
 

 

저작자표시-비영리-변경금지 2.0 대한민국 

이용자는 아래의 조건을 따르는 경우에 한하여 자유롭게 

l 이 저작물을 복제, 배포, 전송, 전시, 공연 및 방송할 수 있습니다.  

다음과 같은 조건을 따라야 합니다: 

l 귀하는, 이 저작물의 재이용이나 배포의 경우, 이 저작물에 적용된 이용허락조건
을 명확하게 나타내어야 합니다.  

l 저작권자로부터 별도의 허가를 받으면 이러한 조건들은 적용되지 않습니다.  

저작권법에 따른 이용자의 권리는 위의 내용에 의하여 영향을 받지 않습니다. 

이것은 이용허락규약(Legal Code)을 이해하기 쉽게 요약한 것입니다.  

Disclaimer  

  

  

저작자표시. 귀하는 원저작자를 표시하여야 합니다. 

비영리. 귀하는 이 저작물을 영리 목적으로 이용할 수 없습니다. 

변경금지. 귀하는 이 저작물을 개작, 변형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


2015年 8月

博士學位 論文

DirectVascularActionsof

QuercetininAortafrom

RenalHypertensiveRats

朝鮮大學校 大學院

醫 學 科

柳 權 浩

[UCI]I804:24011-200000264935



DirectVascularActionsof

QuercetininAortafrom

RenalHypertensiveRats

신성 고혈압 쥐에서 Quercetin의 혈관 이완 작용

2015年 8月 25日

朝鮮大學校 大學院

醫 學 科

柳 權 浩



DirectVascularActionsof

QuercetininAortafrom

RenalHypertensiveRats

指導敎授 朴 相 學

이 論文을 醫學博士學位 申請論文으로 提出함

2015年 4月

朝鮮大學校 大學院

醫 學 科

柳 權 浩



柳 權 浩 의 博士學位論文을 認准함

委員長 朝鮮大學校 敎授 김 상 훈 印

委 員 全南大學校 敎授 김 재 민 印

委 員 朝鮮大學校 敎授 염 철 호 印

委 員 朝鮮大學校 敎授 전 제 열 印

委 員 朝鮮 大學校 敎授 박 상 학 印

2015年 6月 26日

朝鮮大學校 大學院



CONTENTS

ContentsOfFigure--------------------------------ⅰ

KoreanAbstract-----------------------------------ⅲ

Ⅰ.INTRODUCTION-----------------------------1

Ⅱ.METHODS------------------------------------3

1.Inductionof2K1CRenalHypertension-------------3

2.TissuePreparation-------------------------------3

3.Protocols----------------------------------------6

4.DrugsandChemicals----------------------------6

5.StatisticalAnalysis -----------------------------6

Ⅲ.RESULTS------------------------------------8

Ⅳ.DISCUSSION--------------------------------21

Ⅴ.SUMMARY----------------------------------25

REFERENCES-----------------------------------26



-i-

CONTENTSOFFIGURES

Fig.1.Aschematicrepresentationoftherecordingsystem for

isometriccontractionwith15mLtissuebath.-----------5

Fig.2.Systolicbloodpressurein2K1Chypertensiveand

sham-clippedcontrolrats.--------------------------- 9

Fig.3.Relaxantresponsestoacetylcholinein

phenylephrine-precontractedaorticringsfrom 2K1C

hypertensiveandsham-clippedcontrolrats.-------------10

Fig.4.Effectsofquercetinorascorbicacidon

acetylcholine-inducedrelaxationsinaorticringsfrom

sham-clippedcontrolrats.---------------------------11

Fig.5.Effectsofquercetinorascorbicacidon

acetylcholine-inducedrelaxationsinaorticringsfrom

2K1Chypertensiverats.-----------------------------12

Fig.6.Relaxantresponsestosodium nitroprusside in

phenylephrine-precontractedaorticringsfrom 2K1C

hypertensiveandsham-clippedcontrolrats.-------------13

Fig.7.Effectsofquercetinorascorbicacidonsodium



-ii-

nitroprusside-inducedrelaxationsinaorticringsfrom

sham-clippedcontrolrats.----------------------------14

Fig.8.Effectsofquercetinorascorbicacidonsodium

nitroprusside-inducedrelaxationsinaorticringsfrom 2K1C

hypertensiverats.----------------------------------15

Fig.9.Contractileresponsestophenylephrineinaorticrings

from 2K1Chypertensiveandsham-clippedcontrolrats.

