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Increased response to prostaglandin Hz precedes changes 

in PGH synthase-1 expression in the SHR aorta 

TongGE，PaulM VANHO~  ，ChanlalM BOULANGER2 

(＆ l，。rExperimental Therapeutics，BaylorCollege ofMedicine，Houston，TX 77030，USA； IRIS，6 place 

des Pleiades，92415 Courbevoie c~dex，France) 

KEY W ORDS acetylcholine； prostaglan~ --endo- 

peroxide synthase； inbred inbred VdKY； 

endothelium-dependent contractions；polymerase chain 

Ieacd0n；westem blotting；n|乜oⅢ niIle 

Anl：T0 determine the expression of PGH synthase-1 

andthe seasifi咖 of vaacul~ smooth rrmscle to PGH2 

in the aorta from the SHR at an age when no 

endothdium—dependent contractionstoacetylcholine are 

observed under con~ l conditions． ME】田DDs．All 

exr~ mems wt~a'e performed in parallel on aortas from 

20-wk-old SHR and Wistar-Kyoto normotensive rats 

(WKY)． Rings，with orwithout endothelium．were 

suspended in conventional organ chflmb~'s for the 

recording of changes in isoIIle岫c force． 1be 

expression of P(羽 synthase一1 was evaluated bv 

transcription-polymerase chain reaction(RT-PcR)and 

Westem blot analysis． RESU璐 !Under onnlI~l 

conditions acetylcholine did oot cmlse conwactions of 

tings with or withoot endothelium ． However．in the 

presence of n D—L—a~ginine (NLA． an inhibitor of 

tric-oxide synthase J． it evoked endothelium- 

dependent contractionin the SHR but riotintheWKY 

aortas． 1be expre~ion of PGH Sylltha,$~．1 was 

comparable in the aortas of both strains(with and 

without eadothelium )． PGH2 caused greater conlrac． 

tions in rings without endothelium from the S蛐R than 

thosefrom WKY．whileU46．619 evoked a eornl~arable 
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response， in aortas from both sW'4ilis． CONCLU． 

SION：In the aorta of 20-wk．old SHR．endothelium- 

dependent contractions to acetylcholine are observed 

onlywhenthe production of nitric oxideis prevonted． 

They are associatedwi th an augmented sensitivity ofthe 

smoo~ muscle to PGH2，but riot with an increased 

expression of PGH synthase-1． 

Inthe aorta of the spon taneously hylxnlensive rat 

(S限 )．acetylcholine ca1．1SeS endotheliurn-dependem 

contractions． which are mediated by activation of 

thromboxane-endoperoxides Iece口torsLl一 ． In the 

SHR aorta，血e phon omenon is age 嘲 dent；it can 

also be observed in arteries from old norrm)tcnsive 

ra 。一11)
． n o％Ⅻ ●ce of endothelium-dependem 

contractionsto acctylcholthein the aorta ofthe 35-wk． 

old S限 is explainedboth byan iIIcreased expres~on of 

prostaglandin H syntrm e-1， resulthng in a larger 

pr~ oll of prosta#andin H2( ) and a 

hypersensitivity of the vascular smooth muscle to the 

consUictor effect of the eI1do dde【 ． Ttle pI t 

expeIimetlts were d商 删 to e~minethe expression of 

pGH synthase．1 and the reslxmsiveaess of vascular 

smooth 删 scleto PGH2in S蛐R andW KY aortas at age 

of 20-wk old， at which endothelium．depe／Ident 

contraction sto acetylcholine do not occur under con~ l 

conditionsin the aorta ofthe hypm ensive straii1． 

Anim l~ The experiments were perfom~ on 

thoracic aortas from m出 inbred SHR and WKY (20 

wk old；Hadan Sprague Dawley， Indianapolis， IN， 

USA)． All pID(础  s using allim~s were in 

accordance wim the~ deanes of the Animal Protocol 
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Review Committee of Baylc~ College of Medicine． 

