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Abstract—Adult male rats were exposed to a whole body with a single dose of 1.0, 2.0, 3.0, 5.0,
and 7.0 Gy. The animals were sacrificed 48, 72, 96 and 216 hours following exposure. A competitive
enzyme linked immunosorbent assay(ELISA) with antigen immobilized on the solid phase has been
developed to measure ceruloplasmin in rat serum and complete dose response curves. Ceruloplsmin
was purified from the plasma of turpentine treated male rats. Coating of ceruloplamin had more effective-
ness in 10 mM Tris-HCl, 150 mM sodium chloride, pH 7.4 than in 50 mM carbonate/bicarbonate
buffer, pH 9.6. The coating range for ceruloplasmin was 70~140 ng/well. Levels of ceruloplasmin
increased to maximum on the 72~96 hours after irradiation. Slope of between response and dose
was greatest value 96 hours following irradiation. Normal ceruloplasmin levels were not recorded 216
hours following exposure. In 0.1 Gy irradiated group, levels of ceruloplasmin also increased to maximun
on the 72~96 hours following irradiation. The concentration of this protein remained significantly
different from control value, 196 hours after exposure. Ceruloplasmin was identified as one of the
major acute phase protein following irradiation and further studies about gene expression and regulation
would be necessary for radiation protection.
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F49HE @A (acute phase reactant or protein)
< 959 e, 9/ (trauma), MT7 < (infec-
tion) ¥ 9Z(inflammation) & th¥g A=ol) 23
AU Fxrt vl waA F7lske vj5old ¥
doddz deiA U], 2, 3, 4], o] dHAEL
Az g o8 £79 cytokine(Interleukin-1, 6, 11,
Tumor necrosis factor-a, Transforming growth fac-
tor-B) ¥ glucocorticoids® hormoned ZH3}o) 2t
ZZ o} FHo wEt dF & z3NA F4HY
e W ME 2 23S i BorleE 7t
An & Aoz FAs L JYols, 61.

Al ceruloplasming FANHS @AY s}
2R B 1,046709] opnlto 2 FAH ] Qi
Z(species) ol whe} #2432 ti=F 120,000~ 130,000
dalton=0|™ q,-glycoprotein® 2 ¥ o) &4
3= Cu®l 90~95% ¢ 2sld &5 #Ac A
Ag den(7] 2 715 F FoHA FRAAT
ferroxidase, superoxide dismutase ¥ phenol, amine
oxidases T4 A43 e o P ER
(antioxidant) 2419] 71%5& 7FA QlcH8, 91. AA)
AP = metal ion F= X AFH3lipid peroxi-
dation) 71%& Ak Aoz <A 10l

gAY @i de] FE= Wilson's diseaseo]A] 7
4281 FolelABAH Y, hyperoxia B G394 &7}
11, 12, 13, 14]. = A X858 de @
AN A E free radicalS A A7) Hg wFALAA
(radioprotection) 715224 ceruloplasmin %7}
F718tA T 15]. ol dt §A%ukgo g ceruloplas-
ming AT g Fa3 AEH F2H

U8 ALg-==d p-phenylenediamine oxidase®] &
284 (enzyme activity) Z53 ©I1} radial immunodif-
fusion®] WOz o s} HYck yrFoz
4 M A o]} (chromosome aberration), Q¥ o](mu-
tation), DNA single “18]3 double strand brea-
kageS-& AW 59 Moz WA %
Fao] 43 A U2 ceruloplasming 4
WeERE HEdY U fAALEY] {7t
AEGH AF L YAGTEHAA Tl FA
ZUED QAT B ZEHo| A5 FAT
Wo] gy dA gt v, ¥ dre 34
B o) gRATo g vk 2 FAuTUFe]
AR Aol Rl BFHE YR EAAAEAY
(enzyme linked immunosorbent assay : ELISA)-&
AHE-8td ceruloplasmin® FRZ7AE ]33 At
Ao me} HELNF] i vhEE FFHoz 2
A3k

Mz R HY

HYTE U AR Fy|

£ A7 A& 87 (Sprague-Dawley, male) &
FFAAAZAT LA Bgol, FRASHAA
2=9 §58 23C, 40~50% 2 FAXINAAN A5
3 AF 9~1077F 8 #8FHAE 1.0, 20, 30, 5.0
2 7.0 GyE AAZAHCo® y-ray) A% F 48, 72, 96
2 216 AIZF A 3 diethylether2 vl A A 424
Foh A9 (vena cava posterior) A A Bact ¥
e Heooa 308 1A F 4T, 3500g(Sorval
RC-5B, USA)llA] 2083 94 £ejdte 42 42
ceruloplasmin®] F A9} ELISA AFA A8EZ AHS
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Ceruloplasmin2| x|

Ceruloplasmin T4 23 Fd &) vf$- wp
E2A 2HEHBR olEd o7 JdFE HA=2 FolV)
18 fFHS Ao FF Fx7 2mMo) HA pheny-
methylsulfonylfluoride(PMSF) 2 &3t} Ceru-
loplasmin2 »chloroethylamine-Sepharoseg} Zn-imi-
nodiacetic acid-Sepharose(Sigma, USA) & Al&-3to]
A A3} e} Chloroethylamine-sepharose gel2 Cala-
brese®} Morris2] ol 9s) @43t Hcil7, 16].

