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제 목.Ⅰ

국내산 감태 가공부산물 유래 방사선 방호능을 가진 면역증강 소재 개발에 관한 연구

연구개발의 목적 및 필요성.Ⅱ

국내에 서식하고 있는 수산물 중 감태가공부산물로부터 방사선 방호효능이 인정되는 면역

증강 소재를 개발하여 국민 보건에 기여하고 국내 최초로 수산물 유래 방사선 방호 능력을,

가진 면역증강 소재를 개발함으로써 새로운 기능성 영역의 개척하고자 한다 또한 최근 각종.

질환예방 및 각종 암에 대한 방사선 치료시 방사선방호 기능을 가진 건강보조식품으로서 수

산물 유래 면역증강 소재를 개발하여 해조류의 가치를 증진시켜 국내 수산물 소비의 증대하

고자 한다.

연구개발 내용 및 범위.Ⅲ

감태 가공부산물 유래 황산 다당류의 동물실험을 통한 방사선 방호 효능을 평가하기 위하여 먼저

황산다당류(ECB-SP; Ecklonia cava 성분에 대한 말by-product-Sulfated polysaccharide)

초면역세포의 독성 및 증식능을 평가하였다 또한 의 방사선 방호능 및 조혈촉진능. ECB-SP

을 평가하기 위하여 를 마우스에 투여하고 말초면역세포 및 골수세포에서의 방사선ECB-SP

보호 및 조혈 촉진 효능 평가와 함께 소장 줄기세포의 생존력 및 세포자멸사 억제 효능을 평

가하였다 이와 함께 에 대한 방사선 조사 후 마우스 생존율을 평가하고 급성경구독. ECB-SP ,

성평가를 통하여 의 안전성을 평가하였다ECB-SP .

연구개발결과.Ⅳ

를 동물모델에 적용하여 방사선 보호효능을 검증하기 위하여 마우스에게 준치사량ECB-SP

의 선량인 의 방사선을 조사 하여 의 방사선 보호효능을 확인하였다7Gy ECB-SP . ECB-SP

를 투여한 동물에서 생존률 을 증가시켰을 뿐만 아니라 말초면역세포의 생존능(DRF=1.51)

및 증식능이 증가됨을 관찰할 수 있었다 이는 방호효과가 검증되었으나 부작용이 커서 그.

사용이 제한된 계 화합물의 가 인 것에 비교하면 독성이 없이 수치가-SH DRF 1.4-2.0 DRF

인 의 천연 방사선 보호제로서의 이용 가능성을 높였다고 볼 수 있다 또한1.51 ECB-SP .

의 투여는 방사선에 감수성이 높은 조혈모세포인 골수세포와 소장의 음와세포에 대ECB-SP

한 생존능 증가 세포자멸사 억제 등 면역조혈계의 회복촉진을 확인하였다 안전성 평가에서, .

는 단기급성경구투여 시험에서 독성이나 부작용을 보이지 않음을 확인하여 에 대한ECB-SP

안전성을 검증하였다.
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연구성과 및 성과활용 계획.Ⅴ

감태 가공부산물 유래 황산다당류는 감태 가공후의 부산물에 포함된 다수의 탄수화물과 황

산기를 효소분해법을 이용하여 식품 원료소재로서의 이용과 이를 이용한 완제품 개발이 가

능하여 과제의 결과를 이용한 제품개발을 실시하였다 감태 가공부산물 유래 황산다당류에는.

풍부한 탄수화물과 황산기가 포함되어 있어 원료 식품소재로서 제품명 감태AG-Fucoidan( ;

후코이단 으로 식품 품목 신고한 제품을 개발하였으며 개발된 감태 후코이단을 원료로 다- ) -

시 유산균을 이용하여 발효한 제품을 개발하였다 유산균을 이용하여 발효시킨 감태 가공부.