Systolic arterial blood pressurewas n~asured bythetail 

cuffmethod，and averaged【137．1 4-4．7)and(229．3 

±2．3)mmltg in WKY and S ，respectively(n= 

7．P<0．05)． ne ratswere anesthetizedwithl：~nto— 

b~bital sodilJli1(50 mg／ ，ip)． The thoracic aorta 

was dissected free，excised，and cleaned of adherent 

eonnective tissue in COld modified Krebs—Ringer 

bicarbonate SOlutiOil(control solution：composition in 

mre~l／L： N 1 118．3； KCl 4 7； MgSq l 2； 

Ia P04 1．2；CaCI2 2．5；NaHCO3 25．O；calcium 

disodium edetate(~yrA)0．∞6；and UCOSe 11．1； 

口H 7．4)． For organ char experiments，n1e 

preparations were inmaersed in oontml solution and used 

immedmtely． For RNA and protein extra~ on． the 

vessels were 丘Dzen in liquid nitrogen and kept in a 

freeT．e[(一7O℃ )untilthe ass swe陀 西mn。d． 

0r m elmmbers Erime吣 Thoracic aorta 

from WKY and SHR 哪 CUt inm tings(4—5衄  

wide)． In sorl~ 脚 缸ali0rls，the ermbthelium was 

removed by gemfly rubbing the knllmal stu'face winl a 

smallforceps． Inthe 咀1aiⅡingtings，care wastaken 

nottotouchtheiIIIl sua'face ofthe blood vesse1． n 

presence or absence of e~ othelial cells WaS confm-~ed 

bythe D sence or absence of relaxallonin responseto 

thmmbm 【1 kU儿 )， d vely． rings 

suspended horizontally be veen two stai~ess wiles in 

OI'gltll cl~-nbers filled winl~ontrol solution (37℃ ) 

aerl~  nl 95％ +5 ％ C ． pI印ara s 

were connectedtoforee咖 sduceIs(Statham Universal 

UC2 or Grass F】 C，Quincy， MA，USA) for 

recording of cl~nges in isometric force． Prior to 

expenmenta~ion． the pl'~ ons wer stretched 

pmgre~ vely and exposedto Cl(45mre~lZL)at each 

level offeace untilthe op[ir~ pointofthelength—active 

force reladomhipwas reached．A erthis Df【’c。durethe 

ringswere allowedto equilibratefl0r40min． All rings 

惭 then exposed to KCl 60 mre~l／L to de把皿 Ine 

their maxim~ responsiveness． rn】ere 惭  no 

significant differences in response tO KC1 60 n~nol／L 

between~rtas ofWKY and S (data not shown)． 

The eontractior~sto acetylcholinewere ex卸 edin 

parallelfin鼬 with讲 ",vi~ utend0血 u甜  ． In 9o拙0 

脚 am廿0ns， tings were incubated with 一mtm—L一 

~rginine(0．1retell／L；Aldrich，Milwaukee，Ⅵ )fbr 

2O mm before addition of acetylcholineL ． Contrac— 

tiom to increasing concentrations of IN3H~(Biomol， 

Plymouth Meeting．PA)and the throrntx~xane analog 

U ，619 【Cayman Chemical Co．Arm Arb0r，MI) 

