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ABSTRACT

The pupese of this study wag to evaluate the effect the radiation resistance of chitosan on the mice A
healthy male ICR mice were uged for experiment,

The 30D and MDA activity was measured from the liver of mice at 48 and 72 hours after the irradiation.
The ultrastruetural changes of the liverby irradiation was observed at 24, 48 and 72 hours after irradiation.

The experimental groups were divided into three groups. Group 1 was the control group which was not
treated with chitosanoligosaccharide before or after iradiation. Group 2 was the prefeeding group which
chitozanoligozaccharide solution was supplied by feeding e fbitum for 30 days before imradiation. Group 3
wag the postfeading group which chitozanoligozaccharide golution was supplied by feeding after irradiation. In
all groups 10 mice were used.

The results weare as follow:

The 30D and MDA activity of the prefeeding group was decreaszed significantly (P<0.01).

Control grop The nuelei were condenszed. The mitochondria and rough endoplasmic reticulum (rER ) were
extended and the ribosome wag dropped from the rER.

Prefeeding group  The muclei were rounded. The mitochondria was elongated. And the rER attached
ribosomes.

Postfeeding group  The nuclel were slightly condensed. The mitochondria and the rER were extended and
the ribogome was dropped from the rER.

It waz concluded that the chitosancligosaccharide was effective in the radiation protection. 3o, chitozan

would have the potential as the radiation protection materiala,
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M B

WAk L HAges g2 ABA A
Faaber A2 Aeabd, protone] o2 F
= DNAY #F vhgsbe Ao, b2 A
A4, proton 5o free radical 2 AAde] 4] ABFH
A &= (4], DNA, RNA, proteins)sf| H#& 43 =
Aoet X-raydl Gamma rays Az vhapade] '-?’H e
31, ultra violst ()5} UV.2} 3 2o} 4 « <14

A FAFstr] ot vhabdake] e AEllAe Al
A=, A= Fo] TR EH e of o, whab e o] F 8
EEE EEE ErRuREIERERE
t}(Euclid, 19977,

Al A 7] wRap )

78 Arb A xS Azt 5 2
I ®# & T free radical & =7 9uks Az 2
At2A sgbet A £ RAkE el s A 2 3t
A BA (4, DNA) 28, shbE &4 (), superoxide
dismutaze, )3} SODEF T 23t reduced oxygen
species (]85, ROSZE 1) A A, apoptosiz 7] 4], cellular
thios (4], glutathione)?] radical scavenger, DNA 27|
¥ A, chain—breaking SFAFEA| A (4], ¢-tocopherol,
ascorbate}5 o] S1oH(Riley, 1994). 222 vhalile] =
ez 9= A% 49A free radical, hydrogen peroxzide
E Y} ME£E glutathione, SOD, catalase, DNA
repair enzymes 5 A4 A4 del7| e 7T
SAFIWE, Rl A wke] Srbeiw vhel J]d = P&t

2ob she Az Wb D HE4) 9% DNA &

49 AR ete AARE ARTH Ans
QAR 4] o] 4 (chromosome aberration, )3} CaAZh ),
DNA-hydroxylation AHE-, protein-hydroxylation AHE,
FISH (Karbownik & Reiter, 2000; Vijayalaxmi et al,,
1995) Felm, Azlukabde] 23 lipids] =#H =
polyunsaturated fatty acids (o] 5}, PUFAZE el free
FeS £ $#=% %> malondialdehyde
(o5}, MDAZ )2} 4-hydroxy alkenals (<]}, 4-
HDA®F &) 55 =35FT %13 thio barbituric acid
reactive substances ( ¢35}, TBARSZ ), isoprostans
52 &7]o| glof(Karbownik & Reiter, 2000).

