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& HE8 g AWe furad” BASE iy AA)
HJ'OJ Aoz FHAH ] AFElA(superoxide dismutase,
SOD)h A4 Hch SODE TS FHsra} Ak
AR ARAT| L, #AsrsEE AAsE FtgTtolA
(catalase)E FENe] FANFLE B3} ALZ vl 4
R ol oo

grzs AASE a3 JeEdle Zodle 24, AE
4 3gE T84 e B4 A EEE EREd
I 4o #A3 o] AHEbA| (superoxide dismutase, SOD),
GSH (glutathione peroxidase}o] QliL, A|-&A4 sgEdl& 1l
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24 Ao} shelzdt waAl WSsel drine
A, st Bael BHEE Fold Pust w2
AU wE o3 4 AugozRE Y

=

— 280 —



E 2 A9 (nitrosamine) ] FAlo] A=, FEAGAAE
obdArad el wehAg dhErka deiA uk'” ¢ St
A 10 gme] v]EbT]l CE Foi& A% viziol vjd) A&
go| 4u] =71t o) E 2 313HE-(nitrocompound)o]
g AlFA e Edwel|rt A4t Aeke Fael
FiolAE AERZA Bu15 fEeba,” Eodwoly
T=Ao] DNA°ﬂ e AL ARG

£ ETE A S 8
B3 wjel] Cofl o3 AE$
A Asgsrgie

—_—

2 \-&:l Ao

CHar 3 2

1. 8Nz

AdF = Sprague-Dawley A% A3 63, FFY-A 150
£20 gme} SR ARAE HEAYERABGIA TY3ho]
BT ASAIA 129 2 A A7 F Adel ALa300h
2. AlEdy

1) dESE9Y AR

A%AL 25°CE FANES sglon WRFIE A
AFoz s B3 ARE AGEA HHHEE 29

2) AlE=e 7 ¥ ROz Y

ARTE 172 Urdlen 7 3 entel & wig sl
ek AL 2AE AY 717 Ul g 1312 Ay Rl
zAslga vleb CE kg 10 mg Fodakgich. vlekwl C
= 57 FAE AY A 13 Fo 33U 3 w4, 53]
W Eoldglon 159 7 ARE Aweic

2zl A 1542 £ujel DMSO 0.1 ml, 0.1M NaHCO;

0.1 mlE Foiaiqict. A 248 WA 24 & =g
SHAE FoAstglon A 37 A4 24

3) WAMZEA}

up Alell A A 4 = AR 7 HAE w4
371 8l viHE AR e AR AYe sk ¥
AR 2 AQFA Y 7+ 78 Fdt 5 X & A8

I AGFHE 2eF ool Y2 H ofmHE # Yo 2]
o]z nAsrt 6 MV BHAAE 1.5 em o
cGy 13] 2Asgi

4) AESE9 Az

AL Aol e 22 vlHAA AP Asigich &
N2 A ALt on 50 ml FAIE Agsto] A
7}-8- phosphate buffer (0.1M pH 7.4)& EXL g alg 3

ORIE 2f 62! HIEtE! C2

FQJete] dAg AAZ o, & HEsto] A7k PBS
o] ol FAPNE v} AAsG e 7F FAE A ¥
Agol Agsigict. 84 9 7 242 e SA AYE
A A)sl9i ow  ELISA, high-power liquid chromatography
(HPLC) A& % ¥4 9 242 —70°Col] Kt ¥
Agg Adgsiact
) %E = I:|| 7|- A-“ ‘='§|
gy ¥ ‘@"L/LO?W 2A 7 A4 % 700gol Al 104-7F
Boletglch 7k AT 22)e vhoe] Wlow A
Ak Aol 7he] FA 7 1042 SF-EH(1.15%
KCL/10 mM phosphate buffer+5 mM EDTA, pH 7.4)& A}
B-*].o:] FAZEE & 700gol| 4] 1087 YA Hasle] 1L
A BE }A] 9,000gol A 1537 A4lEelssdch oldf A
71 AR SFddow A(gmhsle] v EF=elol i
o7 33tk