were 0b【ained in parallel in tings wi~heut endothelium 

from WKY and SHR a~-[asL 

AIl drugs Werl~prepared daily(stock solu~on lO 

ramol／L)and flll~er diluted in distilled water．except 

~ staglandinR ．which WaS obtained as a solu~on in 

~ tone(1∞ rag／L；一70℃ )and was dilutedfille r 

in acetone． The highest eoncentration of ac咖 ne was 

1．2 ％ of the final chamber volume 【to reach IN3H2 

O．1 gmol／L inthe bath solution)． Atthis c0noerl廿a— 

tion，acetone decreased vascul~ tone to a eora~rable 

extellt in b 山strains(data not sIlawn)． 

RT-PCR RNA p p剐篇ti0Il Total RNA WaS 

extractedwinlRNA STAT__加 kit【Te Test⋯B’，Inc， 

Friendswood， Texas) and the ooncentration was 

measured for each samNe in a 缸。吐 

meter(UVl60U．SNmad~ )． Niq~ts ofRNA 、vere 

lolled Oil a dematuredf~ namide agaro~ gelto ch0ck 

the RNA q~Ut~ ． 
RT-PCR 1 messageRNA expression ofPGH 

synthase—linWKY and SHR WItS evaluated by reverse 

瑚nscrjp石。l1一口0】ym∞ se chain r~ oll tRT_P( ；5)． 

Glyceraldehyde 3-phosphate~ ydmgenase (GAm H) 

was amplified paraUelly as an in圮mal conu'o1． Total 

I A 0f 2 from each rat aorta was reve 0- 

transcribed ham d)NA bv using the S~erScript 

Preamplificafion System (Gibco BIlL，Grand Island， 

NY)． Ten micmliters of cDNA aliquots 

amplified bv PCR nl either PGH synthase-1 or 

GAPDH specific~mers in a DNA thermal cycler 

(PerkinElmer，Norwalk，cr)．1be priII1ersforIN3H 

synthase-1 were obtained from Baylor College of 

Medicine，Molecul~ Core Facility ． n1eprimers for 

GAPDH were purchased from CIontech， Palo A1【0， 

CA． 1he PCR mixtureincluded 200~mol／L of each 

田ⅡP plus 0．37 MBq of ct．xep—d( rP(110 T~q／mo1)， 

l／m~l／L of each primer，2 units of Taq polymerase 

(Perkin Elmer，Norwalk，C．r)，in P( buffer【Trls— 

HCI 20mre~l／L．IvlgCl~2．5 n~nol儿 ．KCl 5OⅡ 1／ 

L，and BSA l∞ L)，with a final voltm~e of 50 

肛L． For quantitative lrp0se， the cDNA 

amplified by 28 cycles(each cycle consisting ofDNA 

denaturation at 94 ℃ for 40 S，primer annealing at 

54℃ fl0r 40 S and prira~extension at 72℃ for 90 s)． 

Under these eoMitiom ， the yield of the amplified 

product WItS linear winl respect to the itlrlount ofinput 
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RNAforthe specific口airofprimersl5J． nle amplified 

eDNA (212 and 452 bD for pGH synthasc。1 and 

GAPDH， respectively) were rcsolved on 8％ 

polyacrylamide gels and quantitmed by a Beta-Scope 

603，blot analyzer(Betaken，Mountain View．CA)． 

Western blot F~zen 血ou'acic &o／tas we∞ 

ground as described for RNA extrac~n． then 

homogenizedin phosplla把buffered saline(PBs)(NaCl 

135mnlol／L；Ka 2．7mmo1／L：NaaHPO~10 rrmaol／ 

L；KH~PO41．8fflmoL／L)withTriton-X100 0．1％． 

phenylmethylsulfonyl fluoride l mmol／L． E叭  

0．0l％，and leupeptin 0．03％ (pH =7．4)；the 

was measured in the supematant 

usingtheMicroBCA protein assay(Pierce，Rockford， 

IL)． S~aples(50 ug protein)were electophorasedon 

a 8％ polyacrflamide gel under reducing and 
denamiming conditions， and transferred onto a 

