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One specific exaw~le reflecting the complexity of 

cardiovascular respons~~ induced by serotonin (5． 

hydroxytryptamine；5-HT)aad the progress achieved in 

the phammcological characterization of the receptors 

involved can beillustrated bvthe effects of5-HT 0nthe 

cal1ine 瓤 舡啊 a1 carotid arm y bed． Wit／~ K s 

framework，it has been shown that the external carotid 

vasoc0nsIrictor r~ponse c0 5．HTinthe dogismediated 

by‘5-HTl-like’receptors．which being blocked by t}1e 

5一}rrlM D receptor antagonist GR127935，resemble 5- 

HTl8／ID(previously called 5-HT1D l )recgptors． It 

was proposedthatthese receptors coilld belongtothe 5- 

HTlB，i-atherthanthe 5-}rrlD，subtype ollflae basis of 

their resistance to blockade by a hi曲 dose of ritanserin 

(a potential 5-HTm receptor antagomst) and the 

presence ofmRNA f0r5一}玎∞(5-}玎 )receptors，but 

not for 5-rtTm(5-HTlt~)receptors，in vascalar smooth 

muscle． Wjth the advent of subtype．selective 

antagonistsit was subsequently shown that the exteIllal 
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carotid vasocenslrietion to 5-HT and surnaniptan is 

dose-dependently antagonized by the selective 5_}rrlB 

receptorantagonist SB224289{2，3，6．7-telrahydro-1。。 

raethyl-5-l2'-methyl-4 (5-methyl-1，2，4-oxadiazol-3- 

y1)biphenyl-4-carbonyl film l 2，3-fJ indole-3-spiro- 

4 -pipefidine hydroc~ofide}，whereas the selective 5- 

}仉D receptor antagonist BRL15572 {l (3-c~om- 

rx~eny1)-4一[3，3-diphenyl(2一(S，R)hydroxypropany1) 

pipemzineJ hy~)chloride}wasineffective． 

These fmdings represent the first in vivo evidence 

showingthat’ ⅡlaF constrictioninduced by 5-HT and 

surnalriptan is mediated primarily via 5- B，but not 

5-HT1D receptors． The pharmacological profile of 

these receptors could be siinil~ (isolated human 

te~w oral artery and porcine carotid arteriovenous 

allastoilloses) to other putative 5-HTm receptors 

mediating vasoconstrictor responses． In view of the 

putative pathophysiologic role of external carotid(aad 

extmcerebre1)vasedilati~ inmigraine+the conslricdon 

of these blood vessels by sumatriptan via 5-}rrlB 

receptors may be ，at least pardy， respo nsible for its 

therapeutic effica~ inmigraine 

D TR0D唧 IoN 

The complexity of cardiovascular respo nses 

produced by serotonin(5-hydroxytryptamine；5-HT)， 

including bradycardia 口 tachycard~a．hypotension of 

hypertension，and vasod／latlon oF vasoconstriction，has 

been explained by the capability of the monoamine to 

in／erect with specific receptors in the central Be~'ous 

system (CNS)． on the autonomic ganglia and 

po stganglinnic Berve endings， or1 vascular smooth 
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rfltllscle and endothelium， and on the cardiac 

tissue -sj． ．Itms． the eventual response to 5．HT 

depends，among otherfactors，onthe species，the basal 

vascular tone， the vascular bed under smdy． dose 

employed and，most importantly，the nature of the 5- 

}rr rec巴口tots involved． W i山 respect to the latter．山e 

present decade has indisputably witnessed a remarkable 

progress in the classification of 5-HT receptors；this 

achievementis due not onlytothe adoption of structtLral 

andtransductional criteria，but alsotothe discove~"of 

compounds acting selectively at 5-HT receptors． 5-HT 

and related agonist drugs exen a variety of functional 

responses via stimulation of five different 5-HT 

receptors(5-HT1，5-HT2，5-HTs，5-HT4，and 5-HTr) 

