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ABSTRACT

A Biochemical Study on The Radioprotective Effect of

Algin-ol igosacchar ide(A0OS) in Irradiated Mice

Choi, Seong-Kwan
Adviser : Prof. Pak, Jong, M.D., Ph.D.
Department of Public Health,

Graduate School of Chosun University

In order to find out the Radioprotective effect of
algin-oligosacchar ide(A0S), this study, with a mouse of which whole frame
irradiated by 3Gy radiation once, first, measured caspase-3 and caspase-9
amid cell signaling connected to apoptosis in order to observe cell
activation, second, measured NO(nitric oxide) to observe cell inflammation,
and third, measured TNF(tumor necrosis factor)-a and IL(interleukin)-6 in
order to look at the radiation-induced cytokine. In addition, as a part of
acquiring supplementary materials related to radioprotective effect of
algin-oligosaccharide, it conducted a biochemical analysis for the serum of
the same mouse.

Each finding was indicated by average and standard deviation (Mean + S.D.),
the significance between each experiment groups was verified by ANOVA-test

through the statistical program, SPSS 10.1, and Tukey—test was conducted as



post-hoc analysis for multiple comparisons between each experiment groups.
Statistical verification was treated by significant level, a = 0.05.

In Caspase-3 and Caspase-9 test for observing cell activation, both of
Caspase-3 and Caspase-9 showed highly increased 0.0. value in the
irradiation control group, while the whole groups treated with
algin-oligosaccharide before or after irradiation indicated lower 0.0. value
than the irradiation control group, especially showed big difference in 7
day's treatment group of before irradiation (P<0.001). It confirmed that
Caspase generation was restrained in AOS treatment group.

In Nitric Oxide test for observing cell inflammation reaction, small
intestine and liver tissue generate less Nitric Oxide in the irradiation
control group, while 3 day's treatment group of before irradiation showed
significant increase  of generation (P<0.001), which  confirmed
algin—oligosaccharide increased creation of Nitric Oxide.

In TNF-a test amid radiation—induced cytokine, small intestine and |liver
tissue indicated highly increased TNF-o value in the irradiation control
group, while small intestine tissue showed restrained generation of TNF-a
in 7 day's treatment group of before irradiation (P<0.001), and liver tissue
showed suppressed creation of TNF-a in 7 day's treatment group of before
irradiation, 3 day's treatment group of before irradiation, and 7 day's
treatment group of after irradiation (P<0.001). The finding confirmed TNF-a
generation was restrained in AOS treatment group.

In IL-6 test amid radiation—induced cytokine, small intestine and |liver
tissue indicated highly increased IL-6 value in the irradiation control
group, while restrained generation of IL-6 was shown in AOS treatment group
(p<0.001), which confirmed IL-6 generation was restrained in AOS treatment

group.

- vii -



Conseqguently, this study inquired into the fact that algin-oligosaccharide
with superior antioxidant activity performed radiation protection by
inducing restraint of Caspase generation, increase of Nitric Oxide
generation, restraint of TNF-a and IL-6 generation, and confirmed that
natural product with less chemical toxicity was able to be applied as

radioprotector.
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epinephrine, histamine, serotonine, cysteine, cysteamine, AET glutathione,
WR-series, L =Xstet=S(dextran sulfate?2), Lipopolysaccharided), carbon

particled), polyacrylamide beads®)) S0l QUCt. 82z sIstd =S40 EUHA

SA=E0l Jtsgt HAMet ESHIZAM d===S HIRGHW vitamin C,
vitamin £ S0l RUCH. AUHF==2 B FOHAIZ et M2 =ssl dES
0 2 gets ZALH 12 Hosdle SAEIZAL 244128 & F0otRs 32

32 =zt

[, D22 220 SAE AN 1~38 0180 SHotA=S
O

Az ZANEHE BZAIl= SstE YUH=SEZM Macro

Glucan, TMG(vitamin E = &%XHl), Guarana, propolis, EEM(extracts of edible

mushrooms), green tea, thio HIMl, melatonin, vitamin C, 21& S0| HARZ X

0 QCHIB) . GHAIBE vitamin HMIHILE green tea, 21& S22 MU HWR22 B35

S22 FEEHUAM Btl= 28 =d2Z2 QI6tH AFZ0l & HE LIEHHEH
s

ol HASIIE &MOl MXIGHHOF = ©&ES JtXLD ALK, Metd z=20ls @

Jm

A0)0ILF B 21D =Xo =Q IJMHIZI A29l EGCG(epigal locathechin
gallote)1N12) SO| Mort 22 T AMMS Ol BEALM MIIBFSH S0 S 20t

et ZMER WIMZE S 22 COYst MZEE XA=2SChn 2HIUCHS)
CM(carbamoy!)-, MC(methoxycarbonyl)-, HM(hydroxymethyl)-PROXYL & 3

d UESAISIH XA X-&(8Gy) At OFACl DNA =4S L0ttt 2Sot=X
S 2HEGH| A8t in vitro AE0A, HW- > CM- = MC-PROXYL =A<l ZAME ES

SHE LAGAC. 0 LIESAISOH 98t BAN 2RSS AGERS &

M 2 et E0E oLl 2SS9 MW SLF & 22 SEiE =0 2ol
NE g&ts 2t=C4). Z2 AS101(ammonium trichloro-tellurate)2 AFSOl X
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2 US4 SSdH(E=)NA i, B36tD U= C57BL/6 OFRA

o
T
JE AMESIRLL, AFH =FE AMols 28 0t*AQ AFD 2t XA

dgs=E2 2411 FHAo et else HAds S&otl 2S5t fIgt
=82z AMESotdl, B0 EA E2 FES zLiztot)| flet HEst LXIE
FotR2MH, AE0l M= M2t s Adgs=2 2SN SA3ES 280t

2 A0 AHSE A2 Bicincchoninic acid protein assay kit (Pierce,
USA), sodium nitrate (Sigma, USA), sulfanilamide (Sigma, USA),
N-(naphthyethylene)diamine  (Sigma, USA), Tris (Bio Basic, USA),
Ethylenediaminetetraaceticacid (EDTA, Sigma, USA), sodium chloride (NaCl,
Junsei, Japan), Triton-X 100  (Junsei, Japan), Caspase-3/CPP32 &



o

Caspase—9/Mch6 colorimetric assay kit (Biovision, USA) =011, TNF-a
IL-62] SH=22 StHl= ELISA kits (R& system, MIN, USA)S AIEolICH. &t

skl NEE 2 (SF)EcoBiollA =25t =8 MS (Sigma, USA)S ALE

il

ne

0lRA HHOZLEH KAAR2|e EA2 Auto analyser (7170A, Hitachi, 2004

BAFAEAE ol 10Meva Linac X& XIZ2Z Xl (Clinac 21Ex, Varian, 20044



2. AE@E 43

ASTES A& (normal), HAMEEANEZ(irradiation control), ZHAFE XA}
MXIXI 2 (treatment group of before irradiation), SAFAEZAI SXHXZ

(treatment group of after irradiation)2& A&, CIAl ZAFEEZAL XX
=2 AOS treatment for 7 days + irradiation =1t AOS treatment for 3 days +
irradiation @222, YALEXZAI EHXIZ2 irradiation + AOS treatment for 3

days @1} irradiation + AOS treatment for 7 days =22 LI=ACH Table 1).

AgsE2 S e 3806t d, & A2 ASI MHIE WOl Ex=Z200t
A 2= AlIZH0l O 20 s Sd& Adotd dXXzZe E3f 72
2t & 322He Al QIE, SXXIZe % 382 & 722 A2 A E A8
ot AL

Table 1. Classification of experimental groups

Experimental groups u] )
normal 4
irradiation control BEAFE RAMCHE 2
Before AOS for 7days + irradiation SIAFE AL & 7228 H X
AOS for 3days + irradiation SIAFE AL & 322F X
After irradiation + AOS for 3days GAFE A = 322 HXIE
irradiation + AOS for 7days SAPE AL T 722 H X
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(4)

Ju
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(1) Caspase-3 & Caspase-9

FH|E A& L 28 XAS 282 100 #g¥ cell lysis buffer 100 #0 €10 X
AZ cell lysisgt & 1022t iceWlA incubation ofHCH. 10,000gUIA 122t
centrifugedt & AZSHES MZ2 tube S/ UA icelll E&8 (S A

b
Motd =HI=l 96 well plateOll sSZCH. 0101 2X Reaction buffer (BFEA

(e]]
H1

=S $HoIF D, 100~200 gl CHBHEIQl 50 #£2] cell lysis bufferOl =XH
X

ok 10mM DTTENSR) 50 = 2+ tubelll €10, 4nM LEHD-oNA substrate 5 #E 204
A 37TCOIA 1~2Al2F incubationS" & microplate reader Ol M Caspase-3/CPP32 &
Caspase-9/Mch6 colorimetric assay kit2 =& CHmicroreader: 405 nm,

USA).

