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SUMMARY
(FE Q)
I. Project Title

Development of immune boosting materials having radioprotective effect from processing

by-product of Ecklonia cava

II. Objectives and Needs
The present study aims at the investigation of the immune boosting materials having
radioprotective effect from processing by—product of Ecklonia cava for the developmen

t of functional food.
II. Contents and Scopes

We designed this study to determine whether ECB-SP has radioprotective effects
on peripheral immune cells and hematopoietic cells of irradiated mice. In addition,
we evaluated the survival rate of whole-body irradiated mice using dose reduction

factor (DRF). We performed the short-term toxicity test to confirm safety of
ECB-SP

IV. Results

Irradiation was performed using a ®°Co g-ray, and absorbed dose was 2~ 7Gy. The
results from the present study demonstrate that the ECB-SP dramatically enhanced
the proliferation of splenocytes beyond that of untreated, irradiated controls. Mice
pretreated with ECB-SP also exhibited increases in the number of bone marrow
cells and endogenous spleen cell colonies at day post—irradiation. We found that
ECB-SP also significantly accelerated the regeneration of intestinal crypt -cells,
compared to untreated control. On further observation on intestinal crypts, we
discovered that ECB-SP inhibited apoptosis in intestinal stem cells by reducing the
expression level and immunoreactivity of pb3 and Bax and increasing those of
Bcel-Xyss. In addiation, we observed prolonged survivals of SP treated irradiated mice
compared to irradiated but untreated controls. Our results demonstrate that ECB-SP
presents radioprotective effects as shown in enhanced survivals of lethally irradiated
mice, by increasing viablity and proliferation on peripheral lymphocyte, possessing
heamtopoietic capacities on bonemarrow cells and inhibiting apoptosis of intestinal
crypts. Finally, we verified the safety of ECB-SP on rapid toxicity and side effect to

the mice.



V. Proposal for Application

All the results obtained from this study could be application to the functional food industry by
transfer of specified and patented technologies as enzymatic extraction process and mass
production system for the development of immune boosting materials having radioprotective
effect. It is also expected that general and wide application of basic data for the scientific and

educational purposes.
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Proportion of monosaccharide (%)
Fucose 53.1 59.7 77.9
Rhamnose 4.1 4.5 2.3
Galactose 32.8 30.9 10.1
Glucose 1.8 0.91 2.2
Xylose 8.2 4.0 7.5




5. ") 7hesatE i 4 BRREREH EodE 2 EAF (Mw)d Ex44)

o]z (Rg)
Sample Peak 1 Peak 2
Mw><10° Rg Ratio Mw><10° Rg Ratio
(g/mol) (nm) (%) (g/mol) (nm) (%)
359.6x£13.8 27.6x0.1 61.2%£3.1 18.0+0.5 27.7£0.2 38.9%£3.0
178.712.2 17.1£0.9 18.1£0.2 27.7£1.1 4.5£0.1  81.9£0.2

88.3%£3.6 16.6+0.2
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Fad e o Axd" A JteRAdE 2t uEgRe 2AFE £
e Aze TedaEe o33 HIEHriYe T 2AFEE 449 £Y=E 4
zZF 2yttt (2d3-3-1). 71&9] AdRAdTolA A4S zte e e S
OEF= 30 kDa o] £ F2 ®ol df=o A @ & 4 72
T8 A& fucosest FAbr] EF Of gzl TFH = A

o2 Uent. mEkA 30 kDa o9 E8ES 7HAL

EN
o
1>
ki

a9 3-3-1. o ues o] 43 SAYE LHE A

(2) NFALNFTASZE

Pilot plante] 4] 30 kDa £33 &2 tof FAY
q
o]

r>~
olr

171 918 e b RAE S
FEZES Azt og@A Azxd 584

|02 o8& 4 YA A pilot

ES dFALN & 5 de 78S HAAstEou 34 dd R FAHem dF g9

2 A2 ZFYe] of@dus AHE IS & T (27y3-3-2).
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Ab719} fucose
tel 20%9 61%% ZHzr el ol

=)

=
=
o

3
tel 6% F7FskAaL
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27z ®ol 7

ki3

7}

=
[

719h fucosed e LpERHo] AWAA 22

1 78235 (Celluclast)

x| >

f
<0

o

[=]

F

1H
pi

Sulfated polysaccharide

T

sulfate polysaccharide

Component

51.8

Total carbohydrate (%)
Sulfate content (%)

Protein (%)

20.1

8.7

Proportion of monosaccharide (%)

61.1

Fucose

3.9
27.2

Rhamnose

Galactose

0.8

Glucose

7.0

Xylose
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Az ExEA ST A= 7
polysaccharide® WARH W35S 7Hd ©HY
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2. Ze) 71FRAEZHE  Celluclas g o]&3std FAaF TtgEsHez &
F2718 3 7848 FE5 Az

3. AlzE &4 FEEEL filter pressE |83ty o1 & F=

4, FA o et AW Z sulfated polysaccharided] th= £

5. ¥27x ¥ &

6.

|
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5%
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oJo N oo o ok )

YHE fucoidan Roh H 3e stHow Azl /H5Em, §714wt HeFEe] o
FZo] ofd A2 AERA JPEA B2 ArRaAYol HeHol ek AT 4
sAe] Azele SRl £uREe] Qe BT § ddsE weol e A5
A7 2A 9 AANE 7T B telrt dhel e akdel FA WAL U, I FHeH
54 A A9 HFo] AR oFL UE A FH o)A dE AFENE
B odA ESE M RMAEAAE AQE, AAA, A Hon R RS )
g g 4 9tk

ECB-SP

i k el #’-iol-
P

Total polysaccharides 52.8
Fucose 65.7

Galactose 21.9
Xylose 1.7
Rhamnose 1.9

Mannose

Sulfate content

% 3-4-2. A AE AR
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| 5 & ZHE JERAE G4 24 9359 $EAIES 3

£

7. 4987

e 7FERAE f FACDRRECB-SP)7F B4 8 F45E FEA] S5 st
A phgre] BEA WM T HFH T ECB-SPE AT ste] Az A8 24
52 =35

