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Hyperpolarization caused by serotonin contributes to endo． 

thelium-dependent relaxations in the porcine coronary artery1 
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AIM ：The[n'esent snI was desigfled to investigate 

the conmbution of membnme hypeq~larizafion to 

eiKl0吐l lHn．de嘲 d衄t relaxationsL,~ ced by ser~ mia 

in the porc~e cc~mm-y anwy． METHODS：Rings 

wi山 and without endothelium of ne coronary 

axteries 啪 suspendedin conventional organ chmnbers 

for the n a乳l 绷触mt of i9叫ne缸c force． Tlle cell 

rrmnbraneIxXenfial ofthe vas~1]ar smoo~ muscle cells 

was measured using grass microelecm3des， in the 

presence of ind~aetacln。ketansenn。aⅨ Ⅳ ．nitro- 

L·al Inine． RESULTS：Serotontn indued a扛雠si． 

cnt end0cbe“u肚 ，and concentration．d~endent relaxa- 

tion in rings conaacted with pfI眦  and_m in the 

presence 0f -niwo-L-ar面aine(埘船：ima1 relaxation： 

lq％)． The ．nifro-L．arg~ne recfiglta~t relaxation 

was abolished by high K and tetrabutylm'nmc~ium 

ehloride． Semtonin also caused∞ endothelimn-．con· 

ceaa'ation-dependent membnme hyperpolar／zatiom with 

a maximal mnplitude of 一8．8 mV． The nitro-L· 

血Ile resistant relaxations and hyperpolmiz~ ons 

abolished by me~ otlzpm． but not by 

ibe| l锄 ide． The time course of the eIld0tbI 哪 · 

dependent relaxations and hy!~volarizations was 

similar． CONCLUSION：These results suggest a 

c0n舡_lbu石锄 of cell membrane hype~ lanzation to|lle 
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endothelitma-dependent relaxationsinduced by serotonin 

inthe porcine。田 n y artery． 札 

Endothelkma-dependem relaxations mediated by 

n 哪 stan0jd c如 be divided into 啪 compcments． 

Thefirst oIleisinhibited by blokcrs ofthe L—al面nine． 

nitric oxidepathway andlikely m  the release of 

endo~ liura-derived nitric oxid~ ( a relate~ colH． 

pound) ’副． nle other吼咖Dc蛳 t most likely is due 
to endothelimn-dependent hyperI~larization of the 

V~％1]ag smoothmuscle ceUs ， ． ．nIishypetpolariza- 

tion is mediated by all mlknown endothelitma-derived 

substance (endothelimn-derived 州 mizing fac· 

妍) 口)壬 ， ch differs丘锄 niUic oxid~． T1 

con~aution of目既 is hetcxogenous a~ong blood 

vesselsL ． A231B7 bradykinin acetylcholine， 

tlm3mbin，and UK]43O4 c锄l9e eIIdotbenmⅡ．dq删 em， 

nitm-L．arg~ltne resistant relaxations and hyperpolariza- 

tiom of vasL~1]ar smoo~hmuscle in varioustissuesL。‘ ． 

5-Hydro~ (5-I-IT，serotonin)caus~ the 
w,lease of endo~helium-derNed rebxing foctorthrough 

ac 撕0n of 5．HT】 1ike serotoninIecep咖 B_l 0_． le 

present翻 erim锄 捃 d~siged to investigate the 

0∞打渤 妇 ofmembnme hyperpolarizafionto endolhe- 

lium-dependent relaxations mduced by serotonin in the 

porcine coronary a唧 ． 

OrOn chamber experhnents Yorkshhe pigs 
(含，20—25 kg，8一10 wk)were mlesfllexized wi山 

telazol f100mg b~Wanmscularly)and s0diun1pemob~-- 

bital(12 5rag／kgin~avemomly)，andthe hearts 

Ⅻ  ed． The left drctunflex co~nm'y arm~y(U=，【) 

was dissected free，immersed in cold modified K~ebs- 
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Ringer bicarbonate solution[consisting of(mmol／L) 
Naa 118 3， KC1 4．7， CaCI2 2．5， MgS04 1