in the CNS，on ganglia and autonomic nerve endings， 

on various smooth muscle containing tissues，and on 

the cardiactissues(1 1)【 一4· ． 

Tab1， Classification  of 5-HT r ptors ’b 

CLASS[FICATION AND N0—皿NCI A．rImE OF 

5-H=T RECEP1【oRS 

Tbe first vital step towards characterizing 5．}rT 

receptors was undertaken in 1957 by Gaddum and 

Picarelli ，who suggested the existeⅡce of two types 

of 5-HT receptors based Oilthe studies of 5一HT．induced 

contractions of the isoLated guinea-pig ileum． These 

contractionswere partially blocked bymorphine(M)or 

dibenzyline(D)，but were completely antagonized by 

the use of both compounds． In the dibenzyline- 

pretreated ileum，atropine and cocaine alsu blocked the 

effect of 5-HT， whereas in the morphine．pretreated 

ileum，lysergic acid diethylmuide(LSD)and dihydro- 

ergotamine an tagonized the effect of 5-HT． They 

concluded that 5．HT ~aust act by two different 

aModifiedfrom V'fllal6n et al( 

CNS，central nervous syK~m；CSF，c∞bIDspiI1aI fltfid；LSD．1ysea'gic acid diethylmmde 5-MeOrt 5-methoxytryptanm~；5-Cr，5- 

caIb0xaⅡIid0乜W I301， 1·(2，5-dimethoxy-4-iodopheny1)一2-an血opr0p卸e： stlal~t， stmmtfiptan； adenylme cyc， adenylate 
cyclase；Ph唧  yp C，pbospholypase C；Gas~ ntest ，gastrointeslthal tl~ct；NOt nitric oxide； (一 )，decreas~~l+ j， 

increase． 

The human 5-HL lD receptors were，until v~cenfly，phmmacologically indistingafishable，with GR12,'O35 as a‘non-selective’ 

antagonist；however．the rodellt homologue(r5·HTm)has a different phanmcological profile(a l】i ：CP 93，129；antagonist： 

SDZ 21．0O9)． 
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mechanisms and receptors：a M-receptor located on the 

parasympathetic nerve endings mediating the release of 

acetylcholine，and aD-receptor，1ooatad  on the SFilOOth 

muscles Although neither norphrine nor dibenzyline 

are specific 5-HT receptor antagonists，the distinction 

made betweenthesetwotypes of receDtors is still valid． 

In the f0Ⅱowing two decades． progress in the 

classification of 5一HT receptors WaS rather 1imited 

though．from timetotime．itwas pointed outthatthe 

‘M 。and D 。receptor classification ofGaddum and 

Picmelli[ j did not always hold tree[8， 
． n en． in 

1979 Pemutka and SnydeF1o challenged this classifica- 

tion showing the existence of 5．HT1(1ow affirfity for 

【啊 J spiperone j and 5-HTz (high affinity fl0T 

【啊J spiperone)binding sites in cerebral membranes． 

Significantly． the advent of keranserint confirmed 

that the 5-HT2 site correspo nded to functional 5-HT2 

receptors． Subsequently，5-HT1‘receptors’(recogTli- 

tion sitesj were subdivided into 5-HT~A and 5-HTlB 

subtypes on the basis of spiperone exhibiting a hi曲 and 

low affinity． respectivelyL J． and 8-oH—DPAT was 

designated as a selective 5-HTlA ligand【l3’ 4。
． How— 

ever． the nl0st important tool for probing 5-HTI 

receptors w躯 (5-CT) 

idenfified by Feniuk al J． It was reported that 5- 

CT： (i) potently contracted the dog saphenons 

vein ：【ii)inhibited nomdrenaline and 5．HT release 

from symlxathetic and central serotonergic neurons， 

respectively ’l6J：and (iii)displayed a nmol’L一 

affinity for the 5-HT1 recognition sites 16j Further— 

more． it was shown that several 5．CT-induced re- 

sponses were blocked by methiothepin and methyser- 

gide，but not by ketanserin， including relaxad on of 

smooth muscleL “． contraction of dog saphenons 

vein[ 
．

1on g．1asting hypotension in the rat【 ’驯
， 

dilatation of arterioles and contraction of~ efiovenous 

anastomoses in the porcine carotid bed ． and 

tachycardia in the catL22 
． Thus． these responses 

becm~neassociatedwith 5．Hr_recognition sites ． Since 

the 5-HT receptors were being referred to by various 

nalT~S(‘D’，‘M’．5-HT1，5-HT2．Sl，S2，and 

others)，the need for a uniform terminology was 

advocatad  ． Indeed， after several stimulating 

delibe rations that were aided by the advent of new 5- 

Hr．selective agents， including the nanmnal ‘M - 

receptor an tagonists． MDL72222L24 and ICS205930 

(tropisetron) ．it was agreed to iil~ e ‘M ’and 

‘D’ and 5-HT1 an d 5-HT2H~：classifications
． This 

effort culminated in the re[x~rt by Bradley et L2 
． 

classi ng j—HT receptors as follows： ‘5-HTi-like’ 

