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Pinacidil suppression on 5-HT3 receptor-mediated contraction 

of guinea pig ileum in vitro 

YUAN Yu-Min，XU De Yi ，HU Guo-Yua[12(State Key Laboratory ofDrug Research，Shanghai Institute of 
Materia Med~a，ChineseAcademy of Sciences，Shanghai 200031，China) 

KEY W ORDS seroton in recept0Is； pinacidil 

：myenteric plexus；carb,w．hol；GR65630 

AIM ；To study the effects ofthe K channel opene~ 

pinacidil on 5-Hb receptor-mediated contractions of 

the isolated guinea pig ileum (GPI) lon~tudinal 

muscle-myenteric plexus strip ep蛐 s． 

正 l卫0DS：GPI contxaction s weIe recorded with a 

chart recorder through is咄  ti'a~ rs． ．rbe 

effect of pinacidfl on bind~ propellies of 5-HTa 

receptors was assessed using 【 H Ja 5630 binding 

assay in membrane ~ OllS of rat entolbi／~ 

col't~x． RESULTS：(1)A 9臼ecdve 5-HTal'eceptor 

agon ist 2-methy1．5．HT0．1—300儿t∞ I_L一 and 5．HT 

0．∞ l一50 ,ttmol · L elicited GH contractile 

responses in concentration-dependent n'lailners， the 

values(and 95 ％ confidence limits)for 2- 

me thyb5．}rr and 5．}rr were 10．0 (8．9 — 11．2) 

t∞l_L一 and 1．6 (1．3— 1．9) t∞l·L一 ， 

respectively． Selective 5-I'tTa receptor antagonist 

trogisemm 0．1 tanol·L一 competitively inhibited the 

l'eS~ to 2．methy1．5．}rr and 5-}rr． (2)Pinacidil 

0．5— 5 u加10I．L一 inhibited 5．HTa receptor-mediated 

contractions． (3)Pinacidil 1 wnol·L enhancedthe 

inhibitory effects of trpp isetr~ 0．1 儿加l0卜L一 or 

another selective 5-HTa receptorantagon ist beagSetl'On1 

,
umol·L一 on 5- HT．induced GPI contractile工esD0rIses． 

(4)Pinacidil 1—5,umol·L一 did not affect GPI 

contractile responses evoked by a selective M．ACh 

r唧 t0r agonist carbachol1~rool·L-。． (5)Pinacidil 

1—5tanol·L一 hadilo effecton  binding properties of 

5-HTa re~ptors with selective 5-HTa receptor 

radioligand l H laR 30 in the entorhinal cortex of 

raI brain． o0j帆 US卫0N： ．rhe inhibition  b、r 

pimeidil of 5-HTa receptor-mediated GP1 co ntractile 

工esD(msesmay bemolialedthrough activation  ofA n 
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sensitive K channels located in ejImcd0lla1 
myenteric／ierl／'olls． 

11le K channel opeilers (KCO)form a uovel 

class of co mpounds in clinical application s including 

the treatment of cardiovascular diseases． bronchial 

asthma， or irritable bhdder syndrome， These KCO 

acted primarily Oil a heterogeneous class of K 

channels． A11P．sensitire K channels． which 咖  

foun d in excitable tissues including heart，skeletal and 

smooth muscle，Be1．1rous，and pancreatic i3-cellsL ． 

Basically，these agents increasepo tassium conductance 

by activation of A IP-sensitive K channels and thus 

lead to a hyperpo larization of the cell mor,_brane and 

reduced ~ van e excitability． Consequently，KCO 

relax smooth muscle preparations precontracted by 

spasmogens【 

5-HT3 receptor was originally described as ‘M ’ 

type of 5．Hr receptor in view of the inhibition by 

morphine oftheco ntractile respo nse ofisotated GH t0 

5-}rr． In eleetrophysiologic studies，5-H receptors 

have been characterized as a new me mber of the 

ligand-gated ion channel supeffamily，similar in many 

aspects to N．A01 rec~ tor- ． 11lefunction of 5- 

receptors in both the central and peripheral nervoll$ 

systems is mainly involved in modulation of the release 

of neu~transmkters， including ACh， doparmne， 

GABA．nomdrenaline、cholecystokinin，ete L ． 1 

main component ofGPI contractions induced by 5．Hr 

0．1～10 umol·L一 was SCtlSitive to tetrodotoxin l 

／~tmo卜L-。．thus mediated via activation of neuronal 5． 

Hb receptors that led to the relcase of ACh from the 

myenteric plexus BeurousL ，叫 

Cromakalim， a K channel opeiler ． reduced 

cholinergic transmission  in airway sⅡK础 muscle 

~ OIIS L and inhibited contractions ofGH caused 

by the release of eudogenous Ac}1 via electric 

stimulation  or via activation of 5-HTa~ tors' 8· 

Pinaeidil，a cyanoguandine potassium channel opener， 

inhibited telease of dopamine and norepinephiine in mt 
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vas deferens~ ⋯
．
In the present work．the effects of 