@ NO (nitric oxide)

A% & 28 RS |ysis buffer€ 0lEot0 28 Zollet = NOE =dotAt
A 28 ZHA ddE N2l =2 N0 2 SEHZ Al Griess AISFE 0lSot0 =

HOtACH., ABSHS 96 well platedl 22t =8 = Griess reagent (0.8%
sulfanilamide/0.75% N-(naphthyethylene) diamine in 0.5N HCI, Sigma) 100 pL
£ FJlotdlt. 1522t A=20lA &Xlet =, 540 nm LHEO0IA microplate reader
(Molecular Devices, Sunnyvale, CA, USA)S 0I5t nitrite s=& =3HolYA

1, Sodium nitrate (0.5~100M)E nitrite E=2 & 0|E6IULH.

(@ Cytokine

TNF-o 2t [L-62] AIOIEIIC! =& Y-S manufacturers instructionOl WCIECH.



¢ MES 50 plb 4 sldds MSE wel 0 228 €10, 28 ALOIEICI0N CHE
HEWY WS 228 50 pl2A wel 2 SAF0 EItotH &2 A0I== plates
JHEAH BHE0 520 US, M3 ZHE HOoIZEZ 0 2A12F s A=20A
Ct. ZHE HIOIEE MHotD MIBe washing buffer2 53| ME WES
Ct. =ZotXt ol= ALOIEIHCICl conjugate 2 100 uLE 2f wel 0l
g1 2HE HOolZ2 G0 2A12F S BFSAIZ2I = washing buffer2 53 Al
HES BHSoRACE. 100 L JIESHS 2 wel IOl €10 302 S A20M XH&
SEHE E20IEA BISAIZI =, EXNEHS 2 wel 0 100 pLA £ 30=2 OILK

Ol =Xt CHmicroreader: 450 nm, wavelength correction: 570nm, USA).

i
Frl
i

19
0

CHOHAl =G = BCA protein assay kitE 0|=6t0d =A&ULCE. BCA
AZ20I0| 22o] ol A2 25 ulLE 96 well platelll 23610 AlSF A Al B
(50: 1)2 PAE BCA 2=(200 plL)S 22 FHIISH &= 37°COHIA 1AI2E S0OF Bk

9'j
R
[w
=

2
ol

microplate reader (Molecular Devices, Sunnyvale, CA, USA)S

OlZ0t0 540 mold E&5(0.0.)S SFoIALL.
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1. M g8ds &3

(1) Apoptosis &l MEZAISHZ = (Caspase-3 &

(1 Small intestine

AL ZAE DFRA0A 228220

jo

£

Caspase-3E Z&otQUCH. 405 mmO M2 0.0, g2 irradiation control =2

]
ol

2 ZAM0 CHet

0.72£0.0452t HlwWotH = [OH AOS for 7days + irradiation =0l 0.31£0.006,
AOS for 3days + irradiation =0l 0.64+0.016, irradiation + AOS for 3days =
0l 0.64+£0.013, irradiation + AOS for 7days =0l 0.62+0.011=2 LIEIL}E Btat
ol i* =28t XH0IS ZA1(P<0.001), 5ol HAEEZAL & 7228 HXIZ0AL

XHOIOF Ot AN UHELRICH(Table 2, Fig. 1).

Table 2. Caspase-3 in small intestine of 3Gy irradiated mice with algin-

oligosaccharide treatment (0.D0. : 405 nm)
Caspase-3
Groups (mean+S.D.)
normal 0.02£0.010
irradiation control 0.72+0.045
AOS for 7days + irradiation 0.3140.006 ™"
AOS for 3days + irradiation 0.644+0.016 ™"
irradiation + AOS for 3days 0.6440.013 ™
irradiation + AOS for 7days 0.62+0.011 ™

"p<0.001 as compared with irradiation control group.

- 12 -



@ Liver

SAFE AP OFSAMH 2at=20E

nio

F0gt = 28 A0l CHe+ Caspase-3
SHEOHARLCH. 405 nmOilAl2] 0.0. &2 irradiation control =2 0.67+0.0461
Hlwolod = [H AOS for 7days + irradiation =0l 0.40£0.0342 LIEILL B gt
0l |28t XH0IS 2 RACHP<0.001)(Table 3, Fig. 1).

]

i

Table 3. Caspase-3 in liver of 3Gy irradiated mice with algin—oligosaccharide

treatment
(0.0. : 405 nm)

Caspase—3

Groups (mean+S.D.)

normal 0.20£0.060

irradiation control 0.67+0.046
AOS for 7days + irradiation 0.4040.034 "

AOS for 3days + irradiation 0.66+0.018

irradiation + AOS for 3days 0.75+0.113

irradiation + AOS for 7days 0.77+£0.062

"p<0.001 as compared with irradiation control group.
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Fig. 1. Caspase-3 in small intestine and liver of 3Gy irradiated mice with
algin—-oligosaccharide treatment

"p<0.001 as compared with irradiation control group.

Group 1 : normal

Group 2 : irradiation control

Group 3 : AOS for 7days + irradiation
Group 4 : AOS for 3days + irradiation
Group 5 : irradiation + AOS for 3days
Group 6 : irradiation + AOS for 7days
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(2) Apoptosis &l MIEZAISHZ = (Caspase-9 2z
1 Small intestine
BEARS  EAF OIRRANH L2MSe|DES E0st & AZ 20 st

Caspase—9E HEHOIILCE. 405 nmOIAM2l 0.0. gft= irradiation control =<
0.72+£0.0242t Hluwotd = @ A0S for 7days + irradiation =0l 0.30%0.029,
AOS for 3days + irradiation =0l 0.61+£0.010, irradiation + AOS for 3days &

—

0l 0.64+0.006, irradiation + AOS for 7days =0| 0.66+0.029=2 LIEIL} H gt

O DI R2Ist X0IE EAD(P<0.001), S5l YA TAL & 7228 HXIZ20M2
XHOIDF DFE 3 LIEHGCHTable 4, Fig. 2).

LU

Table 4. Caspase-9 in small intestine of 3Gy irradiated mice with algin-

ol igosaccharide treatment

(0.D. : 405 nm)

Caspase-9

Groups (mean+S.D.)

normal 0.09+0.005

irradiation control 0.72+0.024
AOS for 7days + irradiation 0.3040.029 ™"
AOS for 3days + irradiation 0.61+0.010 ™"
irradiation + AOS for 3days 0.6440.006 "
irradiation + AOS for 7days 0.6640.029 ™

"p<0.001 as compared with irradiation control group.
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@ Liver

SEARS ZAF OFRAOH L2idtselngd s S0st & 28 ZA0| St Caspase-9
SHEOHAULCH. 405 nmOilAl2] 0.0. &2 irradiation control =2 0.8040.0920il
HlwWotd = [ AOS for 7days + irradiation =0l 0.32+0.068, AOS for 3days +
irradiation =0l 0.62+0.07322 LIEIL} B2l ® RSt X0IE 2R
(P<0.001), irradiation + AOS for 3days @2 0.0. &% 0.65+0.072%2 LIEILE =
O|gt XH0IE EU2M(p<0.01), Sol LAHZAL & 722 XA XH0IIt
Ot 2 LEHGCH(Table 5, Fig. 2).

i
]

i

Table 5. Caspase-9 in liver of 3Gy irradiated mice with algin—oligosaccharide

treatment
(0.D. : 405 nm)

Caspase—9

Groups (mean+S.D.)

normal 0.15+0.029

irradiation control 0.80£0.092
AOS for 7days + irradiation 0.3240.068 ™"
AOS for 3days + irradiation 0.624+0.073 ™"
irradiation + AOS for 3days 0.654+0.072 ™

irradiation + AOS for 7days 0.69+0.067

*kk

p<0.001 as compared with irradiation control group.

