%748 4% Bolx Qlth Acid phosphatase # A== 479 oJw g dFN M= JeEhtA] g2
Ak AAHoZ o]HF ALEL WA HE AXTEAZR AHEE 5 Aoy AsEF
A 7S ol Fu U2 NEERLE 27 A3ty ALAJL 2APE e
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B4 WAL 2A H3A ol @ A ol lationship), Th& &3, 51514, A E53 2
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dosimetryE 3% MEHH AFHH HFo=
AEFES AL 8H WA ZARE Ao} @&
o B4 §AEY WslE FAEA

AE e L ey

1. H8EE ¥ YA ZAMED Eo

WAV ZAbe) AMEHE AYEEL D 200g
A= ¥3(Sprague-Dawley) & AH4-3tdch of
279 HYFES M E ZASA g A
AN 4873 A AFE AEFYen #@
AR ZALARQ L 9Co y-rayZ 4 1EQ) HFES
0.1Gy/min.2 283t HA L) 0.1, 025,
05, 2, 4Gy7l B4l 44 AAZAG F 4, 24, 48,
724 ARE og #HFste oY @

4 AFIAG E=ohE 2F HIEL 05
Gy/sec. 8 8te] AAHZ Qo] 05, 1, 15, 2, 3, 5,
7Gy8 AAZALEG o7 442 B 2441 7ol A
AHAE sRsted FulARAA E4g AHGA
o 2T L 2 AYed AAsE gule]e] 8
HE AHgsiden 4 AT gdxe &3
73148 wE-3glct ol ¥ FAREE 4 A9
BEgE 7L AAe] AolE mean +/-
standard error2 E#3lHc)

C 2. HEY sogdEe £H

A7 A4 AFHE 4L 15,000rpmoll A 2083
A MEAEES AANDF FTAL
HREL S48HE 9 AE2 AHESY
o, WAL 2ALE E2AF B4 FTHE lactate
dehydrogenase, malate dehydrogenase, alkaline
phosphatase, creatine kinase, glutamate oxaloace-
tate transaminase, acid phoaphatase©l® 27w
He th2-7 ZoH9,10]. Lactate dehydrogenaset
7VA 24 30mM pyruvateE A& o] 6.6mM
NADH, 0.2M Tris-HC! buffer(pH 7.3) ¥ A&&
3ml cuvettdl ¥ o] spectrophotometer2 340nmoll
A NAD A4 we F3=73408 A9k
Malate dehydrogenase 9 4] 7132 4] 250mM oxa-
loactate® Ar8&3t9 66mM NADH, 50mM Tris-
HCl buffer(pH 7.4)°l A E& 4°] 340nmolA
FBE243E 295 Alkaline phosphate=
714 &4 30mm p-nitrophenol phosphate® A&
3te}, 50mM Tris-HCl buffer(pH 82) % A&
4o} p-nitrophenot®] A3l 213 410nmol A1 &)
3-8 =454l Acid phosphatase 4%
Z£73£ 150mM sodium acetate buffer(pH 5.0)&
A}8-3t%0th, Creatine kinased A= £3L
&3 ¥g-(coupling reaction) & %3t HE 6-
phospogluconate$} NADH 4 Ad o} w2 340nmo} A
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FE=F7HE ST

BAPANE ol J1A H e HELEo
EF9 sigmartoll A L kitE AE3te Al
71EESRAE 1ml cuvetted] ¥ o} 340nmol A
¥3= 5718 A3 E . Glutamate oxaloacetate
transaminase(GOT) 2] €= EA = b 22
A4 A uhgg 3o AF NAD A4 e
M0nmol A F2= F2RE FAHAAUT *M
ABHE 24 94 710 L WS ELSS
kit(sigma) & A}&3he} Mgt AAHAEFEY 1
cuvetted] ¥ol] 340nmolM FH= LTS F
AstArt.
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1. Alkaline phosphatase

