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Ecklo″ jα ル″″ο″ι extract
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To detminc thc anti‐ dlcrgic ettcts of Ec賊 o″ Jα ttЮ″′,the ethyl acctatc taction
hmanE l‐ lJЮ″′(EEK)ⅨtraCt Was comparcd to thc cthvl acetate fractim mDm an
asα,滋 αぁ。″α (EEA)extraCt and cpiga1locatechin gallatc(EGCG)f∝ inhibitory

cttccts on infla―ation in "erlmental aninlals, degranulation in infla― atory

lytthoc,tcS and c¨ atic aCdVitics involvcd in allergic reacuons EEK was m
to inhibit mouse ear oedcma by in■ 7a―atow induccrs(arachidonic acid,12¨0-

tettadecanoylphorbol‐ 13-acetate and oxazolonc)in a dOSe_dcpendcnt mannct through

both topical and oral administradons.EEK also inhibitcd deganulation in rat basophilic

lcukacmia cclls and cemttiC activttics(Cycloo,genase… 2,soD7bCan lipoxttenasc and

phospholiptte A2)in a dOSC‐ dependent mann∝ Thc ettcts of EⅨ werc gcnerally

colnparおle ofthosc of EEA and EGCG.Thcrcforc,El肋
“
9″′and the componcnts in

EEK havc thc beneit ofbcing uscd not on,in cOnlmon foods,but a150 mOre widcly as

a mctional fbod resourcc in anti‐ allergiC f00ds.

Keywords: anti― allcrgic cnttcti anti― infla―atorv cntct; Eελ′。″ブα た
“
Ю″θ; phloro‐

tallllini brcDv■ l algae

lntroduction

Ecた10れ Jα た24ο″
`θ

,a brOn■ alga,grows along the coasts ofthe Japan Sea,Seto hland Sea

and町■Shu lsland(■bShida,1998),and iS Well bown as an in.Oredient in collllnon indi―
gcnousおod products such as `Kizami Kurome', `NIaki Kurome',Kurome powder and
Kurome essence in К̈ ushu,Japan.ニ カィЮ″ι belongs to the Lalnina五 ales,and related

species that have food applications and similar geographical distribution are Ecた Io4″α

“
、り,Ec鳳oκtt sゎわん′″,E′S“ノα αttO“θα and Eお

“
滋 ら′りでJis.The bro¬ m algae

contain abundant allnounts of funcuonal food components such as alginate,lucoidan and

phlorotannins(Asakawa,Ohkawa,&Tanaka,1988:Heo,Lce,Song,&Jeon,2003;
Kuda,Kunii,Goto,Suzuki,&ヽ 猛 o,2007;Ragan&Glombitza,1986).Among the
brown algac,二 滋Ю″a contains approximatew 3%("/■)ph10rOtannins,3%(w,/17)
icoidan and 409る (L特|)alginate(Kuda ct al.,2007;Shibata ct al.,2004).Ph10rOtamms
of this alga possess bactericidal acivl、 γ On pathogenic bactena such as methicillin―

*Corresponding autho■ Email ysugiura@ish‐u.acjp                   ′
This articlc、 vas o五ginally publishcd with crrors.This version has bccn cOrrected Plcasc scc Eratum

(http:〃 dX・ doi.org/101080/09540105.2014940185)

C2014 Tavlor&Francis
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resistant,η″ヶわ
`ο“
雰 α
"″
第 (NIRSA;Nagのβlna,Lア amura,Shibata,Hirayama,&

Nttamm,2002),anti― plasmin activity lTukuyama et al.,1990)and anti_obesiv cmects

(Kong et al.,2010).Additionall"the phlo■ Otannins have an algicidal ettct on red tide

micЮ」gae that cause serious damage to aquaculture industries(Nagり 7ama,Shibtta,

FttimotO,HOnJo,&Nakamura,2003).Sulfa“ d icans k)m this alga exhibit anticoa_gulant

aclvity(NiShinO,Aizu,&Nagumo,1991).

Although many healthil properties of ll λ夕4θ″,a have been demonstrated, there

nlight be additional beneflts that are as yet unexplored.´ Lllergies plague one― third of tlle

Japanese population(Mikana,1997),and have become a social problem in recent years,

so the importance of studying the and― alleりc properties of food resources has increased.