"p<0.01 as compared with irradiation control group.
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Fig. 2. Caspase-9 in small intestine and liver of 3Gy irradiated mice with
algin—ol igosaccharide treatment
"p<0.001 as compared with irradiation control group.

"p<0.01 as compared with irradiation control group.

Group 1 @ normal

Group 2 : irradiation control

Group 3 : AOS for 7days + irradiation
Group 4 : AOS for 3days + irradiation
Group 5 @ irradiation + AOS for 3days
Group 6 : irradiation + AOS for 7days
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Bt
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2. &

Ol
010

=X
k=

(1) NO(nitric oxide)

(1 Small intestine

AL A OFRA0 2dtscldds F0et = 48 50 et NOE 2

Z6tRLCH., irradiation control &2 1.7

o
H
o
o
oN
@
&
°
EJ
ol
2
it
==
>
)
%
S

3
+ irradiation 20| 3.36+0.3222 UEILF H22 MR |28 X0IE B
(P<0.001), irradiation + AOS for 3days =% 2.26+0.3312 X £°|&t XI0IE
K CHP<0.05)(Table 6, Fig. 3).

Table 6. NO(nitric oxide) in small intestine of 3Gy irradiated mice with

algin-oligosaccharide treatment

(unit : nM/xg protein)

Groups (mean@SS.D.)
normal 6.024+0.409
irradiation control 1.70£0.068
AOS for 7days + irradiation 1.25+0.086
AOS for 3days + irradiation 3.36+0.322 "
irradiation + AOS for 3days 2.26+0.331"
irradiation + AOS for 7days 1.88+0.477

"p<0.001 as compared with irradiation control group.

'p<0.05 as compared with irradiation control group.
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@ Liver

o

= 28 X0 et NOE 2F
31+£0.24610 Hlwold = [ AOS for 3days +
irradiation @0l 1.74£0.11022 UEILI EZ 2 R R Ct
(P<0.001)(Table 7, Fig. 3).

AR AP OFRANN S28tselEgs §0
2.

OotRULCt. irradiation control &2

o

A0IE =

9

Table 7. NO(nitric oxide) in liver of 3Gy irradiated mice with algin-ol igosacchar ide

treatment
(unit : nM/ug protein)

Nitric Oxide

Groups (mean+S.D.)

normal 3.02+0.167

irradiation control 2.31£0.246

AOS for 7days + irradiation 2.09+0.088
AOS for 3days + irradiation 1.74+0.110 ™

irradiation + AOS for 3days 2.15+0.140

irradiation + AOS for 7days 2.26+0.100

"p<0.001 as compared with irradiation control group.
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Fig. 3. NO(nitric oxide) in small intestine and liver of 3Gy irradiated mice
with algin-oligosaccharide treatment
"p<0.001 as compared with irradiation control group.

"p<0.05 as compared with irradiation control group.

Group 1 : normal

Group 2 : irradiation control

Group 3 : AOS for 7days + irradiation
Group 4 : AOS for 3days + irradiation
Group 5 : irradiation + AOS for 3days
Group 6 : irradiation + AOS for 7days
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3. Cytokine &3

(1) INF-a
(1 Small intestine

A AN OIRAUH 222 NYE2 E0st = A& 20 st INF-a
+0.1081F HIWGIKS [ A0S for
7days + irradiation &0| 0.294+0.0522 LIEILF H2gtel 1 |28t X0IE &

K CHp<0.001)(Table 8, Fig. 4).

£ 2ESIYCE. irradiation control =2 0.45

Table 8. TNF—a in small intestine of 3Gy irradiated mice with algin-oligosaccharide

treatment
(unit : pg/mG)
TNF-a

Groups (mean+S.D.)
normal 0.05+0.014
irradiation control 0.45+0.108
AOS for 7days + irradiation 0.2940.052 "™
AOS for 3days + irradiation 0.45+0.040
irradiation + AOS for 3days 0.43£0.035
irradiation + AOS for 7days 0.51£0.046

"p<0.001 as compared with irradiation control group.
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@ Liver

SALE ZAF OFSAMH Z218t=e|l 0

nio

Soist 2 2 x|

Ol CHet TNF-a S
04610t HluotA= U AOS for

A

(@]

ZotRALCH. irradiation control «2 0.33%
7days + irradiation =0l 0.21£0.020, AOS for 3days + irradiation =0l
0.25%£0.025, irradiation + AOS for 7days =0l 0.26+0.0092 LtELE B gt
e S2& X0IE ERA1(p<0.001), irradiation + A0S for 3days ==

X0IE BRACHP<0.01)(Table 9, Fig. 4).

0.27+£0.01622 M =2

]

Table 9. TNF-a in liver of 3Gy irradiated mice with algin-oligosaccharide

treatment
(unit : pg/mG)
TNF- o

Groups (mean+S.D.)
normal 0.02+0.008
irradiation control 0.33+0.046
AOS for 7days + irradiation 0.2140.020 "™
AOS for 3days + irradiation 0.2540.025 "
irradiation + AOS for 3days 0.27+0.016 ™
irradiation + AOS for 7days 0.2640.009 ™

"p<0.001 as compared with irradiation control group.

"p<0.01 as compared with irradiation control group.
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Fig. 4. TNF-a in small intestine and liver of 3Gy irradiated mice with
algin-oligosaccharide treatment
"p<0.001 as compared with irradiation control group.

"p<0.01 as compared with irradiation control group.

Group 1 : normal

Group 2 : irradiation control

Group 3 : AOS for 7days + irradiation
Group 4 : AOS for 3days + irradiation
Group 5 : irradiation + AOS for 3days
Group 6 : irradiation + AOS for 7days
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(2) 1L-6
(@ Small intestine
SARE AP OFRSANAH L21a22|0E S E0s = A& AW S IL-63
ZESHALCH. irradiation control =2/ 0.040+0.00811 HIWotR=S [H A0S for
()

7days + irradiation =0| 0.022+0.00342 LIEIL} BBZgH2l OH
SR CHp<0.001)(Table 10, Fig. 5).

Table 10. IL-6 in small intestine of 3Gy irradiated mice with
algin-oligosaccharide treatment

(unit : pg/mG)

IL-6

Groups (mean+S.D.)
normal 0.005+0.0030
irradiation control 0.040+0.0081
AOS for 7days + irradiation 0.022+0.0034 ™"
AOS for 3days + irradiation 0.036=+0.0026
irradiation + AOS for 3days 0.036=+0.0020
irradiation + AOS for 7days 0.043+0.0050

"p<0.001 as compared with irradiation control group.
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@ Liver

LARE DA DFSA0H 221422 NEE FO0He = 28 X0 e IL-68 &

_|

ZotCH. irradiation control =2 0.030+0.0036 Hiwot¥=S [ A0S for
7days + irradiation =0l 0.013+0.00382 LIEILI g2l R K28 X0IE
B HRCHP<0.001)(Table 11, Fig. 5).

Table 11. IL-6 in liver of 3Gy irradiated mice with algin—oligosaccharide

treatment
(unit : pg/mG)
IL-6
Groups (mean+S.D.)
normal 0.009+0.0017
irradiation control 0.030£0.0036
AOS for 7days + irradiation 0.013+0.0038 ™"
AOS for 3days + irradiation 0.028+0.0036
irradiation + AOS for 3days 0.026+0.0026
irradiation + AOS for 7days 0.032+0.0034

"p<0.001 as compared with irradiation control group.
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Fig. 5. IL-6 in small intestine and liver of 3Gy irradiated mice with
algin—ol igosaccharide treatment

"p<0.001 as compared with irradiation control group.

Group 1 : normal

Group 2 : irradiation control

Group 3 : AOS for 7days + irradiation
Group 4 : AOS for 3days + irradiation
Group 5 : irradiation + AOS for 3days
Group 6 : irradiation + AOS for 7days
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A2latse|l Yol SAIE S0l e 22X N2 E &S0k ot 3Gy 1
3l MA XA O0FR2AQ &FHO0| CHoll CFS 14D1K Malst 2 ALS Al AIGHE L
(1) Glucose
SEARSE A DIRAWH L2182l NY S S0ds = &0 OIS glucoseE &
HotGLH. irradiation control =3 HlWsIES I HHE ASEIOEWNNET S2&t

XH01E LAHGHA 2:UACHTable 12).

