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국문 록

신 성 고 압쥐에서 BiochaninA에 의한 이완 기

정 원 석(鄭 原 碩)

지도교수:조 남 수(趙 南 秀)

조선 학교 학원 의학과

식물성 estrogen으로 알려진 biochaninA는 이완효과가

있음이 보고되었으나 고 압 상태에서의 작용기 에 해서는 명

확히 알려져 있지 않다.Biochanin A가 two-kidney,one clip

(2K1C)신 성 고 압 모델에서 반응에 미치는 향을 검

토하고 그 기 이 정상 압동물과 차이가 있는지 구명하고자 본

연구를 시행하 다.

흰쥐 일측 신동맥에 clip을 장치한 고 압군과 조군의 출 흉

부 동맥 표본에서 biochaninA의 이완반응을 확인하고 약물의

처치가 biochaninA의 이완반응에 미치는 향을 양군에서 비교

검토하 다.

BiochaninA에 의한 이완반응은 2K1C 고 압군에서 조군에

비해 항진되었다. 내피층 제거시 biochaninA의 이완반응은 고

압군에서는 약화되었으나 조군은 차이가 없었다.

Nw-nitro-L-arginine methylester indomethacin 처치는

biochaninA의 이완반응에 향을 미치지 않았다.BiochaninA의

이완반응은 glibenclamide tetraethylammonium에 의해 고 압

군과 조군에서 양군 모두 억제되었다.4-aminopyridine의 처치
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는 biochaninA의 이완반응을 고 압군에서 억제시켰으나 조군

은 향받지 않았다.

이상의 실험결과는 biochaninA의 이완반응이 평활근 세포

의 K+ 통로 활성화에 기인하며 신 성 고 압 상태에서는

내피층 유래인자에 의한 막 압 의존성 K+ 통로가 이완작용과

련됨을 시사한다.
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Ⅰ.INTRODUCTION

Estrogen replacementtherapy markedly reducestherisk of

cardiovasculardisease in postmenopausalwomen1,2).However,

theuseofhormonereplacementtherapyasacardioprotective

strategy is greatly limited owing to carcinogenic effects of

estrogensontheendometrium inwomenandfeminizingeffects

inmen.Hence,thereisastronginterestinfindingalternative

estrogenlikeagentsthatarenoncarcinogenicandnonfeminizing,

yetinducecardioprotectiveeffects.Inthisregard,phytoestrogens

are naturally occurring plant-derived nonsteroidal estrogens

whicharepresentinthehumandiet.Theirchemicalstructureis

similarto thatofestrogen,whatenablesthem to bind the

estrogen receptor thus acting as estrogen agonists or

antagonists3,4).

Ithasbeen shown thatdietary soy-derived estrogensare

vasoactive and soya intake is thought to have beneficial

cardiovasculareffects5).Bothdietarysoy-derivedestrogens6)and

estradiol-17β replacementtherapy7)enhancethedilatorresponse

toacetylcholineofatheroscleroticarteriesfrom femalemonkeys,

while isoflavones from red cloverimprove systemic arterial

compliance in menopausal women8). Biochanin A is an

estrogen-likecompoundsthatoccursnaturallyinsoybeanand

clovers9).In vitro experimentshaveshown thatbiochanin A

relaxes rabbit basilar artery10) and induces significant,
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gender-independentrelaxationinrabbitcoronaryarteries11).Its

potency is greater than other isoflavonoid10,11).Furthermore,

Wangetal.subsequentlyconfirmedthatbiochaninA inducesan

endothelium-independentrelaxationinrataorticringsandthe

mechanism isinvolvetheblockageofCa2+ entrythroughthe

cellmembraneandtheactivationofK+ channels1).Inaddition,

biochanin A-induced vasorelaxation was augmented in

spontaneouslyhypertensiveratsthaninnormotensiveratsand

thegreaterrelaxationinhypertensiveratsismediatedbythe

releaseofendothelium-derivedsubstancesthatmayopenboth

voltage-dependentand Ca2+-activated K+ channelsin vascular

smooth muscle12).Under these backgrounds,previous study

reported thatan activation ofCa2+-activated K+ channelsin

vasorelaxationisalteredintwo-kidney,oneclip(2K1C)renal

hypertension13).Although an endothelium-derived activation of

smooth musclecellK+ channelscontributestothebiochanin

A-induced vasorelaxation was observed in spontaneously

hypertensiverats,theeffectofbiochaninA onvascularfunction

in2K1Crenovascularhypertensionremainsunclear.