Although there are some reports of the anti― allergic ettё cts of tt εα″,Isゎわれ確予り,
E α7・bο
“
ια and二 らた、じ騰 extracts(Le,Li,Qian,Kim,&Kim,2009:Shibata,N電 り'ama,

Tanよa,Yamaguchi,&Nakamura,2003: Sugiura,To五 i,Tanaka, &Matsushita,2012:
Sugiura ct al.,2009),the anti¨ allergic ettё cts of二 肋Ю″θ extracts are ur山■ou■l,cxcept

for a report that crude phlo■ otannins lbm this wecies inhibit a hyaluronidase act市 iサ

(Shibata,FttimotO,Nagayama,■ Ъmttuchi,&Nakamura,2002).To that end,the and―
all∝gic activiサ of the phlorotallnin¨ ellriched e■yl κetate taction hm an二 脇Ю″で

(EEK)extract was investigated to develop a novel and usenll bioactivity of this alga.
Since the anti¨allergic cttcts ofthe bЮ wn algal ethJ71 aCetate i¨ tion On expeHmental

animals have not been reported,in the present stuに anti¨ allergic tests using a mOuse

(ICR strain)ear Oedema modcl were conducted.In the car ocdema cxpe五mcnts,threc

innal_aion sensitisers[araChidOnic acid KAAl,12¨ 0-tetradecanoylphorbol‐ 13-acetate

(TPA)and oXaz01onc(OXA)]were used,because AA induces h■ anlmatoり reaCtiOns by

prostaglandins(PGs),TA induces inflallnmatow Кactions by PGs and rapid cycloox―

ygenase-2(cOX-2)expreSSiOn and On causes a delayed― りpe ope Ⅳ)」 lettic
rcaction(Kttubu,Fttchetヽ ramum,Lim,&Hc∬ chman,1991;Nよano,1977;脳 ,

Currie,Shaffct&Isakson,1993).The effects of the broⅥ咀 algal ethyl acetate fraction

against the three dimttmt types of innalllmation were investigated.

In allergic reactions, intlalllmatory lwnphocytes such as mast cells degranulatc

chemical mediators such as histamine,le■ otrienes(LTs)and PGs.The released chemical

mediators causc regional inflalmatory reactions. LTs and PGs are synthesised in the

arachidonic acid cascade,mediated by COX-2,lipo∋ 7genaSc(LOX)and phosphollpase

A2(PLA2;Funk,2001).Thereお re,inhibito7 ettcts ofEEK on the kw enzylnes that are

involved in the arachidonic acid cascade and acral inflallmatory reactions were

examined,nalnely COX-2,LOX and PLA2・ Inhibitow ettcts of EEK on degranulation
in in■ almatow lymphocメeS Were examined using rat basophilic leukaemia(RBL)-2H3
cells,a mast model ceH linc(Bllrsumian,Isers鴫I PetO五■0,&Siraganial,1981).

In this papeち  、ve dettlil the anti― allergic and anti― inflammatow e劇 にcts of the ethyl

acetate taction tom an E λ
“
ό
“
θ extract,and compare it to the anti― allergic e3bcts of

the ethvl acetate ttaction from an E αttο″′α extract(IEEA).

Ⅳlaterials and methods

施 ″rtts α
“
″sαЙリルprapα

“
翻θ
“

E ttЮ″
`was collccted急

〕m an undersea brest of algae near Tstti lsland,Kumamoto,

Japan.E αttο
“
θα(PhaeOpけ●)waS C01lected at the coast of Nttgizよ iin N〔ie,Japan.

After washing n・ ith tap water to rcmove all debHs,the alga was air― dried and pulve五 sed.

Fitt grams ofthe algal powder was extracted with 150 mL of methanol at 5° C for 48 h,



C
■

ト
■
日

哺

凶

ひ

C
輔

ヾ
0

l●

0

h
r
t
O
瑶
C

隣
C
C

員9ο″α″グИダた″ルι
`″
J fa″
"″
ο′οク  183

、vith occasional shaking. A■ er the extract was concentrated to a smaH volume with a

rotav evaporator9 15 1nL of inethanol, 30 mL of chlo■ olorln and ll.25 1nL deionised

water were addcd.The upper layeL corresponding to the non… lipid fraction(Folch,Lces,

&Stan191 1957),was C01lected and exttcted神 ice with 18.75 mL of ethb71 acetate to

obtain crude phlorotannins{Ragan&Glombitza,1986).The ethD71 acetate taction was

evaporated to d→ mess and re●ined as EEK and EEA pnmarily crude phloЮ tamins)at

-20° C until used.The yields of iactions tom 50 g of each algal po、 vder were O.93g

(EEK)and O.53g(EE^).
In this stuし epigra1locatechin gallate(EGCG;Signa,Aldrich Co.,St.Louis MO,USA),

a tea catechin,wats used tt a,piCal naturalinhibitot shce ECCG is well known to possess

antl― allヴgic efFect、 7ia Various inhibttion mechanisms(Tachiban■ 2011;取獅 ada,Watanabe,

Kaku,Hassan,&Sugano,1997:取bshino,Kawaguchi,nm画五日,&Sano,2010).

lИθαs“re競
“
′グ滋ια″ο

““
′a/′λ
“
θιた
`θ
′η,ο
““
お

The purlち 'of the phenolic compounds in EEK and EEA was measured bv the Folin―

Denis mcthod(Folin&Denis,1915)and calCulated as the concentration of phloroglu―

cinol that is a standard compound of the phlorOtannins.