．2， 

KHzPO4 l 2，Na~CO3 25，glucose 11．1，and calcium 

diso~tl／n edetate 0．026 at pH 7．4(control solution)l， 

and cleaned of connective tissue． They were then cut 

inm rings 3—4 Im1 length)． In scl腓 rings．the 

endothehum was removed mechanically byinseaingthe 

tip of awatchmaker'sforcepsintothelumen and gently 

rollingthe preparation backandforth over apapertissue 

wetted with cold con trol solution ． 1he rings were 

suspended horizonballyin orglLrl cha~rlbersfilledwith 25 

mL of controlsolution(37℃)gassedwith 95％ + 

5％ CO2 pH 7．4)，and stretched to the optimal point 

of their length．active tension relation．as detennined by 

the contraction to KCl(60 mlno1／L)at progressive 

levels of stretch n e tisStl~S were allowed to 

equilibrate for 60 rain before beginning the expe ri- 

ments． Experimentswere performed inthel~ sence of 

indometacin(10／／Jno1／L：to prevent the formation of 

endogenous prostanoids)；ketanserin l vmol／L； 

selective 5．H receptor blocker： to prevent direct 

activation of vascula~smooth ml~scle)．and／or 一 

nkm．L．~ inine(O lmmol／L；toblockthe production 

0f n{tric oxide)． Some experimentswereperformedin 

the presence of me~ othepin mesylate (1 p．mol／L； 

non-selective 5-HT and 5-HT2 receptor blocker) or 

gllbenclamide l 3／／Jno1／L：to block A -sensitive K 

channels1． Relaxafionsw豇e expressed as apercentage 

oftheactivecontractionsinduced by pros~giandinF ， 

highK ．orte~Joutyrlammoninan ctfloride(TBA)． 

Electrophysiological stlldi~ Rings of 

coronary art~ es were cut open along the loogimdinal 

axis， and pinned  down on the bottom of an organ 

chamber(1．5 mL)with the endothellal side upward． 

1be arteries were sⅢ崩 lsed continuously with wallll 

control solution (37℃ ) at constant flow rate (3 

mL／min)．and wel'e allowedt0~uilibrate for atleast 

60 min before starting 山e recordings． A glass 

miercelectrode filled with KC1 3 mo1／L(tip resistance 

50一。oMn)was insertedint0the smoothmuscle cell 

frc~n theintirnal side of山e vessdL“J． ．Tbe electrical 

signal was amplified  bym~lus of a recording amplifier 

(Wbdd 咖 Instruments，New Haven，CT)． 

Themembrane potentialwasmonitored continuously on 

anioscilloscope (Textronics 5223，Beaverton，OR， 

USA)and recorded o11 apen 0。rdef(GouldTA550， 

Cleveland， OH， USA)． Au experiments were 

performed in the presence ofindemetacin，ketanserin． 

and／or N -nitro-L一缸西血 e． Some  experiments were 

perfo~ d in the presence of methiothepin or 

gllbenclamide ． 

Drugs 1he following drugs used：brady— 

kidin，5-hydroxylxyptamine ereatinine sulfate (seloto— 
nin)，indometacin，potassium chloride，IXostaglandin 

F2 ，tetrabutylammonium  chloride， and glibenclarnide 

(allfromSigmaChemicalCompany，St，Louis，Mo)； 

ketamerin tart：rato (Janasen PIlmaaceutica．Beei~c． 

Belgium )；methlothepin mesylate(Resea~h Biomedi． 

cals inc Natick， ／via)； and Ⅳ ．nitro-L．~'gini／le 

Aldrich， Milwankee， WIS) All drugs were 

preparedwith distilled w~iel"on the day of the study． 

Stock solutions of indometacin (10 tanol／L) were 

prepared in w~ier an d N~CO3， and sonicated． 

Concentrations are expressed as final molar(me l／L) 