. H

(1) nh-9-2 v]ZAExe] H{A Fy

6—-105% ICR m}-9-2 (SLC, Japan)¢] H|7F& HZEst] ME AFAV|E T3 dLAX
L A9}, o|FA d& MITE ACK (ammonium chloride—potassium)-& <8 7} 7

1087 ALl oA vfjgFste] HETE lysisr|Zl & Dulbecco's phosphate—buffered saline

(DPBS, Gibco BRL, UK)& AM&Hs}ta, 10% A H 0} = (fetal bovine serum, FBS, Gibco

BRL)Z} 1% &2 A (100U/ml penicillin—streptomycin, Gibco BRL)7} &% RPMI—-1640 Hj

A (Gibco BRL)ell H-&A 7t}

(2) MTT assay& ©o| &3t AlZE5A 534

A w2 A E AEE W3 ECB-SPY &5& ##sr] 913t Thiazolyl
Blue Tetrazolium Bromide (MTT) assay2S 355 th. v|&Ao A & HEE 96 well
plate®] Z} wellell 10% FBS&} 1% streptomycin®} penicilline] Z3t5 o] 9J= RPMI Bj |
100 ik &7 wellsr 1x10°7) 2 228t 2+ 0, 75, 150, 300 ug/mle] =58 ECB—SP
Z FH7bskth 37C, 5% CO2, EIEFE7F e wrIolA 2447 b) ot ; 15 ule]
MTT (5 mg/ml)& Z+ wello] 78t 4A47F ¥F2 A AT, ©]F 10% sodium dodecyl
sulfate (SDS)¢} 50% dimethylformamide (DMSO)7} &8 % solubilization buffer 100 ul&
A7 ste] 570 nme} 630 nmoll 4] ELISA plate reader® S3 =& =AH5IYTt.

(3) *H—thymidine incorporation®8-& o] &3} |3 A

A4 mhe2 BFAE o F4d g ECB-SPe] &EFE& #EASY] fshd
*H—thymidine incorporation assay2 <=3 5tgth B oA AL A E= 96well plated] 2+
wello] 10% FBS¢} 1% streptomycin®}t penicilline] EgE o] Q1= RPMI 8] %] 200 ple|
welld 4x<10° 7§22 MEES 3w$FE EFst1 36.5C, 5% CO,, TdH=7t e
incubatorol| A 24A|7F wjoF &, *H— thymldme (42 Ci/mmol; Amersham, USA)E 1uCi/well
= Brbstel WS 184 FeEHf odAe]l THHT AEAZ T AALA
=4 7] (TriLux, USA)ZE o] 03}04 J*Hﬂ YA FE ST

kd
olN

Al
2]

ofr

(4) FAAH
7 A¥Aze Fogk £ TEURE JERNJT student (—testE o] &Y A A
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g3k & #; p<0.05, #+;p<0.01, #++;p<0.005 FEAA FAH& AAsA.

. AT
(1) ”}—?— WA Lo 4] ECB-SPe] AlX=A a3

b2 HHA Eo g ECB-SP] A X E4E B7tsty] #8) MTT assayg 53353
o} MTT assaye B4 G478 9ste] =ghle 5,\— A 7142 MTT tetrazolium<-
HAAAS = HgEEAe MTT  formazan —(4,5—dimethy Ithiazol—2—yl)—
2,5—diphenyl—tetrazolium bromide)2. 2 - A]7] ]E Egole 588 o|&ste A
Abgolth. v MEe] &g thek ECB-SPe] &5 FRIgt 23, ofF AR A5}
g2 METo vs ECB-SPE Azt A-g, dgMze] 4EE0] F7sth= A

(3

|

Z] 15

< 5Tt (2™ 3—-4-1). 0, 75, 150, 300 ug/mu T2 ECB-SPE zzlsle] 244
ol Al BEHGAER] BFAZIE BE FEAA AEZ H54& HolA fgkeH &
T gEHoE AE AEL] FUeUTE AL AT F YUTH (++#p<0.005)

Cell viability

e I:D r =55
=
=100
: 80 r
= a0

= 40 r

L0t

D 1 1 1
y 75 130 300

ECB-SP (ug/ml)
29 3-4-1. mhe-2 AGAZ Y] AEEo]| sl ECB-SP &3

(2) nh-9-2 AGAZ A ECB-SPe] F4&4 a7

Adutx o 2 ‘H—thymidine incorporation— A E7} o]H 8 PALSTAYAE drb) 2 F
stk wal 2 ME AFARE Aadd 5 e Yoz, DNA replication®] A E
2o S phased|A] A-T, G—=C7|8] Z2%o] ¥oj1} thymidineo] A3 H &, B A&
15te AlZE] o] AL Bol TFsHA =He dF

© *H—thymidineS 2|34 =™ =24 £

£ o] &3 Aolth Aurt, MAAE F4o o3 MY A ES9 IELS PALA 2A}
T 3B Fag IS sle Aoz guEA Avlel, WA FA ek dExHAA
xo] FAFH HAe JTFS Felstr] st vFHEY F45E AT 2
d 3-4-20 R o, ofFAE A stA] o2 A Hlal, v AE FA
Aoz Z7PvE AL Fesgrt. £35), 75, 150, 300 ug/mle] == ECB-SPE
Axol] At St HS w T2 WAHNE] HFAELI T= 9 %z—}gi o4
WA =2 AE F4 EHE Hols AL ISt oz ez RE, ECB-SP7} Y A
ol i =4S 7HAA Zow Axe F4S olEues AL AT 5 U

(xxx;p<0.005)



120000 -
100000
80000 |

G000 Frary

CPM

40000 |
20000 | sk

0

0 13 150 oo

ECB-5P (ug/ml)
9 3-4-2. vhg- A9 AgF e S50 od ECB-SPe &%

2. AR AR £ k-2 "M 2o g ECB-SPe| a v
7h A3 EH

YA ZABI) @, AT AR W ZAske B s wesl Ha, oz a3
TP T4 HAEE Q8 Ao DNAY wad 5o WS 4 25 o9
A, A BET F40] asAl Wik oW ATNAE HAM AL g2l B

AZQD HE AEe] AEEF FAHE Hg ECB-SP9 a5 AFstAt.