/“″′りZα″″α
"ッ
∝anれαttθ″s,ッ ″θ

“
S′ aα′θι畿襲α

■刀ル,αお

As an car oedema model,ICR mice were usё d.The mice(male,4 wecks olc)werc
purchased mm Kyudo Co.,Ltd。 (TOSu,stta,Japan)and hOused in individual cages kept
at 23-26° C under a 12 h lightノdark Cycle until being tested.Food(ヽ 1■ KBT Oricntal Co.

Ltd,Tosu,Saga,Japan)and tap wtter were ttely avttlable.All of the animal

expcdments were perfonncd with perlnission of the iComn■ ittcc t)r Use and Care of

Laboratow Animals'of the National Fishe五 es Universiサ and in COmpliance with the

`Guideline for Animal E珂 ,c五ments in Research hstitutes under the ju五 sdiction of the

4ゝinistry of Ag五 culture,Foresbり and FisheHes'.

И″υε力′′θ′2α″

Aへ‐hduced ear swellhg was caused by the method of■ t刈ng et al.(1984)With SOme
nЮdicatlons.Ten nicЮliters of AA(12.5 mg/mL in acetone,stored at-20° C until uset

よヾo Pure Chenllcal hdustries,Ltd.,Osaka Japan)and 5 μL of test sample dissolved in
nlethanol wtte m破 ed and spread on a mouse ett Onc hollrlatct earswelling was detemmed

with a thickness gauge(547 series,Mituto57o CorpOration,も wぉaki,Kanagawa,Jap").

Eighteen hours ater oral administration of a test sample dissolvcd in 400 μL of 10%

Tween 60 solution using a stamless feeding needle, 10 μL of AA was spread on the

nlouse ettL One hour later. ear s、 velling was detennined w■ th a thickness gauge. The

inhibition ratio of thc ear swening、 vas calculated according to the follov/ing forlnula:

Inhbhion ratio(9′ 6)=11-(7-rlD)/(C-6)]× 100

where Co is ear thichess without test sample before spreading AA:C is the ear thickness

without test samplc ater spreading AA;ら is the car thickness with test sample｀ bcfore

spreading´ しヽ and r is the car thickness、 ″ith test sample after spreading AA.
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f2-0-た′″ルcακのク乃οめοみ′3-αει″″

TRヽ‐induced ear swelling was caused by the method of■ 石oung et al.(1984)宙 th sOme

modiflcations.Inlmediately before use,a stock solution of TPA (1● IakO;800 μg/mL in

acetone,stored at-20・ C llndl used)waS diluted to 80 μg′mL with acetone.Tell
nlicroliters of TPA and 5 μL oftest sample、 vere nlixed and spread on a mouse ea■ Four

hours latet ear s、 vellingヽ″as detennined lⅣ 量h a thickness gauge.

In the case of oral administration,400 μL oftest sample、″as adnlinistered 3 and 21 h

p五or to spreading TPA(10 μL)on a mOuse ca臨 Four hours a■ er spreading the TPA,car

swelling was deterlnincd with a thickness gauge.The inhibition ratiO of the ear swelling

was calculated as descdbed above.

Oχαzο′θ,7θ

OXA―induced ear swelling was caused by the method of■ Ъshino et al.(2010)with SOme
modiications.The OXA solution(Sigma_AldricD wtt stOred at-20° C ulltil used.FIbア

microliters of lシ 60】しヽ dissolved in ethanol w2s spread on the abdonlinal region ofa lnouse

whose abdominal hair was careilly shaved with an anirlal shaver(Natsulne Seisakusho Co,

Ltd.,To● o,Japan)under anaesthesia n7ith diethD71 eth∝ Five dtts late■ 10 μL ofO.59′ 60n
dissolved in acetone and 5 μL oftestsample were mlxed and ψread on a mouse αL Twenty―

four hours lat∝ ear swel脂喝was determined with a thickncss gaugc.

