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국문초록

현재 in vivo실험에서 가장 널리 쓰이는 동물은 마우스,쥐와 토끼이다.

그러나 최근에 동물학대로 인한 윤리적인 문제가 대두되면서 이들의 이용과

관련하여 법적인 제약이 생겨났다.이로 인해 2000년대에 in vivo 실험에서

제브라피쉬가 등장하여 점차 많이 사용되고 있다.제브라피쉬는 마우스와

비슷하게 수명은 2년 정도이고 생후 3개월이면 번식이 가능하다.계절에

관계없이 암컷은 일주일 간격으로 200-300개의 알을 낳고 체외수정을 하며

발생배가 투명하기 때문에 일반 해부현미경 하에서 쉽게 발생의 모든 과정을

관찰할 수 있다.이들은 발생이 매우 빨라 초기 세포분열이 대장균 보다도 빠른

15분 간격으로 진행되며,발생 6시간째에 gastrulation이 시작되어4시간 만에

마치고,12시간이 지나면 눈의 형태형성이 이미 시작된다.수정 후 24시간이

지나면 심장의 박동과 혈액순환을 관찰할 수 있다.제브라피쉬는 허파를

제외하고는 간과 췌장 그리고 지라와 흉선 등 면역계를 포함한 대부분의 기관을

가지며,특히 돌연변이 연구에서 밝혀지는 여러 결과들이 인간의 유전질환과

매우 유사한 것으로 밝혀졌고,인간과의 유전적 상동성도 현재 약 90%까지

일치하는 것으로 밝혀졌다.

제브라피쉬 모델의 장점

▶ 제브라피쉬의 수정란을 대량으로 쉽게 확보할 수 있음

▶ 발생이 매우 빨라 대부분의 조직 및 장기가 하루 만에 형성

▶ 투명한 난-현미경으로 발생단계,혈류 흐름 및 형태적 관찰이 용이

▶ 척추동물로서 유전체 구성이 인간과 비슷함.

마우스와 인간과 아주 유사한 게놈 구조를 가지면서도 선충이나 초파리에서나

가능한 유전학적, 세포생물학적인 실험실이나 대규모 연구가 가능하다.

제브라피쉬의 발생배는 직경 0.7mm 정도로 작기 때문에 96-wellmicroplate에

3-5 embryo 정도씩 분주가 가능하며 소량의 화합물에 대해서도 형태 형성,

혈관형성 등 생체를 이용한 생리활성물질 검출이 가능하다.
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1,일반적으로 제브라피쉬에서 염증실험은 형질전환 제브라피쉬를 사용하여

측정하는 것이 주요 실험방법이다.그러나 wild type zebrafish를 사용하여

항염증을 측정하는 방법은 아직까지 나와있지 않다.이 연구에서는 wildtype

제브라피쉬에서 물리적인 데미지를 입혀 염증을 유발하는 방법을 사용하였다.

물리적인 데미지를 입혀서 제브라피쉬를 실험한 결과 이미 항염활성이 있는

덱사메타손과 레스베라트롤이 이미 알려진 것과 거의 같은 항염 활성을 보였다.

그리고 웨스턴블롯과 사이토카인 키트에서 COX-2와 iNOS가 감소되었고 PGE2,

IL-1beta, TNF-alpha 가 감소되었다. 이러한 결과 첫번째로 wild type

제브라피쉬를 사용하여 항염증 활성을 확인 할 수 있는 것이고,두번째로 기존의

자극인자를 사용하지 않고 물리적 데미지를 입혀서 염증을 측정할 수 있었던

것이다.

2, 푸코이단은 생리활성이 뛰어나기에 여러 가지로 사용된다. 그러나

제주도에서 많이 채취되는 감태유래의 후코이단의 경우는 현재 후코이단의

원료로 거의 사용되지 않는다.따라서 이 감태유래 후코이단의 항염증활성을

제브라피쉬를 사용하여 기존에 판매되어지고 있는 후코이단과 비교하여 기존

후코이단에 대용으로 사용할 수 있는지 알기위해 항염증 활성을 측정하였다.그

결과 RAW264.7 세포와 제브라피쉬에서 동일한 결과가 나왔고, 기존의

후코이단과 비교하여 비슷하거나 더 좋은 항염증 활성을 나타내었다.따라서 이

감태 유래 후코이단의 활성을 기존의 후코이단과 비교하여 기존 후코이단

대용으로 사용할 수 있을 것이라 생각된다.

3.제브라피쉬를 사용하여 독성의 측정은 wildtype제브라피쉬로 가장 쉽고

빠르게 확인 할 수 있는 방법이다.이 연구에서는 제브라피쉬를 사용하여

PFF-A의 항산화 활성을 측정하였다. 그 결과 PFF-A는 과산화수소의

제브라피쉬 발생배에 대한 독성에 대한 뛰어난 보호효과를 보였고,형광 시약인

DCF-DA와 DPPP를 사용하여 분석한 결과도 항산화 활성이 뛰어남을 알 수

있었다.이 결과 PFF-A는 항산화 활성을 갖고 있음을 확인할 수 있었다.
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기존의 제브라피쉬를 사용한 염증활성에 대한 연구는 모두 형질전환

제브라피쉬를 사용하여 측정하였다. 하지만 이는 형질전환 제브라피쉬를

만들거나 따로 구입을 하지 못하는 실험실의 경우 제브라피쉬 사육 시스템을

갖추고도 제대로 필요한 실험을 못하는 경우가 발생하는 것이 된다.따라서 wild

type의 제브라피쉬를 사용하여 염증을 스크리닝 할 수 있게 된다면 보다 더

제브라피쉬를 사용한 염증 연구가 활발해 질 것으로 기대할 수 있다.실험의

결과 wild type의 제브라피쉬에서도 충분히 염증을 스크리닝 할 수 있었고,

기존에 염증 유발물질로 많이 쓰이는 LPS 뿐만 아니라 물리적 데미지를

제브라피쉬에 가하여 염증을 유발하여도 충분히 염증 활성을 측정할 수 있음을

확인였다.

따라서 이 제브라피쉬를 사용하여 항염증 활성과 항산화 활성을 측정하였고,

이 실험방법들을 다른 실험에도 충분히 적용시킬 수 있었다.앞으로도 이

방법들을 사용하여 항염증과 항산화 스크리닝을 할 것이다.
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LIST OFFIGURE

Fig.1-1.InhibitioneffectofcompoundsontailcuttinginducedNOgeneration

inzebrafishembryos.Thezebrafishembryoswerepretreatedwith

each ofcompounds and cutting tail.NO generation levels were

measured after staining with DAF-FM DA. (A) Fluorescence

micrographs oftailcutting induced NO generation intensity,as

follows (i) control;(ii) zebrafish embryo tailcutting only;(iii)

pretreatedwithDexamethasoneand(iv)pretreatedwithresveratrol.

(B)AfterDAF-FM DA staining a fluorescencespectrophotometer

wasusedforthequantitativeanalysisofNO generation.(i)control;

(ii) zebrafish embryo tail cutting only; (iii) pretreated with

Dexamethasone(0.2µg/ml);(iv)pretreatedwithDexamethasone(0.4

µg/ml);(v)pretreatedwithresveratrol(5µg/ml)and(vi)pretreated

withresveratrol(10µg/ml).

Fig.1-2.Inhibition effect of compounds on tailcutting induced ROS

generation in zebrafish embryos. The zebrafish embryos were

pretreatedwitheachofcompoundsandcuttingtail.ROSgeneration

levelsweremeasuredafterstainingwithDCF-DA.(A)Fluorescence

micrographs oftailcutting induced ROS generation intensity,as

follows (i) control;(ii) zebrafish embryo tailcutting only;(iii)

pretreatedwithDexamethasoneand(iv)pretreatedwithresveratrol.

(B)AfterDCF-DA staining afluorescencespectrophotometerwas

usedforthequantitativeanalysisofROSgeneration.(i)control;(ii)

zebrafish embryo tail cutting only; (iii) pretreated with

Dexamethasone(0.2µg/ml);(iv)pretreatedwithDexamethasone(0.4
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µg/ml);(v)pretreatedwithresveratrol(5µg/ml)and(vi)pretreated

withresveratrol(10µg/ml).

Fig.1-3.ExpressionofiNOSandCOX-2andß-actininzebrafishembryo.

Theembryosweretreated to each ofcompoundsand co-treated

cuttingtail.(I)control;(II)zebrafishembryotailcuttingonly;(III)

pretreated with Dexamethasone (0.2 µg/ml);(IV)pretreated with

Dexamethasone(0.4µg/ml);(V)pretreatedwithresveratrol(5ug/ml)

and(VI)pretreatedwithresveratrol(10µg/ml)

Fig. 1-4. Inhibitory effects of dexamethasone and resveratrol on

PGE2productioninzebrafish.Zebrafisheswerestimulatedbytailcutting3hours

later,andintroductionof(i)dexamethasone(0.5µg/ml),(ii)resveratrol(10

µg/ml).Supernatantswerecollected,andthePGE2productioninthe

supernatantswasdeterminedbyELISA.

Fig. 1-5. Inhibitory effects of dexamethasone and resveratrol on

pro-inflammatorycytokines(TNF-α,IL-1ß)productioninzebrafish.

Zebrafishes were stimulated by tailcutting 3 hours later,and

introduction of(i)dexamethasone (0.5 µg/ml),(ii)resveratrol(10

µg/ml).(A)Supernatantswerecollected,andtheTNF-α production

in the supernatants was determined by ELISA.(B)Supernatants

werecollected,andtheIL-1ß production in thesupernatantswas

determinedbyELISA.

Fig.2-1.Effects ofDexamethasone,SF and ECF on NO production in

LPS-induced RAW264.7cells.NO production wasmeasured.Cells

were pretreated for 1 h with different each chemicals

(Dexamethasone,SFandECF)andthenLPS(1μg/ml)wasadded

andincubatedfor24h.CytotoxicitywasdeterminedusingtheLDH

method. Values are expressed as means ± S.D. of triplicate
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experiments.*Pb0.05and**Pb0.01indicatesignificantdifferences

from theLPS-stimulatedgroup.

Fig.2-2.ExpressionofiNOSandCOX-2andß-actininRAW264.7cells.