. A3y
(1) op$2 wZAE] il Fu) @ “Co grupd zA}

6—-105% ICR m}-9-2 (SLC, Japan)¢] H|7F& HZEst] ME AFAV|E T3 ddAX
Gae At} olE8 A d& M ETE= ACK (ammonium chloride—potassium)-& 37} 3}7
0E7F Aeoa] wjekste] EFE lysisA|Z] & Dulbecco's phosphate—buffered saline
(DPBS, Gibco BRL, UK)& A& star, 10% A ejo} A (fetal bovine serum, FBS, Gibco
BRL)Z} 1% &2 A] (100U/ml penicillin—streptomycin, Gibco BRL)7} &% RPMI—-1640 Hj
A (Gibco BRL)o| F-fFAIZth AAMZ 7154 AAE s rke2 vge] ddAE
Hoedd e “Co 7mbAl (Theratron—780 teletherapy unit, BFARA 28 7} 8}ed 4 |
AFdstn) 2GyE 13 ZAFSHAH.

1

—

(2) MTT assayS o]|&3 A X=X =3

WAL o] ZALE A A Ze] AMZSd )3 ECB-SPe S Ty 95ty
Thiazolyl Blue Tetrazolium Bromide (MTT) assayE sttt v F oA d& HEE
96 well plate®] Z} welle] 10% FBS9} 1% streptomycin®} penicilline] X &% o] =
RPMI ¥} 2] 100 wlsh $74 welld 1x10°702 £F812 2+ 0, 75, 150, 300 ug/mlel
=2 ECB-SPZ H7bstgith. 37C, 5% CO2, £3FE7F Q& wi7IolA 2447k uf ok
%, 15 wel MTT (5 mg/mDg 7+ wellell H7bsta 4417 wk-gA1Z T}, ©]F 10% sodium
dodecyl sulfate (SDS)¢} 50% dimethylformamide (DMSO)7} g% solubilization buffer
100 W= #7}sbed 570 nmek 630 nmoll Al ELISA plate reader®2 &3 =2 =339},
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(3) *H—thymidine incorporation’§& o] &8t M X Z2% A}

Aol AR wF Azl FAo tidk ECB-SPe &5 #Esr] flsho
*H—thymidine incorporation assay2 <=3 5tgth B oA AL A E= 96well plated] 2+
welldll 10% FBS¢} 1% streptomycin® penicilline] &= o] 9= RPMI H]x] 200 plol
welld 4x10° 7|2 MEEZ 3¢ BFsta 36.5C, 5% CO,, EIEE7L JE
incubatorel 4] 2441 7F ¥k & *H—thymidine (42 Ci/mmol; Amersham, USA)Z 1uCi/well
2 Aee NI 1847 Fol fAG Aol EAST AZAL T PAR
Z77] (TriLux, USA)E o|&3t HALd F994 & SAHAUT

(4) SAA

(1) FALA Z2AF ZAAIZ) vbg-2 HAMx AEL g ECB-SPe &7
ro]l Ao A M MEY F4E o] EUTE ECB-SP7} WAk ZAL 93] ZAE v
A Axe] HELELS Z7AZ § 9g=AE 3517 98, Thiazolyl Blue Tetrazolium
Bromide (MTT) assay® 53359 th 28 3—4-39A AAE A, ol FAE 2T sHA]
g2 Aol Hs| WAMAS ZARSE MEY AELo] FASATE AL st
ECB-SPE A& W, A ZALe| 3] A" Axe AEFo] of 120%7HA] 4
g3 S7HAHE S FAdstidtt. (b; P<0.05)

40
20
00
20
60
40
20

0

Cell viability (%4)

0 i3 150 3490

ECB-SP (ug/ml) + 2 Gy
2% 3-4-3. WA 2AE BAAZ kS Aoz AES Ys BECB-SPY] &7

(2) WAL A FAAIZ vbg-2 "M x e FAEo dg ECB-SPe| a3
ECB—SP7} WAL AR FAE kg2 AEES S7AE Bl oly g F45d =
AL n x| =x] Golr 7] ¢3te], "H—thymidine incorporation assay® 433t ch. 218
3—4—4N A HALA AL o8l ZAE 8] AlEZo =24]o] 75, 150, 300 pug/mle]
=2 ECB-SPE A Zel Agjste] mjfstis of 22HIMNZA HF AZ7F 55 ¢
ZHoz Fod JA =2 AE F4 A4S Holv AL AT, oAz EH

olN
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ECB—SP7} Wik ZAE #AaAZ] 81 AlEe] AEE 8o ohg Axe F458
AR ZA HAVA T FIE olETE AL & F UG (b P<0.05)

M
La
=
=

T

) 1000

300 F

0 Th. 15Q 300

]
ECB-5P {pg/ml) + 2 Gy
9 3-4-4. BARA ZAE A7 vpe-s WA Fe) AE 3l ECB-SP9] &3}
PAA L ZALG vk 2o Wl 4ol tld ECB-SPe| &% W7t
7b AR 53
YA ARSI HW, B s B4 A ZUAZ 2yoz U w2

A W Y7 A gart dol} BAY P,
" B ATlAE, A 2Alel ofs) wsH @

L
1=
ox
o
2
=
_?L
=
(@)
OU
(/)
ne)
o

L= = §

(1) & A=A

2 AFd o] gH BEL nlo|A|=u A A Y3 15578, 24—-30g9] C57BL/6 =}
€2 (JackonA}, USA)E ARt AFS E_Zj% % 23 £ 3C, &% 50% + 5%=
gl = 1

stFo] Fon, nkes AEAES F5E AFFA AT ECB-SPE A4 g
thal Ae AR AR 12413 A3t 24)7F Ao 0 mg/kgE Z2 BT FoAshal, WA
ZAF 2T %9 PBSE FA33T

o

(2) AP z=A}

Ado] ZAE mouse:= perspex box (3 X 3 X 11 cm)o] @o] “Co gmpA
(Theratron—780 teletherapy unit, BAFA-C-L-3}8t A 74 A|FY &)L 7 GysE 2
Ao ZA}sEA T