VVhen mice were oraHy administered test samples,thc exalnhation、 vas carned out

according to the procedure of Suzuki, ■bshino, NIaeda―Yalnamoto, ⅣIiyase, and Sano

(2000)with SOme modiications.Four― hundred microliters of test sample was orally

administered at l h p● orto the spreading 9f 19る OXA(50 μL)on the abdOminal region of
mouse as desc五bed above. Five days later・  400 μL of the test sample was orally
administered once again at l h pttorto the spreading ofO.596 0XA(10 μL)on mouSe ca■

TIventy― four hollrs later hm spreading On,car swelling was deterlnined with a

thickness gauge.The inhibition ratio ofthe car swelling、 〃as calculated as desc五 bed abOve

_4“″J(客
“
″
“
ra滅フ
“
αc″ソ′タ

RBL-2H3cells(,CRB0023,the Health Scicnce Research Resollrces Bak,TolⅣ o,Japan)Ⅵ℃re

culttdaccordingto apre17ious report(Sugiura et a.,2012).SinCethe alnount ofdewnula饉 on

3om the mast cclls is known to be proportional toル hexoSaminidase rr― Hexl equivalellt to

histaminc)aCti17ity(sぬWartz,kwis,Seldin,&Austen,1981),the degranulation assγ  by
stimulated RBL cells was conducted by mettmmml ofthe released/J― HeX acti、4サ acCOrding

to the procedure described in a pre■ 7ious report(SttWa ct」 .,2012).The etteHmental

conditions ofcell stimulation and ttPsurC tO tested samples 17ere as folloⅥ 's,Cells(2× 105

cdlywett were precultured and sensitised overnight with O.2 μg ofanti― dinitrophmyl図 )
IgE(Sira― Aldrich)in a 24-well plate.Aner reln。 、ηl ofthe anti―D■lP I_gE,the tstd samples

were ad“ dandthe cells w∝eh〕ubated for 10 mmutes.Subsequentl)ら the∝1ls were stimulated

with 4 μg ofI)●―bovine serllm albmin(BSA)(LSL Co.,Ltd.,Tokyo,Jap祖 )fけ 30 minutes.

No inhibition oftheβ ―H∝ aCd宙サ by■e tcsted samples w益 observed.

ルルめ′″ッ q解おθ
““
●雅α″rα

`わ
餞es

P/2οΨttο′″″ι И2

Assavs br the inhibitorv ettcts 6f test samples

according to the method of Sugiura et al.(2009).

on PLA2 ac伍 viサ were COnducted

Diheptano)'l Thio― PC(1.66 mMi

し
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Cayman Chemical Co.,Am Arboち IヽI,USA)diss01Ved in dimethyl sulfo対 de(DMSO)
was diluted with 25 mNI T五 s―HCl buftr● H7.5).One―hundred microlite∬ of
Diheptanoyl Thio― PC solution and 5 μL of sample or DNISO(S01Vent control)Were

nlixed,and 5 μL of 5,5′―dithio― bis― (2-nitrobenzoic acid)(50 mMi Sigma― Aldrich)
dissolved in T五 s―HCl buffer was added.After incubating the reaction inixturc at room

tempcrature for 5 mmutes,background absorbance at 415 nln(OD415)WaS measurcd

using a spectrophotometer(M¶ P-120,Corona Electric Co.Ltd。 ,Hitachinaka,Ibaraki,
Japan).I― ediatelv to start the en7matic reaction,5 μL ofporcine pancreatic PLヽ 2(25
units:Sigma¨Ald五ch)diluted with Tris― HCl buttёr was added.Sevenw― ive minutes after

the addition ofPLA2,the increase in(DD415 by 5¨ thio…2¨nitrobenzoic acid produced■ om
the reaction was measured.The inhibidon ratio of thc PLA2 aCaViサ was calCulated

according to thc followingお nnula:

Inllbition ratio(9る )=:1-“ら5~η→/(05~CO月 ×100

■・here CO is the OD415 WithOut test samplc bcforc PLA2 WaS added;C75 iS thc OD415

without test sample 75 minutes after PLA2 WaS added;ら iS thC OD415 With test sample

before PLA2 WaS added and tts iS the oD415 With test sample 75 minutes a働 領 PLA2 WaS

added.

のイあ併ルg“″θ-2

COX-2 enzyme assays were conducted using the method of Kawakami et al.(2009)

with some modiflcations. One thousand sevcn hundred綺 enけ miCr01iters of O.l NII

Tris¨HCl buftr(pH 8.0),10 μL of3 μヽ l hematin(Sigma― AldHch),10 μL of330 μM
tryptophan(雨よ o)and test sample or control solvent(0.l M THs¨ HCl buffer including

10%Dヽ lSO)Were mixed.The mixture and 10 μL ofovine COX… 2(6.6 unitsi Cり man)
、vere nlixed continuously and incubated at 25° C for 5 1ninutes.A■ er adding 50 μL of

30 μヽ/1 1inoleic acid diluted M′ ith ethanol as substratc to the mixtllre to start the

enzvmatic reaction, optical density at 235 nm (OD235)WaS measured using a

spectrophotometer(U-1800,Hitachi High Technologies Corp.,Tokvo,Japan).After
incubating the m破ture at 25° C for 5 minutes,the increase in OD235 due tO cottugated

diene production(9-or 13¨hvdroxyoctadecadienoic acid)by COX-2 act市iw on Hn01eic

acid was deterlnined.The inhibition ratio of the COX-2 activi与 'waS Calculated

according to the t)1lowing forlnula:

Inhibitionratio(%)=[1-(鴫 ―Ъ)/′

“

Ъ-6o)× 10q

where CO is thc OD235 WithOut test sample when linoleic acid was added;Cs is the OD235

without test sample 5 minutes a■ er add五 on of linoleic acid;ro is the oD235 With test

sample when linoleic acid was added and T5 iS the OD235 With test sample 5 mmutes after

addition of linoleic acid.