Alkaline phosphatasex> phosphomonoesterase,
phosphodiesterase, phosphoric anhydrase 522
5" 4 gled phosphomonoesterase®] 7%
Aolzigolu}d A9 mucosact 3 B ol
Rot AR, n5EES H(gland), bone, B4
Hel Qe HE v=2 Exstn Aot o
gha ola g AAFHA &He oliFel ArIAY
osteosarcoma®] 3¢ HAHuUlol Al alkaline phos-
phatase®] A4 =7} F715kA @t dFE0] 0.1
Gy/mind 3% AAGF Ao} 01, 025 05, 2,
4Gy°‘ Aol AN AH7F e o 24
=g 3 A3 0.1, 0.25 05GyolA 4412t o]

TFA B4zt F713k7] AlEsta] 24, 48413
ANMe BEFET 200-300% A= BE=7t F
7Vt .21 0.1 Gyoll X & 7241 22744 200% 173 <
HAEE FAST UAAHIE 1. W 2 4
GydlXE ZAME 24A3L ZFol 4=t F
7het sl 48A13toll= H A8 gAaEa AAH
(2% 2). o128y % Alkaline phosphataset™ *AF
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Fig. 1. Radiation-induced alkaline phospha-
tase activity changes in rat blood at
various hours of posi—irradiation(0.1
Gy/min.), 0.1, 0.25 and 0.5Gy. The
experimental data represent mean
value +/—SE.
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Fig. 2. Radiation-induced alkaline phospha-
tase activity changes in rat blood at
various hours of post-irradiation(0.1
Gy/min.), 2 and 4Gy.

The experimental data represent mean
value +/—SE.
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Fig. 3. Radiation-induced alkaline phospha-
tase activity changes in rat blood at
different radiation dose(0.5 Gy/se-
cond). The experimental data repre-
sent mean value +/—SE.

BFoNA 4N AAE FA g AFs EHEE
238 2% AMIH2Z YzFRY *e A
=g Holx glon 2442 AFAFNE 2 Gy7tA
HEMZG weEl 4= ek R8e B
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2. Creatine kinase

Creatine kinases % £ %5 28% ATP &
Aol F8F Aion & ZHd Be Fo
A3 ik MFEo] 0.1Gy/mindl B
Z%o] 2, 4Gy AP TANXE 441 o] F2H
227t F718E7) A FEre] 124171 A] @ =t
Z7Vete d3(2Gy : 178%, 4 Gy © 223%)& Ho|
A2y . 2t AAF 01, 025 05
Gydlde nAFeA Bt FHY G4z
3= Bolm A fth 0.1, 025GylAE Azt
Ao mE A= ol HelA gon 05
GyolME 4A1 ol FRE BN =7t FristdAl
24Xt AR e E2ZRY 168%Y BHES
7t Heolu gloy 1 olFor A #Ha
sl 72412 ARFde iz ¥ 4

5184 29} 1993F
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Fig. 4. Radiation-induced creatine kinase ac-
tivity changes in rat blood at various
hours of post-irradiation(0.1 Gy/min.),
2 and 4 Gy. The experimental data
represent mean value +/—SE.

EE92 HolAn k(I d 5). ol T 4¥EY
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Fig. 5. Radiation-induced creatine kinase ac-
tivity changes in rat blood at various
hours of post-irradiation(0.1 Gy/min.),
0.1, 0.25 and 0.5 Gy.

The experimental data represent mean
value +/—SE.
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Fig. 6. Radiation-induced glutamate oxaloa-
cetate transaminase(GOT) activity
changes in rat blood at various hours
of post-irradiation(0.1 Gy/min.), 0.1,
0.25 and 0.5 Gy. The The experimental
data represent mean value +/—SE.

72AAR F7F FAEHEE 11 ojFe] 84k
FA7F detebg HeuE d73gE 05Gy o
AgolA MAHHES AT 5 de FLE A
7 2 4 dda addd.