Table 12. Glucose in 3Gy irradiated mice with algin-oligosaccharide

treatment

(unit

:mg/dL)

Groups

Glucose
(mean+S.D.)

normal

irradiation control

AOS for 7days + irradiation
AOS for 3days + irradiation
irradiation + AOS for 3days
irradiation + AOS for 7days

185.43+14.93
220.00+17.58
215.86+49.47
192.29+54 .47
177.00+35.28
247.86+38. 14
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(2) Creatinine

10
@
o
10
e
0

SARE AP OF A0 21a=2l10E

q Al

—

Ol CHSt creatinines
AS

FA AS0ME =2

ﬂJIO
8
=)

OII

ZHOIQCH. irradiation control <1t Hlnl

gt XI0IS ZAGHA R3UCHTable 13).

Table 13. Creatinine in 3Gy irradiated mice with algin-oligosaccharide

treatment
(unit : mg/dL)

Creatinine
Groups (mean+S.D.)

normal 0.27+0.05
irradiation control 0.30+0.06
AOS for 7days + irradiation 0.26+0.05
AOS for 3days + irradiation 0.30£0.00
irradiation + AOS for 3days 0.30£0.00
irradiation + AOS for 7days 0.31£0.04
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(3) BUN(blood urea nitrogen)

SEARS ZAF DIRAWH L2p2elngs S0t SH0 st =4 ol
QCH. irradiation control =2 15.70+1.481} HI XGRS M irradiation + AOS
for 7days =0 18.59+2.49=2  LtELE S9olst X0l1E EBERCh
(p<0.05)(Table 14).

Table 14. BUN(blood urea nitrogen) in 3Gy irradiated mice with algin-
ol igosaccharide treatment
(unit : mg/dL)
BUN

Groups (mean+S.D.)
normal 19.61+£1.65
irradiation control 15.70+1.48
AOS for 7days + irradiation 14.19+1.56
AOS for 3days + irradiation 13.79+1.56
irradiation + AOS for 3days 16.51+1.06
irradiation + AOS for 7days 18.5942.49 "

"p<0.05 as compared with irradiation control group.
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(4) UA(uric acid)

SEARE AN OIRAMH 22| DY 2 S0st &= &30 st UAZS =306t
QCH. irradiation control =2 1.96+0.311F HIWSIKYES [ irradiation + AOS
for 7days =0| 4.06+1.002=2 UELH BZE2 e w28t X0[Jt JUA[LD
(p<0.001), AOS for 7days + irradiation &2 &< 3.804+0.762 2 LIEILE S92t
X012 2 ACHP<0.05)(Table 15).

Table 15. Uric acid in 3Gy irradiated mice with algin—oligosaccharide
treatment
(unit : mg/dL)
UA

Groups (mean+S.D.)
normal 1.89+0.56
irradiation control 1.96+0.31
AOS for 7days + irradiation 3.80+0.76 "
AOS for 3days + irradiation 2.09+0.48
irradiation + AOS for 3days 2.96+1.22

irradiation + AOS for 7days

4.06+1.00 "

"p<0.001 as compared with irradiation control group.

"p<0.05 as compared with irradiation control group.
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(5) TP(total protein)

AL ZAF OIRAOH Z2iatscl0EsS F0e = 0l et TPE =&Eot
ot E M 0™ AEIAEUNAME ReIsH X0

QCH. irradiation control =1+ Hl W
=

2LAGHA RFUCHTable 16).

Table 16. Total protein in 3Gy irradiated mice with algin-oligosaccharide

treatment
(unit : g/dL)
TP

Groups (mean+S.D.)
normal 4.13+0.20
irradiation control 4.03+0.14
AOS for 7days + irradiation 4.544+0.98
AOS for 3days + irradiation 4.34+0.46
irradiation + AOS for 3days 4.06+0.22
irradiation + AOS for 7days 4.10+0.16
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(6) Albumin

e
0z

Ol CH&t albuminsS =
.89+0.25%F BlWotRAS M irradiation +
AOS for 7days Ol 3.64+0.212 LIEILE EBogdl R

(p<0.05)(Table 17).

r
Hoh

SEARS RAF OFSAWH 2IdSel DY sS E0E
HOIK{ L. irradiation control =2 2

gt X0IE =2

Table 17. Albumin in 3Gy irradiated mice with algin-oligosaccharide

treatment
(unit : g/dL)
Albumin

Groups (mean+S.D.)
normal 3.19+0.34
irradiation control 2.89+0.25
AOS for 7days + irradiation 3.10+0.72
AOS for 3days + irradiation 2.86+0.40
irradiation + AOS for 3days 3.01£0.55
irradiation + AOS for 7days 3.64+0.217

"p<0.05 as compared with irradiation control group.
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(7) TC(total cholesterol)

AL ZAF OFRAOH Z28t=se

K
0
nio

S0s = FHO e TCE sHot
RUCH. irradiation control 2| 88.00+3.652 HlWotAS M irradiation + A0S
for 3days «O0| 71.43+5.912 UEILE BZ2te e |98 X0I1JF JAUD
(p<0.001), AOS for 7days + irradiation @& 77.14+6.39
£ 2 ACHp<0.05)(Table 18).

HU

LIEFHLE =2f8t XtOl

Table 18. Total cholesterol in 3Gy irradiated mice with algin—oligosaccharide

treatment
(unit : mg/dL)
TC

Groups (mean+S.D.)
normal 86.00+7.35
irradiation control 88.00£3.65
AOS for 7days + irradiation 77.14+6.39 "
AOS for 3days + irradiation 81.00+8.52
irradiation + A0S for 3days 71.4345.91™"
irradiation + AOS for 7days 84.00+4.36

"p<0.001 as compared with irradiation control group.

"p<0.05 as compared with irradiation control group.
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(8) HOL cholesterol

AR AR DFRAO g28t=2ldE

njo
o

£ = <50l Ohet HoL

A
cholesterol2 =&oIRUCH. irradiation control =2 55.14+3.722t H|ulot

o
(0= IK==3
=
-

M1 irradiation + AOS for 3days =0l 47.00+3.832= LIEtLI R2|8t XI0IE
CH(p<0.05)(Table 19).

9

Table 19. HOL cholesterol in 3Gy irradiated mice with algin—oligosaccharide

treatment
(unit : mg/dL)
HOL cholesterol

Groups (mean+S.D.)
normal 57.57+4.12
irradiation control 55.14+3.72
AOS for 7days + irradiation 50.86+5.55
AOS for 3days + irradiation 55.14+5.76
irradiation + AOS for 3days 47.00+£3.83 "
irradiation + AOS for 7days 55.43+5.83

"p<0.05 as compared with irradiation control group.
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(9) LDOL cholesterol

AR AR DFRAO g28t=2ldE

o

E0
cholesterol2 &0t LCE. irradiation control @t HlWotRS M HE A&

SHAME |28 XI0IS L AHGHA R3UCHTable 20).

o

=)

Table 20. LOL cholesterol in 3Gy irradiated mice with algin-oligosaccharide

treatment
(unit : mg/dL)
LOL cholesterol

Groups (mean+S.D.)
normal 5.86+1.68
irradiation control 6.00+0.58
AOS for 7days + irradiation 6.14+2.54
AOS for 3days + irradiation 6.43+2.64
irradiation + AOS for 3days 6.14+1.21
irradiation + AOS for 7days 5.294+0.76
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(10) Triglycerides

AL ZAF OFRAOA g2idtselD"

=2 o

o

£

triglyceridesE =&AL, irradiation control =2

o
g
0x

Oil i

9.574+20.5810t H| W ot
= [ irradiation + AOS for 7days =0l 77.57£9.0022 LIEIL S =28t X
Ol 2ACHP<0.001)(Table 21).

Hon
—
o

w
H-
o

ol
9

L

Table 21. Triglycerides in 3Gy irradiated mice with algin—oligosaccharide

treatment
(unit : mg/dL)
Triglycerides
Groups (mean+S.D.)
normal 31.43+11.50
irradiation control 39.57+20.58
AOS for 7days + irradiation 34.86+08. 11
AOS for 3days + irradiation 31.57+08.92
irradiation + AOS for 3days 42 .43+11.00
irradiation + AOS for 7days 77.57+£09.00 ™

"p<0.001 as compared with irradiation control group.
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(11) ALP(alkaline phospatase)

SALE A DFRAONA S28t=2l 0

10

E0st =
QCH. irradiation control =2l 477.14+43.042 H|WatRH=S [ AOS for 3days +
irradiation =0l 316.29+105.9322 LIEILI HIZg2 K9

]

ol

FOXHOIDE AL

r

(p<0.01), irradiation + AOS for 3days =& 347.71+£73.302 2 LIEILF |98t Xt
012 EHCHP<0.05)(Table 22).

