
DRUG - RECEPTOR UPDATE 

Ni'l"1u~~u1fiu•nu receptor uv"u1 uu{ltJu a1,a"a~~1wu~=aLn u«:aL, 
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1!il1utJn 1 lii'1u 1mrnfl•1·tJd...,:a1uuu•t'l•"t1v"n1,ffnu1.if" LiJutfauhnuSJ1n li;iuif'11,iu1vu
0

1" 

n-i1" 1 -l1iifl•1tJ~"V1tJ1uvu'1" huil: 1;u,,iiNil luu;•ll1mrvu L tiu" 1vi ui'l:'1:unA°'•vu
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1".if"a\tl 

fl•1tJn1•viu11un1,flnu1 receptor t1v"u1 

i1'1~iiu 

uu"n"1un1,f!m11 Receptor 

receptor vi:rv 

1u"Ii'" 10 flu,nu~" 

receptive substance 

receptor tiu 

.;,"n1u (in vivo) 11~vt1v" Ld'v LGvffLLunvvntJ1ffnu1 (in vitro) uJ-tuu Laiivu u'Iun1, 

flnttl'110111UUvnU;4~UIU1lJau1a1:vi11Vl~~aUi'l:v~lJ1ULv1~1anUIU:111ulu'1:LUUL~Ul~ a4U 

n1,f!nu11u,:u: 10 flvia"da,uu•n1uun1,ffntt1fi"ufin~u1"1:~ultJLi'lfli'l L~UNi'lt'l1"n•1Au~1uu 
l: .. .ol a u 1 1 u1rnvut1v"n1,i;ivuauv"'11nn1,n,=P1un receptor ,.,,vi'ln1ttll:uv" tJ Li'lfli'l receptor VIU 

fl," ;f"flnu1l!il'11n radioligand binding ~fin1,f!nu1,:~ultJ Li'lflild'l;uu1uuvuLuAavn 
l: 

i·eceptor uu 1 

~"Vlll1U Lli'l : Ni'ln1,f!nu11uuu"n"itl1rjau1'10Ullln1fi'a1ul-1'1uA1"11"tf 1 

u1"1.:1v"~alu 

1. Receptor studies in isolated tissues 

fl41ll 

n1,flnu1Ni'lt1v"u11uif'i;i-it'IA«v"viiv1u1d'v1dv~uunvvnlll uu1uuus.iuuut1v'lln1,ffnu1 

~nuiu: 'l!0i;i u«:n1"1~vuauv"t1v" receptor i"u"A"1uu~fin1"1~'111uuu«:ffnu1v~lJ1n1u 
i1'1~iiu lviu1ow1:vu'1"rl"1rlv~v"n1,~~...,u~1a1"1Ju 1 vvn~Tit1uu agonist ~1v 

antagonist ~hvti1"n1"1flnu11m1ii'uu,n 1 .if" Lt'iuNi'l"1utfuvtJiutl'u•'1 u'iu'll1Ufli'l1aitn fiv 
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1. Receptor studies in isolated tissues 