pinacidil Ol2 the 5-HT3 receptor-mediated contractile 

responses of GP1 were exainilled． 

Chenficals 2-Methyl-5-HT， benesetron and pir~cidil 

(R朗 ltiochemicals血temadom1．USA)；5-I-IT，cadoachol 

andmet(1clapr0 de(Sigma，USA)；[。H]GR65630(DuPont 

NEN，USA)；盯℃ sc咖 【sym【les砌 and by ProfZItU 

Yc~-Gaeng． shaw,~ Institute of Materia M。djca， Chinese 

Academy of Sciences)． 

M【删 衄 I咖 t of coltta'aetimas of伽  Guinea pigs 

(0，3OO一40O g)we stunned． ileum was excised 

叩 讲出衄 时 l(1∞ fra~atheileo-cecalj毗 and strips of 

l叩 山dina1 muscle with adherent myellteric plexus were freed 

nthe underlying ciFcular muscle． In each organ bath (5 

rnt．)，one l埘】git心  mttscle strip，2—3 cm lealg，was 

m0Lm目 1h bath contained Tyrode’s solution． wlfich 

comisted of：NaC1 137．0，CaO,~1 8，KC1 2 7，Mga l惦 ， 

r~ co3 11．9，NaH~P04 0 4， glucose 5．6 mmol。L～ ，and 

gassedwith95％ o2+5％ CO2 at 37℃ After equilibrati~Je 

for1 h，the strips ~aced under afe蚶Ilg ∞ of0．5 g． 

Contractions were reccrd~ with a chai't n order via iSc~etI1c 

transdtlcers． Noncumulative cor,cenuafion-resooiLse CllI'Ve$were 

established by addingincreasing c~ ons of5-HT~mc~4xor 

agotaist(5O止 )tothe organ bath atintervals of atleast鲫 rain， 

which wasftxaxlinpreliminary experimentsto belon罟enoughto 

avoidtachyl~ylaxis Each concentration ofthe删  w∞ left 

in contactwiththetissuefor about 30 s The aⅡves werethen 

~ cted in the presence of pi~acidil with increasing 

concentrations al~lied 5 rain before each al~lication of the 

agonist． Each p was used to reoatd only 2 cottcentr-ali~'a- 

response ：oT】eh the alone and the etherh  

agollast in the presence of one cencentration of pinacidil． 

B ri b with the same呻 )‘o were repeated m selective 

5-HT~mCelXor sc㈣ Or beneselro~added10 n 

before ago／list application All pcak respons~ to each 

concentration of the agoll~t expl~sslxI as a ％ of the 

response to cadJachol 10 uln01．L一 

R艘e| 均 H棚 I 锄say with瑚d王柚i鲫 d fag 

Dawley rats(0，200—250 g)wcr~decapita~ed Pooled 

em~-hinal COt'textissue was hornogeniz~ (Ultra Tureax．r为)in 

l0砌 }玎三PEs buffer(5Ommol-L～，DH 7．4，4℃)and spun 

at 4 ℃ and 49000 g 妇 10 rain e ~Ttlpe．fllatant岫  

discarded and the process q  for the pellet final 

i~net st~pended in 10 vol HEPES buffelf For binding． 

assay tI】bes added with 100 8e|ective 5- mCelXor 

radlo~gand Hj GR65630 (2286 6 TBq·mol～， final 

concentrati~ of0 3 nmol·L一 )in HEPES buyer， 啦  

100 L，andtissue 印amd0II100 (0．3一O 4 nag protein)． 

Tubeswereincubated a【37℃ for 30rain，which ve-o~terminated 

by rapid VaClllmlfiltration alroughWhamlanGF／B fil衄 s 唱 a 

BrandelI。eⅡHafve咄 F诅 fswerewas}耐 itranedi~celywi血 3 

rnLTns·H0 blll~er(50mmol·L～ ，pH 7 4，4℃ )妇 thiee 

lilnes RadioactM ty was assayed with a Beckman LS6000LL 

scinlill~neter(effeciem~y 47％ )． A11in~vidual assays 

ca ed o眦 in reNicaes of tlmee N~ ific h 血 g w∞ 

determined by the inclusion of 5-HTa I 珥 an 

H toc蛔舶II1ide100邮 ·L-。，which ir~iNted 50 ％ 一60％ 

of D衄1 binding of l0H]GR65 0 3 rH瑚l·LI1 in哪 l州 er~te 

ha-nogemtes of rat enmrhinal oor味  