T

)

5= gl DNAS 835 4
prd =N )\12}-

radical ©

SR LI LR SEEERE e S
A v = BAZP Macro Glucan (f-1,3 glucan),
TMG (D—-glicopyranosyl Methyl-2, 5,7, §-Tetramethyl
¢ 3t TMG#}F %), Guarana
{Paullinia cupana), propolis, EEM (extracts of edible
mushrooms, )5} BEEMe|2}F 3, green tea (Katiyvar et
al., 2001), vitamin {Ashraf et al,, 1999; Helmut &
Wilhelm, 1995), thio | A (Murray et al,, 1988), mela-
tonin (Blickenataff et al., 1993), cysteine, cysteamine}
ZEE thio A A (Patt st al,, 1949) Fo] T 24|, &
st 4] @FH AT $oH(KARP, 2000, 2001). 3}
A, 1F B FL WA A7 AW BAZ A7}
A &z g A AT 2R e] AFH A2 gl
ow, A4 Az FoF Az 24 9 34 F AT
3 A o g A= gl

71 (chitin)}2 ApdAdl A fd3 4714 Foivz
AP, 22, 2 A, FEHEYEE A AS H F
Z 59 7% 9 G el 2xE sl 9
Fi A2 o84 RopdlA Ak H7] B F7180
2 A AFEH o7 JpA BEE U4Es
o =7 ¢l (Kim et al, 2001). 7l 2 8244
Fa FA AHRel N-Acetyl-D-glucosamine] B-1,
12 AYT AAIRY 9L ol DoPIRF
(deacetylation, |3} DAC®Z ) s 7] =AF (Chito-
san)e] Ho} (Kim, 1997), F] €42 D-glucosamine=f
N-acetyl-D-glucosamines] B(1.4)- Fez2+| = &

chrornan, vitamin B §-=3|,

ez ddse] o FlEAd: A4 F54 A, 4
W7k S22 S3UAY AL 2 e
™ (Arai et al., 1988), whalag AL 9E& =1

(Kim et al, 1997, 1999), 4] 3| X , 1991,
ghebzh2 (Okamoto et al., 1995), A3 22 A (Teurutani
st al., 1993), FlHA B 54 W A Bz 44
(Koga, 1993), B2 (Skjak et al,, 1988), 2 I
HlE 7+EA (Sugano st al., 1988), 2] ¢kE A=A
(Tokura et al,, 1992}, $A=F -29H| (gene carrier)E
Abge] Zlssbot (Simon et al, 1999; Les et al,, 2001).

£ d7dAe dAld A4 JEs LT
Zopubabidef| Hs) Fl=AbY vRabd vl mZdbE o
ofr7] #5le] SOD, MDA S =, 7+ nlA 222 ¥
g AHE 58 Edst

(leano et al.
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ME HHH

1. 80D % x|&=achsr £

1) soD &3

ZhzZ) 1 g 4o k2] 0.25M sucrose buffer (pH 7.5)
& 7F5ted A ste]4 homogenizer (10,000 xg, 2
min)Z FAEF stget o] FRRE 4°C, 600 g A
10274 did2elstey & B ol ¥2L AA%
= Apzel e 4°C, 15,000 X gol A 20%7F 94135}
o 30D 4= F79 ZhHo® syt SOD
g4 =5 252 kit OxisResearch™ (U244
A Tt ARttt AR A g
kite] 29]= buffer 200 plef] A= 100plE 23
vortezef| 4] 2 A 4deh 2 2 40uE FEFP kitR2
L0 30plE AHAEE 2 123F 37°CH)A incubation
AMFIA, vortexell M F Ao AlE2E FETE =
UV -VIS spectrophotomer (Shimadzu, Japan)& AH45}
of 7 550nmel A FHE=E S 20D A=
B Halslyct

2) x|@zapitst 4

b2z 8 1 g 4u=k2] 0.25 M sucrose buffer (pH
7Fste] \lgstdd| 4] homogenizer(10,000x g, 2
A sE et of FARL 4°C, 600 x gefl A 10
augelRd ¥ 9 FAd 3Ee AAT
Azl 4°C, 15,000 X gofl 4] 2087 94325}
MDA ZH= 242 54402 AEstydch MDA
g =F 249> kitx OxisResearch™ (T1.3.A0¢]
A FUted gt 49 £ Gad 2o
MR kite] F¥)= probucol 10 plet A= 200 pnlE
tubes] P22 Z LtR1 49 640ul2 @3 vortexs] A
ZF Hodeh I T ntR2 49 150ple @3 vortexs]
A ZF AL oL 45°C incubator £efl4 602z B
sk, 10,000 rpmell 4] 1037 QA13e] stelw, 96
well Wiof &71el Zrzhe] Al=E b UV-VIS
spectrophotomer (Shimadzu, Japan)g& AH&sl«d b
586nmell A FHE=E FA%H MDA B4 =F ¥<l
st