Cells were pretreated for 1 h with different each chemicals

(Dexamethasone,SFandECF)andthenLPS(1μg/ml)wasadded

andincubatedfor24h.(A)control;(B)LPS only;(C)pretreated

withDexamethasone(0.4µg/ml);(D)pretreatedwithSF(100µg/ml);

(E)pretreatedwithSF (200µg/ml);(F)pretreatedwithECF (100

µg/ml);(F)pretreatedwithECF(200µg/ml)

Fig.2-3. LPSexposedeachconcentration(A)survivalrate,(B)Heart

beating,and(C)pericardialedemaofzebrafishembryos.Zebrafish

embryoswerepretreatedfor1hwithECF (200ug/ml)andthen

eachLPS (2,5,10 μg/ml)wasaddedtheeffectontoxicitywere

scoredat48hpf.

Fig.2-4.InhibitioneffectofcompoundsonLPS inducedNO generationin

zebrafishembryos.Thezebrafishembryoswerepretreatedwitheach

ofcompoundsandLPS(5ug/ml)added.NO generationlevelswere

measured after staining with DAF-FM DA. (A) Fluorescence

micrographsofLPSinducedNO generationintensity,asfollows(I)

control;(II)LPS only;(III)pretreated with Dexamethasone (0.4

ug/ml);(IV)pretreatedwithSF(100ug/ml);(V)pretreatedwithSF

(200 ug/ml); (VI) pretreated with ECF (100 ug/ml) and (VI)

pretreatedwithECF(200ug/ml).(B)AfterDAF-FM DA staininga

fluorescencespectrophotometerwasusedforthequantitativeanalysis

ofNO generation.(i)control;(ii)LPS only;(iii)pretreated with

Dexamethasone(0.4µg/ml);(iv)pretreatedwithSF(100ug/ml)and

(v)pretreatedwithECF(100ug/ml).
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Fig.2-5..InhibitioneffectofcompoundsonLPSinducedROSgenerationin

zebrafishembryos.Thezebrafishembryoswerepretreatedwitheach

ofcompoundsandLPS(5ug/ml)added.ROSgenerationlevelswere

measuredafterstainingwithDCF-DA.(A)Fluorescencemicrographs

ofLPS inducedNO generationintensity,asfollows(I)control;(II)

LPS only;(III)pretreated with Dexamethasone (0.4 ug/ml);(IV)

pretreatedwithSF(100ug/ml);(V)pretreatedwithSF(200ug/ml);

(VI)pretreatedwithECF(100ug/ml)and(VI)pretreatedwithECF

(200 ug/ml). (B) After DAF-FM DA staining a fluorescence

spectrophotometerwas used forthe quantitative analysis ofNO

generation. (i) control; (ii) LPS only; (iii) pretreated with

Dexamethasone(0.4µg/ml);(iv)pretreatedwithSF(100ug/ml)and

(v)pretreatedwithECF(100ug/ml).

Fig.2-6.InhibitioneffectofcompoundsontailcuttinginducedNOgeneration

inzebrafishembryos.Thezebrafishembryoswerepretreatedwith

each ofcompounds and cutting tail.NO generation levels were

measured after staining with DAF-FM DA. (A) Fluorescence

micrographs oftailcutting induced NO generation intensity,as

follows(I)control;(II)LPSonly;(III)pretreatedwithDexamethasone

(0.4µg/ml);(IV)pretreatedwithSF(100ug/ml)and(V)pretreated

with ECF (100 ug/ml). (B) After DAF-FM DA staining a

fluorescencespectrophotometerwasusedforthequantitativeanalysis

ofNO generation.(i)control;(ii)LPS only;(iii)pretreated with

Dexamethasone(0.4µg/ml);(iv)pretreatedwithSF(100ug/ml)and

(v)pretreatedwithECF(100ug/ml).

Fig.2-7.Inhibition effect of compounds on tailcutting induced ROS

generation in zebrafish embryos. The zebrafish embryos were

pretreatedwitheachofcompoundsandcuttingtail.ROSgeneration
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levelsweremeasuredafterstainingwithDCF-DA.(A)Fluorescence

micrographs oftailcutting induced ROS generation intensity,as

follows(I)control;(II)LPSonly;(III)pretreatedwithDexamethasone

(0.4µg/ml);(IV)pretreatedwithSF(100ug/ml)and(V)pretreated

with ECF (100 ug/ml). (B) After DAF-FM DA staining a

fluorescencespectrophotometerwasusedforthequantitativeanalysis

ofNO generation.(i)control;(ii)LPS only;(iii)pretreated with

Dexamethasone(0.4µg/ml);(iv)pretreatedwithSF(100ug/ml)and

(v)pretreatedwithECF(100ug/ml).

Fig.2-8.Expression ofiNOS and COX-2 and ß -actin in zebrafishes.

zebrafisheswerepretreated for1h with differenteach chemicals

(Dexamethasone,SFandECF)andthenLPS(1μg/ml)wasadded

andincubatedfor24h.(A)control;(B)LPS only;(C)pretreated

withDexamethasone(0.4µg/ml);(D)pretreatedwithSF(100µg/ml);

(E)pretreatedwithSF (200µg/ml);(F)pretreatedwithECF (100

µg/ml);(F)pretreatedwithECF(200µg/ml)

Fig. 3-1. (A) phlorofucofuroeckol-A (PFF-A), (B) Dieckol (DK), (C)

resveratrol

Fig.3-2.(A)Survivalrate aftertreated with H2O2 orco-treated with

compounds. The embryos were exposed to 5mM H2O2 and

compounds treated. Resveratrol 10uM, Dieckol 50uM(DK) and

Phlorofucofuroeckol-A 50uM(PFF-A).(B)Effectsofcompoundson

theheart-beatrateformeasurementofthetoxicity ofthetested

samples.Theembryoswereexposedto5mM H2O2 andcompounds

teated.Theheart-beatwasmeasuredat48hpf,underthemicroscopy.

Thenumberofheartbeatin3minwascounted,andtheresultsare
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expressedasthebeats/min.Resveratrol10uM ,Dieckol50uM(DK)and

Phlorofucofuroeckol-A 50uM(PFF-A).(C)Effectsofcompoundson

thePrecardialedemasizeformeasurementofthetoxicity ofthe

tested samples.The embryos were exposed to 5mM H2O2 and

compoundsteated.ThePrecardialedemasizewasmeasuredat48hpf,

under the microscopy.Resveratrol10uM,Dieckol50uM(DK)and

Phlorofucofuroeckol-A 50uM(PFF-A).

Fig.3-3.InhibitioneffectofcompoundsonH2O2inducedROSgenerationin

zebrafishembryos.Thezebrafishembryoswerepretreatedwitheach

ofcompoundsand H2O2(5uM)added.ROS generation levelswere

measuredafterstainingwithDCF-DA.(A)Fluorescencemicrographs

ofH2O2inducedROSgenerationintensity,asfollows(I)control;(II)

H2O2only;(III)pretreatedwithresveratrol(10ug/ml);(IV)pretreated

withDieckol(50uM)and(V)pretreatedwith PFF-A (50uM).(B)

AfterDCF-DA stainingafluorescencespectrophotometerwasused

forthequantitativeanalysisofROS generation.Resveratrol10uM

,Dieckol50uM (DK)andPhlorofucofuroeckol-A 50uM (PFF-A).

Fig.3-4.Inhibition effectofcompoundson H2O2 induced lipidperoxidation

levelinzebrafishembryos.Thezebrafishembryoswerepretreated

with each ofcompoundsand H2O2 (5uM)added.ROS generation

levels were measured after staining with DPPP. (A)

Fluorescencemicrographs of H2O2 induced lipidperoxidation level

intensity,asfollows(I)control;(II)H2O2only;(III)pretreatedwith

resveratrol(10ug/ml);(IV)pretreatedwithDieckol(50uM)and(V)

pretreated with PFF-A (50uM). (B) After DPPP staining a

fluorescencespectrophotometerwasusedforthequantitativeanalysis

oflipidperoxidationlevel.Resveratrol10uM ,Dieckol50uM(DK)and

Phlorofucofuroeckol-A 50uM(PFF-A).
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Fig.3-5.Expressionofcaspase-3,Bcl-xL,PARPandß-actininzebrafishes.

Thezebrafishembryoswerepretreatedwitheachofcompoundsand

H2O2(5uM)added.Zebrafish embryoshatchisthen harvested. (A)

control;(B) LPS only;(C) pretreated with Dexamethasone (0.4

µg/ml);(D)pretreatedwithSF(100µg/ml);(E)pretreatedwithSF

(200µg/ml);(F)pretreated with ECF (100µg/ml);(F)pretreated

withECF(200µg/ml)
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Protocoldevelopmentforanti-inflammatoryeffect

evaluationonphysicaldamage-inducedzebrafishmodel

Abstract

Zebrafish (Danio rerio)is an importantvertebrate modelorganism in

scientificresearch.Inthisstudy,anti-inflammatoryeffectoffucoidanisolated

from Eckloniacavawasassessedviainhibitoryeffectofnitricoxide(NO)

andreactiveoxygenspecies(ROS)productionandexpressionofiNOS and

COX-2 in physicaldamage induced zebrafish model.Anti-inflammation

materialknown dexamethasone,resveratrolwas used as compounds.To

identify the active compounds,the inhibitory effect of NO and ROS

production.Zebrafish is the inhibitory effectofNO,ROS production by

fluorescent image and fluorescence spectrophotometer after DCF-DA or

DAF-FM DA staining.Western blotassay was observed the inhibitory

effectsonzebrafishbyiNOS,COX-2results.Resultsoftheexperimentwith

thepreviouspapersdatashowedthesametendency.Inordertodetermine

thepotentialNO production ofanti-inflammation agents,weobservedthe

growthpatternofzebrafishandcompoundsshowedinhibitoryeffectsagainst

NO production on tested embryos. And we can used screening

anti-inflammation to wild type zebrafish notused other stimulator and

transgeniczebrafish.