m 诅 aIIa】y出 E( and values calculated using 

c唧 时 sot~wlme Gra曲P h】Plac’． 1k data were pf 日  

asj± and c r吼 【edwi血 t-test 

RESU【 S 

5．It'lr3 receptor-mediated GPI contrs~ n 

2一Methyl一5一HT， a selective 5- receptor agonist， 

evoked GPI contractile responses in a c0nc锄Ⅱad0n— 

dependent nlaIlner with EI 0f l0．0 (8．9一II．2) 

“r∞ l‘L一 ． Selecdve 5-HT3 receptor a~ gomst 

tmpi~ 0．1 r∞ l·L一 ∞ rnpeddve inhibited 2一 

methyl-5．HT induced contractile responses． Similar 

phenomena 哪 senti when 5 HT was used as agonist 

(Fig 1)．The B for 5-HT was 1．6 (1．3一1．9) 

Ⅱm0J·L-。 Notethatthe responsesinduced by 5．HT 

(1一l0 nr∞1．L ) re insensitive tO啦 SenDI1． 

Only the responses induced by 5-HT (≥ 0．1 

gra~I·L 】、黼 mediated via 5-HT~recepm~ ． 

7 6 5 4 

2-̈ 啪 l5 T，一 呻 L 

HT，一lg m0l L 

州  

- 一 

0M●th' HT'O I~mol’L 

-} j 

飚 1． 州  d-~lflr-and 5-町 _illdIl耐 GPI 
cc旧 acd0IIs -M tt~ and Ⅵ枷 在0IIis圳瑚 n 0．1 

·L‘ ． n=s s啷 。 ±5． 

EI 0f pk~ cidil On ~-It'r3 receptor- 

mediated GPI a叫Itcacd∞ PinaeidiI inhjbit0d GPl 

∞ ∞ 鲫 柏 i己 0 

、g ； |J-P．Rv 
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contractile respo[kses to 2-methyl 5 }f1、 in a 

concemralion—dependelit manner Increasing concen— 

tmtions of pinacidi]from 0．．-3 to 5·dra)卜L-。produced 

progressive suppression of GPI contraction induced by 

2-methyl一5一HT． Addition of pinacidil inlo the organ 

b 【h Jd1ways caused  a substantial decrease of 

sp~,)lltaneoas activity of GPI preparations (Fig 2 j． 

Similal’reSU】ts were obtained when 5 HT 0．1— 1O 

|jn I．L was used as agonjst． 

2-Methyl-5-HT 

啦 2． Suppression of 2-methyl·5·BIT·ill|lIloed GPI· 

contracdon by pina删 ． n ： 5 strips， ± s． 

Concurrent eontracdom  a shown for2-methyl·5·BIT 

10 p．mol·L with mid wittm~t 10~meidil 1 pmol·L～ ． 

Pina~砌 enhanced the inhibitory effect of 

tropisetron and benesetron on 5．HT．evoked 

GPI contraction GPI contractions induced by 5一HT 

(0．1—10 t~mol‘L )were competitively suppressed 

by tropisetron0．1“mol‘L～ ． W hen pinacidil 1 l,mol 

‘

L～ was added．the inhibitory effect of tropisetmn 

incre&c~x]． Similar results were obtained when another 

selective 5一HZt receptor antagonist benesetron l 

“moI·L-。w瓠 tested(Fig 3)． 

Efleet of pinee idil on carbachol-evoked 

GPI contraction Pinacidi1 1 and 5 t*mo1．L～ ． 

which suppressed GPI contractions induced by'2一 

methyl一5．}rr 【Fig 2)．had no detectable efrects on 

GPI contractile reSpORseS induced by a selective M — 

ACh lee印 tot agonist calbacho1 l umol·L～
． e 

carbachol—induced contractions in presence of pinacidil 

1 or 5l~moJ‘L-。(68 ％ ±l4％ ，71％ ±12 ％ )bad 

no significant difieFence wi【h those induced by 

carbacho1 alone(74％ ±12 ％)． ese observations 

suggest that the inhibition by pinacidil of 5-HL 

recep~or-med iated GPI contractions may be  mediated 

via a prejunetional mechanism． 

c0ntr【i ／0 

． ／ 

／ 。／ 
—  ‘ ／ 
Tropisetton／ 
— —

／  b 

Tropisetrcm十pinaeidil — 二 ⋯． 

5．HT，一Ig RlOl L 

Hg 3． El山鲫ce哪 t 0f hddbaory effecLs of打0piset瑚  
0．I ixmol·L。’oP benese咖 1 pmol·L_。o[1 5-HI'． 