-1
L)
(i
o

el “gg

& % Hr fo

2 BXHC|YH o

Az )RRt & At Ae)s B3 o
£2,2) 01 mg/ml F|EAEelTS S40e 30U

£ FAFEF Z 30 kAR 2AF & 01 mgiml FEARE
e &AL FE45F B od lbiwm WA 22
FTEFF T2 4 ARF 9 AF 10deE 3 A
Ay oz siych 47 A92dEE HE J k23
2 KA 1mm’e] =72 3Rk 2.5% glutaraldes-
hyde &8 (pH 7.4, 0.1 M cacodylateskel, 4°Clef| 4 2
A2 DY BAd AvAT B FY 9298 A
451 33 A FEY 1% osmium tetroxide (Os0,)
2o (pH 7.4, 0.1 M cacodvylatestZ, 4°CE 247 &
A% 39 S39Lz 38 A Ars
2] ethanol (50%)2 X-B| ethanol Ad5}s] =wistm,
propylene oxide® ARE5Pe] 2[EA)Zdh epon mixture
E WrEo] propylens oxidex} 11,122 32308 A
FA1Z 2™, epon mixture® Aefl 4 over night 2 E )
steigh e w, 3770 A 124]7E, 45°Ce A 124 7E,
60°CH A 482]2F G239 epon blocks 1 pmiE
wkEEled 1% toluidine blueZ Q43 = =0
o2 FAste EAYHE AT 4AT F Diato
me=a Y ZAF]D Uliramicrotome (MT-7000)2 2 60
nm®| ZeHEH S WHEe] uranyl acetated) lead citrate
Z o|FgAsle TR e R A (TEOL, JEM-2000
FXI)o 2 7lemet 80 kvt @asiaict

3. HESE ¥ JIEM 7

2 Ay Ahga ARFBE (F)AETAA A
Ah FEFskD gl ICRA 5 AF (A2 25~35g)
Z Abasldd AR 2342°C, = ASESUE §7
B AFgA A Zelrled ¢l =2 Alzbe AR (40%
25%17 emiel A AbEslg e, ala (AldAd A=)
& F52 A55A 4R FH T

FlEAree|wehe g ewa] BIEE 10,0009
512} (ops S |5}, DAC 90% <|4) o] 2rbe] £ ()7
& T A=y geet 238k 01 mgimle
|28l B B8 ad libium WA 22 Abmdl &
7 FaetE e

E
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4. Gamma-ray TA}

Ce—137 gamma irradiator {Gammacell 3000 Elan,
Nordion, Canada, central dose rate =529 Gy/h)& <&

)4 0,3 Gy A=Fe 2AbshH

5. &4 A7

7 49E B9 TATA 5942 e TFH
2] SAS EAl =z 84 AF4ste] ANOVA test Y t—
testel] 2ala] A sbE, 2 PR 0.05 n|ete] A
4 2302 veTa

s

=}

1. MFollA LA 7

AR
SOD &4 =4 ©
Astad ot (Table 1, P1g 1. 2=2) 3 Gy ¥kap & 243
F ddl Helg 3T A2 A% 48, 247
SOD pE = 3494+ 14,60, 33.72£10.00 (unit; U/mg
protein) o] g1} ¥RARM S 2A1ELY] A FlEAER D
T2 3097 AAAT FAME 11.90£287, 1245
+3.62¢]9 ¢ (unit: Uimg protein), ¥RAFH S F AR
% FlEabgelwets FFE AT 27.06£694,
28,92 £+7.39 (unit: U/mg protein)®] 3& Ryot 7]
g TGe v 24 Ae AHNAT 29 A

T 30D

=
H& 2ARE & A A w

Table 1. Changes of superoxide dismutaze treated with chito-
aanoligosaccharide after irradiation
{unit: Uhn g protein)

FR w58 S BSS5
E mmControl
“Group
40 - ) s Group 2
5 30
e
a5
2 20:
3
10+
[) fmmmnmnnmnnnnnnnn s

Fg. 1. Changes of superoxide dismutase treated with chitosan-
oligozaccharide after irradiation.