Keyword: Physical Damage, Fucoidan, Ecklonia cava, Zebrafish,

Anti-inflammation,
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Introduction

NO iseasily spread,short-lived unstablefreeradicaland an important

physiologicalmediator.Although the excess ofNO expression has been

showedthatthecauseinthepathogenesisofvariousinflammatorydiseases

andimmunologicallymediateddiseases,forexample,graft-versus-hostdisease

(Langrehr et al., 1992),diabetes(Cobertt et al., 1991),viralinfections(Zheng 

et al., 1993),andarthritis(Farrel et al., 1992).NO isderivedfrom oxidation

ofaguanidinenitrogenofL-arginine(palmer et al., 1988,Schmidt et al., 

1988) and this reaction is catalyzed by nitric oxide synthase (NOS)

(EC1.14.13.39).ThethirdNOSisoform,theiNOSproduceslageramountsof

NOwhenthecellsarestimulatedwithbacterialsecretionandcytokines(IL-,

IL-6,TNF-,IFN-).This enzyme is expressed nearly in macrophages,

monocytes(Hibbs et al., 1988),neutrophils(Wright et al., 1989,Wheeler et 

al., 1997),andhepatocytes(Curran et al. 1989).ThesecondCOXisoform,by

somenew organization andspecificity physiologicalenvironmentCOX-2is

theincreaseinactivityatthesiteofinflammation.ThisCOX-2worsening

inflammationactsonthesecretionofprostaglandins.

Thezebrafish(Daniorerio)isasmalltropicalfreshwaterfishwhichhas

emergedasausefulvertebratemodelbecauseofitssmallsizeLargenumber

ofoffspring(200~300eggs/wk),transparentembryo,Low costmaintenance,

Rapid generation cycle (2-3 months), Low space requirement, Rapid

development or organogenesis and physiological similarity to mammals

(Eisen., 1996,Fishman., 1999).Thezebrafishisutilizedtoscreeningtestof

drug activation,because the early stage embryo rapidly absorbs small

molecularcompoundsdilutedinthebathingmediathroughtheskinandgills

(Cha et al., 2010).
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Thisexperimentonzebrafishisbeingdevelopandstudied,althoughthere

areafew tomeasuretheanti-inflammationexperimentshavebeenreported

usingthewildtypezebrafish.Therefore,inthisstudyweuseawildtype

zebrafishwasmeasuredtheanti-inflammationexperiments.

MaterialsandMethods

Originandmaintenanceofparentalzebrafish

Adultzebrafisheswereobtainedfrom acommercialdealer(Seoulaquarium,

Korea)and 10 fishes were keptin 3 lacrylictank with the following

conditions;28.5℃,witha14/10hlight/darkcycle.Zebrafisheswerefedthree

timesaday,6d/week,withTetraminflakefoodsupplementedwithlivebrine

shrimps(Artemiasalina).Embryoswereobtainedfrom naturalspawningthat

wasinducedatthemorningbyturningonthelight.Collectionofembryos

wascompletedwithin30minandstagedasdescribedby(Kimmeletal.,

1995)

Waterborneexposureofembryostochemicalsandcutting

Afterhatching,chemicalswereadministrated into embryo media.Three

replicatetreatmentgroupswereexposedtoeachdosein24wellpolystyrene

multi-wellplates(20to30embryosperwell).After1hour,fishswere

anaesthetized in tricainemethanesulfonate75–125 mg/L (Sigma,MS-222)

beforetailcutting.Surgicalknifeandmicroscope,wereusedtocutthetailof

thezebrafish.Assoonastailcuttingwascompleted,thezebrafishembryos
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wererinsedinfreshzebrafishembryomedium.Then,medium waschanged

andchemicalswereintroduced.

Estimation of tail cutting induced intracellular ROS and NO

generationandimageanalysis

Generation ofROS and NO in zebrafish embryoswasanalysedmodify

methodpreviouslyreported(Chaetal.,2011)usingafluorescentprobedye,

5-(and-6)-Carboxy-2′,7′-dichlorodihydrofluoresceindiacetate(DCF-DA)and

diaminofluorophore4-amino-5-methylamino- 2’,7’-difluorofluorescein diacetate

(DAF-FM DA).Twohoursaftertailcuttingandintroductionofchemicals,

Later2hours,thezebrafishembryosweretransferredinto96-wellplatesand

treatedwithDCF-DA (20µg/ml)orDAF-FM DA solution(5µM).Thenthe

plates were incubated for 1 h in dark at 28.5 ℃.After incubation,

anaesthetized in tricainemethanesulfonate75–125 mg/L (Sigma,MS-222)

before observation. The zebrafish embryo fluorescence intensity was

quantified using a spectrofluorometer (Perkin–Elmer LS-5B, Austria)

individually and the image ofstained embryos were observed using a

fluorescentmicroscope,which wasequipped with a moticam colordigital

camera(motix,Xiamen,China).

Estimation of tail cutting induced intracellular ROS and NO

generationandimageanalysis

Generation ofROS in zebrafish embryos was analysed modify method

previously reported (Cha et al.,2011) using a fluorescent probe dye,

5-(and-6)-Carboxy-2′,7′-dichlorodihydrofluoresceindiacetate(DCF-DA)and

diaminofluorophore4-amino-5-methylamino- 2’,7’-difluorofluorescein diacetate
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(DAF-FM DA).Twohoursaftertailcuttingandintroductionofchemicals,

Later2hours,thezebrafishembryosweretransferredinto96-wellplatesand

treated with DCF-DA orDAF-FM DA solution.Then the plates were

incubated for1 h in dark at28.5 ℃.Afterincubation,anaesthetized in

tricaine methanesulfonate 75–125 mg/L before observation.The zebrafish

embryo fluorescence intensity was quantified using a spectrofluorometer

(Perkin–Elmer LS-5B,Austria) individually and the image of stained

embryoswereobservedusingafluorescentmicroscope,whichwasequipped

withamoticam colordigitalcamera(motix,Xiamen,China).

Measurement of pro-inflammatory cytokines (TNF-α, IL-1ß)

production

Following tailcutting and introduction ofchemicals,3 hours later,each

zebrafishembryosasharvested,sonicatedin lysisbuffer.Thelysatewas

clarifiedbycentrifugingat10,000rpm for5min.Theinhibitoryeffectof

chemicals(dexamethasoneandresveratrol)onthepro-inflammatorycytokines

(TNF-α,IL-1ß) production from tailcut zebrafish was determined as

describedinthe(Choetal,.2000)

DeterminationofPGE2production

Following tailcutting and introduction ofchemicals,3 hours later,each

zebrafishembryosasharvested,sonicatedin lysisbuffer.Thelysatewas

clarifiedbycentrifugingat10,000rpm for5min.ThePGE2concentrationin

theculturemedium wasquantifiedusingacompetitiveenzymeimmunoassay

kitaccording tothemanufacturer̀sinstructions,TheproductionofPGE2

wasmeasuredrelativetothatfollowingcontroltreatment.
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Westernblotting

Following tailcutting andintroductionofchemicals,3hourslater,each

zebrafishembryosasharvested,sonicatedin70µllysisbuffer.Thelysate

wasclarifiedbycentrifugingat10,000rpm for5min.Then,thesupernatants

were collected from the lysates and the protein concentrations were

determined.Aliquotsofthelysates(40mgofprotein)wereboiledfor5min

and electrophoresed in 7.5% sodium dodecylsulfate-polyacrylamide gels

(SDS-PAGE).Subsequently,the blots in the gels were transferred onto

nitrocellulosemembranes(Bio-Rad,USA).Afterblockingwith5% Probumin

BSA (Millipore,Massachusetts,United States)for 1 h,the blots were

incubatedwithiNOS (1:1500dilution,SantaCruzBiotechnologyInc.,Santa

Cruz,CA,USA)orCOX-2(1:1000dilution,CellSignaling,Massachusetts,

UnitedStates)for60min.Themembraneswereincubatedfor45minwith

theanti-mouseoranti-rabbitIgG (1:2,000,SantaCruzBiotechnology,Inc)

horseradishperoxidaseconjugates(Pierce,UnitedStates).Proteinbandswere

detectedusinganenhancedchemiluminescenceWesternblottingdetectionkit

(Amersham,UK),andthenexposedontoX-rayfilm.

ResultsandDiscussion

Generally after the in vitro tests for compounds screening in vivo

experiments was go through,allin vivo experiments was notentirely

consistentwithmatch in vitroexperimentalresults.Andthemostwidely

usedinmouseexperimentscaseatinvivoexperimentsbecauseitrequiresa

lotoftime and money,itneeded in vitro experiments and atin vivo
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experiments,orexperimentsareplaceablebetweenthemouseexperiments.

Hereisreasonableistousezebrafish.Becausezebrafishwasusedatinvivo

experimentssimilarhumangenes,ashorthatchingtime,duetotheexternal

development of the transparent embryo and etc.These zebrafish used

anti-inflammatoryexperimentalmethodistomakethetransgeniczebrafishin

pursuanceoftoobservethemovementofleukocyte(Mathias et al., 2006).

Thismethodisverygoodmethods.However,iflaboratorydonothavetest

apparatustocreatethesezebrafish,buyexperimentmachineortopurchase

the transgenic zebra fish,this poor conditions in laboratory also need

experimentatscreening foranti-inflammatory activity replace the mouse

experimentintheinvivooritspredictableexperimenttheresults.Forthis

reason,usea wild typezebrafish to measure the anti-inflammation was

initiatedthisstudy.

Inflammationisthebody'sdefenseduetocertainstimuli(injury,burns,

invasion ofpathogen etc.).Inflammation is migration ofleukocytes into

infectedordamagedtissueandinvolvestheactivation,andMacrophageacts

animportantroleforinflammatory diseasesrelating tooverproductionof

inflammatorycytokines,interleukin(IL)-1β,IL-6,andtumornecrosisfector

(TNF)-α,and reactiveoxygen species(ROS),and nitricoxide(NO),and

prostaglandin E2 (PGE2),generated by activated inducible nitric oxide

synthase(iNOS)andcyclooxygenase(COX)-2(20,21).Inthisexperiment,

compoundswereforidentifytheeffectoninflammationusedpositivecontrol

by dexamethasone and resveratrol(Tsai et al. 1999).Dexamethasone is

synthetic compound of the glucocorticoid class of steroid drugs.

Dexamethasone employded as anti-inflammation drug and medicine of

autoimmune disease, such as rheumatoid arthritis and bronchospasm.