(3) g9 &4

AT Z4 79 3wy AN 23 A 2AF tix7, ECB-SP B3 o
o2 FEAT. FAAEFA 7 Gye] HAMAES ZANSE 3 1,1 &
25 LA FAS AT 4L AS JHA 3, ANV E o] &t FY HA
W3} (WBC (white blood cells)$} PLT (platelet), MCV (mean corpuscular volume),



WBC (X10% )

MCV (TLD

(mean corpuscular hemoglobin), MCHC (mean corpuscular hemoglobin concentration))&

gelstAth.

o 432
(1) AR A & 19 A vhg-2 4G Wsle] digk ECB-SPe] 57
dubr oz WALHE ZASH HE 2¥759 #aR dsted g W ETAHEY
TA L7t oA "ok B oldH AFdAE AR AR A3 Fo Muaqgm]
3] ECB-SP7} 9&S mXex sttt 2 Ax ECB-SPE Ay 3k 3¢, WBC,
MCV, MCH, MCHC=]ef th 3}
o3 o2l RpolE Hol|x
3—4—5). o] Aol A HFALA 2=
e g T A

902 Aol2 wolA] @3kt @7 PLTE ECB-Spel
A the R AL BAY S AATHIH
A 1A Gl BA e BrE JBe BlAA Taps

g . 1000
5 800
. % 600
3 o
=, 400
200
1
a 0
0Gy 7Gy 7 Gy-ECB-SP 0Gy 7Gy7Gy-ECB-SP
25 1 50
20 a0 |
213 3,30 t
3 10 220 |
= &)
5 =10}
0 0
0Gy 7Gy7Gy+ECB-SP 0Gy  7Gy7Gy+ECB-SP 0Gy 7Gy7Gy+ECB-5P

9 3-4-5. AR AR 1 A vk e Al digk ECB-SPe] &3}

WALA A 3 109 A npg-~ Hol A W3sle) 3k ECB—SPeo iﬂr
A T 10dA), dH Ao e ECB-SPe] %< 913 A},
WBC, MCVAlel& ¥thE ¥grt vehtA] eestoth JEM MCH, MCHCA= #¢4 =}
°o]g HolxE %OMEL %7}8}—5 AE%e B2Y EiEP £ FHEAE ECB-SP
1A e} F-AFSHI PLT4 £ i ITHTIE AEE BN
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ZA Z2FE TF9 PBSE FA5 9t AFo FAE mouses perspex box (3 X 3
X 11 em)ol] @] °Co 7m}Al (Theratron—780 teletherapy unit, BAFA S8 7186 4
AFstw)S 7 GyE vk Al ZASIA T

(2) v 387 28 A58 Hrt
AHFL AN F AR AL 23 ECB-SP ¥3

WA AR 3 109 Aol mhe-2 22 o] A3 v FAS AA Al
27 H&(SW/BW)S Fatx, vdEHd 49 238 AFL goto
T2 AR

(3) mh9-2 vF AX 9 F4 Mo digk ECB-SP Ax F4] 53 J7}
C57BL/6 m}-9-2~ (Female, 3 ulg])o]l ECB—SPE HAF%E (10 mg/kg) 2 LA FAF A
12417k3h 2417 Aol Bodstar, WA (7 Gy)& AT dhabdo]l zAbE mlg-2
WMz ABEAET 2L Ad NBAE 245 ANE AagT. APl
7 2% phe 2 dolalE A4 B2ET HANEAL t22 T ECB-SP el Rolzo
2 FRSAT AR ZAF F 1, 10€d @2 B A 42 HZE 96 well plated]
Z+ welldl] 10% FBS (fetal bovine serum)®} 1% streptomycin®} penicilline] Z & o] ¢)
= RPMI HlA] 200 plol] welld 4x10° Mz M EZE £33l 37C, 5% COy, TELHT7}
9l= incubatoro]l Al 72A17F ¥l <k &, *H—thymidine (42 Ci/mmol; Amersham, USA)Z 1 u
Cifwellg F7hated wlakaldeh. 1847 Fol #2404 Ao AT AZA F 2
A ZA7) (TriLux, USA)E ol &ate] ¥AL4 B94 e Sgaanh.

I T2 ME 24 2A3Ho7 CCK-8 assays A A3YTE. HIARA ZAF & 10 &
L FFAMEE 96 well plated] ZF welle] 10% FBS (fetal bovine serum)¢t 1%
streptomycin®} penicilline] £g%o] = RPMI #]#] 100 ulo] welld 1x10° /M2 A
TE BFs5ta 37C, 5% CO,, E3}E5E7F 94 incubatoroll Al 7241 7F vjek &, CCK-8
solution(Dojindo, Japan)L 10 ul A7}std 3A17F EoF wjekstEtt. 2 & 450 nmol A
ELISA plate reader® S#%E =AY}

rl

l

(4) 4% v FAMEd g3t ECB-SPo ZdF ol v3= 9F H7l (Flow
cytometry)
C57BL/6 v}-9~ (Female, 3 utg])o] ECB—SPE A% (10 mg/kg)Z BFAFA ZA} A

F

12A12b7 2417 Aol Bodata, HAM (7 Gy)& ZALSYTH HAbAd o] zAlE mpg-2
HANEZE Aoz F/s7] Y38l flow cytometryE FHSHT A+ 2 &
2 3 mE] pke2E B 2T YA EAL g 273 ECB-SP ¥3 Foyozr i

ST, WA AP Z 1, 109e] P& HFA de H®Wd AE (1 x10°)E
anti—mouse 1gG&} 7 4°Coll A 1587 wrA]Z . L the helper T lymphocytes 7}
7121 CD4¢} cytolytic—FITC, T lymphocytes®] u}A <l CD8a—PE, pan B lymphocytes m}#
Q1 CD45RB220—FITC, monocytes 7}# <1 CD11b—FITC, ¥ granulocyte A<l Gr—1—PE
BG FAS ZHzt 4°ColA 1587F ¥kgAzl % DPBSZ Ax¥stgdct. 2 & 1%
paraformaldehyde® A|TE A3 = ZF v-¢2Antt)k 20,00071¢ A ETE 7FX2 BD

ﬂll
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FACSCalibur™ ¢} CellQuest AZE ]S o]l AT THFPL EA59).