Table 22. Alkaline phospatase in 3Gy irradiated mice with algin—-oligosaccharide

treatment
(unit : 1U/L)
ALP
Groups (mean+S.D.)
normal 466.29+068.43
irradiation control 477 .14+043.04
AOS for 7days + irradiation 417 .71+£055.99
AOS for 3days + irradiation 316.29+105.93 ™
irradiation + AOS for 3days 347.71+£073.30 "
irradiation + AOS for 7days 374.00+054.38

"p<0.01 as compared with irradiation control group.

"p<0.05 as compared with irradiation control group.
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(12) LDH(lactate dehydronase)

AR AP OFAM 2at=2l0ds Tt = €30l et LDHE =dot
|WotAS M 0™ A& 080ME =el8t X0l

CH. irradiation control =1 H

2LAGHA RFUCHTable 23).

Table 23. LDH in 3Gy irradiated mice with algin—oligosaccharide treatment

(unit @ 1U/L)
LOH
Groups (mean+S.D.)
normal 1436.86+392 .99
irradiation control 1446 .43+644 .68
AOS for 7days + irradiation 2247 .14+644 .05
AOS for 3days + irradiation 1450.29+460.18
irradiation + AOS for 3days 2139.14+873.88
irradiation + AOS for 7days 736.00+176.07
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(13) GOT(glutamin oxaloacetic acid transaminase)

AR AP OFRAMH 2at=2l0ds Tt = 230l et G0TE =dot
|WotAS M 0™ A& 080ME =el8t X0l

CH. irradiation control =1 H

LAGHA RFUCHTable 24).

Table 24. GOT in 3Gy irradiated mice with algin—oligosaccharide treatment

(unit @ 1U/L)
GoT
Groups (mean+S.D.)
normal 170.71+054 .53
irradiation control 250.00+187.23
AOS for 7days + irradiation 327.71+£289.55
AOS for 3days + irradiation 222.14+112.30
irradiation + AOS for 3days 384.14+326.55
irradiation + AOS for 7days 122.86+035.22

_39_



(14) GPT(glutamin pyruvic acid transaminase)

AR AP OFRAMH 2at=2l0ds Tt = 230l et GPTE =dot

QUCH. irradiation control =4t HlWolARS I HE ASIASUHAE F2lst X0l

LAGHA RFUCHTable 25).

Table 25. GPT in 3Gy irradiated mice with algin-oligosaccharide treatment

(unit @ 1U/L)
GPT
Groups (mean+S.D.)
normal 25.57+£05.94
irradiation control 23.00+07.75
AOS for 7days + irradiation 21.86+09.94
AOS for 3days + irradiation 19.294+09.67
irradiation + AOS for 3days 28.14+10.14
irradiation + AOS for 7days 21.14+06.41

_40_



I (R o 4 5 W R <A W RIS RN
L B OE < A R R T
| IrE - IrE _ . .rE T _ —_ = f vl |
2 O " 2 & W o N o Mro <+ 3 ﬂ_ o ® S ooy om
oM< Ulo RS - 30 W = = Womw oo @ = o
_— 0Ol 10 ~ H Mg O Z W omn S I R O o = =< = &+
mﬂ Mo 2 o W - I = W I H I o= °oH
OF <4 S Y Mgy IR Ofs =25 AT LM
w R < = 5 < 8 RT o o2 o * =
[ ol o b o 2 < T oo I = [ L I
R = = U Blog W =y W YR - B AT g =
w = TA_E T e I TR - R R "
K > 0 Moy = z &8 2 _ W =<
o :_IT_u_ R A:ui_ Ol - __n_u . T = oo O ﬂ S %w 2
3 = WO or ®o& M oo & o m - - W o =
" 5 KR R o= M o3 5 R o320 &g 3w - °
Kl PN s R g XS om0 S g wmo R I oMo
ao W D B oy S o s BY N TR
e moRW WOH T W g O g o3 - R oo <3
T < _ g X aug K ~ 7 8 O < AT
. W S TR -SRI =z T =002 %9 a5
ol < 0F of Ulo o= L B X s o RY
> I o5 % Z = M 2D % 20 ~ g o S . oom &S
2w I 525 Y0 Fz Py g g oW w
N~ S NS BT g € o4 - -~ KX = 3§ k= ®R 2
= 8§ R M _ e N TR g W By
=S o2y oy T oo WM ¥ 2ok = K 2 X B o g .
98 X w Ro= s § . = & - (T Rz oo, _o_w
o= KR B o e ot @A, R Wy Ao 2T
00 o 104 = 20 n_h_n_ N =0 W > 3 D = 20 0| vl S o =z N
&0 < & © o RO 1of ___wu_ of K OF = :(_m Rl &) RV R R O = D
0 = 3 _, O =R s IF . Ir = =00 ol s
N = ok — hiy Tos oo b g 2 Ko S moe Ko
o oz 8RR oW I O - 2 >
T DA (- oAz s &= m = N W @ g wn 2 4 3
<o - g o el = L S 8 &
S ol B0 Ko RVOJ B M H 8 T 1 A=
X 5% RO 3 M~ A T ool | T A W oo i ool MO OR X

- 41 -



- K

i apoptosis

0

o)
CEs =g

LA A & 722 K

.= d70ldE gAY K=
AR R ALOI

=0l
g A

Ir
T

| Al

(@)

LH

H

=/

I8l

—

NELMS

—

—

Ol QAU Al Caspase

W

LAFE AR HOILE =0l

gt SAME AN ZZ 20 Sl LHER LD,

Caspase-3 & Caspase-9 25 LA ZAIHEZOIAM 0.0, 2t0l OHR
Al

’

| XHOIDF DFA 3N LHEFGECH(P<0.001) .

&

t

[
o

]

[l

NI At(apoptosis)Z OO0 Xl
==

t

o=,
© 0.D.

Al Oll A
HAIZ

N

o)

o

00

=
=

=

H

o

|
A

o
I

i Nitric OxideJt

3Gy HAHSOl ZAtel O AO

0

9|

(2004)E Xt
FJI Nitric Oxide2

| —

o

Ct.

I
3

&
[

—

—

=
S
o

=

P

A
A6t Sethi

uld

i
NIE 2]

[=
g3 HeleArE
A0 A

t

2ACH
2
N
2 DO
=
. —

24N Z2HRH O

S

F

[m]
ol
Al

x
—

|.

[=}
S

2

=3
-

I Nitric Oxide%t

gt= ot

401 A+Q
A

A2
(2001) OIA

| —

o

2 =
S |

t

A ZAMUHEZ0AM Nitric Oxide

]

N
&

(oz]
=]

Xl 22| Caspase 0.D.

Nakagawa

N

—
=
=

1o
=)
Wk
oI
of
I

fulJ

0+

NI Ol A

=S
[a—

Nitric Oxide

Ct(P<0.001).