산물 유래 황산다당류는 기존 해조류 특유의 비린내를 제거하기 위해 유산균을 이용하여

발효하였으며 발효중에 작용에 의해 탄수화물의 함량이 증가하고 해조류 특bio conversion

유의 해취가 감소됨으로써 음료 등에 적용이 쉬운 소재로 개발하게 되었다.

현재 이런 이점을 살려 감태 가공부산물 유래 황산다당류를 이용한 아침애한모금 이라는“ ”

해조음료를 개발하여 시판중에 있으며 향후 감태 가공부산물 유래 황산다당류를 이용한 제

품군으로 액상차 제품 환 제품 등을 개발하여 판매코자 한다 이들 제품군은 방사능500ml , .

을 치료 목적으로 이용하는 사람들 또는 업무상 필수적으로 사용하게 되는 사람들을 타겟으

로 제품화하여 제품을 상시 복용가능하게 함으로써 방사능으로부터 몸을 보호할 수 있는 목

적으로 이용케 하고자 한다.
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SUMMARY

영문요약문( )

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.

III. 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 60Co 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 p53 and Bax and increasing those of

Bcl-XL/S. 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.
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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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3

1

.

(1)

( )

.

(2)

AOAC 105℃

, 550 12 ,℃

(Kjeltec
TM
2300, Foss Co. Ltd., Denmark) . ,

Sohxlet (Sohxlet system 1046, TeacatorAB, Sweden)

. 100% , ,

.

(3)

,

. , , , ,

.

Novozyme

Celluclast (Novo Nordisk, denmark)

( 3-1-1). 1L

10 g Celluclast 100 첨가하였다 최적의 조건 온도. ( : 5㎕

0 , pH: 4.5) 24 3,000 rpm 15℃

. , 100 10℃

pH 7

.
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.

(1)

( 1) 59%

. 65%

. 23%

6% 1% .

1. (%)

Moisture Carbohydrate Ash Protein Lipid

10.20 59.11 23.06 6.01 1.62

(2)

( 2).

40% 30%

. fucose

55% 45% 10% .

3-1-2

.

.

2.

Component
Sample

Hot water extract Enzymatic extract

Yield (%) 30.3 40.6

Total carbohydrate (%) 32.4 45.5

Sulfate content (%) 7.5 12.5

Proportion of monosaccharide (%)

Fucose 45.2 55.8

Rhamnose 1.8 1.9

Arabinose 0.2 not determined

Galactose 18.2 21.8

Glucose 10.2 6.7

Mannose 8.1 7.3

Xylose 14.4 6.4
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2

.

(1)

2~3

(10,000 × g, 20 min) .

4 M CaCl2

. (Mw,

10 kDa) 4 72 .℃

DEAE-cellulose ion-exchange

chromatography . sample DEAE-cellulose

50 mM sodium acetate (pH 5.0) 0.2 M NaCl 1.2 M NaCl

NaCl .

15 mL/hr phenol-H2SO4

.

(2)

Fucose,

Rhamnose, Galcatose, Glucose, Xylose . 4

M trifluoroacetic acid 100 4℃

2~3
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. HPAEC-PAD (Dionex, USA)

CarboPac PA1 (Dionex, USA) . 16 mM

NaOH 1 mL/min 10 을 넣어서 분석하㎕

였다 당 성분은 분석에 이용된 당 표준물질의 머무름 시간과 상호 비교하여 분석하였.

다.

BaCl2/gelation . 4 M HCl

100 2 6.25% nitric acid 1 mL, 0.5% gum℃

acacia 8.7 N 0.5 mL, Barium chloride 5 g 10

440 nm .

ammonium sulfate .

(3)

(Mw) radius of gyration (Rg)

High-performance size-exclusion chromatography UV, multi-angle laser light

scattering, refractive index detection HPSEC-UV-MALLS-RI system

Mw Rg ASTRA 5.3 software (Wyatt Technology Corp)

.

.