nitrocellulose-EcL membrane(Amersham，Arlington 

Heights．几)． Non-spedtic binding sites were blocked 

overnight(4℃ )in a 0．05％ Tween。20 PBS b(1ff~ 

(T-PBS； pH 7．4) containing S％ non-fat 皿 Ik 

(Biotad，Hercules．CA)． 1tIe blots were then 

incubatedwitll eitherthemonoclonal anti。orosta~  

H synflaase-1 antibody (diludon l：200： Oxford 

Binmedical Research，Oxford，Ⅻ )or the monoclonal 

anti-e-smooth muscle aclin (as∞ internal standard． 

dilulion1：2000，Sigma，St Louis，MO)．Both PGH 

synthese~1 and n。smooth muscle actin wcTc revealed 

witll ECLWesternblottingdetection reagentsfollowing 

exposure to the secondary antibody according to the 

instructions 咖 by the inamlfacturer (Amershem， 

Arlington Heights．IL)． Films w∞ analyzed by a 

densitometor(Biomed lnsmnl'z~ts，lnc)． Data are 

expressed asthe ratio ofthe peak absolbanceforPGH 

synthese-I and n。smoothmuscle aclin． 

Stalistieal analysis All expcrimenls weI己 

performed in pamllcl 0n preparations from 20-wk-old 

W KY and SH tats； mprcsenls the numb~ of 

preparationsfrom diffcrent animals． Results are given 

as m氍m ± SEM for organ chambers eXperiments and 

n3easulx6 of PGH synthase expression， statistical 

analysiswaspofforroednsiog Smdem’s t-testfor瑾捌  

andlm L捌 observations or using a two-way analysis 

ofval'~ ce(ANOVA，followed by a Bonfermni test) 

whenm0I thantwoⅡ aI1s wgre compared． All data 

weI己analyzed nsi~g Instat softwai~ (GlaphPad，San 

Diego． CA )． D谢leIa1ccs werg considered to be 

statistically significantwhen P waslessthan 0
．05 

Organ chamber studies Under control coildi． 

1ions，anetyleholine(10 nmol／L一10~mol／L)did not 

c lse significant changesin tensionin aoi-Lic rings．with 

and without endothelinm，of either WKY and SHR． 

How ever， after incuhefi~ with nitro-L。arginine 

( hibit0r of hi．c-oxide synthase：30 ~mol／L)。 

acetylcholine evoked significant endothefium-dependent 

aeasesin tension in the SHR．but not in tlle ，l(Y 

aorta(Fig1)． 

Comrol 

Inthe Dr鹋 en0Bofnitro- 

L-arginine。30 um oI，L 

8 7 6 5 8 7 6 5 

AcetylcholineI-Ig mol· t 

F姆 1． Effect 0f 口曲面|g。口州崩I乜a 0f acetyl- 

choline-m a咖 c ri 蓼 (with and witlm~t endothe． 

Rum)from spo~ y pE ％dve(呱 I and 

normoCe~ ve WL~ar-Kyoto (啪 J埔括。 control 

solutJ=z(]eft1 and after kv：ubmion with 1~tz．o．工． 

咄 i地 (如 l删 L．ri啦 I．Tl-e曲峭 in锄 si帆 
above basal are sbO眦 as n■强地 ±S脚 ． 1'hexe is a 

丘∞m di1弛r咖 e ( 0．0S)缸 州 be- 

twee~她 Wi血 ex~otkellum 0f鲫 t and啪 ． 

1tIe thmmboxa~ analog UH46，619 evoked 

compasable raspouses in rin~s without emdothelium of 

W1(Y and S陬 a(a'mswhereas P(~-I2(30 nlnoL／L— lO 

~nsol／L)induced significantly greater contractions in 

tlle SHRthan tlleWKY aorta(Fig 2)． 

【Dre of咖 syntlmse．1缸 WKY and 

SHR ~lol"lha PGH synamse。1 and GAl：DH mRNA 

were erse tmascribed and amplified by polymea'ase 

chain reac'd~n；therewas nosignificant di ceinthe 

ratio ofPGH symhese-1／GAl：DH eDNA betweenWKY 

and SHR preparations(Fig 3)． 

1tle expres~on of pGH synthase-1 in the WKY 

and SHR aorta were compared at the protein level by 

Western blotting(Fig 4)． The densimrnetric analysis 

：Il 
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ng 2． C帅 trac6加 s of aortic rin擎 廿loIlt ． 