- ~,dose-response curve, affinity ""~ efficacy ~D~ agonist 

- ~~~u~ntiru~ Competitive antagonism 

recepto1· 

2. Structure activity relationship (SAR) & Quantitative structure activity 

relationship (QSAR) 

- ~,\l91"1 LP1'1'3i'l.;,.,,u«~~nttru~tn~ physico-chemical ~D..:Ji'l'l"1~~unu receptor li;i'~ 

3. Radioligand-receptor binding & Autoradiographic receptor l abeling 

4. Receptor classification, multiple receptor subtypes 

- Lnru~1un,'1UU~U"1~Lfi~Ufl~~~;uffu«ufinun,'1ADU'i'IUD~ 

S. Localization of receptors 

- ~ntiru~n,"1n'1 ~~,VLUD~V~~~,~ 1 

- pre- ~in postsynaptic receptors, autoreceptors 

- plasma membrane, cytoplasmic, nuclear receptor 

6 . Receptor so l ubilization & purification 

- flntffil~~D~LUL«Q« L~u subunits, «;~un"1~D~"lu1uluL«~« 

- antibody ~a receptor 

- n,.,u; receptor n~uL;,1utu membrane (receptor reconstitution) 

7. Consequences of receptor responses 

- n,.,n.,~~un,.,i'I.;,~ second messengers L~u cycl1c nucleotides 

n,., LtJ~vuutJ«~ membrane permeabilities Piv ions 

- calcium flux & motiilization 

- n,.,ff~L~.,,~"1tJ'1~U 

8, Receptor adaptation, Receptor disorders 
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fl'l"jftnNTtHl\1 Sir Henry Dale (1914) i\1wu~1 acet.-r1choline iiua LUu 2 uuu t.d" 
cnvuif'11fw atropine ut1:: nicotine lil'lSJi'l;~u . tl;1'1u1111·u1uu\1 receptol' tlil\1 

acetylcholine ililnLUuuuu muscarintc u~:; nicotinic lu~:;u::ftilSJI u~::an 
~1ilU'1\1Rilfl'1'1AnN'lt1il\1 Ahlquist (1948) ~""u01;~u1'111uu,\1t1il\1~1~LDUUftil adrenergic 

receptor LLU\1 dlu 2 n~11 ~" L~un LUu alpha- uoi:: beta-adrenoceptors if'1 u1u 

"~nn1.,~v1i1ftvnu"""~~uu 

;il~tlil\1fl'1'1AflN'1fl'1'1lililtJauil\1tlil\1LdvLilu~ila'11J'l"j~Ltl~UULTIUU efficacy tlil\1 

agonist 

L ti1tfu LL~n.,., ff mn 1 u L d v L dilniluil~nuti' ilauqPi"oi1utl'1 ::n1'1~"~ ::Ail\'ltw1 u1ufnu.,11a1ntn.lil\'lfl'1"j 

tllili'lil\'11H1fl~LRU\'IOUafl'1"a"~~~u 1 ~\1~::1;;il~Ol~L~U\'llil'1\'I L~U;va11q~~'1~fl'1Wfl'1'1n;\'1'1Utlil\'I 

LduLdu~'ln~LRu\1nuafl1"n1\'1~~'1~nu1 (~'1'1il'1"'1'1, ijllM~D. ililfl~L~u. pH, ions) U~fl'l"fl" 

receptor 
,JI .. ) 

~'lfl LUil LUil 

~uuauil\'l"~iln1"jVtJif'111ilu antagonist Ju 1 L01i1~1nnoilnn1~ililnqnt~ receptor ilU'l\'I 

L~u1 (D'l~~1nn1\'l~uurlu 1) ua::'lfUlilL~u1 (D1~~1nqn~Ail receptor ~a1un~11) 16 

• ~ d~ &1"1" 1 ' -'lv 1 il" 'l l:'l fl'1'1ftfltt1fl'1'1lilil1J~Uil\'1~'1fl LUil LUiltlUUflililfl1l1U lil 'lftl'1:; U11U1J'1U'1ULLi'l::U\'I L'lftJ"j:; U'lfU lillilil tltl\'I ti 

., " el -lil'1Ufl1'11J'l Lmnnu 

'l uu mn1uull nflu11 u\1 

2 . SAR & QSAR 

receptor n'1'1 LLU\11.h:; Lflnlilaui;i~un1'1ii'ruu1u1niilil '"" • 

Kenakin (1) . 

n1"jffntt1ti1\'llii'1udiln dluua\'1'1Utlu\1Ufl LflU l1i11:1un Lflff'lf-lnu11;-rurrn1.h::lu'lfuuv1\'I 

u1 n~'l n n1'1u;u1 'l"ii 1 1111 ilu L fl~ u\'liiil 1 Ufl'l"jAfltt'llil i'IDlil~uifo rm 1 u fl'1'1{ntt'1 uftl umu:; L iiiu 1nu 

un1nff'lf~nu1nlMR11u~ul~fiu~1uti,\1LflfiLn~1aRuu;1\'luuu lu 2nd Camerino Symposium 

on Recent Advances in ReceptoT Chemi:st'l.'y tftJ"J:: n1f1Dlil'l§Li:1u 1{1 1 d'u1i'u1J.01£i"\tlfn'l11 . . 