*F .01 as compared with control

Control. General food was fad after rradiation.

Group 1. Chitozanolizgosaccharide solution (0.1 mg/ml) was
asupplied at 30 daya by ad libitwm bafore rradiation.

Group 2. Chitosanoligogaccharide solution (0.1 mg/ml) was
supplied by ad libitum after irradiation.

4 SOD 5% FarZe HEehgch(P<001)

2. HHol M LA FE MDA 2 £

AR BREE 24T 2 AT AR @
MDA &4 =4 B|Ze F2ikdeiuds] 245
st oF(Table 2, Fig, 2. &3 3 Gy vl S 2413
+ U welg 3P G A4 45 72429
MDA 43% 30.8+1.1, 28.6 £58 (nmol/g of tissue) o]
S wHe 2437 A FEtes e 09

B oA

v

Table 2. Changes of malondialdehyde treated with chitosano-
ligosaccharide affer irradiation
{unit: nmolfz of tizse)

Chitozan treatment

Groups

Mormal Confrol

Times

(hours) Group 1

Group 2

Chitozan treafm ent

Groups

Mormal Cortrol

Times

(hours) Group 1

Group 2

42h 10B£05 349x£146
72h 11.7+£0.4 3374£10.0

11.9£28* 27.1+£69
1254£3.6% 289474

42 h 12606 308+1.1
72h 1374£035 286458

13.82£035* 293+£13
13.44+3.6% 300+£59

*P <001 as compared with Control

Morrnal . Mo irradiation mics,

Control . General food was fied after rradiation.

Group 1. Chitosanoligosaccharide solution (0.1 mg/ml) was supplied at
30 days by ad libitum before imadiation.

Grroup 2. Chitosanoligosaccharids solution (0, 1 mg/ml) was supplisd by
it lebitusn after imadiation,

*P< 0,01 as cumparsd with Control

Momnal . Mo irradiation miss.

Control . General food was fed after Tradiation.

Group 1. Chitosanoligozaccharide solution (0.1 mg/mly was supplied at
30 days by ad libitum before imadiation,

Grroup 2, Chitsanoligosaocharids solution (0, 1 mg/mly was supplisd by
it libituen after irradiation,
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Fg. 2. Changes of malondialdehyde treated with chitosanoli-
gozaccharide after irradiation.

*F20.01 az compared with control

Control. General food was fad after irradiation.

Group 1. Chitosanoligosaccharide solution (0.1 mg/ml)y was
aupplied at 30 daya by ad libitw bafore rradiation.

Group 2. Chitosanoligogaccharide solution (0.1 mg/ml) was
supplied by ad libituse after irradiation.

T HHHT ZelAT 13840.5, 1344360500
(nmol/g of tiasus), A S 24 2 Fl=iseln
e FEFE Pl AE 29.341.3,30.0£59 (nmol/g of
tissue)e} £3 & Ryich Fletee] e vk 2
4 2] HAAT 29 A% MDA $4E 443
& BFepad (P<0.01),

3. MM SAMHRE 7+ olHZ=5le At

A A2 He vmE dFHE <R
?\l‘i{i&ﬂ#ﬂ%ﬂ Hefe] m=Fzeieprl THIA 2
Fapw glow, 2L I 29 L5 FAHY
ot(Fig. 3).

VAR 2AF R 244170z vl TR wEe
ohest g FEARE MARA g3 v S 2Ab
FARE 1] 2 ot 2 e, n=E=
2lobe W 5x Ay @abe] FEAEA, 2wt
A W7ke] Hdsiy 2EY Az BREHAG
(Fig. 4A). 71 =4 A2 3 YT 29 2
o FFR vEEse]ety B Hez HAEd,
2RLIA e 29k 725 JAT | HFHAA Fig.

4B). Fl=ARE FAA & A 3 G2 ot ¥4

r-]J
o

O

Hel glm, n=E=a]oe s, 2eizde
Ay S5 F2F FA4N2 Hrag 2 Y
o] #FF I (Fig. 4C).