Sepharose CL-6B 100 g 4C< 5N NaOH 250
miell ¥ol 0T, 45% FF @yated wkg-A1ZAth Epi-
chlorohydrin 100 mi= #7}ste] A2oMd 24417
R ARAI F 70TAHA TA] 458 Bt WSS
AlZch. 2 ¥ 10N NaOH 150 ml€ 718t 0CE
FAAFIHA 150 g9 chloroethylamineS #7}3l
Fo] LAY3HA & wWi7bA] mwret F 70T A 24
B HHEAIA affinity gel2 AHESITH

Zn-iminodiacetic acid-sepharosedll 213 A=
Porath**8[171& 12idt] 43§ %F 50 mM Tris-
HCI buffer, pH 8.0, 150 mM NaCl3# 100 mM phos-
phate buffer, pH 65% A=, AAsHc. AA<
DAL polyacrylamide gel M719ES AAFA
£ BAEASE A3 Ah
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SHZE Hak
s Exomag  AgEd
Bradford[ 18] 8ol o3} A= sk

=

A& ovalbuming

Aol Fd|

&&3HA A" ceruloplasmin 500 pg& 0.5 ml
phosphate buffered saline(PBS)oll o] Fkel
Freund’s complete adjuvant ®3A170 ¥ 1379
oz 2EFAE 43 S8FABYAY. oA 2
5 ZAE 68 F ATHETE2E B 60 mIE A
3t} [gGE ammonium sulfate 0~33% 2] I A
g& <o 10 mM phosphate buffer(pH 7.0) <l
A1 ¥ DEAE-Sepharose column® Blue-Se-

4 M

pharose column®. 2 A sJch

EAHAZXFH(ELISA)

7z} 83 ceruloplasmin®] ¥ ALY HAH
AW EZA (antigen competitive
ELISA) 2.2 AA&3 AAE ceruloplasming 10
mM Tris-HCl, 150 mM sodium chloride, pH 7.4
(TBS) 2. 3]X35}] flatted bottom microtiter plates
(Costar 9018)°ll 100 W& Yol 37CelA 2A|3F Fot
W3k 1 ¥ 0.05% Tween 208 T3 e
TBS(TBS-tween) ¢ TBSZ 334 A A3t BFE
FA5 Alge FFE st ¥4 F FAH FF
¥H& TBS-tweenlZ 284 A& Z 343}
Arg-steh gHe =5 10 pg/ml=2 BAIGC
Z+z+el wellsl 3T IFAE 50 pg¥ st It
A FA-FANEE AAT F AV SYE
uh o 2 A& 3} t}. Horseradish peroxidase(HRP)
7} A%E anti-rabbit IgGel WE F¥AE TBS-
tween® 2 1/30002 A3t 24 wello) 100 pl¥
Yo ¥ o2x g9-aAnkeS Ao Avie BRE
HhE 37CAA] 1A T 2ATBHA T Well T4
33] A3 F o-penylendiamine 10 mg# 35% H,0,,
10 pl& #7138k 50 mM phosphate-citric acid buffer,
25 mi(pH 5.0) & AME-3t welldl 100 p¥ ¥ 37
TAA 1087 TAAZTE Eho] g TNk
3.0M ZAHEAE 100 g H7Eeted A A7) 492
nmoll 4] ELISA reader(Bio-Rad model 450) 2 &3
&t

immobilized
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Fig. 1. Chromatographic purification of ceruloplas-

min from rat blood serum. A) Chloroethy-
lamine-Sepharose affinity chromatography,
B) Zn-Imminodiacetate affinity chromatog-

raphy.
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Fig. 2. Native(a, b) and SDS(c, d) polyacrylamide
gel electrophoresis of purified ceruloplas-
min. 2) crude serum, b,c) purified ceruloo-

plasmin, d) protein markers.
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Fig. 3A. Coating efficiency of purified rat cerulop-
lasmin to the microtiter plate. (©), pH
96; (@), pH 74.
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Fig. 3B. Typical competitive ELISA standard curve

for ceruloplasmin.
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Fig 4. Dose resopnse curves by changes in concen-
tration of ceruloplasmin. Each data represe-
nts mean value(n=5, independent experi-
ment). (@), 48 hours: (0), 72 hours:
(=), 96 hours; (B), 216 hours.
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ig. 5. Levels of blood ceruloplasmin in 0.1 Gy ir-
radiated rat. Each data represents mean
value and -the bars indicate the standard

deviation(n=6, independent experiment).
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