-------------------------------------------------16

Fig.10.Effectsofquercetinorascorbicacidon

phenylephrine-inducedcontractionsinaorticringsfrom

sham-clippedcontrolrats.--------------------------17

Fig.11.Effectsofquercetinorascorbicacidon

phenylephrine-inducedcontractionsinaorticringsfrom

2K1Chypertensiverats.----------------------------18

Fig.12.EffectsofNw-nitro-L-argininemethylesteron

phenylephrine-inducedcontractionsinaorticrings

from sham-clippedcontrolrats.----------------------19

Fig.13.EffectsofNw-nitro-L-argininemethylesteron

phenylephrine-inducedcontractionsinaorticringsfrom

2K1Chypertensiverats.----------------------------20



-iii-

국문초록

신성 고혈압 쥐에서 Quercetin의 혈관 이완 작용

류 권 호(柳 權 浩)

지도교수:박 상 학(朴 相 學)

조선대학교 대학원 의학과

플라보노이드 일종인 quercetin은 실험적 고혈압 동물에 장기간 투여시 혈압하강

효과와 혈관내피층의 기능이 개선됨이 알려져 있다.이 연구는 two-kidney,one

clip(2K1C)신성고혈압 모델에서 quercetin의 혈관 반응에 미치는 영향이 정상혈압

동물과 차이가 있는지 구명하고자 항산화제인 ascorbicacid의 효과와 비교 검토하

였다.

흰쥐의 일측 신동맥에 직경 0.2mm 의 clip을 장치하고 10주 동안 사육하여

2K1C 고혈압을 유발시켰다.대조군은 개복한 후 바로 봉합하였다.실험당일 흉부

대동맥 표본을 채취하여 수조에 현수하고 그 등장성 장력변화를 생리기록기에 기

록하였다.

Acetylcholine에 의한 이완반응은 2K1C고혈압군에서 대조군에 비해 약화되었으며

quercetin및 ascorbicacid는 acetylcholine의 이완반응을 고혈압군에서 강화시켰으

나 대조군은 영향이 없었다.Sodium nitroprusside에 의한 이완반응은 고혈압군과

대조군에서 유사하였으며 양군 모두 quercetin과 ascorbicacid에 의해 영향받지

않았다.Phenylephrine에 의한 수축반응은 2K1C고혈압군에서 대조군에 비해 증가

되었으며 quercetin및 ascorbicacid는 phenylephrine의 수축반응을 고혈압군에서

억제시켰으나 대조군은 영향이 없었다. Phenylephrine의 수축반응은

Nw-nitro-L-argininemethylester(L-NAME)에 의해 대조군에서 항진되었으나

고혈압군은 차이가 없었다.Quercetin및 ascorbicacid는 L-NAME 처치하에서는

양군 모두 phenylephrine의 수축반응에 영향을 미치지 않았다.혈관반응에 미치는

quercetin의 효과는 ascorbicacid와 유사하였다.
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이상의 실험결과는 2K1C신성고혈압 상태에서 quercetin이 혈관에 직접 작용하여

변이된 내피층 의존 이완반응을 개선시키고 수축반응을 억제시킴을 시사한다.
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Ⅰ.INTRODUCTION

Hypertension,acommonriskfactorofcardiovasculardisease,ischaracterized

byendothelialdysfunctioninlargeconduitandsmallresistancearteries1).Indeed,

endothelium-dependentvasodilation is impaired in a numberofexperimental

models,includingtwo-kidney,oneclip(2K1C)renalhypertension
2-4)
.Biological

activityofnitricoxide(NO),aneffectiveendothelium-derivedrelaxingfactor,is

primarilyassociatedwithendothelialNO synthaseactivityoritsinteractionwith

superoxide anion,which is produced in the vascular wallby free radical

generatingenzymes
5)
.Endothelium-derivedNO maybescavengedbysuperoxide

anion,and caused to reduce the bioavailability of NO and diminish the

vasorelaxation6).Itisnow wellestablishedthatan endothelialdysfunction in

hypertension is in partlinked to the exaggerated production ofsuperoxide

anions
7,8)

and oxidative stress is reponsible for the impaired endothelial

modulation in 2K1C hypertension
9,10)
.Therefore,antioxidants may exertthe

beneficialeffectsonthevascularcomplicationsassociatedwithhypertension.