Dexamethasone employded as anti-inflammation drug and medicine of

autoimmune disease, such as rheumatoid arthritis and bronchospasm.
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Resveratrolisatypeofpolyphenol,andproducednaturallybyseveralplants

whenunderattackbypathogens(bacteria,fungi),UV etc(Dixon., 2001).Its

revealedthatbiologicalactivitiesofresveratrolsuchasanticoagulation(Dixon 

et al., 1995), antioxidant (Fremont et al., 1999), anti-inflammation

(Subbaramariah et al., 1999,MacCarrone et al., 1999),antitumor(Fontecative et 

al., 1998).

In thisstudy,inducesinflammation to cuttailzebrafish.After3 hour

cutting tail measured NO on the basis of once hurt to zebrafish,

approximately180minleukocytemigrationinresponsetoawound(Mathias 

et al., 2006).Forvalidateofstudy,analysedusingDCF-DA thegenerationof

ROS in zebrafish embryos and fluorescentimages,and analysed using

DAF-FM DA thegeneration ofNO in zebrafish embryosandfluorescent

images (Cha et al., 2011).And using western blot was measured

inflammatory cytokine iNOS,COX-2 expression.Generation of NO in

zebrafishembryosandfluorescentimagewasanalysedusingaDAF-FM DA.

A simpleandsensitiveassayandacellularbioimagingmethodforNO were

usingadiaminofluoresceinDAF-FM anditsdiacetate.DAF-FM isconverted

viaanNO-specificmechanism toanintenselyfluorescenttriazolederivative.

(Itoh et al., 2000).

(Fig.1-1.(A))inthefluorescentimage,can befoundofNO generation

degree with a fluorescentdifference ofthe zebrafish and the wild type

zebrafishthatatailiscut.Eachofcompoundstreatmentof(iii)-(vi)groups,

fluorescencethannegativeexpressionofallofgroupsshow less,andthis

quantifygraphalsoshoesthesameresults.Theresult,thelevelofNO in

the tailcutzebrafish embryos was 2642 absorbance compared with the

negativecontrolembryos.IntracellularNOaccumulationswere2297,2184,
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(A)

(B)

Fig.1-1.InhibitioneffectofcompoundsontailcuttinginducedNOgeneration

inzebrafishembryos.Thezebrafishembryoswerepretreatedwitheach

ofcompoundsandcuttingtail.NOgenerationlevelsweremeasuredafter

stainingwithDAF-FM DA.(A)Fluorescencemicrographsoftailcutting

induced NO generation intensity,asfollows(i)control;(ii)zebrafish

embryotailcuttingonly;(iii)pretreatedwithDexamethasoneand(iv)

pretreated with resveratrol. (B) After DAF-FM DA staining a

fluorescencespectrophotometerwasusedforthequantitativeanalysisof

NO generation.(i)control;(ii)zebrafishembryotailcuttingonly;(iii)

pretreated with Dexamethasone (0.2 µg/ml); (iv) pretreated with

Dexamethasone(0.4µg/ml);(v)pretreatedwithresveratrol(5µg/ml)and

(vi)pretreatedwithresveratrol(10µg/ml).
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2679and2550absorbanceintheembryospretreatedwithdexamethasone0.2

µg/ml,dexamethasone0.4µg/ml,resveratrol5µg/mlandresveratrol10µg/ml,

respectively.(Fig.1-1.(B)).

(Fig.1-2.(A))inthefluorescentimage,canbefoundofROS generation

degree with a fluorescentdifference ofthe zebrafish and the wild type

zebrafishthatatailiscut.Eachofcompoundstreatmentof(iii)-(vi)groups,

fluorescencethannegativeexpressionofallofgroupsshow less,andthis

quantifygraphalsoshoesthesameresults.Theresult,thelevelofROSin

the tailcutzebrafish embryos was 2358 absorbance compared with the

negativecontrolembryos.IntracellularROS accumulationswere2231,2190,

2121and2004absorbanceintheembryospretreatedwithdexamethasone0.2

µg/ml,dexamethasone0.4µg/ml,resveratrol5µg/mlandresveratrol10µg/ml,

respectively(Fig.1-2.(B)).Asshownin(Fig.1-3),bytheWesternblotting

results,theexpression ofiNOS and COX-2confirm tailcutting zebrafish

increaseexpressofiNOSandCOX-2thenwildtypezebrafish.CheckProtein

bandsresults,chemicaltreatmentof(iii)-(vi)groups,iNOSandCOX-2than

negativeexpressionofallofgroupssmall.(Fig.1-4.)inhibitoryeffectsof

dexamethasone and resveratrolon PGE2 production in zebrafishes were

stimulated by tailcutting(Fig.1-4.).Tailcutzebrafish increase on PGE2

production then normalzebrafish.dexamethasoneand resveratroltreatment

groups, on PGE2productiondecreasethanonlytailcuttinggroup. (Fig. 1-5.)

inhibitory effects ofdexamethasone and resveratrolon pro-inflammatory

cytokines(TNF-α,IL-1ß)productioninzebrafisheswerestimulatedbytail

cutting.(Fig.1-5.)tailcutzebrafishincreaseonpro-inflammatorycytokines

(TNF-α, IL-1ß) production then normal zebrafish. (Fig. 1-5.(A))

dexamethasone and resveratroltreatment groups,on TNF-α production

decreasethanonlytailcuttinggroup,andIL-1ßproductionalsoshoesthe

similarresults.
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As this experiment,we can instead induce inflammation to tailcutof

stimulator.Andateansgeniczebrafishaswildtypezebrafishhadscreened

anti-inflammation.Studyresult,dexamethasoneandresveratrolshowedsimilar

tendencytotheresultsofpreviousstudies.Therefore,thismethodcanbe

usedscreeningforanti-inflammatoryseemstobe.Finally,thiswaywantto

beassisttootherscientistsinanti-inflammationexperiment.
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(A)

(B)

Fig.1-2.Inhibition effect of compounds on tailcutting induced ROS

generation in zebrafish embryos. The zebrafish embryos were

pretreatedwitheachofcompoundsandcuttingtail.ROSgeneration

levelsweremeasuredafterstainingwithDCF-DA.(A)Fluorescence

micrographs oftailcutting induced ROS generation intensity,as

follows (i) control;(ii) zebrafish embryo tailcutting only;(iii)

pretreatedwithDexamethasoneand(iv)pretreatedwithresveratrol.

(B)AfterDCF-DA staining afluorescencespectrophotometerwas

usedforthequantitativeanalysisofROSgeneration.(i)control;(ii)

zebrafish embryo tail cutting only; (iii) pretreated with

Dexamethasone(0.2µg/ml);(iv)pretreatedwithDexamethasone(0.4

µg/ml);(v)pretreatedwithresveratrol(5µg/ml)and(vi)pretreated

withresveratrol(10µg/ml).
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Fig.1-3.ExpressionofiNOSandCOX-2andß-actininzebrafishembryo.

Theembryosweretreated to each ofcompoundsand co-treated

cuttingtail.(I)control;(II)zebrafishembryotailcuttingonly;(III)

pretreated with Dexamethasone (0.2 µg/ml);(IV)pretreated with

Dexamethasone(0.4µg/ml);(V)pretreatedwithresveratrol(5µg/ml)

and(VI)pretreatedwithresveratrol(10µg/ml).
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Fig.1-4.Inhibitory effects of dexamethasone and resveratrolon PGE2

productioninzebrafish.Zebrafisheswerestimulatedbytailcutting3hours

later,andintroductionof(i)dexamethasone(0.5µg/ml),(ii)resveratrol(10

µg/ml).Supernatants were collected,and the PGE2 production in the

supernatantswasdeterminedbyELISA.
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(A)

(B)

Fig. 1-5. Inhibitory effects of dexamethasone and resveratrol on

pro-inflammatorycytokines(TNF-α,IL-1ß)productioninzebrafish.

Zebrafishes were stimulated by tailcutting 3 hours later,and

introduction of(i)dexamethasone(0.5µg/ml),(ii)resveratrol(10

µg/ml).(A)Supernatantswerecollected,andtheTNF-α production

in thesupernatantswasdeterminedby ELISA.(B)Supernatants

werecollected,andtheIL-1ßproductioninthesupernatantswas

determinedbyELISA.
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Anti-inflammationeffectoffucoidanfrom Eclonia

cavainphysicaldamageandLPS-inducedzebrafish

ABSTRACT

Fucoidanisasulfatedpolysaccharidefoundmainlyinvariousspeciesof

brown seaweed.Zebrafish,Danio rerio,is an importantvertebratemodel

organism in scientific research.In this study,potentialanti-inflammatory

effectoffucoidan isolated from brown algaewasassessed viainhibitory

effectofnitricoxide(NO)production in lipopolysaccharide(LPS)induced

RAW 264.7macrophagecellsand zebrafish model.Toidentify theactive

compounds,the inhibitory effectofNO production.The isolated fucoidan

enhancethecellviability againstLPS-inducedNO damageinRAW 264.7

cells.Zebrafish istheinhibitory effectofNO production by fluorescence

spectrophotometerafterDAF-FM DA andDCF-DA staining.Westernblot

assay wasobserved theinhibitory effectson RAW 264.7cellsby iNOS,

COX-2results.Resultsofthezebrafishexperimentalsoshowedthesame

tendency.InordertodeterminethepotentialNOproductofanti-inflammation

agents,weobservedthegrowthpatternofzebrafishandfucoidanshowed

inhibitory effectsagainstNO production on testedembryos.On theother

hand,thepresenceofLPSembryoalsoshowedNOproducts.

Keyword:zebrafish,inflammation,fucoidan,NO
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INTRODUCTION

NO iseasily spread,short-lived unstablefreeradicaland an important

physiologicalmediator.Although the excess ofNO expression has been

showedthatthecauseinthepathogenesisofvariousinflammatorydiseases

andimmunologicallymediateddiseases,forexample,graft-versus-hostdisease

(Kim et al., 2006),diabetes(Eisen., 1996),viralinfections(Fishman., 1999),and

arthritis(DrieverW et al., 1996).NO isderivedfrom oxidationofaguanidine

nitrogenofL-arginine(Kimmel et al., 1989,den., 2005)andthisreactionis

catalyzed by nitric oxide synthase (NOS)(EC1.14.13.39).The third NOS

isoform,the iNOS produces lager amounts ofNO when the cells are

stimulated with bacterialsecretion and cytokines (IL-1β,IL-6,TNF-α,

IFN-γ).Thisenzymeisexpressednearlyinmacrophages,monocytes(Pichler 

et al 2003),neutrophils (Langheinrich et al., 2003,Choi et al., 2007),and

hepatocytes(Cha etall.,2010).Thesecond COX isoform,by somenew

organizationandspecificityphysiologicalenvironmentCOX-2istheincrease

inactivityatthesiteofinflammation.ThisCOX-2worseninginflammation

actsonthesecretionofprostaglandins.