(1)

DEAE-cellulose

ion-exchange chromatography 3 (

3-3-1). ( 4)

. 3

fucose .

1 (F1: 57%), 2 (F2: 55%), 3 (F3: 47%)

. 3 (F3: 39%)

9% . Fucose

3 (F3: 77%)

2 3 53% 59%

. DEAE-cellulose

fucose , fucose ,

.

HPSEC-UV-MALLS-RI system (Mw)

radius of gyration (Rg) ( 5, 3-3-2) F1 peak

peak
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. Peak 1 61%, peak 2 39% peak

1 Mw 359 kDa peak 2 peak 1 20 18 kDa .

Rg peak 27 nm . peak

. peak 1

compact , peak 2 peak 1

loose linear . F2 F1

peak 1 peak shoulder 18.1%

peak2 peak 81.9% . Peak 1 179

kDa , peak 2 28 kDa . Rg peak 1 17.1 nm ,

peak Rg 4.5 nm . F1 peak 2 , F2 peak

compact . F3 F1 2

peak , . 88 kDa

Rg 16.6 nm .

4.

Component F1 F2 F3

Total carbohydrate (%) 57.1 55.7 47.1

Sulfate content (%) 20.0 16.5 39.1

Protein (%) 7.2 5.3 1.3

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
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5. (Mw)

(Rg)

A: F1, B: F2, C: F3

Sample Peak 1 Peak 2

Mw×103

(g/mol)

Rg

(nm)

Ratio

(%)

Mw×103

(g/mol)

Rg

(nm)

Ratio

(%)

F1 359.6±13.8 27.6±0.1 61.2±3.1 18.0±0.5 27.7±0.2 38.9±3.0

F2 178.7±2.2 17.1±0.9 18.1±0.2 27.7±1.1 4.5±0.1 81.9±0.2

F3 88.3±3.6 16.6±0.2
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3

(1)

( 3-3-1).

30 kDa

fucose 30 kDa

. 30 kDa .

(2)

Pilot plant 30 kDa

.

pilot plant 30 kDa

( 3-3-2).
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(1)

(

3-3-3).

( 3) 51%

6% fucose

20% 61% .

fucose

.

3.

Component sulfate polysaccharide

Total carbohydrate (%) 51.8

Sulfate content (%) 20.1

Protein (%) 8.7

Proportion of monosaccharide (%)

Fucose 61.1

Rhamnose 3.9

Galactose 27.2

Glucose 0.8

Xylose 7.0
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4

. -

(ECB-SP)

sulfated

polysaccharide .

( )

.

.

1.

2. Celluclast

3. filter press

4. sulfated polysaccharide

5.

6.

.
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Component(%)
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5

1. (by-product of Ecklonia cava Sulfated polysaccharide, ECB-SP)

.

(ECB-SP)

ECB-SP

.

.

(1)

6-10 ICR (SLC, Japan)

. ACK (ammonium chloride-potassium)

10 lysis Dulbecco's phosphate-buffered saline

(DPBS, Gibco BRL, UK) , 10% (fetal bovine serum, FBS, Gibco

BRL) 1% (100U/ml penicillin-streptomycin, Gibco BRL) RPMI-1640

(Gibco BRL) .

(2) MTT assay

ECB-SP Thiazolyl

Blue Tetrazolium Bromide (MTT) assay . 96 well

plate well 10% FBS 1% streptomycin penicillin RPMI

100 l well 1×10μ 5 0, 75, 150, 300 g/ml ECB-SPμ

. 37 , 5% CO2, 24 , 15 l℃ μ

MTT (5 mg/ml) well 4 . 10% sodium dodecyl

sulfate (SDS) 50% dimethylformamide (DMSO) solubilization buffer 100 lμ

570 nm 630 nm ELISA plate reader .