Quercetiniscommonlyfoundflavonol-typeflavonoidwhichiswidelydistributed

indietaryvegetables,fruitsandwine
11)
.Previousstudieshavedemonstratedthat

flavonoid quercetin has various physiological effects involving antioxidant,

antihypertensive effects and an improvementofvascularreactivity12,13).The

vascularbeneficialeffects induced by quercetin are attributed mainly to its

antioxidant properties which might interact with endothelium-derived NO

system
14)
.Evidencehasbeenaccumulatedbytheresultsthatflavonoidsincreases

thebiologicalactivityofNO byinteracting withsuperoxideanions15),andan

impairment of vascular endothelialfunction was protected by chronic oral

treatmentwith quercetin in experimentalhypertension
16)
.Besides the chronic

effects offlavonoids associated with endothelialdysfunction in hypertension,

when the acute exposure to quercetin in vitro, it restores the

endothelium-dependentrelaxationandinhibitsthecontractileresponsestoagonist

ingeneticallyhypertensiverats
11,17)
.Forthispointofview,althoughithasbeen
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demonstratedthatchronictreatmentwithquercetinexertsantihypertensiveand

antioxidant effects or improves the endothelial function in renovascular

hypertension,
18)
acute effects of quercetin on vascular function in renal

hypertensionarestillunclear.

Thepresentstudywasundertakentoexaminethedirecteffectsofquercetinon

vascularreactivityinchronic2K1Chypertensiverats.Theeffectsofquercetinon

theendothelium-dependentor-independentrelaxationtoacetylcholineorsodium

nitroprusside and the contractile responses to α1-adrenergic receptoragonist

phenylephrinewereexamined in isolated aortaefrom 2K1C hypertensiveand

sham-clipped controlrats.The effects ofantioxidantvitamin ascorbic acid

(vitaminC)onthevascularreactivitywerealsoexamined.
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Ⅱ.METHODS

1.Inductionof2K1Crenalhypertension

MaleSprague-Dawleyrats(SamtacoInc.,OsanKorea),weighing160to180g,

wereanesthetizedwithintraperitonealinjectionofsodium thiopental(40mg/kg).

Underantisepticconditions,theleftposteriorsideoftheanimalwasshavedand

sterilizedwith70% ethanol.Anincisionwasmadeontheleftflanktoprovide

accesstotheleftrenalarterywhichwasseparatedfrom therenalveinand

cleanedoftheconnectivetissue.A silverclipwithaninternaldiameterof0.2

mm wasappliedontheexposedrenalartery.Theclipwasthenturnedsothat

the slitopening faces the abdomen,resulting in partialocclusion ofrenal

perfusion.Thecontralateralkidneywasnotdisturbed.Themusclesandskin

were sutured immediately and the rats were allowed to recover from

anaesthesia.Controlratsreceivedasham treatment:theywereunderwentthe

samesurgicalprocedureasin2K1Cratsexceptfortheclipplacement.Allrats

weremaintainedonstandardchow withfreeaccesstodrinkingwater.They

were used at10 weeks afterclipping,since the endothelialdysfunction is

associatedwithadurationofhypertension
19)
.Hypertensiveratswereselectedby

measuring systolic blood pressure in a conscious state using the tailcuff

method,andwereconsideredtobehypertensivewhensystolicpressurewas

morethan160mmHg.