nleljImI 6Mn wi l白恤 (wKY)aIld叩佃场Ⅸ小蝴  

憎臼恤rIsjve(sIIR)Ytlb to．ma 商ng伽lnc已虹睦a6咄  

0f U46，619 cle鲥 锄d 稍妇蛐 d缸 I (tight】． The 

resDonses to b0吐I al~msts were ob Iilled jlI p~ llel 

on riI辍 0f曲Ie 鼢强 锄衄 Is． 肪 忸 were l均wn 鼬 

I蛐唧 强 ± 团珈 ． There 懈 a d 吐丘∞nt di伍日衄 艟  

( <0．05)k 嗍 t 唧蚰 i蚰s 锄d 

WKY rats． 

r  2．0 

{ 
兰舌1．0 

§ 
0．0 

W KY 
aOr【aS 

SHR 
aortas 

Fig 3． C0Ⅱ叩aTism  0f d erse昀 ns p拄 口0| lI r． 

a昌e 雌枷 ∞ cpcR)锄 蛳 s of 稍妇蛐 d．m H 

syn廿硇 1(I~,,IB-1)alldGA咖 -m RNA白 _岫  

-m ．with (0pe|l baTs)alld wi岫 IIt c蛔tched 

ba巧)肌d0meIium，of wist · 册吣 c wKY】锄d 

spontaneously畸pe咖 sjve( )rats． d妇  

are expressed 鼬 O beb”咖 the口 碍妇暑I础 n Ⅱ 

，IItlms 1 alld GAPDH c1)I~ ，锄 d l帕wn 鼬 咖 s 

± 卿 ． T1lere 眦 I1o 吡描 讪 y Iifi鲫 t 
dif№ lces between the 0 dIn眦 吼 冒∞ ． 

showedthatthe ratio of PGH synthase-1 w ~-smooth 

musde ac~rlwas0．79±0．04 and 0．81±0．06inWKY 

and SHR．respectively(n=3)． There was∞ 

significant difference in the amount of PGH syntl~se‘1 

betweenthe twoIat strams． 

DISCUSSION 

Tile present expe~ eots~rnonstr0le 山 in SHR 

aorta．the hypersensitivity of vascular sⅡK舢 muscle tO 

PGH Synthase-1 ■_  一 80 

M坩 

rll~lrkllrs 

· - ●_ 一 

WKY SHR 
aorta aorta 

4． D即siI岫 锄a 豳 sI-0wjIlg detee~  

惦乜 alI血 H 删 s l c13(311-1．t0p】alld* 

伽 mlI ( ．b0t岫 )ilI 喇 Ⅱ 

h0m0 m∞ (wi岫 IIt口dD由elilm1)0f 

w l(ya协 (wl )aIld叩佃场Ⅸ小ls 哪 I 

(S腿 】ra协． 日帕 髑吐m怔d m0IecI山 瑚 稿 Ⅷlll嚣 

眦 70 alld 45 kDa a forthe 呻 Dte-m detected wi吐I 

the PGlI ndl罄e．1舡 bo母 alldthat d神州 wjdI 

the * ∞oⅡl lm mmD H m ． 

c ly． S枷 Iar埋sI1 were obI矗iI耐 wi吐I two 

o岫 sets 0fWKY ∞ d 咖 ． 

e~opemxides (PGH2) precedes the 0ccuⅡ￡n∞ of 

end Uun}depende士lt eonWactio~ to acet_ lcl∞une． 

Indeed． in 20-wk-okl SHR rats． no e UulⅡ． 

dependent contractions aIe observed unless the 

formation of nitric oxideis口revented． In older SHR。 

such inhibition is not required／ ， a]~ ugh ir~ibitors of 

the L—argioine-NO pa~way potentiatethe re司，onse【 ． 

The potentiation is explained best Wha ler cyclo- 

oxygenase—dependem eontraefing factor and nitric oxide 

interact chemically andinactivate each o山 _。 
．  

cc 魄Ictillgfactoris 

likelyto bepG壬 ．the口I ： 0n ofw}l is regulated 

bv K m synt．base．1 in SHR a131"~k J． Inthe 35一wk． 

Old SHR．diffeaetr_,esin PGH synt．base一1 expression arc 

associated with the 00口肛Ten。e of endotheli~n- 

dependent eonWactions in the a叫 a of SHR rats． 

Ind髓d．atthat agethe SHR aol~lthas atwo-fold greater 

exixession of pGH syntl~se-1 and a ~esulfing 

significantly larger release of PG and up0ll 

aeetylcholme stimulation thaa that of age·matched 

W KYL引
．  

By c~ trast in the present study， such 

di ∞ was not observed in the a0rta of舡 wk-old 