(3) 3H-thymidine incorporation

ECB-SP
3H-thymidine incorporation assay . 96well plate

well 10% FBS 1% streptomycin penicillin RPMI 200 lμ

well 4×105 3 36.5 , 5% CO℃ 2,

incubator 24 , 3H-thymidine (42 Ci/mmol; Amersham, USA) 1 Ci/wellμ

. 18

(TriLux, USA) .

(4)

± student t-test
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*; p<0.05, **;p<0.01, ***;p<0.005 .

.

(1) ECB-SP

ECB-SP MTT assay

. MTT assay MTT tetrazolium

MTT formazan (3-(4,5-dimethy lthiazol-2-yl)-

2,5-diphenyl-tetrazolium bromide)

. ECB-SP ,

ECB-SP ,

( 3-4-1). 0, 75, 150, 300 g/ml ECB-SP 24μ

. (***;p<0.005)

(2) ECB-SP

, 3H-thymidine incorporation

, DNA replication

S phase A-T, G-C thymidine ,
3H-thymidine

. ,

,

.

3-4-2 , ,

. , 75, 150, 300 g/ml ECB-SPμ

. , ECB-SP

.

(***;p<0.005)
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2. ECB-SP

.

, ,

DNA

, .

ECB-SP .

.

(1) 60Co

6-10 ICR (SLC, Japan)

. ACK (ammonium chloride-potassium)

10 lysis Dulbecco's phosphate-buffered saline

(DPBS, Gibco BRL, UK) , 10% (fetal bovine serum, FBS, Gibco

BRL) 1% (100U/ml penicillin-streptomycin, Gibco BRL) RPMI-1640

(Gibco BRL) .
60Co (Theratron-780 teletherapy unit, ,

) 2Gy 1 .

(2) MTT assay

ECB-SP

Thiazolyl Blue Tetrazolium Bromide (MTT) assay .

96 well plate well 10% FBS 1% streptomycin penicillin

RPMI 100 l well 1×10μ 5 0, 75, 150, 300 g/mlμ

ECB-SP . 37 , 5% CO2, 24℃

, 15 l MTT (5 mg/ml) well 4 . 10% sodiumμ

dodecyl sulfate (SDS) 50% dimethylformamide (DMSO) solubilization buffer

100 l 570 nm 630 nm ELISA plate reader .μ
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(3)
3
H-thymidine incorporation

ECB-SP
3
H-thymidine incorporation assay . 96well plate

well 10% FBS 1% streptomycin penicillin RPMI 200 lμ

well 4×10
5

3 36.5 , 5% CO℃ 2,

incubator 24 ,
3
H-thymidine (42 Ci/mmol; Amersham, USA) 1 Ci/wellμ

. 18

(TriLux, USA) .

(4)

± student t-test

p<0.05 .

.

(1) ECB-SP

ECB-SP

, Thiazolyl Blue Tetrazolium

Bromide (MTT) assay . 3-4-3 ,

.

ECB-SP , 120%

. (b; P<0.05)

(2) ECB-SP

ECB-SP

, 3H-thymidine incorporation assay .

3-4-4 75, 150, 300 g/mlμ

ECB-SP

.
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ECB-SP

. (b; P<0.05)

3. ECB-SP

.

,

,

. , ECB-SP

.

.

(1)

15 , 24-30g C57BL/6

(Jackon , USA) . 23 ± 3 , 50% ± 5%℃

, . ECB-SP

12 2 10 mg/kg ,

PBS .

(2)

mouse perspex box (3 × 3 × 11 cm) 60Co

(Theratron-780 teletherapy unit, , ) 7 Gy

.

(3)

3 , ECB-SP

. 7 Gy 1, 10

. ,

(WBC (white blood cells) PLT (platelet), MCV (mean corpuscular volume), MCH
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(mean corpuscular hemoglobin), MCHC (mean corpuscular hemoglobin concentration))

.

.

(1) 1 ECB-SP

,

.

ECB-SP . ECB-SP , WBC,

MCV, MCH, MCHC . PLT ECB-SP

(

3-4-5). 1

.