receptor lil'l\'I 1 "a1un~11 (2) 

i:c 1 t" ~, I 1 ' .Cf' QSAR L11U'lfin1'1ifott1 SAR AU 'lff'lmJti1 LlilD'1f'l1'nM1'1f'l'1tlD\'I 1J Li'lf)Ollil 'l\11 L1JUf'l1 
'· 

extrathermodynamic ~1n~-in1'1a::a1ul~tul11ilu (lipophilicity constant = octanol -

water partitioning) l'i1n1'1n'1::~1ut1D\'ltl.,:;~ lt~tf1 (Hammet o constant) 11u11ilt1D\1n~11 

(steric parameter) -,1u1t1u~nuru:; physico- chemical t1D\'lu1fl1~u1:;~u1un1.,~unu 

recept~r ~~u'lun'l'1n;'l~Lfililn '1'1flilU~uD~ 

agonist 

fication) 

~1uv1~uoin1'1~ntt1 1~ulu1iil\'I dopamine receptor ~u~1n'1'1ilunqn~1uu 

~ D1 .( '1'1uoi:; 1 ilui;in'1~uu\1'lfUlilUil tJ D1, D2 ltl'1lilt1•;1;u receptor classi­

~; 1uu111n~~::Pi'u\'lu catechol group u~::V: N PlD\11iJu primary wiil 
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secondary amine ff'lUn'l'l~unu o2 l1J
1

'il; Ltlu;1Nii catechol group uil::un Liiu 

" ' &<\ 1 • ' tertiary amine 'llil~ilL~uuLuutl'l:: u~ulunl'lM1antt01::itl'll\l'llil\l receptor uil::ffruu1u1 

tfvvflf]tl~ Linn:: receptor fl'lllVilV i'1v1'ilot111T·rn'lti't1'l::lu~u'il1nu1 li;i'vri1" Liltn:: L'ill::'il\l 

D\ltfuluvulflPI 

functional group 
.J ...... 
tl'il ::'ilUflU 

acetylcholine receptor uuu nicotinic w!fu muscarinic 

flii selectivity ~il B1 M~il B2 M~il H1 , H2 LiiuAu 

3. Radioligand - receptor binding 

toxin ' Plil 

125 
1-a-bungaro-

(Torpedo) ti'v~i"l1;1;a1111'lflttrutn'Hld'l~a; L{'il Liiu Ltl'll::'il;u'lulu LOJflOJtJil\l receptor 

i'1iiilQMu1uuu1J1nl1rn-lu~::ltlrh LM~1d (th::1nw.;uua:: 20 'llil\1 membrance p~·oteins) 
d b . - • ur1::n1'll1 a- ungarotox1n 1JA'll1J'ill Ltn::nu rece!)tor U" i1 affinity fl'11Jln 

Uil::f)l'l~U L il1rnuu ltiuun~'lfl~U (irreversib l e) iil\l~U~\l<ll1Jl"rnPivivnu l!il Liluvu
0

1\1fi-l1 

lthPiuif'lulfl Lilu acetylcholine receptor 11u'il::u; lt1,tlu ltli1::i11U;'lu detergents 
·1 ... ~ £l e-1 ' .:4 · 1" - J ( ... " b Uil::UI tlUVflVl"lU~fifll'll11\l~'lLR1JPll\1 , Lttill11 MU'lqnG ~M'ltlil receptor solu i l iza-

tion & purification) 

fll'lf'lmn radioligand-receptor binding 1mYi;i-l,tu~'1ilil'!JH'l1Jlfl Li1il'1'illflil 

'ii; tnu lu L ilfl il'll il\l 

~unLi1vLdmiu 1) 

receptor il f.\UilV 

Uil:: ls.iii ligand 

( L'liu'tu dfv L i1il<t1Jil\1ill'iliitl~1Jlnl LttU\l 1 'lu~IU'llil\ltj; 

a;wlu receptor ~u 1 fi'il; Ltn:: rnifou a-bunga-

" ... 1 J 1" - " .J rotoxin ~Hfll'lRntfl~\ll'lil\lMlln\lilPlfll'l~Utlil\1 ligand flU 11 LilflililU 1 il\1 "\MiliJUiJUtH{VI 

n1'ltfruu1 Lt1Rill'l~\ln~1'lifa; L{;;i l~li;iu~fifl"lil\l membrane preparation ;f~unu radioligand 

ilUl\l'l"lA L~"lLrn::~'"~'lu medium uu
0

1\l·n111 L.;'l ~\l'il::a1" ligand ililfl'il1nn11~url1Jot''lut/ · 

iil'li receptor (non-specific) 1'1 LH~vuvvtfqvi 1viuu\lfl'1ri°'lu~~unu . xeceptor l'lLiil 

fl'l111a; L ~'ilt1il\l~fi~"n~1•1~fl~;;iun1,~u'llil\lVl~il opiate receptor 1uu 1 973 ~..,1;u;lt1~ 
!f '.J - 1 I ~ •1 I " 'J o fll'lrimn receptor n~uilu 1 Dnu1nu1u t1'l::u::P1ulJI "1"l11t1'1u1 tl<J.nl"1Rt1tmot1"ltnu ~u'l1\l -