Thepresentstudywasdesignedtoexaminethemechanisms

of the relaxing actions induced by biochanin A on the

vasculature in the thoracic aorta isolated from 2K1C

renovascularhypertensiveratsandtocontributetothevascular

pathophysiologyofhypertension.
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Ⅱ.METHODS

1.Inductionof2K1Crenovascularhypertension

Reovascularhypertensionwasinducedinratsfollowing the

2K1C Goldblattmodel14).Briefly,male Sprague-Dawley rats,

weighing160to180g,wereanesthetizedwithsodium thiopental

(40mg/kg,IP).Underantisepticconditions,an incision was

madeontheleftflanktoprovideaccesstotheleftrenalartery

whichwasseparatedfrom therenalveinandcleanedofthe

connectivetissue. A U-shapedsolidsilverclipwithaninternal

diameterof0.2mm wasappliedontheexposedrenalartery,

resultinginpartialocclusionofrenalperfusion.Thecontralateral

kidneyremaineduntouchedandthewoundwasclosed.A group

ofage-matchedratsreceivedasham treatmentandservedas

control:theywereoperatedasin2K1Cratsexceptforthatno

clipwasmade.Allanimalswerefednormalchow andwere

giventapwater.Theywereusedat10weeksaftertheclipping,

sincetheendothelialdysfunctionisassociatedwithadurationof

hypertension15).Hypertensiveratswereselectedonthebasisof

thesystolicbloodpressuremeasuredinaconsciousstateby

useoftailcuffmethod.



-9-

2.Tissuepreparation

Thethoracicaortabetween theaorticarch and diaphragm

wascarefullyremovedandplacedincold,standardphysiological

saltsolution(PSS)ofthefollowingcomposition(inmM):NaCl

118.3,KCl4.7,NaHCO3 25,MgCl2 1.2,KH2PO4 1.2,CaCl2 2.5

andglucose11.1. Vesselswerecleanedofadherentfatand

connectivetissue,cutinto2-3mm longcylindricalringsunder

adissectingmicroscope.

The rings were suspended between two triangle shaped

stainless steelholders in the vessellumen in organ baths

containing15mLofPSSmaintainedat37±0.05℃,aeratedwith

amixtureof95% O2and5% CO2tomaintainapH 7.4±0.01.

Oneoftheholderswasfixedatthebottom ofthechambers

andtheotherwasconnectedtoaforcedisplacementtransducer

(GrassFTO3)formeasurementofisometrictensiondevelopment

(Fig.1).Beforeinitiating specificexperimentalprotocols,the

aortic rings were stretched to the point of their optimal

length-tensionrelationship2g,determinedinsimilarpreliminary

experimentsusing repeated exposureto60mM KClsolution

(obtained by equimolarreplacementofNaClby KClin the

physiologicalsolution),and allowed to equilibrate during the

periodofatleast90min.
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Fig.1.A schematic representation ofthe recording system for

isometriccontractionwith15mLtissuebath.
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3.Protocols

At the beginning of the experiments,aortic rings were

stimulatedwith60mM KCltotesttheirfunctionalintegrity.In

allexperiments,aorticringsfrom 2K1Candsham-operatedrats

wereprecontractedto50% effectiveconcentration(EC50)with

phenylephrine(3×10-7M insham and4×10-8M in2K1C),which

wereobtainedinpreliminaryexperiments.Whenthecontractile

responseachievedasteadystate,relaxation-responsecurvesto

the cumulative addition of biochanin A (10-7 to 10-4 M),

acetylcholine(10-9 to10-5 M)orsodium nitroprusside(SNP;

10-10 to 10-6.5 M)were determined.In an alternate setof

experiments,theaortawaspretreatedfor10minwithbiochanin

A (3×10-5M)beforetheadditionofphenylephrineinthecase

ofacetylcholine- and sodium nitroprusside-induced relaxation.

Toverify theroleoffunctionalendothelium in thevascular

relaxant effects of biochanin A,the endothelium of some

thoracic aortae was removed by gently rubbing the intimal

surfacewithamoistenedcottonswab.Successfulremovalof

endothelialcellsfrom aorticringswasconfirmedbytheinability

ofacetylcholinetoinducerelaxation.