6) K& otikst o ehitel SARMEN

(1) Malondialdehyde (MDA) &&: € 4 7+ Z9
FAEA A A S thiobarbituric acid (TBA)S} HF-S-shod
MDAZE HHelo]l AAe IABAEE Ao
A& 02 mlol] 8.1% sodium dodecyl sulfate 0.2 mle} 20%
acetate 1.5 mlE 73l & 48 5] 1.2% TBA 1.0 mlE
ghto] 100°ColA] 304E7F 7hdst ¥ Aol A Wzt
odek 2 3 3,000 pmell A 10E7F A4 EelAl7]
o 49| MDA-TBAZRAHE 532 nmollA F3EE
Ack. A g2 MDA ek 3Tt er Abs
1,1,3,3-teramethoxypropane (MDA, Sigma)2] 2|44
Hdstel Falsivt.
(2) DHACIATEIOLH(SOD)S| #MEH: & 9 7+
©] SOD ok It b S u|A4A|, v|EFL=eot
B olA2tZol(pH 82)C & 100w 3]4sked = 0.1 ml
Z59 05 ml, AAJ9F(52.125 mg of hydroxylamine +
102.1 mg of hypoxanthine/250 ml D.W), BA]2K(7.5 mUjml
xanthine oxidase with 10”4 MEDTA-2Na/ phosphate buffer,
pH 82)% Z+7} 02 mlE 7}, Egslo] 37°C g2 G0
A 40E-7¢ A3 3 CAI9F(B00 mg of sulfanilic acid+N-
1-naphthylethyenediamine/500 ml of 16.7% acetic acid) 2.0 ml
5 H7), £3sle] EFFEAE AL, 550 nmoll A Fg
£ 24 3lo] 3 EFE(superoxide dismutase from human eryth-
rocytes, Sigma#}, USA)Z o] &3 ¥ 71k 24 SOD
2 Qe

(3) FHEIOtRIS) BMEH: Rigo $7] A& polaro-
graphyoll a4 84 9 7 $9) Fhgloldl G 4%
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uEEcgol & JA4SEL-9(130 mM, pH 7.0)2.8
1000 3] Asto] Ag3lm] HHL dNs THE AL
ot Aol AQ4%S-E84(130 mM, pH 7.0) 250 ul, 5
T 330 pl, M| EFE o8] F 20 plof] 15 mMe] HAd3kr4
£ 00,4 A7, 52 A AL o8 BABEAL A
Foto] 240 mmoll ] Al K FHES] WHE 287
ZAsto] 1 unite 1727F FA3M,4 1pmoled] Zalj 2 4
sstel Aehedet

(4) CHiEl M2k MDA 37} SOD$} shdtotA] &4
29 42 mgo g chilhol gt dFa} SHEE HA
st o, 7+ A g9 oA ke Bio-Rad A2 protein
assay dye reagent (USA)E o] 8-3lo] ZAslgir}.

7) EAKO| 71 549 M &H

AollAe] 7+ §49] GOT (glutamic oxaloacetic transa-
minase), GPT (glutamic pyruvic transaminase) 7% -2 GOT/GPT
kitE Al83l9om Karmen wnit® vJeRHgcl. LDH (lactate
dehyrogenase)+= LDH-LQ (Asan, co)E A}-&3}o] Wroblewski
unitZ }eh g 2w, ALP (alkaine phosphatase):= kind-king
ZAW o Z urEo]Z New-K-PHOS kitE Ar-£3}o] King-
Armstrong (K-A)<k9] 2 vehgich