Thezebrafish(Daniorerio)isasmalltropicalfreshwaterfishwhichhas

emergedasausefulvertebratemodelbecauseofitssmallsize,largenumber

ofoffspring(200~300eggs/wk),transparentembryo,low costmaintenance,

rapid generation cycle (2-3 months), low space requirement, rapid

developmentororganogenesisandphysiologicalsimilaritytomammals(Eisen

1996;Fishman 1999).Thezebrafish isutilized to screening testofdrug

activation,becausetheearlystageembryorapidlyabsorbssmallmolecular

compoundsdilutedinthebathingmediathroughtheskinandgills.
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Fucoidans,polysaccharidescontaining considerableproportion ofL-fucose

andsulfateestergroups,areconstituentsofbrownseaweedandsomemarine

invertebrates(Chizhov et al., 1999,Bilan et al., 2002).Thepolysaccharide

wasnamedas“fucoidin”whenitwasfirstisolatedfrom marinebrownalgae

byKylinin1913.Now itisnamedas“fucoidan”accordingtoIUPACrules,

butsomealsocalleditfucan,fucosanorsulfatedfucan(Choi et al., 1999).

Previouspapersaboutfucoidansisolatedfrom differentspecieshavebeen

extensively studied due to their varied biological activities such as

Anticoagulant(Grauffel et al., 1981, Mauray et al., 1995, Pereira et al., 1999, 

Kuznetsova et al., 2003),antiproliferative,antiadhesive (McCaffrey et al., 

1992),anti-inflammation(Kubes et al., 1995, Omata et al., 1997, Granert et 

al., 1999, Foxall et al 1992, Game et al., 1998),antineoplastic,antitumor,

antimetastatic(Yamamoto et al., 1984, Coombe et al., 1987, Riou et al., 

1996)etc.

However,thereareafew studiesoninflammatoryexperimentshavebeen

reportedusingthezebrafish.Inthisstudywehavefocusedthefucoidan

from E.cavaagainstanti-inflammatoryexperiments

Materialandmethods

Material

TheE.cavawascollectedalongthecoastofJejuIsland,Korea,between

October2009andMarch2010.Thesampleswerewashedthreetimeswith

tapwatertoremovethesalt,epiphytes,andsandattachedtothesurface.

Afterthencarefullyrinsedwithfreshwater,andmaintainedinamedical
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refrigerator at -20°C.Finally,the frozen samples were lyophilized and

homogenized with a grinder prior to extraction.Dexamethasone (D8893,

sigma),and fucoidan from Fucus vesiculosus (F5631,sigma),and other

chemicalsusedwereof99% orgreaterpurity.

Crudefucoidanseparationfrom Eckloniacava

Theenzymaticdigestfollowedthemethodpreviouslyreported(Heo et al., 

2003).5gofthegrounddriedE.cavapowderwashomogenisedwith200

mL ofdistilledwaterandmixedwith50 μL ofCelluclast(NovoNordisk,

Bagsvaerd,Denmark).Thereactionwiththisenzymewasconductedat50

◦C for24h.Assoonastheenzymaticreactionwascompleted,thedigest

wasboiledfor10minat100◦Ctoinactivatetheenzyme.Theproductwas

clarifiedbycentrifugation(3000rpm,for20min)toremoveanyunhydrolysed

residue.Theenzymaticdigest,obtainedafterfiltrationofthesupernatant,was

adjustedtopH 7.0.Theenzymaticextractwas(200ml)mixedwellwith10

mlofCalcium chloride(CaCl2).Then,themixturewasallowedtostandfor

6hrata2supernatantwerecollectedbycentrifugationat10,000rpm for20

minat4.Thesupernatantwas(200ml)mixedwellwith600mlof99.5%

ethanol.Then,the mixturewas allowed to stand for6hrata 4 crude

fucoidanwerecollectedbycentrifugationat10,000rpm for20minat4(Kuda 

et al., 2002,Matsubara et al., 2000).

Cellculture

ThemurinemacrophagecelllineRAW 264.7 was purchased from the

Korean CellLine Bank (KCLB;Seoul,KOREA).RAW 264.7 cells were

culturedinDulbecco'smodifiedEagle'smedium (DMEM;GIBCO Inc.,NY,
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USA)supplementedwith100U/mlofpenicillin,100 μg/mlofstreptomycin

and10% fetalbovineserum (FBS;GIBCO).Thecellswerethenincubatedin

anatmosphereof5% CO2at37°Candweresubculturedevery3days.

DeterminationofNO production

Aftera24hpre-incubationofRAW 264.7cells(1.5×105cells/ml)withLPS

(1 μg/ml),thequantity ofnitriteaccumulatedin theculturemedium was

measuredasanindicatorofNO production.Inbrief,100 μlofcellculture

medium wasmixedwith100μlofGriessreagent[1% sulfanilamideand0.1%

naphthylethylenediaminedihydrochloridein2.5% phosphoricacid],themixture

wasincubatedatroom temperaturefor10min,andtheabsorbanceat540nm

wasmeasuredinamicroplatereader.Freshculturemedium wasemployedas

ablankineveryexperiment.Thequantityofnitritewasdeterminedfrom a

sodium nitritestandardcurve.

Westernblotanalysis

MurinemacrophageRAW 264.7cellswerepre-incubatedfor18h,then

stimulatedwithLPS(1μg/ml)inthepresenceofFXfortheindicatedtimes.

Afterincubation,thecellswerecollectedandwashedtwicewithcoldPBS.

Thecellswerelysedinalysisbuffer[50mMTris–HCl(pH 7.5),150mM

NaCl,1% NonidetP-40,2mM EDTA,1mM EGTA,1mM NaVO3,10mM

NaF,1 mM dithiothreitol,1 mM phenylmethylsulfonylfluoride,25 μg/ml

aprotinin,and25μg/mlleupeptin]andmaintainedonicefor30min.Thecell

lysateswerewashedviacentrifugation,andtheproteinconcentrationswere

determinedusingaBCA™proteinassaykit.Aliquotsofthelysates(30–50

μg of protein) were separated on 12% SDS-polyacrylamide gel and
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transferredontoapolyvinylidenefluoride(PVDF)membrane(BIO-RAD)with

aglycinetransferbuffer[192mM glycine,25mM Tris–HCl(pH 8.8),20%

methanol(v/v)].Afterblockingthenonspecificsitewith1% bovineserum

albumin(BSA),themembranewasincubatedovernightwithspecificprimary

antibodyat4°C.Themembranewasthenincubatedforanadditional60min

withaperoxidase-conjugatedsecondaryantibody(1:5000,VectorLaboratories,

Burlingame,USA)atroom temperature.Theimmunoactiveproteinswere

detected using an enhanced chemiluminescence (ECL) Western blotting

detectionkit.

Originandmaintenanceofparentalzebrafish

Adultzebrafisheswereobtainedfrom acommercialdealer(Seoulaquarium,

Korea)and 10 fishes were keptin 3 lacrylictank with the following

conditions;28.5℃,witha14/10hlight/darkcycle.Zebrafisheswerefedthree

timesaday,6d/week,withTetraminflakefoodsupplementedwithlivebrine

shrimps(Artemiasalina).Embryoswereobtainedfrom naturalspawningthat

wasinducedatthemorningbyturningonthelight.Collectionofembryos

wascompletedwithin30minandstagedasdescribedbyKimmeletal(1995)

(32).

EstimationofintracellularNOgenerationandimageanalysis

Generation ofNO in zebrafish embryos was analysed modify method

previously reported (34)using afluorescentprobedye,diaminofluorophore

4-amino-5-methylamino- 2’,7’-difluorofluorescein diacetate (DAF-FM DA).

Firstmethod,twohoursaftertailcuttingandintroductionofchemicals,Later

2 hours,thezebrafish embryos weretransferred into 96-wellplatesand
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treatedwithDAF-FM DA solution(5uM).Secondmethod,afterhatching

pretreatedchemicalandthenLPSwasaddedincubatedfor24hr.next,the

zebrafish embryos were transferred into 96-wellplates and treated with

DAF-FM DA solution(5uM).Thentheplateswereincubatedfor1hin

darkat28.5℃.Afterincubation,anaesthetizedintricainemethanesulfonate

75–125mg/L (Sigma,MS-222)beforeobservation.Thezebrafish embryo

fluorescence intensity was quantified using a spectrofluorometer

(Perkin–Elmer LS-5B,Austria) individually and the image of stained

embryoswereobservedusingafluorescentmicroscope,whichwasequipped

withamoticam colordigitalcamera(motix,Xiamen,China).

EstimationofintracellularROSgenerationandimageanalysis

Generation ofROS in zebrafish embryos was analysed modify method

previously reported (34) using a fluorescent probe dye,

5-(and-6)-Carboxy-2′,7′-dichlorodihydrofluorescein diacetate (DCF-DA).