concentration in 山e bath solution． 

Statistical analysis ．Tbe results are expressed 

asⅡleaI1s±S ． Unless otherwise s0ecified ．n refers 

to the number of allinl~s studied ． In rings contracted 

with pvosmglandin ， responses are expressed as 

l~rcent changesfronathe contraction leve1． Statistical 

evaluation ofthe datawast~fonned wi th Student’s f． 

test for either口aired 0 unpaired observations (two 

tailed)． ValuesⅥ considered to be statistically 

differentwhen P was lessthan 0．05 

Increasingconcentrations of serotonin(10 nmol／L 

to10／ffo_o1／L)inducedconcentration．dependent relaxa． 

tions in "rings with endothelium contmctexl with 

prostaglandin F％(2tanol／L)inthe absence orpresence 

0fⅣ ．nitro-L．aw~ane． 1he relaxationtoserotonin1 

g／noL／L was the most pronounced． Ⅳ ditro-L— 

axginine (0．1 mmol／L) significantly inhibited the 

endothehum-depa ndent relaxations to semtonln 

(75．5％ ±3．8％ inhibition ofthe maximal relaxation 

to semmnin l tanol／L)． neⅣ ．nitro．L．~ -line 

resistant relaxations to serotonin were transient 

(maxim~relaxation at 30 s)(Fig1；n=5)． 

A high concentration of KC1 (40 mmol／L) 

evoked sustained contractions，whereasTBA(5m／no1／ 

L)causedtransientcontractions ofthe porcinecoronary 

artery． Semmnin (1 tanol／L)induced statistically 
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啦 !． Endothelimu．dependenttelaxafitmsinduced 
by diffet-ent c0ncenn麓6∞ s of serotordn in porcine 