(5) WAL & ZAIG vl FFolA FAHE I AlX 9 dlg ECB-SPe| a3 ZA}
A} iz, ECB-SP W3 Fof
5ol th3dt ECB-SP9 &5& dolHr] ¢
1, 10l 2+ AT 25 FAYAIA
9 % BTHEE A2 Z FFHEE 1% Fetal bovine serum (FBS)o]

o] ¢l= RPMI uwj=]o F{-AZl & trypan Blue

M
i)
oft
=
rx
b

o2 w2 2 (o

2 2 im

(6) =AM xS F8AQ c—kite] @& g ECB-SPe] &3 A}

ARTE 4 79 3wy AN 2T A A iz, ECB-SP B3l Fo T
2 FESIYT A AR A" 2d 7|50 HE ECB-SPe &% & ol 7] 9
TR 7 Gy WAMAE ZARSE & 1, 1096 2 AT nke2E FHAAIA
TS A EFY o THS AE T FFAEE 1% Fetal bovine serum (FBS)o|
A= PBSE Alof Witk 10% FBS7F S|l RPMI v Aol F-f-A1AH A3l ALE-3}
At ZEAMEY FEA] c—kite] @ddGe gk e FH FIolde] E%S s

fr

7] 918h, Flow cytometryZ S8ttt vgel A 4L AE(1 xX10°)E anti-mouse 1gG
2 4°C, 158 A&3+ th& c—kit—FITC &@33H4 9} 4°C, 158 ¥r¢A7] & DPBSE A
At 2 & zF kS anitd 10,000 Al EZS BD FACSCalibur™ & o]¢3te] BA45490}.

(7) FAAH
7 AgATE FaHg £ TEUAE JERNA D student (—testE o] 85I A A

g3k & #; p<0.05, #+;p<0.01, #++;p<0.005 FEAA FAd& AAsA

o 23243

Aoz, Pabdol ZAE AAAA BE Fel 2 YLAB Y WY ATF F
43 Zasm, 294 gad Bgaze AYHOE As) TrYe) ZFRATI} T
Z Yzpo R olgsted FA@ty oA itk olg WY WM ZURALY
Z40) 9% Aol FAHEH, olRCE A3 PAM 2A F UM FHE P
o #E ZEEAZY WE L ALY 5 AR ASHT Aok ol¥ Aol
ECB-SP7h WAl mg3et g4e) mas 9 9] s, 492 Z2E
3} Ak 24} BT 0 ECB-SP W FolTO2 T2, ECB-SPE 10 ma/kg &
oz PAM ZAL A 12417034 243 Aol Felstdnh PAA 24} 109 F uge
AAst] Ewlel FHY W ATL Ao BIse 1 5B A dre 13
3-4-790 AAHA 0 Gyel B HRTAME olA@ Y AL BAY F AR
oA 2AL dzeel wgel A B4 A e 17 + 0342 BT 28w
ECB-SP 9 FoJZ& 4.0 + 12712 $AM 24} 2T uk #2914 QA 37Hn
(p<0.062). ©|2|3 A% 3E ECB-SPe] Fol= 2¥A 9 HE 9 Jug Aoz



A 24 F AAA 10-1590) FESE FH2EA FFRL Ase 0 &
BHow A4S 5 YL Ao AR

Endogenous CFUonday 10

P=0.062
(mm) oGy 7Gv 7 Gv+ECB-SP

Fndogenous CEU/Spleen

1 - .
]

0Gy 7Gy 7 Gy+ECB-SP

28 3-4-7. B 24} F 109, ECB-SP7} mRexe] U443 ge 94d W
Ae 9% A AAUEE, A 24} dZE 5 ECB-SP (10 mg/kg) M3 Fawe) v
4 AP, B: ECB-SP7} o] A el w342 5% e 293 (means + SEM),

(2) BAHS AR w9~ W AEo e ECB-SPe] AE 24 &% %7}

(®*H—thymidine incorporation assay)
YA AL F AANAE PAMS AT AT L ZJATF 2A Pas
 AGAE A 4@} RANESe] B A A F HE Fa3I o
<= 3ok WARdo] AR ZALES o, 22 WY JjHer I H]’% Y A st
W AETES F4d ECB-SP7} mAe 9L #lslr] 948, “H-thymidine
incorporation ¥ L 35ttt 28 3—-4-89A4 HE v} o], ALA (7 Gy) ZA}
197, Phe22RE Qoln vk Mg Ao BIATE hTAT HYsA 2L 3
& zTol vl AR zALE Y] FA o] FAaElew, ECB-SPE B3 A3t A4,
H

¢

fr o &

ﬁr
m

A AZ F40l #2904 WA FHATE RS FAsYT (++4p<0.005). EF ¥
A ZAF 10A1l = ECB-SP ) RToA BAHd ZAF 2T 18] F40] £
o4 QA Z7hEee FASHAT ateba] ECB-SP7h A AL o3 olAlE

o AX TS ASAFHLEN, HE a9E FEIHE AS & 5 AT
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D-10
O
5000 |
2500
2000 A
= 1500 | = 3000
= 1000 | 2Hng
D D L 1 2] —l
0Gy 7Gy 7 Gy+ECB-SP 0Gy 7Gy 7 Gy+ECB-SP
% 3-4-8 AR A whe-29) B AlZ S ok ECB-SP9 &% (means * SE,
##3xp<0.005).
(3) 448 vFAx] TAF AA
olBAl SHE wAAEZE WAFH oz EFSE7] 28 flow cytometryE Tl 27,
At AP TS 474 B Hxad YA AL thx 23 ECB-SP ¥ Fo7o
2 JFEIYT Hg/\ A ZAF T 1096 2 vFodA A2 AE (20000/mouse) HEE
N

FTHES BASAT AR 24 10 A (2
2 3-4-9), ECB—SP9] ™3 o WAL (7 Gy) ZAFZO] H8 helper T
lymphocytes?] R %E thidh Z7MAIAOLY, §oF zlo]l2 Rolx ggren, o &
cytolytic T lymphocytes$} pan B lymphocytese]o] thsjs= H}E F3FS n| %2 £33
. 28y monocyete$}t granulocytes F & %ol thaf| A oFztel F7) AHdk
AP ZAF & 109 A ¥R U AlEE s oz QE &AME m
TH #aE &S] f8 ZFEAEZIE AR, E3tste] A A Z4] population W
sl FFE WE oz YAk 0Bz mFo] Rol EXAFY AT 7 Gyl
HAM] A 109 Alol= 2xHAHME F 53] helper T lymphocytes, monocytes,
granulocytes?] populationS- 7]— |71 = Ze g Hol FFEA X BxHAMEIZo B
3l 77]';‘] gJers mATE AL 4 S5 vt mwElA ECB—SPE HIARA FA} A] WY
A2 el ﬁ% ﬂ% e 2AgezA WL sl £4 B weAS
H