2.Tissuepreparation

Atthetimeofexperimentation,thedescending thoracicaortabetween the

aorticarchanddiaphragm wasexcisedthroughaventralincisionandplacedin

cold,standardphysiologicalsaltsolution(PSS)ofthefollowingcomposition(in

mM):NaCl118.3,KCl4.7,NaHCO325,MgCl21.2,KH2PO41.2,CaCl22.5and

glucose 11.1.Vessels were cleaned ofadherentfatand connective tissues,

thereaftersectionedintocylindricalrings(2~3mm inwidth)underadissecting

microscope.Carewastakennottostretchthearteryordislodgethevascular
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endothelium.

Theaorticringsweremountedbetween twotriangleshapedstainlesssteel

holders in the vessellumen in organ chambers containing 15 mL ofPSS

maintainedat37±0.05℃,aeratedwithamixtureof95% oxygenand5%

carbondioxidetomaintainapH 7.4±0.01throughouttheexperiment.Oneofthe

holderswasfixedatthebottom ofthechambersandtheotherwasconnected

toaforcedisplacementtransducer(GrassFTO3)tomeasureisometrictension

development(Fig.1).Before initiating specific experimentalprotocols,aortic

ringswerestretchedtothepointoftheiroptimallength-tensionrelationship2g,

determinedinsimilarpreliminaryexperimentsusingrepeatedexposureto60mM

KClsolution (obtained by equimolar replacementofNaClby KClin the

physiologicalsolution),andallowedtoequilibrateduringtheperiodofatleast90

min.Duringthisperiodofstabilizationthebathsolutionwasreplacedevery15

min.Afteranequilibrationperiod,aorticringswerestimulatedwith60mM KCl

totesttheirfunctionalviability.Allexperimentalprocedureswereperformedin

thepresenceofindomethacin(10-5M).
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Fig.1.A schematic representation ofthe recording system for isometric

contractionwith15mLtissuebath.
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3.Protocols

Endothelium dependentand-independentrelaxationtoacetylcholineandsodium

nitroprusside (SNP) were constructed in aortic rings from 2K1C and

sham-operatedratsundersubmaximallyprecontractedwithphenylephrine(2×10-7

M in sham and 3×10
-8
M in 2K1C),which were obtained in preliminary

experiments.The responses ofthe aortic rings to cumulative addition of

acetylcholine(from 10
-9
to10

-5
M)and SNP (from 10

-10
to10

-6.5
M)were

examinedin parallelrings,which hadbeenincubatedwithvehicle,quercetin

(10
-5
M)orascorbicacid(10

-5
M)20minpriortotheadditionofphenylephrine.

Inanothersetofexperiments,aorticringsfrom 2K1C andsham ratswere

pretreatedwithvehicle,quercetin(10
-5
M)orascorbicacid(10

-5
M)for20min

andthecontractileresponsestocumulativeadditionofphenylephrine(from 10-9

to10
-5
M)wererecorded.Theexperimentswererepeatedinthepresenceand

absence of the NO synthase inhibitor Nw-nitro-L-arginine methyl ester

(L-NAME,10
-4
M).

4.Drugsandchemicals

Drugs used were acetylcholine, ascorbic acid, indomethacin, L-NAME,

phenylephrine,quercetinandSNP.Theywerepurchasedfrom SigmaChemical

Co (St.Louis,MO,USA).Allother chemicals were of reagent grade.

Indomethacinandquercetinweredissolvedindimethylsulfoxide(DMSO)andthe

otherswerepreparedindistilledwater.FinalbathconcentrationsofDMSOwere

lessthan0.05%,whichdidnotalterthecontractionorrelaxationresponses.

5.Statisticalanalysis

Valuespresentedinthefiguresareexpressedasthemeansandstandarderror

ofthemeansforthenumberofratsortissuesindicated in legends.The

relaxantresponsesaregivenasthepercentchangein phenylephrine-induced

contractiletensionandthecontractileresponsesareexpressedasapercentage

ofthecontractiondevelopedbythe60mM KCl.Statisticalcomparisonswere
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performed by Student's t-test or analysis of variance with repeated

measurementsandFischer
,
spost-hoctest.Differenceswereconsideredtobe

statisticallysignificantwhenPvaluewaslessthan0.05.
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Ⅲ.RESULTS

Tenweeksaftersurgery,thesystolicbloodpressurewere135±3mmHg(n=43)

and192±4mmHg(n=42)insham-clippedcontroland2K1C hypertensiverats,

respectively(P<0.05,Fig.2).ThemagnitudeofKCl(60mM)-inducedisometric

tensiondevelopmentwascomparablebetweenthetwogroups(1.45±0.12gin

control;1.52±0.14gin2K1C).