cmenary 8rteries with endothelimn (n：5】in the 

abseIIce(open symbols)orpresence(dosed symbols1 

of 研̂_n 工·argtrane(0．1mmoVL J． expea． 

raentswere perforatedin the pl'esef~e of kelanserin 

【1 ttmol／L)and indamemcin (10 lIm ，I．)． 

responses are 由 糍 鼬 d 船 percentage of the 

0o叫瑚 ∞ evoked by pI稍协 田Idin (2 I哪 I／I．)． 

晰 are slm  asI ns±s删 ． dim  缸 

H 田d吣 协 dIe~ erent aⅡ比刨毗r毫嘣柚 of s既D幻血n 

w哪 s七蜥 盟Ⅱy significant 缸 dle abs明 ce and 

p| 卿 oe 0f JV 一 口_工·剐薯iI血幢 (P《0．O5】． 

significant mhxa~om of iin￡s contracted wifh either 

KC1 orTBA． These relaxationsw∽ abolishedbvⅣ【I，． 

nitro-L—argtr~ne(0，1Ⅻn0L／L)(Hg 2，n：5)． 

The niEo—L-ar niⅡe resistant relaxations to 

sero~nin were aboli~ed by met~othepin，but not by 

glibendarnide(data not shown)． Relaxafions to 

scrotonm w6116 not obserw~d in rings v~thout 

endothelium (data not shown)． 

The restingmembrane potential of smoothmuscle 

cells ofthe porcine comna~arteryaw (一49．8± 

0．8)mV and(一48．7±0．9)mV in tissues with and 

wifiaout endoffaelimn．re$1~ tively(18~ ents in 

aI esfrom 4 anur~s)． Serotonin(20 nmol／L—lO 

Contro 

，／厂、、、 ： 
n the presence of NLA 0．1 mmollL 

，，
／厂 

TBA 

5mmoltL 

KCJ 

Serotonin 1 BmollL 
● 

l 2 g 
5mm 

厂 ] 一  

In the presence of NLA O 1 mmol／L 

Seroton'in 1 umOl凡 
●  

2 g 

2． Effect of t岫 h姆 lmIm，0珂1ml(T ，S 

珈∞ ．~q)per p锄el】and h讪 l(a (帅 I哪  L， 

lower p；mel J眦 the“出 ad饼俘如duoed b semtonm 

inp啊 ciI埒 cerozm~'y arterieswith a 10曲e吐1髓
． The 

吣  c~m'acted with bj曲 I卧 and KC]． 

re叩ec州 y． The 龆 蚵m 印嶂 眦 p~ zmed iIl 

the p舶sence of ke切岫sE血 c1 gmoUL)and缸【dD腿 - 

协cjlI l10 l-In0l／I．)． 

肿 0b )induced endmheli ，
,

um-dependent concentra- 

n 出p t membrane hype~ ladzations in the 

prescnc~ofⅣ【I，一nitro-L'~ghfine．wluch weretransient 

in rkRU．ii~will1 a duration ofless than 2 min(Fig 3)． 

The maximal amplimde of hyperpolarization was 

L一8．8±2．2)mV at serotonJn 10 ． nleⅣ【I，．
．
~moVL 

nitro—L—m m  resistant hyperpolarizations to serotonin 

wcr~abolished by n1e血|0ll1e口iⅡbut not bv glibencla- 

mide data not shown)． nle hyperpolarization was 

not 0bscrved in tissues without endothelium (n： 4． 

data not shown)． 

The present experiments d~nonstl'ate that，in the 

porcine coronary artery． serotort／n cmlses Wdnsient 

— 
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]Pig 3． Membrane ，p雹p0l耻i 咄 indIlced by 
dⅡhH 0qm睡蚰n 脏O璐  0￡ se咖 血  in 目n0 lh 

m璐de cells 0￡p0 ∞加衄 ryre'retieswith衄 dD- 

也enIm ，iII d呛 eI_∞0￡Ⅳ 血 m-工-龇giI-j】啤 【0．1 

mmD儿 )．ketal~erbl c1 IIm0】，I一)alld imlvme~dn 

(10iLmoL~)． ]hl~t：耐  reo0“IjII擎． Graph： 

dam are shownasm啪 s±锄 l values(n=5)．The 

average rese~ nH!nbr胁 e pot~nUal of the ~ moth 

muscle cells was一49．8±0．8 mV． 

endothelium-dependem， concentration-dependent re— 

laxafions and hyperpolarizations in file presence of an 

inhibitor of NO synthase． Endothelium-~ t 
hyperpoladzations caused by various agonists aIe 

[~ lsient in natui~ in different blood vessels from 

various species， but contribute to endolhelium- 

dependent relaxations 。 ． Semtonin ~41tlS~$ the 

release of EDRF nlr0Il吐 activation of 5．HT1．1ike 

receptors(0一 
． 1 possibility that the mlaxadon in 

file presence of Jv -nilro-L—a垃inine is ~all~ by 

residual nitric oxide，the production of which was not 

blocked bv Ⅳ【I，-nitl'O-L．argl／line，is unlikely，because 

the n~laxafions in fissue~ con~ cted with I-fi吐 K and 

TBA we陀 abolished bv trealnl~nt with the inhibitor of 

nitric oxid~synthase． Moreover．1he time course of 

the hyperpoladzations and nitro-L-ar西nine resistant 

relaxations wos similaF． and the same threshold 

concentration of semtonin induced both Db朗1(岫1ena． 

Thus， this endothelitma-dependent nitro．L．ar~lJne 

resistant relaxationto serotoninis probablymediated by 

membrane hyperpolarization throtIgh the release of 

ED}玎F． which is resistant to inhibitors of the L． 

arginir~-nitric oxide p~．hwayL3。 
． EDHF is befieved 

to衄usehyperpolarization．andthe resulting relaxation， 

by oVen~ K channels ． In the present study， 

these nitr0一L—Rr~llne resistant relaxations and 

hyperpolarizations to serotonin were abolished by 

methiothepin(11o1]．selective 5．HT1 and 5．HT2 sexotonin 

receptors blocker)and TBA (／1oll-selective K channel 

inhibitor)，but not by glibenclamide(ATP-sensitive 

K channelinhibitor)． These~ illgs suggestthat，in 

lheporcine coronary artery．serotonln ca1lsesthe rele~e 

0f日)}玎F tl~ough the activation of 5-}rr，serotonin 

receptors．which may activate a Ca=j dependent K 

channel disfinct from ATI sensitive K chmanelsL ． 

In conclusion，lhe present study dgmonslra~$that 

serotonin causes endothelium-dependent， nitl'O-L- 

ar~lhae resistant membrane hyperpolarizations，which 

contribute to the endothelium-dependent relaxations of 

file porcine coronary artery． The endothelial receptors 

involved appear to belong to the 5-Hr1 family of 

semtonin receptors． 

MrDewayneO CONEYfor outstandingt~amical help， 

and Ms M~／ie PALUMBO for lhe preparation of the 

manuscript． 

1 VmahomtePM． Hypercholesterolaemia，atherosclemsis and 

release of endothelium-derlved一 嘴 factc~by aggregating 
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