In another experiments,the nitric oxide synthase (NOS)

inhibitorNw-nitro-L-argininemethylester(L-NAME,10
-4 M)

orthecyclo-oxygenaseinhibitorindomethacin(10-5M),andK+

channelblockersglibenclamide(3×10-6 M),tetraethylammonium

(TEA,10-3M)or4-aminopyridine(10-3M),wereaddedtothe
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bath10minbeforetheadditionofphenylephrine.

4.Drugsandchemicals

Drugsusedwereacetylcholine,4-aminopyridine,biochaninA,

glibenclamide,indomethacin,L-NAME,SNP and TEA.They

werepurchasedfrom SigmaChemicalCo.(St.Louis,Mo).All

other chemicals were of analytical grade. Biochanin A,

glibenclamide and indomethacin were dissolved in

dimethylsulfoxide (DMSO)and the others were prepared in

distilledwater.FinalbathconcentrationsofDMSO wereless

than 0.05 %,which did notalter contraction orrelaxation

responses.

5.Statisticalanalysis

Valuespresentedinthefiguresareexpressedasthemeans

andstandarderrorofthemeans.Relaxantresponsesaregiven

as the percent change in phenylephrine-induced contractile

tension.Theconcentration ofcausing half-maximalrelaxation

(IC50)wasdeterminedbyaplotofthepercentageofresponses

and expressed asthemean ofnegativelog molar(pD2)for

individualtissue response,using Origin software.Statistical

comparisonswereperformedbyStudent'st-testoranalysisof
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variance (ANOVA) followed by Duncan's testfor multiple

comparisons. Probability values of <0.05 were considered

statisticallysignificant.
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Ⅲ.RESULTS

Tenweeksaftertheoperativeintervention,thesystolicblood

pressurewere190±5mmHg(n=44,)and137±4mmHg(n=40)in

2K1C hypertensiveandsham-clippedcontrolrats,respectively

(P<0.05,Fig.2).

1.VasorelaxantresponsestobiochaninA

Thetensioninducedbyphenylephrinewasenhancedinaortic

ringsfrom 2K1Crats(1.45±0.07g,P<0.05)thaninthosefrom

sham rats(1.12±0.06g).BiochaninA completelyrelaxedaortic

ringsfrom 2K1Candsham ratswhentheywereprecontracted

withphenylephrine.However,therelaxationwasaugmentedin

ringsfrom 2K1Cratscomparedwithsham rats(pD2:5.05±0.08

vs4.67±0.07,P<0.05).Thiseffectwasmorepronouncedatthe

highconcentrationofbiochaninA (Fig.3).BiochaninA-induced

relaxation was significantly attenuated by removal of

endothelium in aortic rings from 2K1C rats (pD2:4.69±0.06,

P<0.05),whilenosignificantdifferenceswereshowninrings

from sham rats(Fig.4,Fig.5).
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Fig. 3. Biochanin A-induced vasorelaxation in

phenylephrine-precontractedaorticringsfrom 2K1C hypertensiveand

sham-clippedcontrolrats.Pointsrepresentmeans±SE fornumber(n)

ofexperimentsinparentheses.*P〈0.05,comparedwithsham values.
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Fig. 4. Biochanin A-induced vasorelaxation in

phenylephrine-precontractedaorticringswithoutendothelium (-Endo)

from sham rats.
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Fig. 5. Biochanin A-induced vasorelaxation in

phenylephrine-precontractedaorticringswithoutendothelium (-Endo)

from 2K1Chypertensiverats.*P〈0.05,comparedwithcontrolvalues.
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2.VasorelaxantresponsestoacetylcholineandSNP

Acetylcholine-inducedendothelium-dependentvasodilationwas

significantlyattenuatedinaorticringsfrom 2K1Cratscompared

tothosefrom sham rats.TreatmentwithL-NAME (10-4 M)

completelyinhibitedacetylcholine-inducedvasodilatoryeffectin

both2K1Candsham groups(datanotshown).BiochaninA (3

× 10-5 M)hadnoeffectonacetylcholine-inducedvasodilation

either in sham or in 2K1C rats (Fig. 6). The

endothelium-independentvasorelaxationtoSNPwasnotaltered

in 2K1C rats. Biochanin A did not affect SNP-induced

vasodilation(Fig.7).