(equivalent to some‘D’or 5-HT1)，5-HT2(equivalent 

to most’D’or 5-HT2j．and 5一HT3(equivalent to 

。M ’j receDtors． n e allthors clearly po inted out that 

this classificmion was meant to be a general 

framework’， which would have to be regularly 

updated ．as new knowled ge emerges ． 

Subsequenfly．in 1994，the NC-IUPHAR (Sem- 

tonin Receptor Nomenclature Committee of the 

hiternational U血on of Pharmacology)reclassified 5．HT 

receptorsinto 5-HTI(5-HT1-like，5．}rrlA，5-HT1B，5- 

l玎lD，5．ht1E，and 5-htlF)，5-HT2(5-HT2A，5-H B， 

and 5-}r c)，5-HT3．5-HT4，recombinant(5- 5B， 

s_ht6， —h【̂)，and‘orphan’receptors’ ． 1 s new 

classification was，be sides the operational characteristics 

(selective agohists， antagonists， and hgand binding 

affmitiesj， also based Oll structural (molecular 

structurej and tmmductional (intmcellular transducfion 

mechanisms)data as additional criteria T0 distinguish 

recomb inant receptors from native，functional receptors 

inwholetissues，lower caseletters are usedto idmati卸 

recombinant receptors[27,一
． nds new classification has 

been updated several tinles， when new information 

became available[ ， ]
． n us 5．HT receptors can 

／low be categorized into 5 main types~4,6,26,27,29] 

(Tab1)： 

5·HT1，which corresponds to SOlYle ‘D’receptors 

and 5一HT binding sites and can be subdivided into 

functiotml subtypes，5．HTlA，5一HTlB(previously 5- 

HTlDB)，and 5-HTID(previously 5-HTIm)； 

5-HT2，which correspondsto most‘D’receptors 

and 5-HT2 binding sites and can be subdivided into 5- 

HT2A，5-H B，and 5-H c subtypes； 

5-I-ITs，whichiseq uivalentto ‘M receptors； 

5-Hr4， 

5．HT ． 

In addition，this ctm'ent classification also includes 

certain recombinant(5-hilE，5-htlF，5-htsA，5-htsB． 

and 5-ht6)and orphan ’receptors waiting definitive 

charactt~-ization． It is noteworthy that the advent of 

sumatrlptan[30 led to the subdivision of 5-CT-sensitive 

5-HT1-like receptorsinto 5-HT】x(sumatriptan-sensitivej 

and 5-HTlY (sumatriptan—insensitive) receptors ． 

Utilizing their differential coupling to adenylate lase 
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and employing cloning techniques，it x~．as shown that 5． 

HTlx(vasoconstrictor) and 5-HTlY(vasodilator) 