induced contr~c-fion ofGPIbypinacidll】~tmol·L一 ． 

n =3 strips． ± s． >0．05，bp <0
．05． <0．01 ns 

inhibition b txopisetron ∞ beneselxon alone． 

Effect of pinacidil on binding properties．of 

5·H  receptors Due to the relatively low density 

0l 5一HL receptors in myenteric plexus neurons of GPI， 

we tested  the effect of pinacidil on the binding 

lX'o~ rties of 5-HR receptors in rat entorhinal cortex 

【hat has been found 【n have the highest distribution of 

5-HTa receptors in tat brainL Pinacidil 5 

umol‘L neither inhibited 【he total binding of 5一HR 

receptors in 【he entorhinal codex wi【h selective 5一HTa 

receptor radiollgand 【 H J(讯65630 0．3 nmol·L～， 

nor affect the Ic of 5-}rr， 2-me thyl一5-}rr， 

tropisetton， and benesetron to compete for 

H JGR j0 0．3 nmo1．L binding (_r丑b 1)． 

These msults suggested that pinacidil had  no direct 

effect on the property of 5-H receptor binding fbr 

l H IGR65630 

Tab 1． Effects of pinacidil on [ H]GR65630 0．3 
nmol·L— bindi~ with 5-HT3 receptors． n = 3 

membrane homogenates of 5 rat entorhinal cortices， 

±s． >0．05 ns control 

DISCUSS10N 

Th e results of the present study showed  that 

T● xb 一7 

'_1 ～ 

一 _] 

、

、c0l10 5 0 
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pinacidil within a certain mnge of concentrations 