3.Effects of L-NAME and indomethacin on biochanin

A-inducedvasorelaxation

Pre-incubationwithL-NAME orindomethacinhadeffecton

biochaninA (3×10-5M)-inducedvasodilationneitherinsham

norin2K1Crats(Fig.8,Fig.9).
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Fig.6.Effects ofbiochanin A (BCA)on vasodilatory responses

inducedbyacetylcholineinaorticringsfrom 2K1C hypertensiveand

sham-clipped controlrats.* P〈0.05,compared with corresponding

sham values.
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Fig.8.EffectsofNw-nitro-L-argininemethylester(L-NAME)and

indomethacin (IDM)on the relaxation induced by biochanin A in

aorticringsfrom sham-clippedcontrolrats.Dataareattainedfrom

sixtonineexperiments.
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Fig.9.EffectsofNw-nitro-L-argininemethylester(L-NAME)and

indomethacin (IDM)on the relaxation induced by biochanin A in

aorticringsfrom 2K1Chypertensiverats.OtherlegendsasinFig.8.
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4.EffectsofK+channelblockerson biochanin A-induced

vasorelaxation

Pretreatmentwithglibenclamide,aninhibitorofATP-sensitive

K+ channels,and TEA,an inhibitor of Ca2+-activated K+

channels,significantlyreducedbiochaninA(3×10-5M)-induced

relaxationinaorticringsfrom bothsham and2K1C rats(Fig.

10,Fig.11).In contrast,4-aminopyridine,an inhibitor of

voltage-dependentK+ channels,inhibited biochanin A-induced

relaxationonlyinaorticringsfrom 2K1Cratsandhadnoeffect

ontherelaxationofaorticringsfrom sham rats(Fig.12).
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Fig.10.Effects of glibenclamide on the relaxation induced by

biochaninA inaorticringsfrom 2K1Chypertensiveandsham-clipped

controlrats.Dataareattained from six tonineexperiments.*P

〈0.05,comparedwithcorrespondingthecontrolvalue.
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Fig.11.Effects of tetraethylammonium on the relaxation induced by

biochaninAinaorticringsfrom 2K1Chypertensiveandsham-clippedcontrol

rats.Dataareattainedfrom sixtonineexperiments.Otherlegendsasin

Fig.10.



-27-

R
e
la

x
a
ti

o
n

 (
%

)

0

20

40

60

80

100
Control 

† 

4-Aminopyridine 

Sham
 

2K1C

*

Fig.12.Effects of4-aminopyridine on the relaxation induced by
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controlrats.Dataareattainedfrom sixtonineexperiments.Other

legendsasinFig.10.
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Ⅳ.DISCUSSION

Previousstudyhavedemonstratedthatvascularreactivityto

contractile agonist is enhanced in disease states such as

hypertension16).Ashasbeenshownpreviously,thecontractile

responsetophenylephrinewasaugmentedin2K1Chypertensive

ratsascompared to sham-clipped normotensive rats.In the

presentstudy,biochaninA inducedadose-dependentrelaxation

inphenylephrine-precontractedaorticringpreparationswithan

intactendothelium isolatedfrom 2K1C andsham ratsandthe

relaxationwasaugmentedinhypertensiverats.Inaddition,the

relaxanteffectofbiochaninA wascomparablebetweeninaortic

ringswithorwithoutendothelium from sham rats.Theresults

indicate that biochanin A-induced relaxation is

endothelium-independentand biochanin A may directly affect

vascularsmooth musclein normotensiverats.Similarresults

havebeenattainedinrabbitcoronary11) andbasilararteries10)

andinrataortae12).However,ashasbeenshownpreviouslyin

geneticallyhypertensiverats12),therelaxanteffectofbiochanin

A wassignificantlyattenuatedbyendothelium removalinaortic

ringsfrom 2K1C hypertensiverats.Theseobservationsimply

that the vasorelaxing effect of biochanin A on

phenylephrine-induced contractions is partially endothelium

dependent in hypertensive aortae differs from its

endothelium-independentinnormotensiverats.
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AcetylcholinecausesNO releasethroughactivationofspecific