Relaxant response to acetylcholine in aortic rings precontracted with

phenylephrinewassignificantlyattenuatedin2K1Cratsascomparedwithsham

rats (Fig.3).Treatmentwith L-NAME (10
-4
M)completely blocked the

acetylcholine-induced relaxation in both 2K1C and sham groups (data not

shown).Inaorticringsfrom 2K1C rats,acetylcholine-inducedrelaxationwas

augmented by preincubation with quercetin orascorbicacid.However,both

chemicalsdidnotaffecttherelaxantresponsetoacetylcholineinsham rats(Fig.

4,Fig.5).RelaxantresponsetoSNP wasnotalteredin2K1C rats(Fig.6).

QuercetinorascorbicaciddidnotaffecttheSNP-inducedrelaxationeitherin

2K1Corinsham rats(Fig.7,Fig.8).

Contractileresponsetophenylephrinewassignificantlyenhancedinaorticrings

from 2K1C ratsascomparedwithsham rats(Fig.9).Phenylephrine-induced

contraction wasinhibited by pretreatmentwith quercetin orascorbicacidin

2K1C rats,whileboth compoundsdid notaffectthecontractileresponseto

phenylephrineinsham rats(Fig.10,Fig.11).L-NAMEmarkedlyaugmentedthe

contractileresponsetophenylephrineinaorticringsfrom sham rats,whileno

significantdifferenceswereshownin2K1C rats.InthepresenceofL-NAME,

quercetinorascorbicaciddidnotaffectthephenylephrine-inducedcontraction

eitherin2K1Corinsham rats(Fig.12,Fig.13).



-9-

0

50

100

150

200 *

Sham

(n=43)

2K1C

(n=42)

S
B

P
 (
m

m
H

g
)

Fig.2.Systolicbloodpressurein2K1Chypertensiveandsham-clipped control

rats. Pointsrepresentmeans±SEfornumber(n)ofexperimentsinparentheses.

*P〈0.05,comparedwiththesham value.
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Fig.3.Relaxantresponsestoacetylcholineinphenylephrine-precontractedaortic

ringsfrom 2K1C hypertensiveandsham-clippedcontrolrats.Pointsrepresent

means±SEforsixtoeightexperiments.*P〈0.05,comparedwithsham values.
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Fig.4.Effectsofquercetinorascorbicacidonacetylcholine-inducedrelaxations

inaorticringsfrom sham-clippedcontrolrats.Pointsrepresentmeans±SE for

sixtoeightexperiments.
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Fig.5.Effectsofquercetinorascorbicacidonacetylcholine-inducedrelaxations

inaorticringsfrom 2K1Chypertensiverats.Pointsrepresentmeans±SEforsix

toeightexperiments.*,✝ P〈0.05,comparedwithcontrolvalues,respectively.
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Fig. 6. Relaxant responses to sodium nitroprusside (SNP) in

penylephrine-precontracted aortic rings from 2K1C hypertensive and

sham-clipped control rats. Points represent means±SE for six to eight

experiments.
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Fig. 7. Effects of quercetin or ascorbic acid on sodium nitroprusside

(SNP)-inducedrelaxationsinaorticringsfrom sham-clippedcontrolrats.Points

representmeans±SEforsixtoeightexperiments.
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Fig. 8. Effects of quercetin or ascorbic acid on sodium nitroprusside