™ M
My Lo

b
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tu o

o M =2
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S 3-4-9. BCB-SP7F MAE wabde]l 24 F 109 Al mhgze) wg A U WA
Aol AL 9%
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= ol WAbde] zAt" A= HAFAH |
B T2 05115—}5‘1 ‘ﬂﬂ@ri =4, Aot BT 2 IS HA

A, TE, AAl o]F %*04 A P P RTI

7] Wil oln AP EFo o] EvH ¢ ol dE7 A
2ol Tx o z—}g%, AEdT 9 davw 7o Favt dFEn.
22 dst 249, A9 @R Sol FutHE 2, Wd 8 FEeR
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kA, 2 A@gelA ECB- SP7} HIALA ZAF 3 193 106 B2 A5t 2
¥ol 5 SAIAY. 28 3—4-10Aq] AAE AAME, GA AL 1 A, PAA 2
AV A} mo- o] ZEME SF2 10.3 £ 1.7 (X10°%) Aol A 4.2 £ 0.4 (<1092 74
AA o ECB-SPe ¥al HalE 3.0 + 0.7 (X109)719] AET4E B B2 35S
Bolz ¢koprh et WA ZAL 10%&]}, WAL ZAL 22 nes= FAF )
2ol A2l 11.60 £ 0.36 (x106)7ﬂ AE ol Hlsked 0.13 £ 0.02 (X100)708] A Z
U el WA ECB-SPE ®oiak 29 2t2} 1.10 + 0.57 (x109)719) Z4 A=E
A ZAF t 2ol B S| qug QA =719 AgS BAT (28 3-4—10B, #p<0.05).
AP 24} 319 Aol= ECB-SPR Q13 THAZe 47 wWarl g v,
Aol ECB=SPoll &3t EFA 2] 27 F7ts WA AR 3 &4 &
& HkS wl ECB—SP7} WFARA AR Q18 41w
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D1 D-10

2 212 f

,5, Z =10 ¢

E £88

= =S 6 |

= FH4T

2 2 3 |

= 3 0

= 0Gy 7 Gy7 Gy+ECB-SP = 0Gy 7 Gy7 Gy+ECB-SP

7 3-4-10. WA Z=AME vbg-29] F AXY Fo "lgk ECB-SPY &% (means * SE,
*p<0.05).

(5) BALAE ZANG TS
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fol
i)

ECB—SP7} ®hARA ZAF & 193} 10€0] vl FFHE S nA= 552 &
ASFATE HALA ZAF & 194, AHS FFolr I

WA ZAF B2l 563 £ 91 cpme 2 °}$ AZ AP A g2 Hd gz 7283
+ 288 cpmof ]3] A3 FAFHJTE S AT (27 3-4-11A). 21 RHsf,
ECB—SP H3a B8 946 + 294 cpmeE HWIALA tf 2o H]|&] tha =719
o7 Aol gltte AL ottt E=gh, WAk ZAF F, 109 A AFHE =549
Al EE =g AEY CCK—S assayE F3%F S45 Aol E AR AR Q) 69.1
+ 1.2 %8 ZHAH FFAH T F2A50] ECB-SP ¥H3 FEooA 865 + 3.1 % & &
o JA F7t3HE Gt (™ 3-4-11B). o] Z#ZRE], ECB-SP7} WA A}
of old] FAa® F4 MEY 7o TS FHAA A HeEE VHAE AS ¢

+ qln.

=

»

—_— D1 — — D-10
_ 1100

3000 . 1)

Hog 51000
6000 5

= 5000 S 90.0 |
U 4000 S 900 |
3000 & SR |
2000 70.0 |

1000 -

0.0 M.

0Gy 7Gy7Gy+ECB-5P

I3 3-4-11. AP AR vpRg-29] T AlE S29 Uigk ECB-SP9 §% (means = SE,
+*p<0.05)
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FFolA AE ZEAMEX 8§

Al Q1 c—kite] @@ ol

OA}L ZAF & 1%_‘ A, A X EAHoz e c—kit FEAE THIE AXE
o] ¢S AWE A, WA ZAM o8 FAE c—kit FEAE B MEY T
tj 3] ECB-SP7} ¥t& &35S Ho|x &t} (data not shown). 23} WAL ZAL 3
10Y A, AT EFHo R QE c—kit FEAE TH= AT 2 AHE 4
7, B4 2FL c—kit £8AE TAHE AZ] 71 171 + 32%9 o1, FAN =
A ZTL 9.2 £ 0.6%E YERR WAMD ZAML c—kit 58§ JH HES s A
AATE AL & 4 AqAY (28 3-4-12). 22} ECB-SP= Sk vl T A=
31.3 + 4.0 L2 ckit F8AE FH@sI= AZ7F {49 UA 57}3}%@% Rne &
T Ut et ECB-SP §4& &% ZF M X9 receptorg 7H AlZ 9 F7le &
M EO F7HE 9nlsta, ol ECB-SPo| &9 28 A8-& HXlste AL oA
gheh. o] Az WALA ZAte] & BaH FEA| T A ECB-SP Fof7t ALY x
AL F 1Al FFAEY U F4, c—kitdde] dis muEE 258 2o 10
Aol 28 AEY 9 T4, c—kite] FEE S/MAA FAFez 2HAY B
2 38S ZXAAH FEAAM HAM ZAF F 10-15¢U AVE 34 284 S50 E
2 4 9E 58S /A1 g Aoz FAstgnt. (+p<0.05)

0 Gy 7 Gy 7 Gy+ECB-SP
74 § %1
g P21 264%
I ) [
= B i Tlidter il Tl

off o%
e ofl
ook

n

kit (%)

]
-

Popuation o BM cells

expressing

0 Gy

a8 3-4-12, #HAFA 2=AE w29 c-kitS T s =
(means = SE, *p<0.05).