Firstmethod,twohoursaftertailcuttingandintroductionofchemicals,Later

2 hours,thezebrafish embryos weretransferred into 96-wellplatesand

treatedwithDAF-FM DA solution(5uM).Secondmethod,afterhatching

pretreatedchemicalandthenLPSwasaddedincubatedfor24hr.next,the

zebrafish embryos were transferred into 96-wellplates and treated with

DAF-FM DA solution(5uM).Thentheplateswereincubatedfor1hin

darkat28.5℃.Afterincubation,anaesthetizedintricainemethanesulfonate

75–125mg/L (Sigma,MS-222)beforeobservation.Thezebrafish embryo

fluorescence intensity was quantified using a spectrofluorometer

(Perkin–Elmer LS-5B,Austria) individually and the image of stained

embryoswereobservedusingafluorescentmicroscope,whichwasequipped

withamoticam colordigitalcamera(motix,Xiamen,China).
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Westernblottingofzebrafish

Followingtailcuttingandintroductionofchemicals,3hourslaterorLPS

wasaddedincubatedfor24hr,eachzebrafishembryosasharvested,sonicated

in70ullysisbuffer.Thelysatewasclarifiedbycentrifugingat10,000rpm

for5min.Then,thesupernatantswerecollectedfrom thelysatesandthe

proteinconcentrationsweredetermined.Aliquotsofthelysates(40mg of

protein)wereboiledfor5minandelectrophoresedin7.5% sodium dodecyl

sulfate-polyacrylamidegels(SDS-PAGE).Subsequently,theblotsinthegels

were transferred onto nitrocellulose membranes (Bio-Rad,USA).After

blockingwith5% ProbuminBSA (Millipore,Massachusetts,UnitedStates)for

1 h,the blots were incubated with iNOS (1:1500 dilution,Santa Cruz

BiotechnologyInc.,SantaCruz,CA,USA)orCOX-2(1:1000dilution,Cell

Signaling,Massachusetts,UnitedStates)for60min.Themembraneswere

incubatedfor45minwiththeanti-mouseoranti-rabbitIgG (1:2,000,Santa

CruzBiotechnology,Inc)horseradish peroxidaseconjugates(Pierce,United

States).Proteinbandsweredetectedusing anenhancedchemiluminescence

Westernblottingdetectionkit(Amersham,UK),andthenexposedontoX-ray

film.

Resultanddiscussion

First, sample is for identify the effect on inflammation used

dexamethasone and already on the market fucoidan (Sigma,SF) by

positivecontrol.In zebrafish inducedinflammation wasusedtwowaysof

LPS(Lipopolysaccharide)andphysicaldamage,andinRaw 264.7cellused
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LPS.LPS from many bacterialspecies willinitiate acute inflammatory

responsesinmammalsthataretypicalofthehostreactiontotissueinjury

orinfection.Andbecausehurtofthetissueinduceinflammation,itinduces

inflammationtocuttailofzebrafish.Degreeofinflammationanalysedusing

DCF-DA the generation ofROS in zebrafish embryos and fluorescent

images,andanalysedusingDAF-FM DA thegenerationofNOinzebrafish

embryosand fluorescentimages.And using western blotwasmeasured

inflammatorycytokineiNOS,COX-2expression.Fortailcutmethod,3hour

aftercuttingtailmeasuredNO production,onthebasisofononcegivethe

wound zebrafish,approximately 180 min after,leukocyte migration in

responsetoawound(Mathias et al., 2006).A simpleandsensitiveassay

andacellularbioimagingmethodforNO wereusingadiaminofluorescein

DAF-FM and its diacetate.DAF-FM is converted via an NO-specific

mechanism toanintenselyfluorescenttriazolederivative.(Determination et 

al., 2000)And using western blotwasmeasured inflammatory cytokine

iNOS,COX-2expression.

EffectsofDexamethasone,SFandECFonNOproductioninLPS-induced

RAW264.7cells.Cellswerepretreatedfor1hwithdifferenteachchemicals

(Dexamethasone,SF andECF)andthen LPS (1 μg/ml)wasadded and

incubatedfor24h.LPStreatmentsignificantlyincreasedtheconcentrations

ofNO.Dexamethasone,SFandECFinhibitedLPS-inducedNO production

inaconcentration-dependentmanner:SF31% and50%,ECF42% and56%

at 50 and 100 μg/ml, respectively. And The cytotoxic effects of

Dexamethasone,SFandECFwereassessedinthepresenceorabsenceof

LPSviaanLDHassay(Fig.1).
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Fig.2-1.Effects ofDexamethasone,SF and ECF on NO production in

LPS-induced RAW264.7cells.NO production wasmeasured.Cells

were pretreated for 1 h with different each chemicals

(Dexamethasone,SFandECF)andthenLPS(1μg/ml)wasadded

andincubatedfor24h.CytotoxicitywasdeterminedusingtheLDH

method. Values are expressed as means±S.D. of triplicate

experiments.*Pb0.05 and **Pb0.01 indicate significantdifferences

from theLPS-stimulatedgroup.
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In an efforttocharacterizetheanti-inflammatory activitiesofSF and

ECF,weassessedtheeffectsofSF andECF onLPSinducediNOSand

COX-2proteinupregulationinRAW 264.7cells,viaWesternblotting(Fig.2).

Theseresultscompelledustoevaluateintheeffectsoffucoidan(SFand

ECF)ontheexpressionoftheiNOSandCOX-2enzymes,whichgenerate

NOaskeymediatorsofinflammation.

ThenextexperimentistoxicityofLPSandprotectiveeffectsofECFin

zebrafish.(Fig.3(A))survivalrate,(Fig.3(B))heartbeating,and(Fig.3

(C)) pericardialedema of zebrafish embryos.Zebrafish embryos were

pretreatedfor1hwithECF(200µg/ml)andtheneachLPS(2,5,10μg/ml)

wasaddedtheeffectontoxicitywerescoredafterhatching.Theresults,

ECF hadknownprotectiveeffectsfortoxicityofLPS.(Fig.4.(A))inthe

fluorescentimage,canbefoundofNO generationdegreewithafluorescent

differenceofthezebrafishandtreatedLPS(5µg/ml)inzebrafishs.Eachof

compounds treatment of (iii)-(v) groups, fluorescence than negative

expressionofallofgroupsshow less,andthisquantifygraphalsoshoes

thesameresults.Theresult,thelevelofNO treated LPS in zebrafish

embryoswas2817absorbancecomparedwiththenegativecontrolembryos.

IntracellularNO accumulationswere2216,2417and2307absorbanceinthe

embryospretreatedwithdexamethasone0.4µg/ml,SF100µg/mlandECF

100µg/ml,respectively.(Fig.4.(B)).(Fig.5.(A))inthefluorescentimage,can

befound ofROS generation degreewith afluorescentdifferenceofthe

zebrafish.Eachofcompoundstreatmentof(iii)-(v)groups,fluorescencethan

negativeexpressionofallofgroupsshow less,andthisquantifygraphalso

shoesthesameresults.Theresult,thelevelofROSinthetailcutzebrafish

embryoswas7410absorbancecomparedwiththenegativecontrolembryos.



29

Fig.2-2.ExpressionofiNOSandCOX-2andß-actininRAW264.7cells.

Cells were pretreated for 1 h with different each chemicals

(Dexamethasone,SFandECF)andthenLPS(1μg/ml)wasadded

andincubatedfor24h.(A)control;(B)LPS only;(C)pretreated

withDexamethasone(0.4µg/ml);(D)pretreatedwithSF(100µg/ml);

(E)pretreatedwithSF (200µg/ml);(F)pretreatedwithECF (100

µg/ml);(F)pretreatedwithECF(200µg/ml).
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Fig.2-3.LPS exposed each concentration (A)survivalrate,(B)Heart

beating,and(C)pericardialedemaofzebrafishembryos.Zebrafish

embryoswerepretreatedfor1hwithECF (200µg/ml)andthen

eachLPS (2,5,10 μg/ml)wasaddedtheeffectontoxicitywere

scoredat48hpf.
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(A)

(B)

Fig.2-4.InhibitioneffectofcompoundsonLPS inducedNO generationin

zebrafishembryos.Thezebrafishembryoswerepretreatedwitheach

ofcompoundsandLPS(5µg/ml)added.NO generationlevelswere

measured after staining with DAF-FM DA. (A) Fluorescence

micrographsofLPSinducedNO generationintensity,asfollows(I)

control;(II)LPS only;(III)pretreated with Dexamethasone (0.4

µg/ml);(IV)pretreatedwithSF(100µg/ml)and(V)pretreatedwith

ECF (100µg/ml).(B)AfterDAF-FM DA staining afluorescence

spectrophotometerwas used forthe quantitative analysis ofNO

generation. (i) control; (ii) LPS only; (iii) pretreated with

Dexamethasone(0.4µg/ml);(iv)pretreatedwithSF(100µg/ml)and

(v)pretreatedwithECF(100µg/ml).
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(A)

(B)

Fig.2-5.InhibitioneffectofcompoundsonLPSinducedROSgenerationin

zebrafishembryos.Thezebrafishembryoswerepretreatedwitheach

ofcompoundsandLPS(5µg/ml)added.ROSgenerationlevelswere

measuredafterstainingwithDCF-DA.(A)Fluorescencemicrographs

ofLPSinducedNO generationintensity,asfollows(I)control;(II)

LPS only;(III)pretreated with Dexamethasone (0.4 µg/ml);(IV)

pretreatedwithSF (100µg/ml)and(V)pretreatedwithECF (100

µg/ml).(B) After DAF-FM DA staining a fluorescence

spectrophotometerwas used forthe quantitative analysis ofNO

generation. (i) control; (ii) LPS only; (iii) pretreated with

Dexamethasone(0.4µg/ml);(iv)pretreatedwithSF(100µg/ml)and

(v)pretreatedwithECF(100µg/ml).
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IntracellularROS accumulationswere5686,6191and6183absorbancein

theembryospretreatedwithdexamethasone0.2µg/ml,dexamethasone0.4

µg/ml,resveratrol5µg/mlandresveratrol10µg/ml,respectively(Fig.5.(B)).

(Fig.6.(A))inthefluorescentimage,canbefoundofNOgenerationdegree

withafluorescentdifferenceofthezebrafishandthewildtypezebrafish

that a tailis cut.Each of compounds treatmentof (iii)-(v) groups,

fluorescencethannegativeexpressionofallofgroupsshow less,andthis

quantify graph also shoes the same results.The result,treated LPS

experimentsshowedsimilarpattern(Fig.6.(B)).ROSaswellastreatedLPS

experimentsshowedsimilarpattern(Fig.7.(A,B)).

Leukocytes congregate in the injury site steps,rolling,firm adhesion,

diaedesis.Theresultsofexperiment,ismatchedwithcontentsoffucoidans

may bind to purified and membrane-exposed P- and L-selectins.The

expressionofiNOSandCOX-2confirm from thewesternblot(fig.2,8)was

stimulatedRAW264.7cellandzebrafishincreaseexpressofiNOSandCOX-2

thencontrolgroup.CheckProteinbandsresults,chemicaltreatmentofIII-V

groups,iNOS andCOX-2thannegativeexpressionofallofgroupssmall.

Therefore,ECFwasKnowninhibitexpressioniNOSandCOX-2.