3. Glutamate oxaloacetate transaminase(GOT)

Glutamate oxaloacetate transaminase™ &3
59 MEs 9483 mitochondriad) &34
reducing equivalent(NADH) 2} ol&o ol&SH<=
BAZA 759 o)FRFE FARE T8
ot} AFE] 0.1Gy/mingd FS, AAHZ
Aol 01, 025 05Gy T nw3 AdFR
ofuel 2, 4Gyl AFANAE AL AHRF Y
WolMe ojm g AT HatE #EE + U
(28 6, 7). 28 AFEC] 05 Gy/second?]
ZASoM e AN AHFRE AR F7137)
A Zste WA ) FdFo] 05—-3GyNA 110% &
Ax 9 3—7GylHe 150% BAE 718 Hol
I Ao 052 Gyoll A 24413t 3370l = 150
% A= A= F71E3E Holn UMY
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g. 7. Radiation-induced glutamate oxaloa-
cetate transaminase(GOT) activity
changes in rat blood at various hours
of post-irradiation(0.1 Gy/min.), 2 and
4 Gy. The experimental data represent
mean value +/—SE.
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Fig. 8. Radiation-induced glutamate oxaloa-
cetate transaminase(GOT) activity
changes in rat blood at different radia-
tion dose (0.5 Gy/sec.). The experi-
mental data represent mean value +
/—SE.
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4, Malate dehydrogenase

Malate dehydrogenase?] WAld 715224 T
Z A o] 4] malateaspartate shuttle, lipogenesis, glu-
coneogenesis, ATP &4 & o4& At 7l
Bostn Yok AFEC] 01Gy/min2 AAHZ
Aol 0.1, 025 05Gyd AP TAMe =T
o o] malate dehydrogenase BAE Rt} A7t
A7) ©E ojg Holxm YA FoH(IZHE 9.
wid AFAEAG 26y AETANNE 2AF
24X 3t BATF 165%, 48A X E 205%2] B4

271848 Holtk 72412 Fole dxIH
B &3 g4Es STE(2E 10). o8 7
&2 alkaline phosphatase®] 3-$-*138 HEZX 2
Alziete] BAE F7MEAAE Roli AT 2
gAest AL FAHA ez J4FF B
Azto} AdEoE HE9 {7E AIT & A
g

5. Lactate dehydrogenase
Lactate dehydrogenase 33380l #3t=
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Fig. 9. Radiation-induced malate dehydroge-
nase activity changes in rat blood at
various hours of post-irradiation(0.1
Gy/min.), 0.1, 0.26 and 0.5Gy. The
experimental data represent mean
value +/—SE.
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Fig. 10. Radiation-induced malate dehydro-
genase activity changes in rat blood
at various hours of post-irradiation
(0.1 Gy/min.), 2 and 4 Gy. The expe-
rimental data represent mean value
+/—SE.
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Fig. 11. Radiation-induced lactate dehydro-
genase activity changes in rat blood
at various hours of post-irradiation
(0.1 Gy/min.), 0.1, 0.25 and 0.5 Gy.
The experimental data represent
mean value +/—SE.
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Fig. 12. Radiation-induced lactate dehydro-
genase activity changes in rat blood
at various hours of post-irradiation
(0.1 Gy/min.), 2 and 4 Gy. The expe-
rimental data represent mean value
+/—SE.
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6. Acid phosphatse