WAk 2ab 248zl b wAlF 2 wWEe
o2t 2o FlEAE AAEA g3 wkabde 24F
AP 19 gL ekzk 27 Heeon, v
2fobe o=z Wzke] FHgE: Az, 29
axd e A3A Hse 2% 72T gsD o
o] L8487 FFE YT (Fig. 5A4). F[EALS 4
7 g Agy 29 de 2T, v EEEs e
Gzt =D 2Hssd = ofzt e A
%ot (Fig. SB). 71 ®AbS 347 3 97 34 H&
7T JeE FAR YD, v|=T=e] ol A3
o, 2943y 4 Fdsges, rad 2
o] FFE 4 (Fig. 5C).

whAbd FAF 2 72417 2F wAlFEY wEe
ohest 2o Al EAE MAEA 41 vkabde 24}
AP 18] Y& gk 27 Hefeoln, vj=Es
2lobe HoED, 2RcEAE Wrke] o]
Z= 4ot (Fig. SA). 7F1E=ARS A3 3 APZ 29
e A Ay sy vEE=eiohe A9 e
z HAEY, 2eLvd e gt Ao FAFH
of (Fig. 6B). 7] =42 A7) 3 A2 34 2 o
7t FYEe] 2T Feo|H, v EE=eote ¢
b A Eie, 2ALEAE B 29 F2E F
M| FEE 45 (Fig. 6C).

z #

Castillo et al. {2000} rutin, diosmin, ascorbic acid,
(+)—catechin, V. vinifera seed extract (¢|3}, GSEZh
FZE o|43F antioxidant capacity (]}, ABTS g}
De BB A4 AF 49 S0uME B
F dibEbeEs EF e, GBS w2
AFERPsS Byl ow, mutin (4 )-catechin > diosmin >
ascorbic acld fo|2t T B Irel4d e Sasaki et al. (2000)
2 invitrod] 4 @lF = 229 (human keratinocyte, <]
3} HaCaTeh ) E3e] DDC (0.1 mM, 1 mM)E
VB (10, 20, 30 mliem?) 2AF 902 A+ Alx wf ofH
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o HAFEF, Cu, Zn-S0D 2E=ke] DDC 0.1 mM, 1
mME b AgLed A DDCE ke o2 A
el s SOD dka=ke] 72%, 48% A= Zhi-sly
o2 BastEct Joksic et al. (2000)= proton (22.6
MeV, dose rate 1 Gy/min)=Z X-ray (300 KeV, dose rate
1 Gy/min) 0~4 Gy M3S A5 H=74 2512,
S0DS] W ¢ BN protonsh X-ray 2
FEHoZ 50D protond] AS$ CuZns0D,
MnSOD 2% Make] 271842 22 (1472 Umg
protein, 19.5/mg protein Jef ¥|#] $37L 244 (45.9
~100.4/mg protein, 11~16.1 U/mg protein J5}43 30,
X-ray2] AL CuZn30D 2= |2F (14124 UWmg
protein)e]] W& 0.5~1 Gy F7F(144.48 ~
168,19 Ufmg protein)sls HIFS B o|chs] 2~4Gy
A4z ek 734 (113.91~13229 Wmg protein) 5
T Awe] eI, MuSOD Al EE ARk A
W FF (153 Ulmg protein)e] ¥]#] ZF7}{18.25~29.85
Umg protein)slg otz B ospgd o sp=|vh, A=vkat
A 3F WAL SODY A X-rayel A
MnSOD & o] &AH o) 2|9, protond] ASLE &5
b getn 2 sty el =5 Ueda et al, (1993)2 ddy
A dimethyl sulfoxide (] 8}, DMSO (i.p. 0.11
gmouse)d FE 9 Gy PCo-Frubd FAF 302A- e
27} AAstD S0D ¥He s A DMSO
< AAstA] k2 A™FY AG 3065£22 (ugimg
protein) o] 2, DMSO2 378k Zoj A 22034142
(Lg/mg protein)Z. 30D A& ZF4Afddn RO
Hoh 2 A 36y 137C-Zobd & AR A
Al 2Abstm SOD IHRkE Ay, FlEAE
ATHA BT PAAE @S A A 94
Amae W 24 A AHAT T 0% 2
dage F2% + YU ok 700 & 49
A4 7 249 HE B2 §E57] BEe SOD
was TAAF Ao AlZFEd Lebrun et al.
(2002)2 F | 8 Gy “Co-zteprfabi & Al AR