二を'の
gθ

“
αSι

SO"ean lipoxygenasc(SBL,Ъ pe I¨B,Signa―Aldrich)was uSed as an altematives to
human 5-lipoxygenase(Komoda,Monmitsu,Hirota,&Hirota,1995).The inhibitow
effects of tcst samples on SBL activity werc oonducted according to the method of

Komoda et al.(1995).A■er2 mL ofthe SBL(100 unitS)in o.2 M borate buttё r(pH 9.0)
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and 20 μL of test samples or methanol(s01Vent contЮ l)waS m破 ec the m破 ture was
incubated at room temperature for 5 minutes.ARer50 μL ofO.4 mM linoleic acid diluted

with cthanol as the substrate was added,opacal densiり at 234 nm(OD234)WaS measllred.

A3er 20 minutes,the increasc in OD234 due 10 cottugated diene production b)7 SBL

acu宙ty hm linoleic acid was determined.The inhibidon ratio of the SBL act市 iら'was
calculated according to搬 お1lowing fomula:

Inhibidon ratio(96)=[1-1亀 o一 石,/(Oo― CoI× 100

where CO is the OD234 WithOut test sample when linoleic acid was addcd;c20 iS the

OD234 WithOut test sample 20 minutes ater addidon oflinoleic acidi rO is the OD234 With

test sample whcn linoleic acid was added and乃。iS the oD234 With test sample 20

nlinutes aner addition of linoleic acid.

S″虎stta′ α
“
α″sお

Data are expressed as means tt SD.Statistical analyses were perforlned ushg Student's

r―test.P<0.05 was considered statisticalけ StniiCant.

Results

動ι tttθ げ
・
′
"ガ
リ'9/′力θ″οルε εο″ψο

“
κゐ′κ ttκ α″グEι4

■ヽen the phenolic compounds фh10rOtannins)of EEK and EEA were measured by
Folin― Denis method,the punw values were 74.1%σ l肋

“
″ι)and 72.0%(a αrb。

“
θα).

From these punり values,the mam components of the tactions were considered to be

algal phenolic compounds,i.e.,phlorotannins.

■力ια
“
ルJ″Zα″″α

"り
中 C′ ο
“
″θ
“
詔
`α

r O`J′″α

Parc“協″(りな αα解滋お麟αria″

EEK EEA and EGCG exhibited anti― allergic efFects on mouse ear oedema induced by

each sensitisen The efFects of EEK were generally comparable to that of EEA and

EGCG(Table l).At a dose of l mg/eart the effects of EEK on all innammatow

reactlons tended to be stronger than those of EEA.Since lnhibition ratlos of EEK and

EGCG in ear oedcmainduced by TPA and On were over50%at a dose of O.l mg/ear.

Table l.hhibitory cffects of percutanccms adminismtiOns of EEK,EEA and EGCG on etth
scnsitizer‐ induccd car cdema in malc ICR Inice.

Sensltizer

Sample dose

鰯
“
ぼ)         0・ 1      1      0。 1      1

hhlbition

ratlo(%)

EEK  40.5=13.5 87.1■ 9.7 56.5■ 12.3 81.8± 17.1
EEA   46 3= 12.7  668± 18.0  34.7■ 7.6   797■ 183
EGCG  49 5=11.3  758± 243  70.1■ 12.2  879■ 9.1

734± 89  93.0■ 115
30.6■ 107   82.9■ 133
789± 65  103.9± 2.8

Note∬ EEK,cthyl acetate ttaction from Ec・ A‐Ja″滋 ル″″′extract IEA,ctttl acetate■ acion fbm Eお
“
Jα

α″bο ttα extract;EGCG,epigallocatechin gallate;AA,Frachidtanic acid;T≧ヽ, 12-0-tetradecanoylphorb。1_13-

a‐etate;OXA,oxaztDlone.Data are e判 甲ぃsed as means tt SD● =,).
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Tablc 2. Inhibitory cttcts of oral admmismtiOns of EEK.EEA and ECCG on cach sensitizer―

induccd ear edema ln malc ICR mice

Sensitizer

Sattle dose

(nlg/b“9 0。1

Idibition

ratio(96)

65.7± 24.4  49.3■ 4.9  82.8+± 7.1

688± 48   15.2± 96   75.8± 11.3
495■ 153  48.8± 71   68.9± 9.0

Notes:*indicates Pく 0.05 agahst EGCG.EEK,ethyl acetate■ Ttion hm Ecた め″ねル″″ι cxtract;EEA,ethyl
acetate針∝」on 6om E,sF″″げbo″α exttκξ LGCG,epttal10Catectt gallate;AA,arachn"t acm;TPA,12‐
o_tcndecaЮylphOrbol-13‐ acetate:OXA,o9zo10ne.Data are expressed as meatls tt SD● =5).Ast五 skq
lndlcate that the inhbition ratio of E](お sig‐■cantly higher than that of EGCG.