(SNP)-inducedrelaxationsinaorticringsfrom 2K1C hypertensiverats.Points

representmeans±SEforsixtoeightexperiments.
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Fig.9.Contractile responses to phenylephrine in aortic rings from 2K1C

hypertensiveandsham-clippedcontrolrats.Pointsrepresentmeans±SE forsix

toeightexperiments.*P〈0.05,comparedwithsham values.
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Fig. 10. Effects of quercetin or ascorbic acid on phenylephrine-induced

contractionsin aorticringsfrom sham-clipped controlrats.Pointsrepresent

means±SEforsixtoeightexperiments.
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Fig. 11. Effects of quercetin or ascorbic acid on phenylephrine-induced

contractions in aortic rings from 2K1C hypertensive rats.Points represent

means±SE forsixtoeightexperiments.*,✝ P〈0.05,comparedwithcontrol

values,respectively.
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Fig. 12. Effects of Nw-nitro-L-arginine methyl ester(L-NAME) on

phenylephrine-induced contractions in aortic rings from sham-clipped control

rats.Effectsofquercetinorascorbicacidonphenylephrine-inducedcontractions

inthepresenceofL-NAMEarealsoshown.Pointsrepresentmeans±SEforsix

toeightexperiments.*P〈0.05,comparedwithcontrolvalues.
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Fig. 13. Effects of Nw-nitro-L-arginine methyl ester(L-NAME) on

phenylephrine-inducedcontractionsinaorticringsfrom 2K1Chypertensiverats.

Effectsofquercetinorascorbicacidonphenylephrine-inducedcontractionsin

thepresenceofL-NAMEarealsoshown.Pointsrepresentmeans±SEforsixto

eightexperiments.
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Ⅳ.DISCUSSION

Dysfunction ofthe endothelialmodulation is generally characterized by an

alterationofthecapacityofthevascularendothelium todilatebloodvesselsand

playsacriticalroleinthepathogenesisofhypertension
20)
.Acetylcholine,which

isknowntocausevasodilatationviathereleaseofendothelialfactorssuchas

NOfrom theendothelium,iswidelyusedtodeterminetheendothelialfunctionin

hypertension20). As has been shown recently in our previous report21),

endothelium-dependentrelaxation to acetylcholine is markedly attenuated in

2K1C renalhypertensiveratsascomparedwiththatinsham-clippedcontrol

rats.Acetylcholine-induced vasodilatory effects were completely abolished in

both2K1C andsham ratsbytreatmentwithL-NAME,whichisNO synthase

inhibitor, suggesting that acetylcholine-induced vasorelaxation is mainly

contributetoNO synthase-derivedNO.Ashasbeenobservedpreviouslyin

geneticallyhypertensiverats
17)
,endothelium-dependentrelaxationtoacetylcholine

wasaugmentedbypreincubationwithquercetinorascorbicacidin2K1C rats,

whilebothchemicalsdidnotaffecttherelaxantresponsetoacetylcholinein

sham rats.Theresultsindicatethatendothelium-derivedNO-mediatedrelaxation

responsesinducedbyacetylcholinearepromotedbyquercetinandascorbicacid

in2K1C hypertensiveaortae,andsuchmechanismsareabsentinnormotensive

tissues.In association with these observations,previous studies
22,23)

have

proposed that blunted acetylcholine-induced vasorelaxation in hypertensive

arteriesisduetoincreasedproductionofendothelium-derivedfactorssuchas

vasoconstrictor prostanoids or superoxide anions.However,participation of

vasoconstrictorprostanoidsinacetylcholine-inducedrelaxationmayberuledout

in 2K1C rats in this study,because allthe experimentalprocedure were

performedinthepresenceofindomethacin,cyclooxygenaseinhibitor.Therefore,

superoxide anions may be a possible candidate in impaired

endothelium-dependentrelaxationinhypertensiveaortae.Itmaybepostulated

thattheimpairedrelaxationtoacetylcholinewhichisshownin2K1Caortaeis
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attributed to harmfuleffectsofsuperoxideanionsorotherfreeradicalson

endothelium-derived NO.Forthe biologicalinteraction NO with superoxide

anions in vascularendothelium,ithas been demonstrated thatNO can be

scavengedbysuperoxideanionstoform peroxynitrite(ONOO-)24)andevoketo

reducethebioavailabilityofendothelium-derivedNO causedbydecreasedNO

synthesisorincreasedNO degradation.Takentogether,aspreviouslyobserved

ingenetichypertension
17)
,anaugmentationofacetylcholine-inducedrelaxationin

2K1Cratsmaybelinkedtosuperoxideanionscavengingpropertiesbyflavonoid

quercetinorantioxidantvitamin.