2,20 1,479 %6 27 Dol B
A % MDA Y W Za(LAPIS 43 BA 97
g F3A 2AF 4dA 2ellA o 24 v FF
astwa] MDA Aake] Friad s B aEtgiet Kim
etal (2001)2 04 =¥ AFobd=E (human skin

fibroblast)s] melatonin A2 {105 M)ZF & 8 Gy X-4
& 2% F 24717 MDA 22| A% 8Gy At
M = 2AL 2o 9)E] melatonin H &2 Fe4] 44%
aghen osidd, 2 AR 3Gy PCe-3t
ohl-s AFA A ARSI MDA L HRS s
e, FlEARS AR 43 WS 95 24
T AR s FlEAE b 24 A AR
T A 48, T2 T d4v, do% A= A4S
#Aste Kim 52 473 2 vlsd g
+ slglet ol AxtEr]EE 5% 245 HEe
A FIEARE AAAT FdlA GE AZHE e
b A=) dw F2rl A9 Sk AAE 72
g o MDA $37F 7l =4S AAsA s AY
24 vl# A Aoz Y

Ueda et al. (1993)2 ddy A5+ dimethyl sulfoxide
(=]5F, DMSO (i.p. 0.11 g/mouse)& IHE 9 Gy *Co-
eba 2 3093 27 A= AsjEnAe
189 2a%E B2 B D8 29
sEoeiobt H4=9 00, DMIOE A% 2o1A
=99 w57 gad 2 wsad 2 4944
3Gy 137Cs—7hubd& AFs A4 248D HAL
avlAE ol4% EA%Y BB 2E A
A mlEZ=eleby dd #ie] FAHGAT 7=
A2 AAAE FellA ofE A s Wy
7Pt vEETejoprl AT e ME o] 24
& sle] Usda 54 A¥ st ATz
o 4 sl vb2e 3 Gy vRAbdE AAl 2ARA] zE
A=zs] v|=deajele 223 2| AFELD 4%
Azt F251 g3 F (Les etal, 1999), 2 A3
dH 2HcE A FIEALS MARA 43 3Gy &
5 2k A A7kl AtA Adste, S5 7201
AT 2 Az dEAEgder, FlEAe Al
AMAE Zelxde Wizkel ot AAFE H2E S
slel FI=AY AAAZL wbAbd vbe] z27h glE2
o 5 slgde

¥ 4d3E F3 FAvpkabd 22F £ FlEAbe
SODst MDA E4-& AT, 3 mlAlz &4
= W= HEgE % 5 4le] Aol Wb
o A ARZA Aol 9iE TR 7
% g AFAA 2Rl ¥ Foge AU B

o

i

E=Fg )
HE
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el T g, DNA B3 323 lmalste) 4
A 5o we ARGH D BAYEEH 2o
o BEelol g Aoz 47ud,

# 3

5

o

Aral K, Kinumaki T, Fujita T: Toxicity of chitosan. Bull
Tolcai Reg Fish Tas Lab 333 89 94, 1968,

Ashraf BAN, Mohamed HAW, Foad FA: Protective effects of
vitamin E and probucol aganist gentamicin  induced neph-
rotoxicity inrats, Pharmal Rex 4002): 183 187, 1999,

Blickenstaff RT, Brandstadter SM, Reddy S, Witt B: Poten-
tial radioprotective agents: 1. Homologs of melatonin. J
Pharm S¢i 83 ; 216 218, 1994,

Helmut 8, Wlhelm 3 Vitamin E and C, B carotene, and
other carotenoids as antioxidants. Am J Clin Nutr 62 :
131558 13213, 1995,

Hirano 3M, Iwata K, Nalayama H, Toda H: Enhancement of
gerum lyzozyme activity by injecting a misxture of chitosan-
oligosaccharides intravencusly in rabbit, Agric Biol Chem
352623 2623, 1991,

Joksic G, Pajovic 3B, Stankovie M, Pejic 3, Kasapovic I,
Cuttone G, Calonghi N, Magotti L, Kanazir DT Chromo-
some aberrations, micronueclel, and activity of superoxide
dismutases in human ympho cytes after irradiation in vitor.
Cell Mol Life 8¢l 57 842 830, 2000,