n1 v fl~lJ LMU 1 5' flMillU fl~lJ 11\1tJUI Ufl"lllli L ff u'l nu<t-li'l ~tlUl'llil\1'1 ::uu~l\1 1 1 tliJU
0

1\l1Jlfl 'tu 

if'il~iiu fll"JLLU\ltl'l:: Ltltltlil\l receptor Liiun~utivvAl\1 1 (~t.'hti'v Receptor classifi­

cation) ~Uflil'lRVtituJil'illflfll"JRntfl binding "j!Uil:: L iluvi L ffV'lflUtliJ<llJtttiP1°l\1 1 LLa::'liv 
""" .. d .., - ' ~ 'l'll'lfULnu•nun1'lt1;;i1'Jf111 receptor binding <nflfn specific binding Ll'IVA°ffm11u 

"l'l"JU'l~dUA"l ( 11, 12) ua::L~t11iv\1~U~~~·~wtu'llUil::L~Vlllilfl1Jlfl (L'liu 13-16) L~ilt; 
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A'.'l"'l"n 2 

Subtype 

µ 
µ, 

6 
K 

(J 

E 

Cough· 
suppressant 

Di hydro 
pyridine 

Verapamil 

Diltiazem 

A, 

Ai 

A 
D 
Sedative-

convulsant 

o, 
D2 

5·HT1 

5·HT2 

«1 

Properties 

Opiat<' IYP<' 
Morphine-seleclive; localized In pain modulating brain regiC1ns. 
Identified by very high affinily binding of numerous opiates; blocked seleclively by naloxonazine; meptazinol 11 

specific agonist; implicaled in analgesia but not respiratory depression. 
Enkephalin-selecllve; localized in limbic brain regions. 
Mediates ~t!daling, less addicting analgesia: localized to deep layers of cerebral corlex; dynorphin has high 

affinity: mediales rabbil vas dcferens contractions. 
Naloxone insensilive: mediates psychotomimetic opiate effects; concentrated in hippocampus. 
JJ·Endnrphin selective: mediates rul vas deferens contraclions. 
Dextromcthurphan-sclcctive; reversed slcreospccificily; localiz.ed to fourth ventricle floor which regulates cough 

reflexes. 

C11/d11111 1111t111:1111ist typl' 
Uinding dependent on Ca1

• and blocked by ionic calcium anlagonists; regulaled ellosterically by verapamil; 
localized lo molecular layer denlale gyrus. external plexifoml layer olfactory bulb. 

lnhibiled by physiologic Caz.+ levels: linked to behavioral activation by diphenylbutylpiperidine neuroleptics, 
sexual and cardiac clfects of lhc phenolhiazine thioridozine, nnd antidiarrhcal 11ctions of lopcramide end 
diphenoxalate. 

Can involve same sile as verapamil in parl; allosterically regulated by dihydropyridines. 

A.dtnosint type 
Labeled by (1H)cyclohexyladenosine, (1 H)phenylisopropyladenosine, 2-[>HJchloroadenosine; lowers adenylale 

cyclase: adenosine analogs potent at nanomolar concentrations; stcreospecific for phenylisopropyladcnosine; 
localized to molccuhir layers of hippocampus and cerebellum, medial geniculate; conlained on nerve terminals 
of cerebellar granule cells and retinal ganglion cell projections to superior colliculus. 

Stimulates adenylate cyclase; adenosine analogs polent at micromolar concentrations; little slereoselectivity for 
phenylisopropyladenosine; labeled wilh 5'·N·(1H)elhylcarboxamide adenosine. 

<il\IJA (\'Pl' 

Muscimol·selcl'livc: poM~ynaptic lo GABA neurons: inhibited by cakium: antayonized by convulsent bicueulline. 
Lluclufen-sekctivc: on GABA and other nerve terminals: stimulated by calcium: bicuculline·resistant. 