Studyresult,canbefoundsimileranti-inflammationactivityofalmostan

unused fucoidan from E.cava and traditional fucoidan.ECF will be

substitutedformarketfucoidaninresultsofthisstudy.Duetotheresultsof

this study,Again were able to determine the usefulness of E.cava.

Therefore,Ithinkthemorestudyneedtofucoidanfrom E.cava.
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(A)

(B)

Fig.2-6.InhibitioneffectofcompoundsontailcuttinginducedNOgeneration

inzebrafishembryos.Thezebrafishembryoswerepretreatedwith

each ofcompounds and cutting tail.NO generation levels were

measured after staining with DAF-FM DA. (A) Fluorescence

micrographs oftailcutting induced NO generation intensity,as

follows(I)control;(II)LPSonly;(III)pretreatedwithDexamethasone

(0.4µg/ml);(IV)pretreatedwithSF(100µg/ml)and(V)pretreated

with ECF (100 µg/ml). (B) After DAF-FM DA staining a

fluorescencespectrophotometerwasusedforthequantitativeanalysis

ofNO generation.(i)control;(ii)LPS only;(iii)pretreated with

Dexamethasone(0.4µg/ml);(iv)pretreatedwithSF(100µg/ml)and

(v)pretreatedwithECF(100µg/ml).
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(A)

(B)

Fig.2-7.Inhibition effect of compounds on tailcutting induced ROS

generation in zebrafish embryos.The zebrafish embryos were

pretreatedwitheachofcompoundsandcuttingtail.ROSgeneration

levels were measured after staining with DCF-DA. (A)

Fluorescencemicrographsoftailcutting induced ROS generation

intensity,asfollows(I)control;(II)LPSonly;(III)pretreatedwith

Dexamethasone(0.4µg/ml);(IV)pretreatedwith SF (100µg/ml)

and (V)pretreated with ECF (100 µg/ml).Fig.2-7 (B)After

DAF-FM DA stainingafluorescencespectrophotometerwasused

forthequantitativeanalysisofNO generation.(i)control;(ii)LPS

only;(iii)pretreatedwithDexamethasone(0.4µg/ml);(iv)pretreated

withSF(100µg/ml)and(v)pretreatedwithECF(100µg/ml).
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Fig.2-8.Expression ofiNOS and COX-2 and ß -actin in zebrafishes.

zebrafisheswerepretreated for1h with differenteach chemicals

(Dexamethasone,SFandECF)andthenLPS(1μg/ml)wasadded

andincubatedfor24h.(A)control;(B)LPS only;(C)pretreated

withDexamethasone(0.4µg/ml);(D)pretreatedwithSF(100µg/ml);

(E)pretreatedwithSF (200µg/ml);(F)pretreatedwithECF (100

µg/ml);(F)pretreatedwithECF(200µg/ml)
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PART.III

Anti-inflammationeffectoffucoidanfrom

Ecloniacavainphysicaldamageand

LPS-inducedzebrafish
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Protectiveeffectsofphlorofucofuroeckol-A against

H2O2-inducedoxidativestressinzebrafishembryo

Abstract

Itoverloadwithhydrogenperoxide(H2O2)inducesoxidativestressandmay

initiate a cascade ofintracellulartoxic events leading to oxidation,lipid

peroxidation.Phlorofucofuroeckol-A (PFF-A)is a phloroglucinolderivative

isolatedfrom theediblebrownalgaeEckloniastoloniferaandhasbeenshown

to possess various biologicalactivities.Here,we have investigated the

protectiveefficacyofPFF-A,dieckol(DK),resveratrolagainstH2O2-induced

oxidativestressdamageduringzebrafish(Daniorerio)development.Zebrafish

embryo exposed to H2O2and compared with other groups that were

co-exposedwithcompoundsuntil2daypostfertilization(dpf).Allcompounds

were found to scavenge intracellularreactive oxygen species (ROS)and

preventedlipidperoxidation.

Incontrast,compoundscoexposedgroupsdidnotshow anymopological

changes.TheseresultsclearlyindicatethatPFF-A from E.cavapossesses

prominentantioxidantactivity againstH2O2-mediated toxicity and which

mightbea potentialtherapeuticagentfortreating orpreventing several

diseasesimplicatedwithoxidativestress.Thisstudyprovidesanew useful

strategy fortheprotection ofH2O2-induced oxidativestressin alternative

animalmodelwhichiszebrafish.

Keyword:zebrafish,antioxidant,Phlorofucofuroeckol-A (PFF-A)



39

Introduction

Itisknownthatmanyhumandiseasescanbecausedbyfreeradicalsand

naturalantioxidantscanactasfreeradicalscavengers(Changetal.2007;

Meisel1997).Thegenerationofreactiveoxygenspecies(ROS),whichinclude

freeradicalssuchassuperoxideanion(O2·-),hydroxylradicals(·OH)and

nonfree-radicalspeciessuchassingletoxygen(
1
O2)andhydrogenperoxide

(H2O2),isassociatedwith lifeunderaerobicconditionsandthosereactive

intermediates are produced under physiological and pathophysiological

conditions. There is a balance between the generation of ROS and

inactivationofROS bytheantioxidantsystemsinlivingorganisms.Under

pathologicalconditions,ROSareoverproducedandresultinlipidperoxidation

andoxidativestress.ROSareformedwhenendogenousantioxidantdefenses

are inadequate. The imbalance between ROS and antioxidant defense

mechanisms leads to oxidative modification in cellular membrane or

intracellularmolecules.ThisistominimizethegenerationofROSdesirableto

stayhealthybutnoteasy.Becauseelectrontransportsystem moreactivelyof

mitochondria induced generation ofROS,exercise or eating is also an

increaseinROS.Therefore,antioxidantsisneededsuppressROS,andthis

typeofantioxidantcarotenoidsuchas β-carotene,Lycopeneandflavonoid

suchascatechin,resveratrolandIsoflavone,vitaminetc.

Physiologically H2O2,afreely diffusibleform ofreactiveoxygen species

(ROS),is produced by many intracellularreactions,and an intermediate

product of the degradation of ROS and a highly reactive molecule.

Extracellularhydrogen peroxideisabletocrossmembranes,thusdirectly

altering their intracellular concentrations (Li et al., 2000). Increased

neurocellularloadwithROSinducesanumberofintracellulareventssuchas
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oxidative stress.Calcium isa potentpro-oxidantmetalwhich stimulates

production ofROS through inhibition ofredox-sensitiveenzymessuch as

catalase(BeyersmannandHechtenberg,1997).

E.cavaisabrownalgae,growsmanyinJejuIslandSouthKoreaand

bettermostinedible because ofastringency taste due to tannin.Several

componentsfrom Eckloniaspecieshavebeenisolatedandinvestigatedonthe

radicalscavenging activity,anti-plasmin inhibiting activity,antimutagenic

activity,anti-bactericidalactivity,HIV-1reversetranscriptaseandprotease

inhibitingactivity,andtyrosinaseinhibitoryactivity.

Thezebrafish(Daniorerio)isasmalltropicalfreshwaterfishwhichhas

emergedasausefulvertebratemodelbecauseofitssmallsizeLargenumber

ofoffspring(200~300eggs/wk),transparentembryo,Low costmaintenance,

Rapid generation cycle (2-3 months), Low space requirement, Rapid

development or organogenesis and physiological similarity to mammals

(Eisen., 1996,Fishman., 1999).Thezebrafishisutilizedtoscreeningtestof

drug activation,because the early stage embryo rapidly absorbs small

molecularcompoundsdilutedinthebathingmediathroughtheskinandgills

(Cha et al., 2010).In contrast,relatively latestagezebrafish [from 7d

post-fertilization(dpf)totheadultstage]absorbthecompoundsorallyrather

thanpercutaneously(Langheinrich,2003).

Inthepresentstudy,phlorofucofuroeckolA (PFF-A.Fig.1.(A))isolated

from E.cavawascharacterizedinH2O2-inducedROS inzebrafishin via

inhibitionofcaspase-3,Bcl-xL,PARPandROSproduction.

Materialandmathods
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(A) (B) (C)

Fig. 3-1. (A) phlorofucofuroeckol-A (PFF-A), (B) Dieckol (DK), (C)

resveratrol
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Originandmaintenanceofparentalzebrafish

Adultzebrafisheswereobtainedfrom acommercialdealer(Seoulaquarium,

Korea)and 10 fishes were keptin 3 lacrylictank with the following

conditions;28.5℃,witha14/10hlight/darkcycle.Zebrafisheswerefedthree

timesaday,6d/week,withTetraminflakefoodsupplementedwithlivebrine

shrimps(Artemiasalina).

Embryoswereobtainedfrom naturalspawning thatwasinducedatthe

morningbyturningonthelight.Collectionofembryoswascompletedwithin

30minandstagedasdescribedby(Kimmeletal.,1995).

WaterborneexposureofembryostocompoundsandH2O2

From approximately3to4hourpost-fertliztion(3-4hpf),embryos(n=25)

weretransferredtoindividualwellsofa24-wellplateandmaintainedin

embryomediacontainning1mlofvehicle(0.1% DMSO)orcompoundfor1

h.Thentreatedwith5mM H2O2orco-treatedH2O2andcompoundforupto

48hourpostfertilization(48hpf).

Measurementofheart-beatrate

Theheart-beatingrateofbothatrium andventriclewasmeasuredat35

hpfto determine the sample toxicity (Choietal.,2007).Counting and

recordingofatrialandventricularcontractionwereperformedfor3minunder

themicroscope,andresultswerepresentedastheaverageheart-beatingrate

permin.
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EstimationofintracellularROSgenerationandimageanalysis

Geneartion of reactive oxygen species (ROS) production of zebrafish

embryoswasanalyzed using an oxidation-sensitivefluorescentprobedye,

2,7-dichlorofluorescein diacetate (DCF-DA). DCF-DA was deacetylated

intracellularly by nonspecific esterase,which was furtheroxidized to the

highlyfluorescentcompounddichlorouorscein(DCF)inthepresenceofcellular

peroxides(Rosenkranzetal,1992).At3-4hpf,theembryosweretreated

withcompoundand1hlater,5mM H2O2 wasaddedtotheplate.After

treatingembryoswith5mM H2O2for6h,theembryomediawaschanged

andtheembryosdevelopedupto2dpf(daypostfertiliztion).Theembryos

weretransferredinto96wellplateandtreatedwithDCFDA solution(20

μg/ml),andtheplateswereincubatedfor1hinthedarkat28.5℃.After

incubation,theembryoswererinsedinfreshembryomediaandanesthesized

beforevisualization.Individualembryofluorescenceintensitywasquantified

using spectrofluorometer(Perkin–ElmerLS-5B,Austria)andtheimageof

stainedembryoswereobservedusingafluorescentmicroscope,whichwas

equippedwithaCoolSNAP-Procolordigitalcamera(Olympus,Japan).