receptors w different and are presently known  to 

con~po nd to 5-HTlBm) an d 5-HT7 receptors， 

respectively[ ， 

VASCUI．AR 唧 cTS 0F S．肿 0N T1|E 

CANINE EXTERNAL CAROI1口D A衄 【Y BED 

One example reflecting the complexity of 

cardiovasctflar responses induced bv 5．HT and the 

progress in the pharmaco logical characterization of the 

receptorsinvolved c&n beillustrated bythe effects of 5． 

HT on the canine external carotid bed In this 

framework， in the early 70’s， Saxena el alt8 J had 

reportedthat 5-HT decreasedthe extemal carotid blood 

flow in vagnsympathectomize~t dogs． s曲 di】唱 was 

at variance with resuits described by Vidrio and 

Hong ．who showedthat 5．HT increasedthe extemal 

carotid blood flow in dogs wi th intact vagnsympathetic 

trunks． dsdiscrepancywas reconciled byMena and 

vi出ioL ． who demonstrated that 5-H induced 

increase in external carotid blood flow depended upon 

the cervical vagosympatbetic minks mmining intact． 

Hence．it was establisbed that 5-HT increased external 

carotid blood flow in dogs wim intact vagosympathetic 

minks，producing the opposite effect after v~osympa- 

thectomyCaz]
． 

mCHAM  ⅦS Dn vED lN 5-HT-玎 DUCED 

EXT】B|玎呲 CAROI1∞ VAS0DⅡ ．ATlON IN 

D0GS W咖 Ⅱ 啮LCT VAGOSY AT]}Ⅱ灌IC 

TRUNKS 

Considering that 5-HT-induced external carotid 

vasodilation depended upon the vagnsympathetic trunks 

remaining intact，our group showed that this response 

wasmainlymediated byan inhibitory action o札 carotid 

sympathetic nerv~，via the stimulation of prejunetional 
5-HT1 receptors~ 一 】

．  Indeed． several tryptamines 

mimicked the above reslxmse，wi th a rank older of 

agonist potency of 5-CT >5-HT>5-methoxytryptemine 

≥ sumatriptan，an d were specifically antagonised by 

metergoline， a former ‘5-HT1D’ ligand presently 

known to bind to 5-HHB／lD binding sites、 - · ． 

These resultsled Villal6n andTerr6n~37：to proposethat 

the alx~ve sympatho-inhibitory receptors were similar to 

the 5-HTID’(cttrmotly known as 5-HT1MD)receptor 

subtype． It remains to be investigated whether these 

receptors correspond to the 5-H B or the 5-HTlD 

subtype 

PlIARM AcoIoGK L PR0 匝 0F THE 

MFXXtANISMS D ，0I VED IN 5-HT_姗 UCED 

EXTr．~tNA1L CARd彻 VAS0C0N rI cⅡ0N 

IN DOGS WITH BILATERAL VAG0SY A． 

11}Ⅱ T嘶 IY 

As previously pointed out， after vagosympa- 

thectomy not onlyisthe extemal carotid vasodihtionto 

5-}rr abolished ，but a vasoconstrictor co mponent is 

unmaskedC ·圳
． Nonetheless． Ⅱ】e pharmacological 

profile of the mechanisms involved in this response 

was，as described below，elusive． 

Possible correlation of the emaine external 

carotid vasoconstrictor 5．HT receptorswith the 

‘D’-receptortype n efirst attempts to characterize 

the 5-HT receptors rnedialing external carotid 

v~soconstrietion date back to the early 70’sL8,9．38j
．  

Basically，5-H induced vasoconstriction was blocked 

by methysergide， but not by other ‘D ’-receptor 

antagonists (mianserin and cyprobeptadine)． More· 

over， roethysergide produced external carotid 

vasoconstriction per seL J． Hence it was concluded 

that the 5-HT receptors mediating external carotid 

vasoconstriction were of a ‘special’type~8,9,38,39J
． It 

is noteworthy tbat this was one of the first lines of 

evidence showing that the ‘D ’．receptor was 

heterogeneous， but this could not be categorically 

substantiated at that‘erd’due to the lack of selective 

a~mlsts andantagonists． 

B1odcade bv methiothepin of the 5-HT- 

induced canme external carotid vasoconstriction 

Wim the advent of nove1ligands andthe 5-HT receptor 

classification scheme proposed by Bradley el al ,26 ， 

Houg and Vmal6n tW orted thatthe external carotid 

vasoconstriction to 5．}rrwas：(i)mimickedbythe‘5- 

}rr1-like receptor agonist，indomnate；(ii)resistantto 

blockade by the 5-HT2 receptor antagonist，ritansenn； 

and (iii) blocked bv the ‘5 HT]-like’ receptor 
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antagonist， methiothepin． Although these findings 

im01ied the possible involvernent of ‘3-HT1．1ike’ 