2

=
=

f

J

U
0

T

<+
o
Jo

KU
KA
ar
fall

U

00
-

0l

0

2l 0% XXIZ2 Nitric Oxide MA= SIHA

=

214

b

o
=2

2Rlet=2|0HO0

gl40),

Tl
Il

~

0
%

3+
U
=
iof

(1999)2 YA X

| —

o

FeAGHO! Kyrkanides

2|
[

TNF-a 2

=
F==)

O
i)

T AOIESt

o
TT

_|

l

t

A

|.

g
o

il

o)

il

A= Z0|

o
TT

(2002)2

, Fagiolo &

41)

SH

21

ANIls He=z

AME A0l LIEHLE A TNF-a
- 42 -

B NEZSA

eSS

3

Ab 24 Al



= = W - 3 O
" ~ 10 -
__ofwmdmuemm:imo__muo_a
il Euwwmlr_nﬂ = O Oom oK< R b
ﬂgmoEomm%gw_zmww_%@n%&uggd_ 28+
5 s 20w ﬂimﬁlﬁ.&mM@@_x@:Em LT e 0o M
2= w oo P = SR R N D gy 2 A B
=M on oL g ¢ Mmoo 35 <D s R oy o
T o= oW g O ) S Ny UM s oM RLT W e T
gm@mﬂﬂuwrﬁmEWAaE@OTOTJmAOL%H@ma
mowc_hmojuogoﬂmp%ﬁ%&Mmo ____EMO¢_W,_1TM_UO%
g 0 LD . R = i il =z 75 n @ < %
mngmm;m;,:Tﬂmmo;:ogmgﬁmggmmom%
) gromo) 2 mn oo OF kM .r|._.L|.IC|5
M%%mwmf05@_.nm:amxamw_xozwmmﬂgwmawww
o< 1M Eaa|awwmm©|,x@o|+moxmoum$5_gﬂ
1 = oI N O
D gy MM S = o o2 5 - 7oz NOR W g 2Ue 19
mXJEFaEﬁTerFa;x;),ﬂamengAUogm
L L 7T L T o= e = & = m J S0 o H 9 20
)m;ﬂﬂTWAo%qu mngwo;gm|ox¢
MnmoxomETzapmeTg:Mo. T__Homoﬁ__wﬂmmo@
8 S 0 Z o = |M _ = - — T W ol g oo o H <
N5 w w0 T 5 X S = RO 8 . g B = oT & R0 D H
:ogﬁmaﬁxlIW&am_momgm___wm_ﬂmwwM_d o0 g < ¥
o A N oo g o= N TR = S 7o 884
s ) _u._.rr_l ._|_o|.r_;t| V= _E.IL||_ -
2 T O oy oI 0 = M o K D m Y o2 o A X < . o =<
.ﬂﬁwogmoEgggygmtﬁmgmawgm%%
— v = o] & S 3 —_ .y — =
§ X w0 %AaWOTJ_aﬂAB_AODBWSQFHDQ =
EE-W@TOT+Q%ﬁ_aﬂ:wofﬂrm Bl 2 sl o
ﬂ A= R [ WW@WHTWQ.ALWQEH.I 5] i ol n
E @w_ w S U W = = g0 W 3 5 = = 5 K= = 2 o g o m W
Iy M. = &g R < _wm 5 x O K™ T o M 5 ¥ = 0 R H - z o W
E%AEAH%% L2 ow & ol_Eaa.onmﬂonmW__/ﬂMM
O o w0 Ul S 2 o W o o © B wo kDL o X W - U =2 0 )
TR S 5 Mg £ 2 g o oL o= o W@ Mooy oW o
~ uEc(o@mmnT:;Em.AmTaMomammmmgm
W oz aﬁ_mwmwgﬁogw“ﬁmaeta Vo oo
gglqucflgHon ot X 5 K | oo W T = O
™ IHn_Xr_o.lm 0 H om T S lom o® oz w e 3
w R S 70 < W @ = o -, = 0 X OF X n T =2
S = <X R & S &0 4w iy o Kool X an o 7 © 0 =5
RpAmom%ﬂﬁm_x7wo_oo_EoM:Iu S
o N A I W = % - H o W
RCORT AN w = = i
= ~ o

- 43 -



2
0
=
&
L
&
(@]
[aV]
0
S
o
o
S
ro
8
0
O
B
ot
m
O
lo
0
X
g
=
12
o
!
12
o
il
iy
=

ZE Sofl XMHMAME kuSl ONA ZEDFOIAM MHE AOIEIIIC SWE ATE
20 HS SO0M ku HIES DNA 28 240| H1E SOIEHOEM IL-6 BE ALl

EII0I0l K-7/D-60] MA OlE 2| DNA 20| =D 203U, 12|
Meeren S(1999)2 12t WIIAIZO ZAFLEO0l ZAIZH [L-6 MAH0| SOt=
I3 150) ) Ross S(1997)2 Q12 glioblastoma MIZZICIOA IL-6 mANAE =2

S0ILt =Sk HEERL ¥2 HdES0IL e E2 dEE2 YA T AL

= H
OE

>
0z
0x
°
b
b
Ll
o
J
HI
J
9
|0
2

, Laquerriere S(2005)2 Xt2l&0f
ESAMHC PMAZ MXIE B2 A
1L Q1 Kkeratinocytell NCTC 2544 MIEcCHRIOA HHOIAL [L-80] &5 A&

CH2), 2 AR0AME 3Gy A0l 18] & ZALE OF A0

> v
0 R

;I" =

1

i

e

i

0

El

T

=

=

()

10

0

E

I:J
[LIIO

c
S0et = [L-62 2FotAdsdl, A2F0 28 X2 2S5 SALE ZAH 22 0
M IL-6 gt0l OHS Sotal Bt ZAMM AL & 722 2idtSe|nd ™MXIZ 0l A
IL-6 MAARIL LIEFSCHp<0.001). IL-62 EFMEL HAMIE, WSHIMIE,
SBANE S MZ AOINA B IHHEESsS ~dots 222N SAME S

of X220l SIoH LTIl AIZ et BAIS 2582 +8st=0"Y, 22142

S-S0 ofdst a2 ==X 26| ol 0.1% INEXMSEIDEE E06HN
ZESIF =M, HAIESZAIEZD HlWot £ [ ALP(alkal inephosphatase) 2t
AST(aspartate aminotransferase)2l A ZUAIEZAI & 14 o JIERNZEl ]

g XMXE AANY B2 HHE =28 LIERORN)., 2 dF0Ms L2atselng 9

AL BOoEd0l et 2x NS &S0t ?Iot0 30y SAIMH0l 18] &l =X
AEl OtAC HEES JFAZECE = 140tK MatstHAIS AAlCHR=0, 204t

SelNEo S22 2ol sI2S UEIH HLRXZ2= BUN(blood urea nitrogen)t

albumin® ZAFH AL = 722 HXI2 OIACHp<0.05).

- 44 -



Hxl= 70F

Ia|.

o
=

A =3

ENS

0
A

<

I.

o

ot |
g

aa=1e

7012,

o

|.

A
(=]

DS
o

SAE H
SAFS AL A
SZAR & 322 MAZ
= = 70t2l

t

0

=l
= 7012,

t

A

H oK
= ° E-F_._ .n|__O uir K =
- Q_u 2 - il ™ -_AA._ m 3 o_E :_u .
= @ anA a7 | W = 0 < M = =
=9 or Dok Ot o= M K o z ol KM A
w8 - T = = n n
o 3 = K- N~
o .2 < v =z ¥ ° oo 8 7 5
mmnmg.mngﬁ EMMﬁ g 22
I3 S EHDC 4 5 = o 0 A < %0
MH = B 5 8l gy K 3 o1 Ol K] N
© ;M 6 T o3 20 2 Uk OF =
v M EESZZ LT Ty LT s
R o = = @ = m o5 X8 w oM R
o 5 oA os N W S = & 4 ro © E 0 o =
SEEEERNe R L I S
mmgam@ngWﬂg Y E T LMG
§ o O_Eﬂﬁw mr_E S 2 o g O .
=) m N~ K < v o=~ [
0 s S " Y RO -
M = 3 o x K S g mx= - T
o= 0 RC ok W N s o= @O s MM
o S Koom ior : ) Q0 3 X & o oy R 9K
_ O &a E 57 o © U Bl = LS} MW = 4 & oy
a e | - (@) HT_ < ~
= o 2 0 g © O 50 = L3 o =
7@MA@J%HJu@E .ng%mM@uMu_
< = o g 3 o X< = 3z N S R oll
M H = % WSS RO = o f0om 2
! = = - = — _I__AI b = - 3 1) K
ﬂAcgﬂm_WEm 0 o a_.mg_@r_rmrx_
- T o R F =& W o = r S N 5 F 0=
LB oz oW = W U o o=
Noo |m$1ﬁ@ — 2 ok 5o
N~ 33 5 ol © T ™ . o A o) < b OF 7
oF o = o~ KU = o - wm = Ok o) R
R oF X s W _ =0 0
Loic RO s O A 5 I D 5 oz 0 m o
< m ° S o L N3 g O_Ewweimmam
432_mcma__o$g|n<u =3 8 2 Lo
7l I g3 o S 0[0 Ho= 3 =
= o S o] =~ Ho %o = no= 5l KH — X < .l = =
n L & oo KOO = Kooy F R
0 o 8w X M > X oK 2R 20 = X
Lﬁop*fmisrcrﬂgAr.mﬁﬂwa
5 @ S RO wo= o J C o5 KI D = = m ol
S W on g o M 3 5 H o= o = s 0~
S 7 K= m.: = = @ 3 ._..Ao W 2 z
D ™ B AL )
O N <

- 45 -



OlZ2 M

o AL

0|

Mo AXIL LIEHSCH(P<0.001).