(2) 10 ECB-SP

, 10 , ECB-SP ,

WBC, MCV . , MCH, MCHC

. ECB-SP

1 PLT

( 3-4-6).
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4. ECB-SP

.

.

.

, .

, , ,

, . ,

, , , .

(hematopoietic syndrome) ,

.

ECB-SP .

.

(1)

15 , 24-30g C57BL/6

(Jackon , USA) . 23 ± 3 , 50% ± 5%℃

, . ECB-SP

12 2 10 mg/kg ,
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PBS . mouse perspex box (3 × 3

× 11 cm)
60
Co (Theratron-780 teletherapy unit, ,

) 7 Gy .

(2)

ECB-SP ,

10

(SW/BW) ,

.

(3) ECB-SP

C57BL/6 (Female, 3 ) ECB-SP (10 mg/kg)

12 2 , (7 Gy) .

.

3 ECB-SP

1, 10 96 well plate

well 10% FBS (fetal bovine serum) 1% streptomycin penicillin

RPMI 200 l well 4×10μ 5 37 , 5% CO℃ 2,

incubator 72 , 3H-thymidine (42 Ci/mmol; Amersham, USA) 1 μ

Ci/well . 18

(TriLux, USA) .

CCK-8 assay . 10

96 well plate well 10% FBS (fetal bovine serum) 1%

streptomycin penicillin RPMI 100 l well 1×10μ 5

37 , 5% CO℃ 2, incubator 72 , CCK-8

solution(Dojindo, Japan) 10 l 3 . 450 nmμ

ELISA plate reader .

(4) ECB-SP (Flow

cytometry)

C57BL/6 (Female, 3 ) ECB-SP (10 mg/kg)

12 2 , (7 Gy) .

flow cytometry .

3 ECB-SP

, 1, 10 (1 ×106)

anti-mouse IgG 4°C 15 . helper T lymphocytes

CD4 cytolytic-FITC, T lymphocytes CD8a-PE, pan B lymphocytes

CD45RB220-FITC, monocytes CD11b-FITC, granulocyte Gr-1-PE

4°C 15 , DPBS . 1%

paraformaldehyde , 20,000 BD
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FACSCalibur
TM

CellQuest .

(5) ECB-SP

3 , ECB-SP

ECB-SP

7 Gy 1, 10

1% Fetal bovine serum (FBS)

PBS . 10% FBS RPMI trypan Blue

.

(6) c-kit ECB-SP

3 , ECB-SP

ECB-SP

7 Gy 1, 10

1% Fetal bovine serum (FBS)

PBS . 10% FBS RPMI

. c-kit

, Flow cytometry . (1 ×106) anti-mouse IgG

4°C, 15 c-kit-FITC 4°C, 15 DPBS

. 10,000 BD FACSCaliburTM .

(7)

± student t-test

*; p<0.05, **;p<0.01, ***;p<0.005 .

.

(1) ECB-SP

,

,

.

,

.

ECB-SP ,

ECB-SP , ECB-SP 10 mg/kg

12 2 . 10

3-4-7 . 0 Gy

, 1.7 ± 0.3 .

ECB-SP 4.0 ± 1.2

(p<0.062). ECB-SP
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, 10-15

.

(2) ECB-SP

(3H-thymidine incorporation assay)

,

. ,

ECB-SP , 3H-thymidine

incorporation . 3-4-8 , (7 Gy)

1 ,

, ECB-SP ,

(***p<0.005).

10 ECB-SP

. ECB-SP

, .



- 32 -

(3)

flow cytometry ,

. ECB-SP

10 (20000/mouse)

BD FACSCaliburTM . 10 (

3-4-9), ECB-SP (7 Gy) helper T

lymphocytes % , ,

cytolytic T lymphocytes pan B lymphocytes

. monocyete granulocytes % .