8) EXtH0|Y #E

v z2AL A7 1~2 mm’Y =AAZ AwA 25%
glutaraldehyde 2 A 143t ¥ 1% osmium tetraoxideE 13
£ 33k o] uf Agshs BE AR 0.1 M J4EE
Ho 34 g AF3lect 4F T5F FovhidA Als
£ 2948} propylene oxideZ %25 X|3HA17] o}-& epon
8120)] Enffslgct. EefEl 2Z-E 60°C LEA] 24417 =
FAT F 2975 o)&dle] 2R E qHEo] uranyl
acetate®} lead citrate® J M3l 5 B3} A 23 v] 73 (Hitachi
H-600).2. 2 75 KVol|4 #4slx AR Fodslgdv)

9) EAAzZ

4 AFe FAAE e AYTE HTEFAXE £
Alstgch. SA71Z2 SASE o|-83lo] one- way ANOVA

Table 1. Liver Weight of Rats

THE AR F Fedel A= A A
H] 529} }1}el Duncanse] v+ 4l 25
A Aolg Fstiich BE SAE p 3
g7t gl Aoz BAAG

g o
1. 2ol 2o nixl= I

159 FF A5 A9 el FAE FHE A izl
HlsA A 2ARES A 24 F BIER] C T 2F
o] frolt Aol gl ort vzl vle) WAL 2ATel
A 7k AL Z7kskgekTable 1). WIERR] C2f Fof = 2F
o AP} Zaste AR Belov SA S 9

2

2. MDA E¥

EAH fod42 glolon WA zA 9jsliA MDA
9] A7} vzl vl ks e, vek CE F
T 79 v H LA v EZ S glolol|A] MDAS] X7} 7
& %S B oy SAF $942 etk @AM e

Table 2. Malondialdehyde Level of the Serum, Liver Micro-
some and Mitochondria

MDA (nmol/mg protein)

Serum Liver mitochondria
G1 69.59+7.41 11.74+3.62
G2 71.41+13.34 15.09+4.37
G3 7256+17.73 10.75+4.29
p 0.050 0.902

G1: control group, G2: radiation exposed group, G3: radiation
+vitamin C treated group

Table 3. Superoxide Dismutase Activities of the Serum,
Liver Microsome and Mitochondria

SOD (unit/mg protein)

Group Liver weight (gm) Serum Liver mitochondria
Gl 11.17+1.45 G1 1.33+0.42 921.35+48.38
G2 12.16+0.82 G2 1.10+0.18 74449+ 59.04
G3 11.36+0.82 G3 1.19+0.28 773.79+41.11
p . 062 p 0.170 0.993

G1: control group, G2: radiation exposed group, G3: radiation
+vitamin C treated group

G1: control group, G2: radiation exposed group, G3 : radiation
+vitamin C treated group
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© 2 elyiri(Table 2).

1) SOD2} &4
AR A gAa wjEZEglolel| 4] SOD2

2
F2)7) FelalA 7AslE s Beow wEl CE
Folg 79 sope| Ao FrtEP o} BAH FoA
< £ 5 $3Ack(Table 3).

2) FIEEI0tHIS) &N

A3 Al e BAE e Fastes AAS 9
AR AL GBI shdeotAG Aol wxE 3
A3t vlelal co) 38 = A9t} SOD #4) ol A}

Table 4. Catalase Activities of the Serum, Liver Microsome
and Mitochondria

OOIE 2 621 HIEHSl C2 HARMN 28t 2=d 23t gt

ol

ol WAL Sla) Fheeble] BHEA padgon
Bl CE Feld 4§ shaehile) B4R H8ue
F4E BPov FAH G2 GUHTable 4)

4. ZF A (liver function enzyme)2| B35}

GOT, GPT, ALP, LDH RS04 WA 24 3 271
ZhEE e S & Uik vlehl C Fof 3 HA
Ao g &x5o] 7aslgm, £3] GOT, ALP, LDHd|| H|
8} GPTol| A= £93 Aol & & 4 I rH(Table 5).