Lipidperoxidationinhibitoryactivityandimageanalysis

Lipidperoxidationwasmeasuredtoassessmembranedamageaccordingto

(Wangetal.,2008).Morphologicalevaluationoftheembryoswasperformed

withDiphenyl-1-pyrenylphosphine(DPPP,Dojindo,Japan)isfluorescentprobe

fordetectionofcellmembranelipidperoxidation.DPPP isnon-fluorescent,

butitbecomesfluorescentwhen oxidized.At3-4hpf,theembryoswere

treatedwith50μM phlorotanninsand1hlater,5mM H2O2 wasaddedto

theplate.Aftertreating41embryoswith5mM H2O2 for6h,theembryo

mediawaschangedandtheembryosdevelopedupto2dpf. Theembryos



44

weretransferredin to96wellplateand treated with DPPP solution (25

μg/ml),andtheplateswereincubatedfor1hinthedarkat28.5℃.After

incubation,theembryoswererinsedinembryomediaandanesthesizedbefore

visualization.Individualembryofluorescenceintensity wasquantified using

spectrofluorometer(BeckmanDTX 800,USA)andimageofembryoswere

observed using a fluorescent microscope,which was equipped with a

CoolSNAP-Procolordigitalcamera(Olympus,Japan).

Westernblotting

Thezebrafishembryoswereharvested,washedtwicewithPBS,lysedon

icefor30minin100mllysisbuffer[120mM NaCl,40mM Tris(pH 8),

0.1% NP 40]andcentrifugedat13,000X gfor15min.Thesupernatants

were collected from the lysates and the protein concentrations were

determined.Aliquotsofthelysates(40mgofprotein)wereboiledfor5min

and electrophoresed in 10% sodium dodecylsulfatepolyacrylamidegel.The

blotsinthegelsweretransferredontonitrocellulosemembranes(Bio-Rad,

USA),whichwereincubatedwiththeprimary antibodies.Themembranes

were further incubated with the secondary immunoglobulin-Ghorseradish

peroxidaseconjugates(Pierce,USA).Proteinbandsweredetectedusingan

enhancedchemiluminescenceWesternblottingdetectionkit(Amersham,UK),

andthenexposedontoX-rayfilm.

Resultanddiscussion

Cells orlive organism are protected from ROS-induced damage by a

variety ofendogenousROS-scavenging enzymes,chemicalcompounds,and

naturalproducts.ROS isassociatedwithlifeunderaerobicconditionsand
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those reactive intermediates are produced under physiological and

pathophysiologicalconditions.However,inmodernsociety,becausetherefore

thedestruction oftheozonelayercaused by theultravioletorcigarette

smoke,environmentalpollution the expediteproductofROS,need to be

developedofantioxidants.Recently,manyresearchershavemadeconsiderable

efforts to search naturalantioxidants.Many studies have revealed that

seaweedshavepotentialtobeusedasacandidatefornaturalantioxidant.

TheefficacyofphlorotanninshavebeenstudiedextensivelyinwhichROS

areproducedeitherchemicallyandtheeliminationofROS byE.cavaare

monitoreddirectlyorbymeasuringlipidsperoxidationlevels.

Eckloniacavaisabrown alga(Laminariaceae)thatisabundantin the

subtidalregionsofJejuIslandinKorea.Recently,ithasbeenreportedthat

Ecklonia species exhibits radical scavenging activity and, anti-plasmin

inhibitingactivityand,antimutagenicactivityand,bactericidalactivity,HIV-1

reversetranscriptaseandproteaseinhibitingactivityandtyrosinaseinhibitory

activity.Amongthephlorotanninsisolatedfrom E.cava,PFF-A andDieckol

(DK,Fig.1.(B))showed various biologicalactivities such as antioxidant

activity, antiplasmin activity, inhibition of acetylcholinesterase, and the

hepatoprotectiveactivityagainsttacrine-inducedHepG2cells.Resveratrol(Fig.

1.(C))isatypeofpolyphenol,andproducednaturally by severalplants

when underattack by pathogens(bacteria,fungi),UV etc.Revealed that

biological activities of resveratrol such as anticoagulation, antioxidant,

anti-inflammation,antitumor.

Inthisstudy,weinvestigatedtheantioxidanteffectsofPFF-A from ofE.

cava, after the administration of H2O2 in zebrafish embryo.

20,70-Dichlorodihydrofluorescein diacetate was used as a probe forROS

measurement. DCF-DA crosses cell membranes and is hydrolyzed

enzymatically by intracellular esterase to nonfluorescent DCFH.In the

presenceofROS,DCFH isoxidizedtohighlyfluorescentDCF.ItisH2O2is
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theprincipalROSresponsiblefortheoxidationofDCFH toDCF.PFF-A is

hastheROSscavengingeffect,itwasfurtherevaluatedwithregardtoits

protectiveeffectsagainstH2O2-inducedoxidativestressinzebrafishembryo

(Fig.2).Asaresult,scavengingactivityofPFF-A decreasedonintracellular

theoxidativedamageofH2O2.(Fig.3.(A))in thefluorescentimage,can be

foundofROSgenerationdgreewithafluorescentdifferenceofthezebrafish

and the H2O2 treated zebrafish. Conpounds treatment of 3-5 groups,

fluorescencethannegativeexpressionofallofgroupsshow less,andthis

quantifygraphalsoshoesthesameresults(Fig.4.(B)).AndROS-induced

lipid peroxidation wasalsoreduced (Fig.4.(A)).Also shown fluorescence

spectrophotometersameresult(Fig.4.(B)).Thisresultsdemonstrated that

H2O2inducestoxicitesinthezebrafishembryosandphlorotannisncanprotect

zebrafishembryosagainstH2O2 byinhibitintracellularROS formation,lipid

peroxidation.Asshown (Fig.5)by theWestern blotting results,PFF-A

treatmentin H2O2-treatedzebrafish decreasedtheexpression ofcelldeath

proteinincludingBcl-xL andPARP.Thesedatasuggestthatphlorotannins

protectszebrafish from H2O2 induced toxicity.Theseresultssuggestthat

PFF-A haveabilitytoprotectzebrafishembryofrom oxidativestressrelated

cellularinjuries.

Weoccludethatzebrafishembryosarevaluablelaboratoryalternativein

vivomodel.Theantioxidantmechanismsunderyingtheprotectiveefficacies

affordedbyPFF-Ainthisexperimentremaintoelucidate.
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Fig.3-2.(A)Survivalrateaftertreated with H2O2 orco-treated with

compounds.The embryos were exposed to 5 mM H2O2 and

compoundstreated.Resveratrol10uM,Dieckol50uM (DK)and

Phlorofucofuroeckol-A 50uM (PFF-A).(B)Effectsofcompounds

on theheart-beatrateformeasurementofthetoxicity ofthe

testedsamples.Theembryoswereexposedto5mM H2O2 and

compoundsteated.Theheart-beatwasmeasuredat48hpf,under

themicroscopy.Thenumberofheartbeatin3minwascounted,

andtheresultsareexpressedasthebeats/min.Resveratrol10

uM,Dieckol50 uM (DK) and Phlorofucofuroeckol-A 50 uM

(PFF-A).(C)EffectsofcompoundsonthePrecardialedemasize

for measurementofthe toxicity ofthe tested samples.The

embryoswereexposedto5mM H2O2andcompoundsteated.The

Precardialedema size was measured at 48 hpf,under the

microscopy. Resveratrol 10 uM, Dieckol 50 uM (DK) and

Phlorofucofuroeckol-A50uM (PFF-A).
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(A)

(B)

Fig.3-3.InhibitioneffectofcompoundsonH2O2inducedROSgenerationin

zebrafish embryos.The zebrafish embryos were pretreated with

each ofcompoundsandH2O2(5uM)added.ROS generation levels

were measured afters taining with DCF-DA.(A) Fluorescence

micrographsofH2O2 inducedROS generationintensity,asfollows

(I)control;(II)H2O2 only;(III)pretreated with resveratrol(10

µg/ml);(IV)pretreatedwithDieckol(50uM)and(V)pretreated

withPFF-A (50uM).(B)AfterDCF-DA stainingafluorescence

spectrophotometer was used for the quantitative analysis of

ROSgeneration.Resveratrol10 uM,Dieckol50 uM (DK) and

Phlorofucofuroeckol-A50uM (PFF-A).
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(A)

(B)

Fig.3-4.InhibitioneffectofcompoundsonH2O2 inducedlipidperoxidation

levelin zebrafishembryos.Thezebrafish embryoswerepretreatedwith

eachofcompoundsandH2O2(5uM)added.ROS generationlevelswere

measuredafterstainingwithDPPP.(A)FluorescencemicrographsofH2O2

inducedlipidperoxidationlevelintensity,asfollows(I)control;(II)H2O2

only;(III)pretreated with resveratrol(10 µg/ml);(IV)pretreated with

Dieckol(50uM)and(V)pretreatedwithPFF-A (50uM).(B)AfterDPPP

staining a fluorescencespectrophotometerwasused forthequantitative

analysisoflipidperoxidationlevel.Resveratrol10uM,Dieckol50uM (DK)

andPhlorofucofuroeckol-A50uM (PFF-A).
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Fig.3-5.Expressionofcaspase-3,Bcl-xL,PARPandß-actininzebrafishes.

Thezebrafishembryoswerepretreatedwitheachofcompoundsand

H2O2(5uM)added.Zebrafishembryoshatchisthenharvested. (A)

control;(B) LPS only;(C) pretreated with Dexamethasone (0.4

µg/ml);(D)pretreatedwithSF(100µg/ml);(E)pretreatedwithSF

(200µg/ml);(F)pretreated with ECF (100µg/ml);(F)pretreated

withECF(200µg/ml).
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