Lysosome2 A EZ ol £t gd 7ige
E AZH AdEAE A Eslse ke
THEAS Bol F43t2 A= protease, nuc-
lease, glycosidase, lipase, phosphatase, sulphatase
T 400 FH olz: gdow B5IE A4 A
FEMELZA HFH pHIL 50 BEolth ol g
lysosome> ©Gdwto g Hol o] w3} %<t
YR S4F A ) 4A £38 7))
Foll 4719 Eagol AFU WEHo ME9
ANENE FHsA doh M gAaM 92
ol Fa54 29 Eo 293t lysosomes TY

ulof

sto] &4

tfo
o
to

7PsAol mEE guwa 2

o

&b acid phosphatase 59 BA® ¥3lE =
AstEg A Asterd A@a e AHgvbeAde
GAE Sl B A g4 d&FE] 0.1 Gy/min.
W} 0.5Gy/sec.2 AAHEZHNFo] 01~7G6yd A
Az FdoME AEZF 22T BFEAA
acid phosphatase®] B4 =& HETNAAY
Bldn A ot 22y o] #g acid phospha-
tase™ HHNAY WAIA X EA] FTRIA 24}
o utg AslEtA A Hib lethal doseol] tha X
BE2X o]88 & o2 LET(Linear energy
transfer) Vb W &3 Ao} Algte] ohg HEF A
A7 W Hor grin AT

4

ru

2 A¥o)a A 4% alkaline phospha-
tase$} creatine kinase®™ #Z @& kAR 9l
o} ALY S EF $48¢ indicator’t 2 & 3
ti #aE it £ Alkaline phosphatases '3
AV HEF FA BH =7 33 F743E 05
Gy oidte}l sAELdFANR A7t sHesithe
AL Jout WEd G4=rt AT o
Jeiz2 3EEe dol gtk W creatine
kinase¥® 1Gy ©]3t9) HEHZFhMs WA o
EHTE QAT F 9oy 1Gy old9 Ao
Ne Wste 24Tt AN fFA=H=R
dose-effect A E ZAIGCHH £& Axrt € &
Rk GOTe %$ Hd#FEo] 01Gy/ming ¢
e B4z HEE #RY &+ AAou 05
Gy/sec.ql A% ZAx9 ¥M3E A2 &+ U
k. 0.5 Gy ©)3te) B E A TN = malate dehyd-
rogenase AT E2H O E = WAMY HE {58
QAT 4 AU 2 Gy o) Ahe] X Fe) A= alkaline
phosphatase B.tt ®3Hd SA =7} & A<t
22HEZ HAZF AR Fde AEFREE
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Serum enzymes as indicators of

radiation exposure in rat

In-Gyu Kim, Sang-Bok Kim, Jin-Gyu Kim, Kug-Chan Kim,
Ki-Chung Chun, Hyo-Kook Park, Kang-Suk Lee

Korea Atomic Energy Research Institute

ABSTRACT

Enzyme activity changes in rat blood as biochemical indicator useful for evaluating
exposure dose were experimentally studied. The experimental results obtained are as
follows: 1) Alkaline phosphatase activities increased in the blood serum until 24 hours
after 0.1, 0.25, 0.5, 2 and 4 Gy irradiation and its activities returned normal condition
after 72 hours of post-irradiation. Creatine kinase activities increased in the blood serum
until 72 hours after 2 and 4 Gy irradiation but any significant activity changes were
not detected after 0.1, 0.25 Gy irradiation. 2) Malate dehydrogenase activities did not
reveal available changes after 0.1, 0.25, 0.5 Gy irradiation and lactate dehydrogenase activi-
ties decreased in the blood serum after 0.1, 0.25, 0.5 Gy irradiation. 3) Glutamate oxaloace-
tate transaminase activity changes were detected in the blood serum after 0.1, 0.25, 0.5,
2, 4Gy(0.1 Gy/min.) and GOT activities increased after 0.5, 1, 1.5, 2, 3, 5, 7Gy(05
Gy/sec.). Any acid phosphatase activities were dectected in the blood serum after 0.1,
0.25, 0.5, 2, 4 Gy(0.1 Gy/min.) and 0.5, 1, 15, 2, 3, 5, 7 Gy(0.5 Gy/sec.) irradiation.

Potentially some of these enzymes can be used as indicator protein for radiation injury.
Futher investigation is needed to find better biochemical indicators utilizing recent know-

ledge and techniques of biochemistry.
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