receptorsL 
．
血e criteria proposed byBradley et al L∞j 

were not completely fulfilled． Irrespective of this 

flaw． methiofl~pin was a tool far from ideal to 

characterize 5．HT IeceD沁rs as it could similarly block 

those effects of 5-HT mediated byindirectmechanisms 

(see below)． In this respect，it was a concern that 

methiothepin disphyed high affirfity and antagonist 

e1_丘cacy at 5-HT1．5-HT2， and ~t1／2-adrenergic 一 

ptors~$3．41 J
， the activation of which produces vasocon． 

strict．ion． Likewise．5-HTmay stimulate．viaindirect 

effects， ／／1／2一adrenergic receptors and other mecha- 

nisms ’ Consequently． to proceed with the 

phanm cological characterization of the mechanimas 

involved in this response，it was considered mandatory 

to corroborate．in the first place．whetherthe external 

carotid vasocon striction bv 5．HT was mediated by 

indirect n c 豇ns． 

Possible involv~nent of indirect mecha- 

ni盥l毽 in 5．HT-induced external carotid vaso- 

constriction As shown bv Vma16n et alL42j，a 5． 

HT2 receptor-stimuhted ~lease of catecholamines from 

the adrenal medulla J can be excluded since ritanserin． 

ithentolamine． and pRrpranolol failed t0 block the 

effects of 5-HT． Likewise． norepinephfine release 

from sympathetic neurons either by a 5-HT3 receptor- 

mediated depolarizationL J or by a tym ano—like action 

on these neAlrorlsL46 is a1so ruled out based on the 

failure of MDL72222， tropiselron，fluoxetine， and 

reserpine (in addition to phentolamine and propra— 

nolo1) Similarly，an endothelium-dependem vaso— 
constriction via cyelo．oxygenase products release{ · J 

seenls unlikely considering the failure of indometacin ． 

In keeping wi血 these findings，other drugs failed to 

bloc k the effect of 5-HT．including hexamethoninm ， 

atropine． haloperido 1． and verapamil ． 1tms， it 

was concluded that 5-Hr．induced external carotid 

vasoconstriction did not seen2 to involve the indirect 

menhanimks previously described． 

Considea'ation of known 5-肿 receptors 

Once corroborated that 5-Hr-induced extemal carotid 

vasoconstriction does not seen2 to involve indirect 

mechanisms．the involvement of‘s-HT1-like’receptors 

was established onthe basisthatthe vasoconstrictionto 

5．HT was：(i)resistant to blockade by antagonists at 5一 

HT2(ritanserin) and 3-HT3／5一HT4(tropisetron) 

receptors；(ii)mimicked bytheselectire‘3-}rr1-like’ 

receptor agonist，summliptan；and(iii)antagonized by 

methiofl~pin ． In keeping 血 this suggestion．the 

external carotid vaso~)nstrictor respo nsesto both 5．HT 

and sunlal~ were antagonized by methiothepin(0．3 
mg·kg )with similar dose-rati~Z42J However． 

higher dose~of methiothepin(1 aad 3 nag’ ) 

blocked the responses to 5-HT aad sunlalii~ in a 

differentmanner 

Difference in the antagonism profile by 

methiotheoin of the external carotid v~lsoco／1． 

strictor~esponses to 5·HT and smnatriptan 

Interestingly，methiothepin (1 aad 3 mg’ )was 

apparentlyweaker at blockingthe effects of 5-HT (the 

res~ ve dose．ratioswerelittleincreased)atdosesthat 

markedly aad d0se_deDeI1denfly blocked the effects of 

the m0re selective agonist，smnatriptan (the COlT~一 

ponding do~e-ratios were remarkably increased) 42 ． 

These fin dings suggest that， in the presence of 

rnothiothepin．5．HT is activating a sect)nd mechanism 

aad imply that any indirect action of 3．HT at other 

receptors／mechanimas，whichmust differ from the ones 

previously described，may only becon'l~apparent after 

blockade of 5-HT1-like，s-m  ， and l，2一adl~nergic 

receptors， for which methiothepm disphys high 

affitdty： ， 
． Fardds as0nwe ana／yzedthe possible 

antagonist effects ofMDL 72222 aadtropisea'on against 

the vasoconstrictionto 5．HTin animals preReatedwith 

methiothepin nle faihwe of these an tagonists once 

again excludesthemle of5一HT3and／or 5-HT4暇 eDtors 

and apparently supports the involvement of a novel 5一 

HT receptor． 

Nature of 血e ‘5-HT1-like ’ receptors 

mediating csl3Jlle external carotid vasoconstric- 

tion 1l1e ‘5．HTI．1ike’ Iece哪 、vas conside red a 

group of receptors unrelated to the 5-HTI—binding sites 

(5一HTl̂，5-HTlB，‘5-HTm’，5-htm，and 5-htw) 
identified in brain tissues~27,48一

． Consistent wi th this 

view，5-HT1A receptors were excluded in o111"studies 

bec~llSe the vasoconstrictor response to 5·HT was not 

modified bypropranolol and(±)pindelolindosesthat 

were high enough to block functional 5-Hr1̂ 

receptors[2,42 J
．
Fur6m-more，the failure of metergo— 

line to antagonize sumalriptan—induced external carotid 

vasoconstrictiont suggested 吐 involvement of 

‘5-HT1-like’ receptors apparenfly tmrelated to the 
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j一}r D’subtypes， for which metergolin~ has vei3' 