Thepresentstudyconfirmedearlierobservation
21)
,thatendothelium-independent

relaxationstoSNP,whichisanNO donor,werecomparableinbetweenaortic

ringsfrom 2K1C andsham rats.Quercetinorascorbicaciddidnotaffectthe

SNP-induced relaxation either in 2K1C or in sham rats,suggesting that

NO-mediatedvascularrelaxationinhypertensiveandnormotensiveratsarenot

alteredbyquercetinandascorbicacid.Ithasbeenreportedthatflavonoidsexert

mainlytheirbeneficialvasculareffectsthroughanaccumulationonthesurface

betweentheendothelialandvascularsmoothmusclecellsandtoimproveNO

bioavailability by either enhancing endothelium-derived NO production or

inhibiting itsdestruction by freeradicals
15)
.Thus,itmay bepostulatedthat

effectsofquercetinorascorbicacidaremaskedonwhichSNP-inducedfully

NO-mediated vasorelaxation,as has been shown previously in genetically

hypertensiverats
17)
.

Ithasbeenshownthatvascularreactivitytocontractileagonistisenhancedin

disease states such as hypertension25). In accordance with our previous

findings
26)
,thecontractileresponsetophenylephrinewasaugmentedinaortic

ringsfrom 2K1Chypertensiveratsascomparedwithsham-clippedcontrolrats.

In the present study, either quercetin or ascorbic acid inhibit

phenylephrine-inducedcontraction inaorticringsfrom 2K1C rats,whileboth

compoundsdidnotaffectinsham rats.Theseresultsledustohypothesizethat

whethera diminution ofphenylephrine-induced contraction by quercetin and
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ascorbicacid in 2K1C ratsisresponsibleforimprovedbiologicalactivity of

endothelium-derivedNO byflavonoidorantioxidantvitamin.Toinvestigatethis

issue,effects ofquercetin orascorbic acid on the contractile response to

phenylephrine were examined in the presence ofL-NAME.The contractile

responsetophenylephrinewasmarkedly enhancedby L-NAME treatmentin

sham rats,whilephenylephrine-induced contraction wascomparablein 2K1C

rats,suggestingthattheroleofendothelium-derivedNO inisolatedvascular

segmentstothevasoconstrictorisimpairedinhypertensiverats.Similarresults

werealsofoundin ourpreviousstudy
26)
thatendothelium removalenhanced

phenylephrine-inducedcontractionin2K1Caortae,whileitwaswithouteffectin

sham tissue.These results imply thatendothelium may modulate notonly

vasorelaxation but also vascular contraction induced by vasoconstrictor

substances.It has been reported that the constrictors interact with the

endothelium to cause the release ofrelaxing factors,which then have an

inhibitory effecton vascular smooth muscle tone
3)
.As expected,flavonoid

quercetin or antioxidantascorbic acid did notaffectphenylephrine-induced

contractioninthepresenceofL-NAME eitherin2K1C orinsham rats.The

resultsstronglysuggestthatadiminishedeffectbyquercetinorascorbicacid

onthecontractileresponsetophenylephrineinhypertensiveratsisduetoan

alteredbiologicalactivityofendothelium-derivedNO.Ontheotherhand,our

results are inconsistentwith the previous study by Ajay etal
17)
thatthe

magnitude of phenylephrine-induced contraction is similar in between

spontaneoushypertensiveandnormotensiveWistarrats,andinhibitoryeffects

byquercetinandascorbicacidonthecontractileresponsetophenylephrinein

hypertensiveratsarereversedinthepresenceofL-NAME.Theyalsoreported

thattheinhibitoryeffectofquercetinonphenylephrine-inducedcontractionin

hypertensiveaortaeismorepotentthan ascorbicacid.Thesedifferencesare

complicatetoexplain,onepossiblediscrepancymaybecontributedtoadifferent

inductionofexperimentalhypertension,animalspeciesorexperimentalmethods

employed
25)
.
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Inthepresentstudy,theeffectsofflavonoidquercetinonthevascularfunction