T2 TNF-oa Hd0l AME=

MXIZ0A TNF-a

J

S IL-6 SA0IA

A& RE ALOIEStRI

&
220A
Ol A

_J
KIO

IL-6 &0l

ol
Mt
=
n=
00
r

3

<J
~J
oll

LHEHSt D (p<0.001), OIZM

A O D}
IL-6 24450l MBS =oAL,

oo M

IL-6

R0
il

0

<

ol
o)
oll

ulr
il

2 (Caspase M4

4 At

K
[

& A

gt

S LIEFUCHp<0.05).

==
=

=)

t

S
[wetd

O

BUN(blood urea nitrogen)t albumin®l

—

—

AHOIl A
N AlE F00l

A
[=]

Ol

o0

ol

’

AM AN A I.”

oo M

2]
A

M, Nitric Oxide M4 &I+, TNF-a

2 A

Rr

0
Hr
RI
ilor
)

_46_



W.M. Ross and J. Peeke. "Radioprotection conferred by dextran—sulfate
given before irradiation in mice." Exp. Hematol. 14: 147, 1986.

R.B. Mefferd, D.T. Herkel, and J.B. Loffer. "Effect of piromen on
survival in irradiated mice." Proc. Soc. Exp. Biol. Med. 83: 54, 1953.

K.J. Mori, A. Sato, and Y. Ito. "Reticuloendothelial system blockade as
an effective method of radioprotection." Experimentia 31: 112, 1975.

F. Herodin, J.D. Laval, M. Fatome, and R.M. Fauve. "Radioprotective
effect of an acute non-specific inflammation in mice." Int. J. Radiat.
Biol. 51: 549, 1987.

-

SAG. oA W= UEMe £ 2 LA 20

& h= o7 of
==, 0/3t0d KtCH=tw!, 1999.

o

2F A

P

7
o

fol

KARP. Proceeding of the Korean Association for Radiation Protection,
November : 3-4, 2000.

KARP. Proceeding of the Korean Association for Radiation Protection,
November: 1-2, 2001.

ANS, @B, 0122, YO, HEBLS. “DHY U HHT SALTZ0 C4a
J

SAo| SAIS 2SS | Korean J. Ginseng Sci. Vol. 22, No 1: 67, 1998.

OloHE. "OrRAMAM Qlatel HArM ol 22 st EItol 28t SEistA
A" olstg At R=E, MEHEt, 2005

&S, "AHS HIR0A =Xt EGCGS Xtel& ol 2 IIF &4 2 =3t o
M g2t e=AFWsts| FM=IS LAY 3-8, 2001.

- 47 -



12) &§23d, 01z, Mz, 29y, 8ol Z=A. “HaCaT MZEZ=0A
epigal locatechin—-3-gallate (EGCG)JI Xtel& 2 LPSOl 2/8F iNOS mRNA &
L N0 MM DIXl=s E&k.” hetul 2 utsts| Xl 42(1): 37-46, 2004.

13) |. Ding, T. Wu, H. Matsubara, J. Magae, M. Shou, J. Cook, and P.
Okunieff. "Acidic fibroblast growth factor (FGF;) increases survival and
haematopoietic recovery in total body irradiated CsH/HeNCr mice."
CYTOKINE, Vol 9, No 1: 59-65, 1997.

14) K. Anzai, M. Ueno, A. Yoshida, M. Furuse, W. Aung, |. Nakanishi, T.
Moritake, K. Takeshita, and N. lkota. "Comparison of stable nitroxide,
3-substitude 2,2,5,5-tetramethylpyrrolidine-N-oxyls, with respect to
protection from radiation, prevention of DNA damage, and distribution in
mice." Free Radical Biology & Medicine 40: 1170-1178, 2006.

15) Y. Kalechman, A. Shani, M. Albeck, and B. Sredni. "Induction of acute phase
proteins in mice and humans by treatment with AS101, an immunomodulator

with radioprotective properties." Immunopharmacology 29: 149-158, 1995.

16) V.K. Singh, V. Srinivasan, T.M. Seed, W.E. Jackson, V.E. Miner, and K.S.
Kumar. "Radioprotection by N-palmitoylated nonapeptide of human
interleukin-1B ." Peptides 26: 413-418, 2005.

17) P. Fedorocko, and N.O. Mackova. "Radioprotection of haemopoietic stem
cells by a single injection of bacterial lysate — IRS-19 administered to
mice before or after irradiation." International Journal of
Immunopharmacology 22: 989-999, 2000.

18) G.H.W. Wong. "Protective roles of cytokines against radiation: induction of
mitochondrial MnSOD." Biochemeca et Biophysica Acta 1271: 205-209, 1995.

19) V.K. Singh, and V.S. Yadav. "Role of cytokines and growth factors in
radioprotection." Experimental and Molecular Pathology 78: 156-169, 2005.

_48_



20) =, e, 2dE, A, OIME, 288, tHEA. =012 2EHS
0IXl= gaselnge Jesi.” etelstal k| 42(2): 153-162, 2002.

21) T. Wang, X. Zhang, and J.J. Li. "The role of NFkB in the regulation of cell
stress responses." International Immunopharmacology 2: 1509-1520, 2002.

22) D. Hallahan, E.T. Clark, J. Kuchibhotla, B.L. Gewertz, and T. Collins.
"E-selectine gene induction by ionizing radiation is independent of
cytokine induction." Biochemical and biophysical research communications,
Vol. 217, No. 3: 784-795, 2005.

23) A.K. Zaidi, R.S. Bagewadicar, M. Subramanian, G.S. Kaklij, and M.S.
Patil. "Effect of whole body hyperthermia (39° C, 1h) on radiation—induced
apoptosis in Swiss mice." Journal of Thermal biology 29: 3-8, 2004.

24) AYS. "MFUMN JELC IHSE . NERWSE AL U YALLES
EX 21, OISHASSIES, ZLMSD, 2002,

25) J.H. Hong, C.S. Chiang, J.R. Sun, H.R Withers, and W.H. McBride.
"Induction of c-fos and junB mRNA following in vivo brain irradiation."
Molecular Brain Research 48: 223-228, 1997.

26) S. Claudia, and G.B. Gerber. "Adaptive Response to DONA-Damaging
Agents." Biochemical Pharmacology, Vol. 55: 941-951, 1998.

27) V. Duliac, W.K. Kaufmann, S.J. Wilson, T.D. Tisty, E. Less, W.J. Hprper,
S.J. Elledge, and S.I. Reed. "p53 dependent inhibition of
cyclin—-dependent kinase activities in human fibroblasts during
radiation—-induced." Cell 76: 1013-1023, 1994.

28) M.K.L. Collins, and A. Lopez-Rivas. "The control of apoptosis in
mamalian cells." Trends Biochem. Sci. 18: 307-311, 1993.

29) S. Nagata. "Apoptosis-Mediating Fas antigen and its natural mutation."
Curr. Comm. Cell Mol. Biol. 8: 313-326, 1994.

30) C. Ronnback. "Effects on fetal ovaries after protracted, external gamma

_49_



irradiation as compared with those internal deposition." Acta. Radiol.
Oncol. 22: 465-471, 1983.

31) L. Ozkan, S. Ozuysal, U. Egeli, and S.B. Adim. "Effect of Taxol plus
radiation on the apoptotic and mitotic indices of mouse intestinal crypt
cell." J. Cancer Res. Clin. Oncol. 127: 433-438, 2001.

32) A.H. Wylli. "Glucocorticoid-induced thymocyte apoptosis is associated
with endogenous endonuclease activation." Nature 284: 255-256, 1980.

33) T.G. Cotter, S.V. Lennon, J.M. Glynn, and D.R. Green.
"Microfilament-disrupting agents prevent the formation of apoptotic bodies
in tumor cells undergoing apoptosis." Cancer Res. 52: 997-1005, 1992.

34) J.J. Cohen, and R.C. Duke. "Glucocorticoid activation of a
calcium—dependent endonuclease in thymocyte nuclei leads to cell death."
J. Immunol. 132: 38-42, 1984.