inhibited 山e 5-HT receptor-mediated GPI contractile 

responses．These effectsf42eiTIed 1tottO be produced via 

a postjunctionaI mechanism since the carbacho1 induced 

GPI conll'aCtiIe responsea were not at1ected  by 山e K 

channel opener． The action site of pinacidil js likely 

to be in prejanctional myenteric plexus netIODns where 

5一HT receptors locate as suggested by Zini al that 

the effect of KCO could occur presynaptically ． 

Th is notion was als0in accordwiththe previous report 

that 5．HT．induced GPI contractjIe respo nses induced by 

5 HT O．1 — 10 ttmo]·L一0 were med iated via 

neurona lly Iocated ．5-}rrl receptors【12j
． On the other 

hand， Sun and Benishin found  that pinacidil 1 

fm1o1．L decreased the basaI tension in the plexus 

free longitudinal muscle of guinea-pig ileum ． n is 

observation has thus been implicated that the 

mechanisms of action of pinacidil might be involved in 

P—sensitive K channels on postjunctional smooth 

mttsele cells． Hovog：vgr。 to date there has been no  

direct ligand—binding and electrophysiological evidence 

F0r the presence of lrP_sensitive K channels in the 

plexus-free longitudinal muscle cells of gu inea pig 

ileum ． 

Ourresults showed tha t山e effects of pin,'~idiI on 

5一HT 一mediated contractions of GPI seemed not due to 

changes in the 5-}rL receptors per se，at least in their 

property of binding for the specific ligand When 5- 

HT iw．eptors in myenteric plexus neurons were 

activated by the agu nists．Na and K fluxes through 

the cation．selective channels coupled directly to the 

receptors caused a mpid depo larization that in turn 

activated  voltage．gated Ca'-' chan nels an d can sed an 

inc~ se in the cytosolic flee Ca '-' concentrationb* 
． 

then Ied to neurotransmitter release which caused GPI 

co ntractions。’’。． Pinacidi1 may open the ATP sensitive 

K channels in the same neurons．山us counteract the 

5-卜rr receptor-mediated effecm． The fact that 

spon[aneous activity of GPI greatly dec re~,．．ed after 

addition of pinacidil supported  the above speculation． 

le enhancemeut by pinacidil of the  inhibitoo,effect of 

tropisetron  or be nesetron on 山e 5一}rr_evoked  GPI 

co ntractile porises．therelbre．could be attributed to 

a certain type of functional synergism However． 

cronlakulira． another K channa I opener． did not 

affect the release of H J-acetylcholina evoked by 

elec tric~imula nion or by activation of 5-HTI receptors 

in GPIt‘ In add ition
．
them ale recently 

debates aboutthe effects ofKCO on Ca'-' entry which 

causes contractions of variou s smooth muscle 

prepmationst2 j
． 111e effects of Kco on intestina l 

muscle are still POt fully und erstoo d． 

Neverthe less， OUl’results suggested that some 

ruactional interactions exist be twecn 5-}r re~eptors 

and ATP-sensitive K channels in longitudinal muscle— 

myenterlc plexus netuons of GPI． The physiological 

significance of this finding needs to be addressed at 

single na uron level using new techniques， such as 

electrophysiological stud3,'，intrace llular Ca imaging． 

etc 
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关键词 血清素受体： 

巴H}{ ；占 
， ，  

— — 一  

吡邶地尔 肠：肠肌 ： 

吐炙稚 乞 

目的：研究钾 通道 开放剂吡那地尔对 5-HT{受体 

介导的离体豚鼠回肠(GP1)收缩反应的影响． 方 

法：以等长换能器记录 GP1收缩反应． 以[ H] 

GR65630结合试验检测大 鼠内嗅皮层 5-HT 受体 

作川，但不影响 巴胆碱引起的 GPI收缩 ；吡那 

地尔对大鼠内嗅皮层 5- 受体与[ H]GR65(g$0 

的结合无影响 结论 ：毗那地尔 可能通过激活突 

触前神经元 ATP敏感钾通道抑制由 5-HT 受 介 

导的 GPI收缩 反应 
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Effects of long·term application of dopamine HCI on 

dopamine agonist．induced cAM P production in rat renal cortexI 

ZHAO Rong—Rui ，JIN Xiao—Hong，ZHU Lin，W ANG Wen—Ze 

(Deparrmem ofPhysiology．Shanxi Medical Universi~．'，Taiyuan 030001，China) 

KEY W ORD a：~panane receptors；kidney cortex； 

dl耳目 【le； cyclic AMP； dopamine agents； adenyl 

cyelase；Sch-23390；aompefidon e 

AIM ：To studythe effects oflong-team  application of 

d0I)孤T血le HCI(DA)o131 the functional changes of 

d(】p卿iIle receptor subtypes c哪p】ed幻 adenyl cyelase 

in rat renal eoitc．x． M ETHODS：cAMP levels wem 

measured bv radiolmmunoassay as all index of 

do 叮lirIe receptor function． RESULTS： iection of 

DA (加 mg‘kg ‘d～，ip，加 d)reduced the 

fenoldopam (Fen) (100 rmaol·L )．induced 

increments of cAMP productionfrom the control group 

0f+ 1．26-i-0．04to theDA-treated group of +0 63-i- 

0．22 nmol‘min_。／g tissue and the propyl—butyl一 

叫  supptlrted h tbe Natit)nal Natural Sciem~Ftxmdati~l of Chiml 

№ ： ．1 l 

Corre,p(mde~ce to Pmf ZtL,XO R~mg-Rui P'm j“  1 413—7~1l(J 

F ± 0 1．202．性 
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dol3alnine (PBDA ) (100 ~tmol ·L-。)一induced 

decreal~ents of cAMP production  in the plx~ nce of 

Sch．23390 (Sch)from the control group of 一0．勰 
-

i-0．18 to the DA-treated group of 一 0．11-i-0．08 

nmol·mill_。／g tissue with， howevea"， comparable 

percentile o．hangesforthe2 groups． Schblocked both 

Fen．and PBDA． ucedincreasein cA]M~D[xtzXJil~tJon ． 

while doml~ e (Dora ) blocked the decreasing 

effects of PBDA on cAⅣ accumulation in the 

presence of Sch． CONCLUSION： Long—tetra 

appfication of DA produced a Ina蜊 “down 

regulation”of both DA1 andD receptorsin rat renal 

co rtex wi th， however， the resp mess of the 

remam~ receptors unchanged． 

Dopamine HC1 (DA ) agonists have been 

extensively used in the treatment of cardiovascular and 

kidney disease㈨ ] But
． 1ong—term application of the 

drugs may result in the decre&se of drag effects in 

patients and animals，indicating the OCcurrence of some 
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