high affinity、 J． Nevertheless．we also recognized山e 

dra~oacks of metergoline as aft exVemnental tool to 

idenfify ‘5-HTID’receptors and the need for a highly 

selective‘5-叽  ’receptor antagonist~42』
．
Admitted— 

ly， metergoline blocks certain 5-HT1D’ receptor- 

mediated vascular responses( 一 J： however
． the 

e~oline usually behaves as 11011-rcompetitive uon-· 

specific antagonist and its blocking potency does not 

correlate with its hi曲 affinity at ‘5-HTxD’ 

receptors J Fi．ulhermore，the drug shows： (i) 

intrinsic efficacy at solne ‘5-HTlD’receptors’ J；and 

(ii)variations in its affmity for 5一}rrlD binding sites 

between different speciesL∞J． nlese findings coupled 

to the h~emgeneity of the ‘5一}fT ’recognition site 

itse 一serced iust to illustr~e 山e limitations of山e 

ergoline as a drugtooltoidemify ‘5- D’receptors 

The advent of GR127935 and the character- 

izafion of external carotid 5-HT1-like receptors 

Clitherow et al L54 reported 山e properties of several 

compounds including a piperazinylbenzanilide deriva— 

tire． GR127935， which showed hi出 affinity and 

selectivity at ‘5．}frlD’ receptors． Subsequently， 

Skingle et al 05 showed that GR127935 potently 

blocked several responses elicited by sumatriptan— 

itive 5-HTI·like receptors including，among others， 

the contractile effects in the dog saphenons vein and 

basilar artery． Inthelight of山eselines of evidence， 

we allalyzed the effects of Gm 27935 on 5一Hr-and 

sumatriptan．induced external carotid vasoconstriction 

and found that， in contrast to metergolnie， the 

piperazmylbenzamlide derivative behaved as a very 

potent antagonistL∞一． rnle aboveco upled to 山elack of 

blocking prol~erdes of GRl27935 at other cardiovascular 

5{Ⅱ receptors，including the 5-Hb，5．I-n-4，and 5- 

HT7 receptors (except 5-m  ) in several in vivo 

preparations- 一5 ， 
． clearly reinforced the view that 

external carotid VO~3c．ons ctor 5-HT1一like receptors 

were similar to the 5-HTlD’receptor subtype． 

Interestingly．after administration of GR127935，a 

dose-dependent external carotid vasodilator component 

was umrmsked in the case of 5-HT．but not in that of 

sumatriptanL56一 T}1is vauxtilator component， being 

mimicked by 5．CT and 5-MeOT with a rank order of 

agonist potency of 5一cr> 5．}fr> 5-M印rr (with 

sumatriptan inactive)and blocked，alrlorig others，by 

methiothepin， lisuiide， clozapine， and mesulergine， 

displays the pharmacological profile of the 5-HT7 

receptor~ 
． 

Evidence supporting the hetere geneity of 

‘5-HT1D’receptors Irrespective of the advent of 

GR127935 as the most po tent and selective 。5-HTxD’ 

receptor antagonist yel described ．previous lines of 

evidence apparently suggested that the ‘5一}fT n’ 