10

, population

. 7 Gy

10 helper T lymphocytes, monocytes,

granulocytes population

. ECB-SP

.
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(4) ECB-SP

, .

, , ,

, .

, , , ,

. (hematopoietic syndrome) , ,

,

.

, ECB-SP 1 10

. 3-4-10A , 1 ,

10.3 ± 1.7 (×106) 4.2 ± 0.4 (×106)

ECB-SP 3.0 ± 0.7 (×106)

. 10 ,

11.60 ± 0.36 (×106) 0.13 ± 0.02 (×106)

ECB-SP 1.10 ± 0.57 (×106)

( 3-4-10B, *p<0.05).

1 ECB-SP , 10

ECB-SP

ECB-SP

.
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(5) ECB-SP

ECB-SP 1 10

. 1 ,

563 ± 91 cpm 7283

± 288 cpm ( 3-4-11A). ,

ECB-SP 946 ± 294 cpm

. , , 10

CCK-8 assay 69.1

± 1.2 % ECB-SP 86.5 ± 3.1 %

( 3-4-11B). , ECB-SP

.
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(6) c-kit

ECB-SP

1 , c-kit

, c-kit

ECB-SP (data not shown).

10 , c-kit

, c-kit 17.1 ± 3.2% ,

9.2 ± 0.6% c-kit

( 3-4-12). ECB-SP

31.3 ± 4.0 % ckit

. ECB-SP receptor

, ECB-SP

. ECB-SP

, 1 , c-kit , 10

, c-kit

10-15

. (*p<0.05)

5. ECB-SP

.
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,

.

. 1-2

, , ,

, , , .

, .

,

, .

.

. ,

.

.

,

.

(apoptosis) ECB-SP

.

.

(1)

15 , 24-30g C57BL/6

(Jackon , USA) . 23 ± 3 , 50% ± 5%℃

, . ECB-SP

12 2 10 mg/kg ,

PBS . mouse perspex box (3 × 3

× 11 cm) 60Co (Theratron-780 teletherapy unit, ,

) 2 7 Gy .

(2)

ECB-SP

, 3 , ECB-SP

(10 mg/kg) , 1, 10 20%

1 5-6

5㎛

hematoxylin-eosin .
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. 3

.

(3) apoptotic fragment

C57BL/6 , ECB-SP

, 1, 10 20% 1

5-6

. 5 hematoxylin-eosin㎛

(H&E) ,

apoptotic fragments .

(4) apoptosis

C57BL/6 , ECB-SP

, 1 20% 1

5-6

. 5㎛

, 0.3% 20 ,

blocking goat serum 30 . 1

P53 (1:500; Calbiochem), Bcl-XL/S (1:500; Santa Cruz Biotechnology), Bax (1:50;

Santa Cruz Biotechnology) 1 . biotinylated

anti-rabbit IgG(Vector, Birlingham, CA) 45 ,

Avidin-Biotin Complex(ABC) reagents(Vector Laboratories, Birlingham, CA) 45

. 3, 3'-diaminobenzidine(DAB; Vector,

Birlingham, CA)

(hematoxylin)(Sigma-Aldrich) .

(ethanol) (xylene)

.

(5)

± student t-test

**;p<0.01 .

.

(1) ECB-SP

1 , 72.0 ±

1.5 56.3 ± 2.9 . ECB-SP

64.5 ± 1.0

. 10
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49.0 ± 4.7 ECB-SP 71.8 ±

4.0 ( 3-4-13, **P<0.01).

ECB-SP

.

(2) ECB-SP apoptosis

,



- 39 -

,

. Apoptosis ,

apoptotic body . 1, 10

apoptotic cell , H&E

. ECB-SP

apoptotic fragments

apoptosis ( 3-4-14).

ECB-SP stem cell apoptosis

.

7-10

apoptosis .