35) R.C. Duke, R. Chervenak, and J.J. Cohen. "Endogenous
endonuclease-induced DNA fragmentation; An early event in cell mediated
cytolysis." Proc. Natl. Acid. Sci. Usa 80: 6361-6365, 1983.

36) R. Maion, G.M. Fimia, P. Holman, B. Schaffhausen, and P. Amati.
"Retinoblastoma antioncogene is involved in the inhibition of myogenesis
by polymavirus large T antigen." Cell Growth Differ. 5: 231-237, 1994.

37) K. Myung-Sook. "Signaling and functional of caspase and c-Jun N-terminal
kinase in cisplatin—induced apoptosis." Korean Society for Molecular and
Cellular Biology. Vol. 13, No. 2: 194-201, 2002.

38) G. Sethi, and A. Sodhi. "In vitro activation of murine peritoneal
macrophages by ultraviolet B radiation: upregulation of CD18, production
of NO, proinflammatory cytokines and a signal transduction pathway."
Molecular Immunology 40: 1315-1323, 2004.

39) H. Nakagawa, N. lkota, T. Ozawa, and Y. Kotake. "Dose-and
time—dependence of radiation—induced nitric oxide formation in mice as

_50_



quantified with electron paramagnetic resonance." Nitric Oxide 5(1):
47-52, 2001.

40) =&ZF. “Nitric Oxide2l HALIE X&H J|s.” Jstimsi?i==, 2ZUH

stul, 1993.

41) S. Kyrkanides, J.A. Olschowka, J.P. Williams, J.T. Hansen, and M.K.
0'Banion. "TNF-a and IL-1B mediate intercellular adhesion molecule—1
induction via microglia-astrocyte interaction in CNS radiation injury."
Journal of Neuroimmunology 95: 95-106, 1999.

42) E. Fagiolo, and C. Toriani-Terenzi. "IFN-y and TNF-o production in y
—-irradiated blood units by mononuclear cells and GVHD prevention."
Transfusion and Apheresis Science 27: 225-231, 2002.

43) C.E. Rube, F. Wilfert, D. Uthe, J. Kénig, L. Liu, A. Schuck, N. Willich,
K. Remberger, and C. Rube. "Increased expression of pro-inflammatory
cytokines as a cause of lung toxicity after combined treatment with

gemcitabine and thoracic irradiation." Radiotherapy and Oncology 72:

231-241, 2004.

44) M. Akmansu, D. Unsal, H. Bora, and S. Elbeg. "Influence of locoregional
radiation treatment on tumor necrosis factor-a and interleukin—6 in the
serum of patients with head and neck cancer." Cytokine 31: 41-45, 2005.

45) C.E. Rube, F. Wilfert, D. Uthe, K.W. Schmid, R. Knoop, N. Willich, A,
Schuck, and C. Rube. "Modulation of radiation—-induced tumor necrosis

factor o (TNF-a ) expression in the lung tissue by pentoxifylline."
Radiotherapy and Oncology 64: 177-187, 2002.

46) A. Grandjean-Laquerriere, R.L. Naour, S.C. Gangloff, and M. Guenounou.
"Differential regulation of TNF-a, IL-6 and IL-10 in UVB-irradiated
human keratinocytes via cyclic AMP/protein kinase A pathway." Cytokine
23: 138-149, 2003.

47) H. Seki, K. Iwai, H. Kanegane, A. Konno, K. Ohta, K. Ohta, A. Yachie, N.

_51_



Taniguchi, and T. Miyawaki. "Differential protective action of cytokines
on radiation—induced apoptosis of peripheral |ymphocyte subpopulations."
Cellular Immunology 163: 30-36, 1995.

48) F. Legue, N. Guitton, V. Brouazin-Jousseaume, S. Colleu-Durel, K.
Nourgalieva, and C. Chenal. "IL-6 a key cytokine in in vitro and in vivo
response of sertoli cells to external gamma irradiation." CYTOKINE Vol.
16, No. 6: 232-238, 2001.

49) D. Frasca, P. Barattini, G. Tocchi, F. Guidi, S. Scarpasi, L. Guidi, C.
Bartoloni, A. Errani, M. Costanzo, and G. Doria. "Modulation of
X-ray-induced damage recognition and repair in ageing human peripheral
blood mononuclear cells by an interleukin-6-type cytokine." Mechanisms of
Ageing and Development 121: 5-19, 2000.

50) A.V. Der Meeren, C. Squiban, P. Gourmelon, H. Lafont, and M.H. Gaugler.
"Differential regulation by IL-4 and IL-10 of radiation—induced IL-6 and
[L-8 production and [|CAM-1 expression by human endothelial cells."
CYTOKINE, Vol. 11, No. 11: 831-838, 1999.

51) H.J. Ross, A.L. Canada, R.J. Antoniono, and J.L. Redpath. "High and low
dose rate irradiation have opposing effects on cytokine gene expression

in human glioblastoma cell l|ines.
No. 1: 144-152, 1997.

European journal of cancer, Vol. 33,

52) A. Grandjean-Laquerriere, R.L. Naour, S.C. Gangloff, and M. Geunounou.
"Contribution of protein kinase C pathways in ultraviolet B-induced |L-8
expression by human keratinocytes." Cytokine 29: 197-207, 2005.

J

IZa. "THFOAM JIEMSelNGel Z0tdXZA0N CHet ol =27 Ol

‘A
[a=)
AMstRl==, A&0stw, 2008.

53)

Il

NI

_52_



st SAsH} st 20047484 | 1t A gFA
H ¥ | =2 242 SIE: BT AE: Choi Sung-Kwan
A M ZUA Z2Hs 796-3 st 2t 301=

e | M
Jy
Pl
m
=
=

: csk—-pass@hanmai | .net

et= ¢ TAIEZ AL DIRA0A 204tsel 0T HAME 20
S U0l 28t MotetA

A= : A Biochemical Study on the Radioprotective Effect

of Algin—oligosaccharide(AOS) in Irradiated Mice

olE ME=S MEHS EQIUAH =oAL

gt 212 MA=0l CHotd TSt 22 X240t ZdUstwIt NEB=S

PN
x|
U= olgotd s2gLICH

L MAS2 DBE ¥ QHUWES EEE AESAHUS SHE fE MNE=Se =H,

IREAUE ME, d5 S
?1ol SHE ot 2Ret

MNEZe WEdHE2 =Xg.

UH& dEE ME=22 g2 S5 fet SH, N, 8385 s2 SAE
=20 tHet olEJ[12t2 52 Z otl), JI2tE = 30HE Ol EX2 SJAFHEAIDL
5t

812 de0le dA=22 0182 As HE

OHE OILHOI CHEM0Il OIE SEE.

Tl nE HE=22 0186 0= oild NA=SZ ot Zdst= Bl 2lst
el o0l CHotod 2xel 88X MysS XA ES
A0S 83020 M2 ME € Y S EE2ESAYE 018 HNHE=2

s : s2A( 0 )  BHOi( )

20074 18 &

MR A 8 @ (Mg £ o)
THUSW SF AGH

_53_




	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 실험재료
	(1) 실험동물
	(2) 시약
	(3) 혈청 분석장치
	(4) 방사선 조사장치

	2. 실험그룹 설정
	3. 실험방법
	(1) 방사선조사
	(2) 시료투여
	(3) 실험동물 희생 및 실험조직 채취
	(4) 측정

	4. 통계처리

	Ⅲ. 결과
	1. 세포 활성능 측정
	(1) Apoptosis 진행 세포신호경로 중 Caspase-3 관찰
	(2) Apoptosis 진행 세포신호경로 중 Caspase-9 관찰

	2. 염증반응 측정
	(1) NO (nitric oxide)

	3. Cytokine 측정
	(1) TNF-α
	(2) IL-6

	4. Serum 분석
	(1) Glucose
	(2) Creatinine
	(3) BUN (blood urea nitrogen)
	(4) UA (uric acid)
	(5) TP (total protein)
	(6) Albumin
	(7) TC (total cholesterol)
	(8) HDL cholesterol
	(9) LDL cholesterol
	(10) Triglycerides
	(11) ALP (alkaline phospatase)
	(12) LDH (lactate dehydronase)
	(13) GOT (glutamin oxaloacetic acid transaminase)
	(14) GPT (glutamin pyruvic acid transaminase)


	Ⅳ. 고찰
	Ⅴ. 결론
	Ⅵ. 참고문헌