=

AL ZAR Bk
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oA ECB-SP9 43 E71MXE

N
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199tk ECB-SP= Al

°

1
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o FAl¥l mouse

X 11 cm)ol] @o] *Co 7+mbAl (Theratron—780 teletherapy unit,
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)
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2744}

A= WARD 2AF 12413 A3} 2413 Aol 10 mg/kg
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(3) &7l A2l apoptotic fragment W= ZJALH

AR C57BL/6 vho~2 AAF tz2o WAL 24} tz 2, ECB-SP H8) =oj3
o2 FESUL, WA AL F 1, 1096 &3 AFHstA 20% FHEELH 1Y
14 ZAAZ F zF ek s o 5 67H4 2HE T4 B o 2H AL A
AL AR olF A XulE § F 5w FA9 EHE vhEo] hematoxylin—eosin
(H&E) dA& 3 H, 924 AollA 447 H]E 2ol 5% 5 A5 AxEe 54
< JEMY & apoptotic fragmentsES F&dAn|Fozw A&

O

O

i)

(4) &7l A9 apoptosis ¥& ©H] BA FF &<
A& C57BL/6 m¢-22 3 al k: T
oI, WA A & 1Y Aol &3-S AFHATA 20% %/‘éﬁ_i% def 1Y

A7l F ZF ek F 56709 AFHE FAAA el uhet A HAF A

o}, ol% It TulE 3 T 5m T HHES vhEo guletds 2 3
. 0.3% ksl A 2023 At WiQlg #Ak A A, B
A HRE-3-& ®A|5k7] 918l blocking goat serume 30837 ¥h-EAIZ T o] F 12} 3
A2 A P53 (1:500; Calbiochem), Bel—Xy/s (1:500; Santa Cruz Biotechnology), Bax (1:50;
Santa Cruz Biotechnology)2 AM&-3l] 1A|7F ALoA vFEA|HTE. ©]&F biotinylated
anti—rabbit IgG(Vector, Birlingham, CA)E AL 458 F uvkeAzl &,
Avidin—Biotin Complex(ABC) reagents(Vector Laboratories, Birlingham, CA)Z 45%7F 4
QoA HReA AT WY wh&o] EyY AL 3 3'-diaminobenzidine(DAB; Vector,
Birlingham, CA) §dqojA A7 LGS Yeld ZFS drE54dd
(hematoxylin) (Sigma—Aldrich) €M o 2 tzgMgct. o] Zu geld LSalo|=
&-&(ethanoD) 7 Z A= (xylene) 22 &4 2 W3 A& AR § FYste B3Hdn|
Azl A #EAsHY T
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(5) BAA=
7t AR AT WHFY + TEAUAE L]—E]-IH NI student —testE o] EFHIL FAA
23 3 #p<0.01

0. A9 A%
(1) ECB-SP9] 488 Aol s w5

WAL ZAF B 1Y A, AR T A3 uHdAY 23S FE HEF 72.0 +
L5702 AP ©E ZAMZ A= 56.3 £ 29702 <7k A4St 28l ECB-SP
= B FAF o2 HF 2w FE 645 £ LR YA AL 2T
13 freldez Frhstaith. A AL & 109 Al HA] AR ZAF giZ2T 9



B A% 2= 49.0 £ 4.7709] H]5l] ECB-SP #d oo A% 71.8
2 g8z O 7t FTSHeH(a® 3—4-13, #xP<0.01). whabA] AR FA}
2 A3 A3y FEe] &4 oA 2 3B AFE AMEFHE &FEe £33 FUIE

Ho} ECB=SP7} WA el o3 T2 #28 F shuidd AddASTTA a3

Y
lo
fu

A
2488 Aolztm oA,

7 Gy D1 + ECB-SP

| 3 B
-._"J.-‘ e
ey

s T AT

—_

7 Gy D10 + ECB-SP

Crypt nubmer / section

I 3-4-13. FAPA F2AME nbe-2e] Aa3e-d ECB-SP7F vlXE 93 #H7F (means = SE,
#xp<(0.01).

(2) ECB-SP9| 47& apoptosis A5 B7}

22 AN 1A A =HO2 A, AR &3 Akst AAEdE =
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2 apoptotic body7} T TE =AY XA & 1, 1099 &
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o] 9J= stem celld] s|F3t= 422 A X 2] apoptosis

AAA AP Zsfje] g e E3E UEPHS o 7 AAT. ol AR

A7 AFBASETA EHE UEd Hog
} S AHo=

E
=2 o
=2 71

‘5-'

e I :'_ -
i 4 - ¥ "
SR T T

= WY e e _L.lr

) Nl =
apoptosisel] #]

T2 apoptosis W& ¥l (p53, Bax, Bel—Xys)o @ ekS 3elslr] 95t W =2
3}8+4 4 (immunohistochemistry) & A3 sttt A8 FL C57BL/6 al-¢22 A4
Z77 AR 24 2T, ECB-SP Bd FozZog TR, A ZAF &
d Aol 24E AFSAT. WA ZAFE p53F Bax & apoptosis % M

)
dEE 7M1= W, Bel=XysZ2 apoptosis oAl @ o] dARS FdHET

o3

i
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3—4-15, 16, 17). 28} ECB—
=719 p537} Bax LHUYS < Wﬁﬂ 1

Eﬂ-?:ﬂ_ %E —IE]—T’—- -1 [¢] 1__

vl ZaAziw (28
Bel=Xys 2@%S S7HAHT T4

p533} Baxe] & a9l Bel—Xis
apoptosis¥ DNA 3|Ed] F3 2x=z, oo AAE B
o e wde 24

A3 vho] o7& o]# aopotosis
M EQ] apoptosisE JA= HAA] 9% F F) T=
AEzL S Z7IA T =

Rnoew WL A2%E
ol ans UrEMM u]"T‘—-

oge‘@} 7}

ZAbgl w5 omel SRl pd T el A

1% 3-4-15. ECB-SP7} #ARA
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a9 3-4-17. ECB SP7} HP/\}