(3) ECB-SP apoptosis

ECB-SP crypt cell apoptosis

apoptosis (p53, Bax, Bcl-XL/S)

(immunohistochemistry) . C57BL/6

, ECB-SP , 1

. p53 Bax apoptosis

, Bcl-XL/S apoptosis
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( 3-4-15, 16, 17). ECB-SP

Bcl-XL/S p53 Bax .

p53 Bax Bcl-XL/S ( )

apoptosis DNA , , ECB-SP

aopotosis

. apoptosis

7-10

. ECB-SP apoptosis

.
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6. ECB-SP

.

ECB-SP

ECB-SP

ECB-SP .

.

(1)

15 , 24-30g C57BL/6

(Jackon , USA) . 23 ± 3 , 50% ± 5%℃

, . ECB-SP

12 2 10 mg/kg ,

PBS . mouse perspex box (3 × 3

× 11 cm) 60Co (Theratron-780 teletherapy unit, ,

) 8, 9, 10 Gy .
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(2) DRF(Dose reduction factor)

(Dose reduction factor) .

ECB-SP 8, 9 10 Gy 30

.

LD50 (50% lethal dose) 50%

30 LD50/30 .

.

(dose reduction factor; DRF) =

.

(1) ECB-SP DRF

PBS 8, 9, 10 Gy 30

52%, 25% 2% . ECB-SP 10

mg/kg 100%, 77% 29% .

10% PBS 5.80, ECB-SP

8.77 . DRF = 1.51 (

3-4-18). , ,

, , -SH DRF

, FDA amifostine DRF = 1.79

ECB-SP

.
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6

1. ECB-SP

.

ECB-SP

(2009 2009-39 ) .

.

(1)

15 , 24-30g C57BL/6

(Jackon , USA) . 23 ± 3 , 50% ± 5%℃

, .

(2)

(2009)

. (US

environmental protection agency) 5,000 /㎎ ㎏
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, OECD 2,000 / (OECD 2000)㎎ ㎏

.

1 .

(2)

3-6-1 .

(3)

. 1 6 ,

14 1 ,

.

. 1, 3, 7, 14, 21

28 .

. 28 ether

.

.

(1)

ECB-SP C57BL/6 , 5,000 /㎎ ㎏

LD50

, ECB-SP

. 28 3.67g, 3.40g

, ECB-SP

( 3-6-1).
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, , , , , , , ,

ECB-SP

( 3-6-2). ECB-SP

.
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4

(%)
(%)

,
, , ,○

,

.

20 100

○

sulfated

polysaccharide

sulfated○

polysaccharide

30 kDa

.

pilot plant

30 kDa

.

.

20 100

○

s u l f a t e d

polysaccharide

,

Ion-exchange chromatography○

.

20 100

○

Carbohydra t e

Polymers
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s u l f a t e d

polysaccharide

(in vivo)

○

○

ECB-SP

.

○

ECB-SP○

○

○

ECB-SP

.

20 100

ECB-SP○

(Under

review)

ECB-SP○

Food and

C h e m i c a l

toxicology

(Under review)

ECB-SP○

,

(4 )

(1

)

○

○
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5

1

1. sulfated polysaccharide . ,

.

2.

.

3.

Amifostine

.

2 ․

1.

.

2. sulfated polysaccharide ,

,

.

3. ( ) sulfated polysaccharide

, .

3 ․

1. sulfated polysaccharide , ,

.

2. ( )

.

3. sulfated

polysaccharide

.

4

1.

.

2.

.

3. sulfated polysaccharide

sulfated polysaccharide

.

4. sulfated polysccahride

.
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5.

.

6. ( ) “ ”

.

.

7.

.

5

3 2

,

.

.

.

6

1.
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6

, ,◯

. ,

. ,

,

. ,

.

◯ : (

) ,

4~5 fucoidan

. , ,

, 2, 3 60

. , ,

, , .

( ) 3 type fucoidan '

' ' ' ' ' .

, , ,

.
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