Karbownile M, Reiter BRI Antloxidative effects of melatonin
in protection aganist cellular damage canged by lonizing
radiation. Exp Bio Med 2259 22, 2000,

KARP: Proceeding of the Korean Association for Radiation
Protection, Mowember 3 4, 2000,

KARP: Proceading of the Korsan Association for Radiation
Protection, November 1 2, 2001,

Kativar 3K, Afaq F, Perez A, Mukhtar H: Green tea poly-
phenol { Jepigallocatechin 3 gallate(EGCG treatment of
human skin inhibits ultra  violet radiation induced oxida-
tives stress, Carcinogenesis 22(2): 287 294, 2001,

Kim BC, Shon B8, Eyoo YW, Kim 5P, Les Ki3: Melatonin
hurnan skin fibroblasts, I Dermatol Sei 26 © 194 200, 2001,

Kim JH, Yoo KJ, Song HC, Kim HK: Antiparasitic effects of
chitozan  oligosaccharides againgt seuticociliatids collect-

ad from japanesze flounder, Paralichtys Olivaceus. KorJ

Chitin Chitosan & : 47 52, 2001,

Kim ¥H, Bom HE, Kim KY, Kim HE, Kim J¥: Inhibitory
effect of chitozan on the milk transfer of radiostrontivm
from contaminated mice to their sucklers. Kor J Chitin
Chitosan 4 : 15 18, 1998,

Kim 8E, Lee EH: Biocompatibility and medical applications
of chitin and chitosan (Technical reports). Kor I Chitin
Chitosan 2 : 3% 74, 1997,

Kim YH, Roh YB, Kim KY, Bom HE, Kim JT: Reducing Fe-
tal Contamination of Radiostrontium by Water Soluble
Chitosan, Kor I Biol Sc¢i 11337 340, 1997,

Koga D Induction of chitinase for plant zelf defense. Chitin
/Chitosan symposihan, it Japan, Chitin/Chitosan research
4 26, 1993,

Lebrun F, Benderitter M, Berroud A, Voizsin P, Griffithe NM:
Potentialrole of the membrane in the development of intes-
tinal cellular damage after whole body gamma irradiation
of the rat.? Can ] Physiol Pharmacol 80 686 693, 20032,

Lee MH, Nah W, Kwon ¥M, Koh 11, Ko K8, Kim 8W: Wa-
ter goluble and low molscilar weight chitosan based plas-
mid DNA delivery, Parmaceutical Ees 18(4) ; 427 431,
2001,

Murray D, Vananlkeren 3C, Milaz L, Meyn RE; Radiopretec-
tive action of aminothios i vitro and in vive: comparizon
between effects on DMA damage and cell survival, Phar-
mac Ther 3% : 151 153, 1988,

Qlkamoto Y, Ohmi H, Minami 3, Matsuhashi A, Shigemasza
¥, Clamura M, Fujinaga T: Anti tumor effect of chitin
and chitozan on canine transmissible sarcoma. Chitin/
Chitosan sgmposiom, in Japan. Chitin/Chitosanres 1: 76
77, 1995,

Patt HM, Tyree EB, Staube RL, Smith DE: Cysteine protec-
tion against 2 irradiation, Sel 1101213 214, 1949,

Rilay PA: Free radicals in biclogy: oxidative stress and the
affects of ionzing radiation. Int I Radiat Biol 65(1): 27
33, 1994,

Sazalcl H, Alcamatau H, Horie T: Protective role of copper,
zine superoxie dismutazse against UVE induced njuwry of
the human keratine eyte cell line HaCaT. ] Invest Dermatol
114 : 502 507, 2000,

Smon CWR, Hanno VIK, Ruth D: Potential of low mole-
enlar mass chitozan as a DNA delivery aystem: biocom-

patibility, body distribution and ability to complex and



162 Korean 1. Electron Microscopy Vol 33, No. 2, 2003

protect DNA, International J Pharmaceutics 178 : 231
243, 1999,

Skjal G, Anthongen T, Sandford P: Chitin and chitosan :
aources, chemistry, biochemistry, physical properties and
application. Elzsevier Applied science, 1988,