hypertensive rats．$illce a comparable m曲su嘲 nent of 

PGH syn~ase-1 e]【messj0n was 0l 血耐 at both the 

raRNA and the Dmtein leve1． T1 fact that 

hypertemi~ WaS alre~ y well established at 20 wk of 

age argues agaiIIts a dkrect regulationofK m syntl~se-1 
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expres 啪 by 【】e m溯  m 咖 a1 b1。0d pre re REFERENCES
Th e likely explanation for this difference between 20． 

and 35一wk-old SHR is that increase in PGH synthase 1 

expl~SSlOllis a gradual process during aging 

nle endothelium-dependent contractions to acety1． 

choline in 35-wk—old SHR were cansed bv all 

augmented production of PG resulting from the 

increased expression of pGH synthase一1 but also by an 3 

enhanced respormiveness of vascular srlloo血 muscle to 

the coils ctor effect ofH1I L In 20一wk old SHR． 

the conWdctions to r'GH2 are also augmented when 

compared with age—matchedⅥ while the response to 

U46，619， a stable analog of thromboxane A2， is 

comparable between Ⅱ1 two$1T~lS as observedin 35· 

wk·old rats． n differentmspomivenessto PGHz and 

U46，619 coilld be explained by an al~ration of ei 5 

F~-I2metabolism into vasoactive prostaglandins or the 

prostanoid receptors sigr~ Wansductions in the SHR 

vascular wall 15：
． Altematively， VGHz and the 

ⅡⅡ0nlbOxane analog ma y activate different subtypes of 6 

thromboxane-endoperoxide receptors on the smooth 

muscle‘ ． Despite the hyperresponsiveness of the 

hypertensive vascular smooth muscle to PG_H2，山e 

physiological antagonism exerted by nitric oxide 

releasedtogetherwith endoperoxides during stm~almion 8 

wi th acetylcholineis sm'ficientto preventthe occun℃∞ce 

of endothelitma-dependent contractions in 20-wk old 

SHR aorta． 9 

In conclusion，the augmented responsiveness of 

hypertensive vascular smooth muscle precedes the 

occllll~rlc．e of endothelittm-dependent contractions in 10 

SHR aorta． H0wewr increase-m both prosme,landin 

symhase一1 expression and PG contractions appearsto 

be requiredto elicit endothelium-dependent conWactions 

in response to acetylcholine ． Although the mle of 

this endothelial dysfunction “ nail uncertain in the 

regulation of blocd pl'eS~llre in animal models of 12 

hypertension， the improvement of the blood flow 

response to acetylcholine-infiasion following inhibition 

of cyclooxygenase with indometacin in essential 13 

hypertensive patients suggests an important role fl0r 

PGH synthase—l metabolites， or their receptors oil 
1 

vascular smoo山 rnuscle，in the curtailed endothelitma- 

d m (I％t vasodilatation charaelefistic of the 15 

d{seaser _l 
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