7t
6. ECB—SP Fojo] 93 nl-¢-2 Aol Ao adyd 2 AEL g 55 H7t
7F A3 EH
i Aol Al ECB-SP7} rh9-2 Ao gt WA B 2 28 ZHF A7} S
< gt e ol AFdA ECB-SP7} WAbd AA2AME & k2o AEES
gRlsle] ECB—SPe] AAloll et WA BRagas zhex Hristsl.
v Ay
(1) 35 AR} AL ZA}
B Ago) o]gH FEL vlo| QA=Y A A FUe 1558, 24-30g¢] C57BL/6 nf
2.~ (JackonA}, USA)E A}L3tgt). A}S 27AL e 23 3C, &% 50% *+ 5%=
gl = Z A

o] FYoH, B ARG S5E AFHA }aau} ECB-SPE A7) 4 g2
A= AR AR 12 ]Zl dat 241 3F 1 10 mg/kgs 242t AT Folsha, AR
ZAF 22 FF9 PBSE F939th. Ao FA|E mouse= perspex box (3 X 3
X 11 em)el ¥o] “Co %}E}H(Theratron—780 teletherapy unit, WA 87} 8t 14 |
AFdetn)g 8, 9, 10 Gyg mh¢-2 A4l ZASFATH
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(2) DRF(Dose reduction factor) =3

HIALA B g3+ ALY M= 7ZH4 &8 (Dose reduction factor) & vERE &
ECB-SP& T3 b0} B RS nhg-20] 8, 9 = 10 GyE AR ZAF & 3047k
AZEE ST SEAA AL s :}—r < Uehli= AE2H HERALA
LDso (50% lethal dose)o] AF&E=H] o= 50% NAS AJHA st=d Q3 Aafoln
gle A HF £ 309 oo AAEE ou|stal LDsozE WEFATH A

i&
&

= | 3
ZEL B B AMAHL el AREATES =HL e F4 L o] &5ty Al=s)
At

A4 g8 (dose reduction factor; DRF) =

(o]

=
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——8 Gy (n=15) —5—9 Gy (n=18) —&—10 Gy (r=42)

—+—8 Gy +ECB-SP (1=3) —4—9 Gy + ECB-SP (n=13) —e—10 Gy + ECB-SP (n=14)
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= - S S S N N - .
D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 T o 1 T o T T o 1 T o T

Group Intercept (b) Slope(m) LDy, DRF
IR 210.99 -20.87 5.80 1
IR -ECB-SP 526.19 -49.76 8.77 1.51
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2 AdAstgen, OECDe FAH=EAANE 58 A& =S 2,000mg/kg(OECD 2000) T
3} BgA FATe T ARRAL dAEL Lelse] ATFAS FHlE
o3 13 ZAAT Folz Sk,

NPT FHE E 5-6-1 7 wol BRHA

3 3-6-1. &7 FAAT SAANTEE A AT

Beagent Group Sex population (ngE;aBgi?_} ?nﬁllri; %:Dl)
control M 3 0 10

PBS

control F 3 0 10
SP2000 M 5 2000 10

By-product  SP2000 F 5 2000 10

of E.cava SP5000 M 5 5000 10
SP5000 F 5 5000 10

M :male, F: female, B'W_: bodv weight, Ad. - administration

o1t o BYe B F
Sof olURH 14U7tA HlY 13 Uuk F4be] Wl 54 24 2 Y 52O 452
B2l

AFAsL. Agol ASE BE FE dald £ A A o] F 1,3, 7, 14, 21
5 2890 AL AT

B, 2899 AFITke] B F AEH RE hSAE ether® nhHAAZ F AALAA
o7 Bl UR Arle) olF R §Uo BFAYT

. A4
(1) AF7I7F B9 vl A FW3}
ECB—SPZ C57BL/6°) A7 T3t A3}, 31 T8 5,000mg/kge] Al F7HAAT
np-9-2=9] AVt 7} #EE R kol LDsoo] e AL 5

2o gE4E, @M = ECB-SPA| 93 Aoz oAxE SWg sl B
57 ehgkth k9ol AT AW 289 EQF AL oF 3.67g AL oF 3.40g
# s7balga, tzzel wak ECB-SP Felzold foly At Azwsiel 27e

Holz grh(ad 3-6-1).
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Male Female
O cortrol
O ““f”l ~ mSP2000
3, | JHEE20a 35| msP 5000
| mSP 5000 o,
— 23 P = ~ 20 Lo S
i]: - _ = i]: =
-9 o
.:'3': s 3 15
B i
10
0 IS EES = g L . | I8 .
DI D3 D7 Di4 DI D=8 Di D3 D7 Did DI DB

a9 3-6-1. ECB-SP Fojo| w& nhg-229] A5 W3t

AYYE F rheaE RAse] M, A%, A%, A, 7k 9, Ba, bda 59 471
BAS A3 59U o]} ECB-SPe Folo] Z|ABthn AREHE 27de] B3
B @ITH(E 3-6-2). ol ATz Hol B Age] AH§H ECB-SPE mh§-2]
A 7] FARFAGA BE SHolY RS FEsA %t 2A2 BEA.

dinasi Groups
control (M) control (F) SP2000 (M) SP2000 (F) SP5000 (M) SP5000 (F)

: No. of observation 3 3 5 4 5 5
i Gross findings 0 0 0 0 0 0
Kidtiey No. of observation 3 3 5 4 5 5
*  Gross findings 0 0 0 4] 0 0
A No. of observation 3 3 5 4 5 5
Gross findings 0 0 0 0 0 0
Lung No.of obsrarration 3 3 5 4 5 3
®  Gross findings 0 0 0 ] ] ]
. No. of nbsrar\'aﬁon 3 3 5 4 5 5
Gross findings 0 0 0 0 0 0
SO ¢ No. fo:-bs:zr\'ation 3 3 5 4 5 5
Gross findings 0 0 0 0 0 0
e No. of nbsrarration 3 3 5 4 3 3
Gross findings 0 0 0 0 0 0
. No.of obsrarration 3 3 5 4 5 5
Gross findings 0 0 0 0 0 0
s No. of observation 3 2 5 4 3 5
*  Gross findings 0 ] 0 0 0 ]

M :male, F : female
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