0.01 mg/car of the samples、vere exalnined.In the ear oedema by TPA,the inhibition

ratios of EEK and EGCG were 29.096 and 42.1%,respectively.In thc car oedema
induced by O)Cへ , inhibition ratios of EEK and EGCG were 46.20/6 and 42.2%.
respcctively

O確′αα滋滋おrraria″

As shown in Table 2,EEKI EEA and EGCG administered orally exhibited anti‐ allergic

effects on mouse ear oedema induced bv each sensitisen The cJbcts of EERl were

generaHy comparable to that of EEA and EGCG.At a dose of O.l m3/ear9 the cttcts of

EEK on the infla― atory reactions induced by TPA and O)Gへ tended lo be stronger than

those of EEA.The e閾 3cts of EEK tended to be stronger than those of EGCG.h
particular9 0.l and l mg of EEK exhibited more si.Onilicant inhibitow effects on ear

oedema induced by TPA and OXA,respectivel■ than EGCG.

И
“
ル恥 Q″

“
:αあ″αc詢

=サ
As sho■vnin Fi3К  l,EEK,団A and EGCG sII“КSSed tt dernulation in RBL cellsin a
dosc― dependent lnallme■ Jle inhibition ratios ofEEK at 5,10,25 and 50 μg/mL were 5.3%,

45.19る,82.69も and 10096,respect市 ely Also,the inhibition ratios ofEEA at 5,10,25 and 50

μg/証 were 19.39も ,40.6%,75.4%and 1009′ 6,respectively Thus,the crects ofEEK were
appro対 nlatew comparable to EEA.At10 μgノmL,the c8腱ct ofEEK was signincantl,7cく

0.05)stronger than that of EGCG,and at25 and 50 μg′証 ,■ wtt comparable to EGCG.

The 506 inhibidon concenmtiOn(IC50)Values Of EEK and EEA were H.5 μgI田己 (EEK)
and 15.3 μgノmL (13EA).SinCe induction of cell death by components ofthe exms was

suspected duc to the lack ofdegranulauon in RBL cells at 50 μg/mL,the induc● on of cell

death was cheよ ed by exclusion of■pan blue.The sllrvlval ratio was 96.3%(EEK)and

96.1%(EEA),and cell dcath by the extract was not observed(data nOt Shown).

加ああJ″7 ψ c“ θ″0崎凛αttβ α
`詢
二翻as

Asshom in Table 3,EEK,EEA and EGCG exhibited inhibito崎 〆efFects on all enzymatlc

∞tivities tested(PLA2,COX‐ 2 and SBL).The inhibitow efFects of EEK on PLA2 and

COX-2 acti宙サ tended tO be we〔 よer than that of EEA,and ettё cts on SBL tended to be

stronger than those of EEA.The hhibitory effect of EEK on SBL activity was

signiflcantly e<o.ol)StrOn_ger than dlat of EGCG.The inhibitow efFects of EEK on

Ｇ

Ⅸ
ＥＡ
ＣＣ

Ｅ

Ｅ

Ｅ

32.2■ 11.2  66.9± 16.0  45,7摯 ±8.7

392± 11 1  64.9± 7.0    31.3± 48
207± 17.9  67.8± 125   22.9± 148
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10 25

EEK

10 25

EEA
102550 (μ g/mL)

ECCG

Fi8興re l  Thc dosc‐ dcpcndent inhibitow cffccts of EEK,EEA and EGCG on dcgranulation in

RBL-2H3cclls stimulated bv thc antlgcn antibo(サ rCaction.

Note:The values on thc x‐ axis arc c、pressed as■ e conccntration of thc iaalons Or EGCG.Thc

iⅢおⅢOn mtio was calcultted from thc rcsults of triplicate ep“ ments.Dtta arc∝ pКssed as
mcans tt SD.The reproducibiliサ was codmcd by repeated rlms.EIK,cthvl acetate iac● on魚)m
ニ レ ,つ″θ CX●‐■EEA,ethDrl acctatc taction“ m tt αttο″α cxtract;EcCG,cpigallocatcchin
gallate.