receptor was heterogeneous since at least two variants 

(5-HTl and 5-HTID~)， which show pronounced 

structural differences．had been described L Unfor— 

tunately， sumatriptan， metergoline， methiothepin or 

GR127935 were 1111曲le to discriminate betw een the 5- 

Hrlm and 5-HTxD0 variants． For this reasOll， any 

response induced by 5-HT an d／or sumatriptan be ing 

blocked  by GR127935 was considered to be  mediated 

by 5_}fT D lDareceptors． Despite this pharmacological 

drawback，ketanserin and ritanserin had been reported 

to show 70一fold and 20-fold，respectively， greater 

affinityforthe 5_Hrlm receptor subtype Thus，at 

that time．high doses／concentrations of ketanserin or 

ritansefin were considered as all alternative phallnaco— 

logical tool to distinguish the 5-}fT m (ketanserin／ 

fitanserin sensitive) from 山e 5一HTlDB(ketansefin／ 

fitansetin-resistant)receptor subtypes~2z,603． On this 

basis，we decided to invesfigate the po tential blocking 

properties of high do ses of ketansenn or ritanserin on 

the 5-HTln lDe receptors inducing external carotid 

vasoconstrictionin responseto 5-HT and sumatriptan． 

Apparent dissimilarity between the caI1ine 

extern al carotid vasoconstrictor 5-HT1附 l嘶 

receptors an d the 5-HTlm receptor In principle， 

we had considered ketanserm as a putative 5-HTxDe 

receptor antagonist， as previously considered by 

[dOtlIIlallll et al k61 Jin humancoronary arteries． Never一 

山eless，吐lis quinazolinedfone：(i)is able to decrease 

山e camlle carotid peffnsion pressure because of its r 

admnoceptor blocking propertiesL33 ；and(ii)does not 

discliminate between the 5-}fT m and 5-HTl踯 receptor 

subtypes in the dog： J Th erefofe， we decided to 

investigate whether the extemal carotid vasoconstrictor 

5-HT,I~l1)a receptors were am enable to blockade by 

ritamefin， another putative 5-HTl receptor 

antagonist~ 
， at a dose(1 me,／ ，iv)that is 30-fold 

higher than that required to block the 5-HT2 receptor- 

mediated pressor effectsinthe dogr- 
．
Since this dose 
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of ritanserin failed to antagonize the v~soconstlictor 

effects of 5-HT and sumatripton ，we suggested that 5． 

Hr1 receptors Wel'e not involved although， 

adminedly，there was no way of knowing whether the 

above dose of ritanserinwas high enoughto completely 

antagonize 5-H receptor subtypes in ok／r studies； 

hence， we alternatively suggested the possible 

involvement of 5-HT1m receptors． Indeed， this 

suggestion was reinforced when considering that：(i) 

propranolol【1rag／gg)and(±)一pindolol(4mg／kg)， 

which display verylow affmityfor wild-type’5-HTl 

receptors[ 
， failed to an tagonize 5-HT-induced 

extemal carotid vasocousmction~3；and(ii)mRNA 

for 5-HTlt~recelXors，but Dot f口 5·}玎 receptors， 

had been deretted in the human and bovine cembral 

arteries~64]
． Evidently，the advent of subtype．selective 

5-HT1Da and 5-HTlt, 黾pt0r antagonists would shed 

fllrthel"h曲t onthisissue． Inany case，the Serotenin 
Club Nomenclature Committee[zg~ recommended in 

1996 that the human 5-HT1 receptor subtype be 

renamedthe h 5-}rr1D receptor andthe human 5-HTlm 

l'~．eptor subtype renamed h 5一HT1B receptor (and 

accordingly forother species)． Itwasalso emphasized 

that the rod~t【r)5-HT1B receptor would retain the 

same n Ⅲc．but keeping in mind that it displayed the 

distinct pharmacology(antagonism by~-bloekers like 

cyanc-pindolo1)that has long been associated withthe 
5-HT1B appellation． W ith this rec0l加II1en血 d∞ ，the 5- 

HTI~ I receptors we∞ reaIigned as 5-1-1Tie／iD and， 

coL~*quenfly， GR127935 was ‘renamed’ as a 5． 

HT1B，lD receptor antagonist 驯 ． 

Similarities between the canine external 

cmmtid vasoconstrictor 5·HTmzm receptors and 

the 5-HTm receptor subtype In view of the 

possible correlation ofthe external carotid vasoconsUSc· 

tor 5-Hr1B，1D receptors with the 5-HT1B receptor 

subtype，the advent of silent and~lecdve antagonists at 

5-HTlB and 5-HTlD re~ ors shed fui~ r 1i t on this 

matter． Thus， in vagosympathect~ fized dogs pre· 

treated with mesulergine 【to block 5-HT7 receptor- 

induced vasodi／ation)．De Vries et af demonstrated 

that the vasocouslriction to 5．HT and surna~iptan was 

dose-dependenfly antagonized by the 5-Hr1B receptor 

ligand SB224289 {2，3，6，7-tetrahydro—l 一methyl一5一 

f2'-methyl一4 (5-methyl-1，2，4-oxadiazol一3 y1)biphen· 

1-4一carbony1]film l 2，3一f]indole-3 spiro-4'-piperidine 

hydronhloride}，pK Lvalues of8 0 and6．2 athuman 5- 

HT1B and 5-HTlD receptors，respectivelyL66 Thjs 

an tagonism by SB224289 was specific． as tl】e 

noradrenaline．indaced effects remained unaffected
．
In 

contrast，the 5-HTlD receptor ligand BRL15572{1-(3· 

chloropheny1)-4·l3，3-diphenyl(2一(S，R)hydmxypro- 

pany1)piperazmej hydrochloride：，pKi values of 6．1 

and 7．9 at human 5-}r B and 5-Hr1D receptors， 
respectively{66．673 did riot affect the carotid vascu1at 