Sugano M, Watanabe 2, Kishi A, Izume Z, Ohtaloara A:
Hypocholesterolemic action of chitosan with (ifferent
wigcosity in rats. Lipid 23 : 187 181, 1988,

Tolowra 3, Miura Y, Kaneda ¥, Uraki Y: Drug delivery avs-
tem using biodegradable carrier. Chitin/Chitosan res, 314
324, 1992,

Taurutani R, Yoshimura M, Tanimote N, Hazegawa A,
Kifine K Clinical application of chitin materiala to ulcera,
Chitin/Chitozan symposium, in Japan. Chitin/Chitosan res
1:78 79,1993,

Ueda T, Towvoshima Y, Kushihashi T, Hishida T, Yasihara H:
Effect of dimethyl anlfoxide prefreatment on activities of
lipid peroxide formation, superoxide dismutase and ghita-
thione peroxidasze in the mouse liver after whole body
irradiation. J Toxicol 8ei 18 238 244, 1993,

Vijayalasani, Belinda ZL, Thomas 3D, Martin LM: Varia-
bility in adaptive response to low dose radiation in human
blood lymphocyte: consistent remlts from chromosome
aberration and micrormelsi, Mutation Res 348 1 45 50,
1995,

Lee Sang Sul, Park Young Sun, Kim Hong Tae, Ko Sung
Jin : TRadiation Biology,, Jung Mun Gal, 174 175, 250
251, 1999,

Euclid Seeram
73 85,1997

: TRadiation Protectiony, Lippincott (US.A )

M
H
Mo

E=E5>

& AFAAT AFAA 7= A4
£ LA A5 A% ICRAFE & 48 4
9
SOD2} MDAE A A EA} & 48, 724 Zbs o) 23
SRR ZAL 24, 48, 124745
ARG LREL A A= hrsich 49 1
[=]

=z vpibd Z:AL & FlRAkEE| T A F
=

,_,_,
¢

2
]
=2
2
Les]
e
(]
&
Z

Sy
B
i
e

I e

RO

kl

oL

o

o

)
fr
I
oz
)
i
i
o

b
R

e #e 9y
R LEEREREE
R ECEEEPE TR

o
—-
-
I LY
i
off

il

)

ks

I,

Kl

L

Al‘g

g,

e

2, 32

Blos 1L
-,
)
2
i,
v,

= 4
-
ah
e

FEF
i
i,
e
4
F
.
IZ p
L,
rr
A
[
S o8
=
i,
2
(a3

il
i
xe
1

g f;u e
i
T
s
rr
48
)

M o p
(=3

[

i
rhu
i
|o
fa
)
I
)
e
R
b
A
i
R
i
il
ot
ot
I;o{.
{%
R

B,
1
kl
)
]
e,
L



Kim J3 & Roh B Gewmma Rey Resistmee by Chitosanoligo sce choride

FIGURE LEGENDS

*Allbar indicate 1 pm.
N: rmclens - : rough endoplasmic reticuham
M mitochondria Ly lysozome.

Fig. 3. An electron micrograph of hepatic cell of normal mice.

Fg. 4A, An electron micrograph of hepatic cell of mice after irradiation at 24 hours (Irradiation contral).

Fg. 4B, An electron micrograph of hepatic cell of mice after radiation at 24 hours (Prefeeding group).

Fig. 4C. An electron micrograph of hepatic cell of mice after irradiation at 24 hours (Postfeeding group).
Fg. SA, An electron micrograph of hepatic cell of mice after irradiation at 48 hours (Irradiation contral).

Fg. 5B, An electron micrograph of hepatic cell of mice after radiation at 48 hours (Prefeeding group).

Fig. 5C, An electron micrograph of hepatic cell of mice after irradiation at 48 howurs (Postfeeding group).
Fg. 6A. An electron micrograph of hepatic cell of mice after irradiation at 72 hours (Irradiation control).

Fg. 6B, An electron micrograph of hepatic cell of mice after radiation at 72 hours (Prefeeding group).

Fig, 6C. An electron micrograph of hepatic cell of mice after irradiation at 72 hours (Postfeeding group).
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