Tablc 3. Thc inhbito,cttcts of EEK,EEA and EGCG on ena・ natlc actiゃ itics involved in
allergic reac● ons.

IC50(llg/nl■ )

Samplcs PL」

^屹

COX‐ 2 SBL

EEK
EEA
EGCG

161819■ 106.2

1023.3± 527.6

1091.4■ 22.8

434.6± 164.0

350.0± 229.1

154.4± 108.9

35.9**=3.2
321.0± 209,7

488.7 EL 29.6

Note:The i■ bition ratio was calcmated“ m the resu■ s of● plicate expttments Data are expressed as means

土SD:The reprodu“ ility uas conf― ed by tteated rtms.■ *indicates that IC50 Values ofEEK are signiicantlD7

1Pく 0.01)10Wer than those ofECcG.
EEK,ethyl acetate fractionお m二 れ″滋′exttct EEA,ethyl“ etate■ action mm tt αttο″α extract EcCG,
epigallocatechin gallate;PL島 ,phoSpholipase A2i COX2,Cyclooxygenase‐ 2;SBL,soybean lipoxygenase

PL～ and COX… 2 acd宙ties were weaker than those of EGCG,and inhibition of P口 ヽ
acttity was●e weよeSt Of the"sted en7mttic activities.

DiscussЮn

h this ss、 ph10rOtamin― ettched EEK and EEA extracts inh6ited mouse ear oedema

induced byr scnsitisO∬ ゛A,TPA and OXA:Tables l and 2),degranulation in RBL cdls

(Figure l)and activides of en,mes(PLA2,COX… 2 and SBL)involVed in allヴ gic

reacions(Table 3),to a Similar degrec as inhibidon by EGCG.

As sholvn in Table 3,the mhibitow ettects of EEK"ere general,conlparable to

thosё of EEA.Howeveら the inhibitory eftct of EEK on SBL acd宙 サ tCndё d to bc
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stronger than that of EEA,and the inhibitow ettcts ofEEK on PLA2 and COX-2 tended

to be weakerthan those of EEA.Such dinbrences of the ettbcts beい″een」鳳肋ra″
`andEα ,lbοたa may be dueto dif晨 〕rences in phlorotannin composition be●veen the two bЮ n7n

algal species.PhlorOtamins are abundant in these algac and exhibit antl― anergiC and anti―

innanlmatow effects as descHbed abot(Nguyen,Choi,Kim,&Jung,2012;Ragan&
Glombitza, 1986).For」 9 た

“
ra″
`θ

,cckol,dieckol,6,6′ ―biekol, 8,8′―bickol and phlorofu¨

coiroeckol(PFF)‐ A have been identiied(Fukuyama et al.,1990;Nagり alna ct al.,2003).

In addition to the phlorotannins identitted in Ja λ
““
。″〕
`,6,8'―
bicckol and PFF‐ B have also

been identiicd in tt αめο″α(Sugiura et al.,2007).There誡 ,the dittrences ofthe ettcts
ben〃een the wo algae may be anibuted to the chemical composidon ofthe phlorotamins.

In fact,when the phlorotannin composidon of EEK used in this study was analysed by

high―perおrlnance liquid chromatograp● 但 PLC)using phloЮ tamin standards obtained

from tt αttο″α(Sugiura ct al.,2009;Ts」 mi et al.,2006),cck01,6,6′ b̈ieよol,8,8'¨

bieckol, dieckol and PFF‐ A were detected ●Кliminay data not show■).These
phlorotamins possess inhibitory entcヽ on the aルリ層natiC activities and degranulation in

RBL cclls(Shibata ct al.,2003:Sugiura et al.,2007,2009),and the preliminarv data are

consistent with pre宙 ous reports(Fukavama et al.,1990:Nagavalna et al.,2003).As

desc五bed in the Results,since the puH旬 「values ofphenolic compounds(phlorOtannins)in

EEK and Ett were 74.196 and 72.0%,respectiveL it iS postulated that the act市 e

components in the ethyl acetate ttκtion tom the二 膨
“
″
`exttК

t are phlorotannins.

EEK and EEA exhibited anti― allergic efFects on mouse car oedema in both
percutaneous and oral administradons of the extract(TableS l and 2)in a manner

comparable to EGCG obshinO et al.,2010).Thus,the ethD71 aCetate tactions inhibited

not only intlalnmatoり reactions induced by AA and TPA,but also theり pe IV allergic

reaction induced by On.PGs pЮ duced by COX-2 acdviサ are inV01Ved in AA‐induced

innanlmadon,while rapid COX‐ 2 expression and LTs pЮ duced by LOX act市 iり'are

involved in TPA― induced inflanlmation(Kttubu et al.,1991;Rao ct al.,1993).LTs,PGs

and histamine that cause、アa五 ous intlalllmatory reactions are released by degranuladon in

mast cells.In a previous stuじ a ph10Ю tamin― enriched methanol′thlorOfollll extract of

二 αrbο
“
α strongly suppressed LT B4 and pK)Staglandin D2 release tom RBL cells

(Sugiura et al.,200,).ThiS Suggests that thc inhibitoり efFects of EEK on the mouse car

oedema mav be attributed to mechanisms that inhibit enzymatic activities involved in

anergic reactions and degranulation in intlalmato7 cells as mentioned above,and the

active components that suppressed the mouse ear oedema may be phlorotamins as

detected in the preliminaw analysis.To better understand the effect of punied

phlorotannins nЮ nl二 た
“
静θ″,a,1鳳 rthcr studies are needed.