eff~B of 5-HT．smnamptan or noradrenaline in any 

way As SB224289 and BRLl5572 display similas 

af=[inities attheir respective r~ ptors(s∞ above)，the 

lack ofinhibitory effects by BRL15572，combined with 

the potent blockade by SB224289 at similar doses， 

clearly indicatesthat 5-HT1B，butnot 5-HT1D receptors， 

am involved in the canine external carotid 

vasoc ons~iction  by 5-FIT and sumalnptan． Admitted— 

ly，this conclusion is based on the uss~ on that 
species differences hetwee~l the binding of SB224289 

and BRU 5572 to canine and human 5-HT1B and 5． 

D receptors d0 not play amajorrole．Inany case， 

theinvolvement of 5-HbB，bm not 5-HTlDmcepto~is 

supported by the foUowing observations：(i)lhe j·HT· 

induced con traction of tl】e human isolated  teml~*m 

artery is similarly antagonized  by SB~94,289 wi th a 

potency of1 nmol‘L_。．but not byBRLl5572in doses 

up to 5o0 nmol·L一 [酬；(ii)mRNA：68,69一and even 

the corresponding receptor protein 70j of the 5-HT1B， 

but not of the 5-HT1D receptor，has been detected in 

cranial blood vessels；and(iii)high doses ofketauserm 

or ritanserin(potendal 5-HT1D receptor antagonism)do 

not display antagonism agai~at sunm~ptan·induced 

vasoc ons~cdont J
．  Additionally． in vieB that 

SB224289 produced a cen aplete blockade ofthe 5一HT- 

and sumatriptan-indnced carotid vascular effects， it 

seems ink y uniikely that additional receptors／ 

mechanisms play a rob，ifany(egthe5-htm receptor； 

s∞ helow)． 

Possible role of 5-ht】P receptors in the 

canine external carotid vasoconstriction to 5．HT 

Since the anfimigralne dmgs methysergide，eI 曲miI ， 

and dihydroergotanaine【in addition to suma~ptan)， 

which display moderate affinity f0r 5·htlP receptorst“ 

(Tab1)．a also ableto prodace potent vasoco~tlic· 

donin tl】e canine external carotid bed 71J，the potential 

mle of 5-ht1F receptors can not be catego rically 
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excluded，particularly when considering that mRNA for 

5-htl~ receptors has been detected in craniaI blood 7 

vessels驯
． indeed， sumatfiptan， which displays 

reasonable affinity(pK，：7．64)fl0r血e recombinant 5- 

htlF receptor。 ，also produced a GR127935一sensidve 

vasoconstriction in the canille external carotid bed[ 
． 

Notwithstanding，a recent finding from our laboratory 9 

apparently argue against the role of 5-htlF receptors， 

namely，1 min ic infusions of LY34486~(1—3100 

‘rain-1)，a selective 5-ht1Fl'~ tor ，did 10 

not produce canine extemaI carotid vasoconstriction[71：
． 

Conclusion Canine extemaI carotid vasocon． 

striorion induced by 5-HT and surm triptan is mediated 

primarily via 5·HrlB，but not 5-HTlDIeceptors． The 儿 

pharmacological profile of these receptors could be 

similarto other putative 5-HTls receptors suchas those 

mediating vasoconstriction of the isolated human 12 

temporal artery[刮 and Do ine carotid arteliovertous 

anastomoses[74J
．

Thus， SB22A289 and BRL15572 

seem to be excellent tools for nlr山er investigating the 

ptmrmacology of 5一}『r1B／lD receptom． 

In view ofthe putative pathophysiologic role of 

external carotid (and extracerebra1) vasodilation in 1̂ 

migraine-9,34,38,39,75]
． 吐Ie constriction of these blood 

vessels by sumatfiptan via 5-H BIeceptorsmaybe ，at 

least partly，responsible for its therapeutic efficacy in 15 

migraine． 
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