aresimilarwithantioxidantvitaminascorbicacidsuggestingthatanimproved

vascularreactivitybyquercetinin2K1Chypertensiveratsisprobablyattributed

toanantioxidanteffectofflavonoid.Toourknowledge,thisisthefirstreport

showing that acute exposure to quercetin or ascorbic acid promote

endothelium-dependentrelaxationandinhibitthecontractileresponsesin2K1C

rats. In addition, enhancement of acetylcholine-induced relaxation and

diminishmentofphenylephrine-inducedcontractionbyquercetinorascorbicacid

inhypertensiveratsareassociationwithanalterationofbiologicalactivityof

endothelium-derivedNO.Previousstudies
27,28)

havedemonstratedthatsuperoxide

anion levels are increased in renovascular hypertensive rats.Accumulating

evidencessuggestthatmaintenanceof2K1C hypertensionisconcernedwitha

systemicallyincreaseinoxidativestress
9,10)
andwealsoreportedrecentlythat

vascularoxidativestressmaybeinvolvedinchronic2K1Crenalhypertension
29)
.

Therefore,asdiscussedabove,itcannotberuledoutthepossibilitythatan

improvedvascularreactivity byquercetinin2K1C hypertensiveratsmay,at

least in part,be linked to protective effects by flavonoid to vascular

endothelium-derivedNO throughanbiologicalinteractionendothelialNO with

superoxideanions,althoughthedirectmeasurementofNO andsuperoxideanion

levelswhichwewereunabletoperform inthisstudy.

In summary,acute exposure to quercetin improves endothelium-dependent

relaxation and inhibits α1-adrenoceptormediated contractions,and theeffects

weresimilarwithantioxidantvitaminascorbicacidinaorticringsfrom 2K1C

hypertensiverats.Theeffectsofquercetinmay,atleastinpart,belinkedtoits

protectiveeffectstovascularendothelialNOinrenalhypertension.
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Ⅴ.SUMMARY

Chronictreatmentwiththedietaryflavonoidquercetinisknowntolowerblood

pressureandrestoresendothelialdysfunctioninanimalmodelsofhypertension.

Theaim ofthepresentstudywastoinvestigatethedirecteffectsofquercetin

onvascularresponseinchronic2K1C renalhypertensiverats.Theeffectsof

antioxidantvitaminascorbicacidonthevasoreactivitywerealsoexamined.The

2K1C renalhypertension wasinduced by clipping theleftrenalartery and

age-matchedratsreceivingsham treatmentservedascontrols.Thoracicaortae

weremountedintissuebathsformeasurementofisometrictension.Relaxant

responsestoacetylcholineweresignificantlyattenuatedin2K1C ratsthanin

sham rats.Quercetin or ascorbic acid augmented the acetylcholine-induced

relaxationin2K1C rats,whilenosignificantdifferenceswerenotedinsham

rats.Therelaxationresponsetosodium nitroprusside(SNP)wascomparablein

between2K1C andsham ratsandtheSNP-inducedrelaxationwasnotaltered

by quercetin or ascorbic acid in both groups. Contractile response to

phenylephrine was significantly enhanced in 2K1C rats than in sham rats.

Phenylephrine-inducedcontractionwasinhibitedbypretreatmentwithquercetin

orascorbicacidin2K1Crats,whilebothchemicalsdidnotaffectinsham rats.

Nw-nitro-L-arginine methyl ester (L-NAME) markedly augmented the

contractile response to phenylephrine in sham rats,while no significant

differenceswereshownin2K1Crats.Quercetinorascorbicaciddidnotaffect

thephenylephrine-induced contraction in thepresenceofL-NAME eitherin

2K1C orinsham rats.Theseresultssuggestthatacuteexposuretoquercetin

improvesendothelium-dependentrelaxationandinhibitsthecontractileresponse

withasimilareffectofascorbicacidin2K1Chypertension.Theresultsexplain,

inpart,thevascularbeneficialeffectsofquercetininchronicrenalhypertension.
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