In this studyl the ethvl acetate nactions adnlinistered orally suppressed mouse ear

oedema to a similar de〔ダee as EGCG.These resultsお r EGCG are consistent lvith
previous reports that when administered orallゝ TPA― or OXA‐ induced mouse ear oedema

was suppressed(Huang et al.,2006;S―ki et al.,2000).Since EGCG is absorbed into
human plasma(about 2.0%;Nakagawa,Okuda,&Miyttlwa,1997)and the hcdons
exhibited an inhibitory efFect on mouse ear oedema by oral administration as mentioned

above,the active components might be absorbed into gut along with EGCG and might

exert the inhibitorv effect. For the phlorotannins regarded as the candidate active

component ofthe tactions,further studles lbr the inhibitory etTect on mOuse car oedema

and absorption using cultured cens and7br anilnal models are needed.

According to a report by Nagayalna et al.o002),when CR mice were oral″

adnlinistered crudc Eた zЮ″,a phlorotamins,■ o abnorlllal syT,ptOms for、 veight gain and
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diet consumpdon were observed. For anti― allergic and anti― intlalnlnatoっ r drugS, the

inhibitory ratios of b'drOcomisone(an and― inialnmatow drug)on mOuse ear oedema
were 77%誠 0.2 mg/ear(1短 )ヽ,50%at O.03 mg/ear(TPA)and 73%at O.05 mg/car(OXA:
Bamo et al.,2005:Sllzuki d al.,2000:ヽ 乞lderralnas et al.,2008).Thc IC50 Value of

tranilast(an ttti―degranulation drug)On dcgranulation in RBL cells was 15.3 μg/hL

(MatSubara,Masよ i,Ohmo五 ,K釘器awa,&Hasegalva,2004).The IC50 Values of NIc―
Indoxaln(sPLA2 inhibitoぅ ,Zlleuton(a5-LOX inhibitol)and CCleco対 b(a COX-2
inhibito三 )Were o.22μ ,′証 ,0・54 μg1/mL and O.02 μg4/mL,respectiveけ (McMillan,
Spruce,Cmwley9 uralkeち &Foste■ 1992;Peming et al.,1997;Sitter et al.,2002).In the

presё nt smdⅥ the cthyl acetate tactions possessed comparable(and― degranulation)and/′

or inore modcrate anti― allergic and antl― inllalmatory e]に CtS than abovc lnentioned drugs.

4ヽoreover9 the iactions administered orally also suppressed the mouse car oedema as

mentioned above,and dried the alga toln lvhich the taction was lnade contains no more

than about 39る (w/")Of ph10rOtannins(Shibata et al.,2004).Therebre,the suppression
by EEK seclns to be not asと ぉtic as dmgs but moderate as a inctionalお od.Thus,an
emyl acetatc taclon hm bЮ lvn algal methano1/chloroforln extract is rather suitable for

mctional foods.

Taken together vFith the case ofll肋
“
ο″ι products as described in the lntroduction,

the alga may be safe and vew suitable for inctional おod resources. Howevet to be

etTect市 eけ uSed as a nmctional food resflurce,alrther studies are needed asお 1lows:the

relation between cfticacy and safeサ of the alga,and″ 、,ブッο studies for a detailed
understanding of and― allergic mechanisms such as the e“ ect On cytokhe balance using

animal models.

ConcEusions

The ethyl acetate hction hm an E ttЮ Ppla methano1/bhlorofom exttact suppressed

mouse ear oedelna inducedけ innaIIlmation sensitisers(AA,Π ≧A and On)and
demonstrated inhibitory eⅡ bcts on degranulation m RBL cens and enzymatic activities

(PLA2,COX~2 and SBL)invol■・ed in allergic reactions,to a similar degree as the et町 1

acetate iaction■ o■l an」 a αrb。″θα lnethanol′ /chloroforln extract that is knon■ to pOssess
anti¨ allergic enLcts. Thus,12 λ

““
θ″tι and its components possess anti― anergiC and anti―

innanllnatow efFects,and ha■ 7e the capabiliサ tO Sen7e as a inctional food resource for

allergies.
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