5. HXts0lHol Qg 7t =5

io
=

YEFGEIAE o, Aeto] BE B4 Bokg 3 3

Table 5. Alteration of the Liver Function Enzymes in Rat
Serum :

Catalase (umole/min/mg protein)

Serum Liver mitochondria
G1 58.94+7.24 360.63+50.17
G2 32.88+6.20 324.65+67.75
G3 33.05+7.12 397.70+£32.20
P 0.022 0.576

G1: control group, G2: radiation exposed group, G3: radiation
+vitamin C treated group.

GOT (IU/L) GPT (IU/L)  ALP LDH

G1 196.00+50.66 61.00+7.16 2733+4.46 2205.41+491.79
G2 24350+62.34 80.00£9.03 34.05+6.99 2555.851548.30
G3 1851713861 73171591 3497+8.07 2236.89+507.58

p 0.774 0.001 0.465 0.449

GOT: glutamic oxaloacetic transaminase, GPT: glutamic pyruvic
transaminase, ALP: alkaine phosphatase, LDH: lactate dehydro-
genase. G1: control group, G2: radiation exposed group, G3:
radiation +vitamin C treated group

Fig. 1. Electron micrograph of ultrastructural feature of cell organelles in the liver (7,800x). Stained with uranyl acetate and lead
citrate. M, mitochondria; N, nucleus; ER, rough endoplasmic reticulum, G1: control group, G2: radiation exposed group, G3: radiation

+vitamin C treated group.
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o, n|EZC glofo|A & JFEIF el 7] A (cristae)7} T
A= 9dch x3 v|EZcgo)l FHe £FEAE A
BEF=2E veblla Sld. A S 248 F(G2)ellA=
3} Huto] HREo] glom £IAZE HFEo] el

3 vl EZEzotd] zhadt 37t R WAL 2
A F vlE Co] EHE BEG FGI)lAE Y Bk
< oA FAAH LTt AL 2ATEG BA o & A
= BEE 5 U3lohFig. D).
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HEsle 2t A Re g AzEd
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— Abstract

The Protective Effects of Vitamin C
on Hepatotoxicity Induced by Radiation

Kijung Ahn, M.D.*, Sungkwang Park, Ph.D.*, Heunglae Cho, M.D.*, Kimun Kang, M.D.",
Duckwha Chung, Ph.D.*, Jinsoon Kang, Ph.D.® and Gyuyoung Chai, M.D."

*Department of Radiation Oncology, Pusan Paik Hospital, Inje University,
TDepartment of Radiation Oncology, Gyungsang National University,
TDepartment of Food Science and Technology, Gyungsang National University,
§Department of Food Science, Jinju International University

Purpose: This study was carried out to determine the protective effects of vitamin C on the hepatotoxicity
induced by radiation.

Materials and Methods: The Sprague Dawley rais were randomly divided into 3 groups; the control
group, the radiation exposed group, and the radiation and vitamin C-treated group. SOD activity, ca-
talase, malondialdehyde and liver enzymes were analyzed to assess the antioxidant effects of vitamin C.
Results: The increased level of malondialdehyde and the decreased catalase activity that were induced
by radiation were improved after vitamin C but there was no statistical significance among three groups.
The superoxide dismutase activity of the liver was increased by vitamin C, but there were no statistically
significant differences between the vitamin C-treated group and the non vitamin C-treated group. The
level of liver enzymes in sera such as glutamic oxaloacetic transaminase, glutamic pyruvic transaminase,
lactate dehyrogenase and alkaline phosphatase were remarkably elevated by radiation. The levels of
those enzymes were decreased in the vitamin C—treated group and statistical significance was noted for
the GPT level (p<0.01). On the electromicrographic findings, the hepatic cell destruction was considerably
decreased in the vitamin C-treated group.

Conclusion: Vitamin C is thought to be an effective antioxidant against the hepatotoxicity induced by
radiation.
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