endothelial receptors, resulting in activation of endothelial

NOS17).The presentstudy confirmed earlierobservations15,18),

that endothelium-dependent relaxations to acetylcholine are

markedlydepressedin2K1Chypertensiveratsascomparedwith

sham-clippedcontrolrats.TreatmentwithL-NAMEcompletely

inhibited theacetylcholine-induced vasodilatory effectin both

groups,suggestingthattheacetylcholine-inducedvasodilationis

largelyduetoNOS-derivedNO.Althoughtherelaxationinduced

byacetylcholinewasattenuatedinhypertensiverats,biochanin

A did not affect the acetylcholine-induced

endothelium-dependentvasorelaxationsinboth2K1C andsham

rats.Inaddition,intheexperimentusinganNOdonorinaortic

ringsfrom 2K1Candsham rats,biochaninA hadnoeffecton

SNP-induced endothelium-independent vasodilation. These

results indicate thatthe functions ofNO synthesis in the

vascularendothelium andNO-mediatedrelaxationinthesmooth

muscleinaorticringpreparationsarenotalteredbybiochanin

Ainbothnormotensiveandhypertensiverats.

AlthoughbiochaninA didnotaffecttheacetylcholine-induced

vasorelaxationsinboth2K1Chypertensiveandsham ratsinthis

experiments,inordertoclarifywhetherthevasodilatorNO is

involvedinbiochaninA-inducedrelaxation,effectsofL-NAME

on the relaxation induced by biochanin A were examined.

L-NAMEfailedtoaffecttherelaxationinducedbybiochaninA

inaorticringsfrom 2K1C andsham rats.Theresultsagain
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imply that the role of NO is not involved in biochanin

A-inducedrelaxationinbothgroups.Theresultsofthepresent

studyareinagreementwithpreviousdatafrom thecoronary

artery11)andaorta12),whichsuggestthatvasodilatorNO isnot

candidate contributors to biochanin A-induced relaxation.

Conversely,Torregrosa etal10).reported thatL-NAME may

partly reduce the inhibitory effect of biochanin A on

phenylephrine-induced contraction, which indicate that the

relaxanteffectofbiochaninA inaortaewithendothelium from

rabbits can be due to the release of NO.One possible

explanation may be attributed to differences in experimental

conditions,speciesorstrains12).Inaddition,endothelialcellsplay

a role in the controlofvascularhomeostasis by releasing

prostacyclin and endothelium-derived hyperpolarizing factor

(EDHF),aswellasNO19).Inthepresentstudy,ashasbeen

shownpreviously11,12),indomethacin,whichinhibitsthesynthesis

ofprostaglandins20),hadlittleeffectonthebiochaninA-induced

relaxationinaorticringsfrom 2K1Candsham rats.Theresults

indicate thatthe release ofprostanoids is notinvolved in

biochaninA-inducedrelaxationinbothgroups.Takentogether,

denudation oftheendothelium reduced therelaxanteffectof

biochaninA inaorticringsfrom 2K1Chypertensiveratsinthis

experiment,whereasL-NAME andindomethacindidnotaffect

therelaxation,suggestingtheinvolvementofanEDHF,which

is acting through K+ channels and associated with

hyperpolarizationofvascularsmoothmusclecells21).Furthermore,
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previous studies have reported that EDHF-mediated

vasorelaxation preserved in animal model of renovascular

hypertension22,23).

Ithasbeenknownthatendothelium-derivedsubstances,such

asEDHF,areabletopassthroughinternalelasticlamina,reach

underlyingvascularsmoothmuscleataconcentrationsufficient

to activate ion channels, and initiate smooth muscle

hyperpolarization and relaxation24).In endothelium and smooth

muscle,K+ channelsareconsideredcrucialeffectorproteinsin

thecontrolofvasculartoneandarterialbloodpressure25).Direct

activation of K+ channels in arterialsmooth muscle cells

hyperpolarizes the membrane and thus inhibits Ca2+ influx

through voltage-gated Ca2+ channels.Therefore,K+ channels

provideanimportantnegativefeedbackonsmoothmuscleCa2+

signalingandarterialtonebypromotingrelaxation26).Vascular

smoothmusclecontainsseveraltypesofK+ channelwhichcan

bemodulatedbyvariousfactors27).Inthepresentstudy,totest

the hypothesis that K+ channels contribute to biochanin

A-induced vasodilation in vascular smooth muscle,

endothelium-intact rings were pretreated with K+ channel

blockers glibenclamide,TEA and 4-aminopyridine.Biochanin

A-induced relaxation was significantly reduced by treatment

withglibenclamide,ablockerofATP-sensitiveK+ channels,in

aorticringsfrom both 2K1C hypertensiveandsham rats.In

addition,TEA,which blocks large-conductanceCa2+-activated

K+ channels when used atappropriate concentrations12),also
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inhibitedtherelaxanteffectofbiochaninA inbothgroups.These

results imply that an activation of both ATP-sensitive and

Ca2+-activatedK+channelsmaybeinvolvedinbiochaninA-induced

relaxation in hypertensive and normotensive rats.Interestingly,

4-aminopyridine,an inhibitorofvoltage-dependentK+ channels,

significantly attenuated biochanin A-induced relaxation in aortic

ringsfrom 2K1Crats,whilenosignificantdifferenceswereshown

in sham rats.Therefore,an augmented relaxation induced by

biochaninAinringsfrom 2K1Cratsthansham ratsinthisstudy,

may be due,in part,to the release of endothelium-derived

substancesthatmayopenvoltage-dependentK+channelsandevoke

anhyperpolarizationofthesmoothmusclecells.Similarresultswere

alsoreportedingeneticallyhypertensiverats,whichsuggestthatan

endothelium-derivedactivationofsmoothmusclecellK+ channels

contributestothevasorelaxationinhypertension12).

Insummary,biochaninA causesbothendothelium-dependentand

-independentrelaxationinaortaefrom2K1Chypertensiverats,while

only endothelium-independent relaxation in sham-clipped

normotensiverats.TherelaxanteffectofbiochaninAisaugmented

in2K1Cratscomparedwithsham rats.Anactivationofvascular

smoothmuscleK+channelsmaybeinvolvedinbiochaninA-induced

relaxation in both 2K1C and sham rats.In addition,enhanced

relaxationbybiochaninA inrenovascularhypertensionismediated

byendothelium-derivedsubstancesthatmayevokeanactivationof

voltage-dependentK+channelsinvascularsmoothmusclecells.
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Ⅴ.SUMMARY

Theplant-derivedestrogenbiochaninA isknowntocause

vasodilation,but its mechanisms of action in hypertension

remainunclear.Thisstudywasundertakentoinvestigatethe

effectsand mechanismsofbiochanin A on thoracicaortain

two-kidney,one clip (2K1C)renovascular hypertensive rats.

2K1C hypertensionwasmadebyclippingtheleftrenalartery

and age-matched rats received a sham treatmentserved as

control.Thoracic aortae were mounted in tissue baths for

measurement of isometric tension. Biochanin A caused a

concentration-dependentrelaxation in aortic ringsfrom 2K1C

hypertensiveandsham ratsandtherelaxationwasaugmented

in 2K1C ratscompared with sham rats.BiochaninA-induced

relaxation was significantly attenuated by removal of

endothelium inaorticringsfrom 2K1Crats,butnotsham rats.

Nw-nitro-L-arginine methyl ester, a nitric oxide synthase

inhibitor,orindomethacin,acyclooxygenaseinhibitor,didnot

affecttherelaxationinducedbybiochaninAinaorticringsfrom

2K1C andsham rat.Treatmentwithglibenclamide,aselective

inhibitorofATP-sensitiveK+ channels,ortetraethylammonium,

aninhibitorofCa2+-activatedK+ channels,significantlyreduced

the biochanin A-induced relaxation in aortic rings from both

groups. However, 4-aminopyridine, a selective inhibitor of

voltage-dependentK+ channels,inhibitedtherelaxationinduced
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bybiochaninA in2K1C rats,whilenosignificantdifferences

were shown in sham rats.These results suggestthatthe

enhancedrelaxationcausedbybiochaninA inaorticringsfrom

hypertensive rats is endothelium dependent.Vascularsmooth

muscleK+ channelsmay beinvolvedin biochanin A-induced

relaxationinaortaefrom hypertensiveandnormotensiverats.In

addition,anendothelium-derivedactivationofvoltage-dependent

K+ channelscontributes,atleastinpart,totherelaxanteffect

ofbiochaninAinrenovascularhypertension.
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