Labeled by convulsants I 'I l)dih>'dropicrotoxinin and l·"S]+butylbicyclophosphorolhionale: rcgulaled by chloride 

and harbit11ra1es: linked lo bcnzodiaLcpinc and UAUA,. receptors. 

l>cl/Jtlllli11e type 
Enhances adenylale cyclase; labeled by l·'Hlthioxanlhencs; absent in pitulla.ry; present in parathyroid. 
Lowers adenylale cyclase: labeled by (1 H]butyrophenones: present in anterior piluitery; responsible for 

antipsychotic and extrnpyramidal ac1ions. 

Serotoni11 (5-HT) type 
Labeled with (>HJ5-HT, which is potent at nanomolar concentrations; classical 5-HT antagonists are week; 

regulated by guanine nuclc9tides, possibly linked to adenylate cyclase; mediates contraction of dog basilar 
arlery. 

Labeled with (3H]spipcrone end [>H]ketanserin; micromoler S-HT; less affeelcd by guanine nucleotides; mediates 
behavioral " 5-HT syndrome," conlraction of estrous rat uterus, dog and rabbit femoral and rat caudal arteries, 
and rat and rabbil aorta and jugular vein. 

a·Adunergic /ype 
Postsynaptic in sympathelic system; prozosin· and indoramin-selective; acts through Cal+ channels; little effected 

by guanine nucleotides. 
Located on sympathetic nerve terminals to regulate norcpinephrine release but also postsynaptic, espe<:ially In 

brain : clonidine scleclive agonist; yohimbine- end pipcroxan-selective antagonisls; lowers edenylate cyclase. 

P·AdmrtrRic type 
Epinephrine and norepinephrine equally polent agonists; practalol-selective antagonist; more in heart than lung; 

regional variations in brain; neuronal localization. 
Epinephrine more potent than norcpinephrine; terbulaline· and selbutamol-selective 1180nists; more in lung than 

heart; few regional variations in brain; more on glia than neurons. 

M11srnri11ic cholinerRic typt 
Concenlrnted in sympathetic ganglia, corpus striatum, and stomach; pirenzipine-selectlve antagonist; closes K+ 

channels. 
Concentrated in hindbroin, cerebellum, and heart; regulated by gallamine and GTP; inhibits adenylete cyclase. 
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if'lJWl ~"iinT'jli 'Jl"lrUnuinn uri:: LiJuti'D;;i;ilflt1D'l1nl'l 'l1i'1i'D\la~n n radio ligand 

ihrn1uti'D Ltiunl'lLIU'11tl"J:: LfltlUDVtJD\1 receptor DDn ltJit"~ rnilDu<J::ii LtiJ.Jifu 

(~ a) lAvi:ta•u»d'l1D1«uLRv'l11i'D\lti<J1na;f!ut1D\1 affinity t10'11U1'l it"u~n1tt11:: 

n1«J~'Jl'l1U1LtiudD1<J1~n~JJUDVt1D\1 receptor if'l1LifuR1a-\1 ADLifu saturable 

AD,flif" liiilfn-1JJ~J.Jtfuoilun1"l111DuUuD\1ADt11 iinti'Dml'11f1Dn1"il1i' ligand ii"~" 

nu receptor lA»a1vn~uLflD'l1<Jlnv'l1liiii ligand ff selective ~ttD ~1::nDunun1'l 

f1mn 'l u"J ::uu~Pi-Nnun; 'l'11 fitim.,iai:tliit11'l\1nu 'l uU'Ntl-,:: L ~uua:: utJafl"nJJ»JJ1tJ u1u n-1"l uu\'I n~J.Jt1°ilt1 

tlil\1 receptor lii111"J\1nu nl"JH1 ligand ij selective Lo111:: receptor n~u 

UiltJ;;i::tf"ltltililif'lJH1dl~ 

4. Receptor classification 

nl"l uu\1tl"J:: Lflmtil\1 cho linergi c receptor LliltJ Dale if'1D1RVfJtJB6A
0

1\lnu 

x e 1 ' .. ., ' 1 LLa::\}nuuu\1 flt1a1"Jt11l\1tlt1flnu uri::nl"JLLU'11tJ-,:: Lflt'ltlil\1 adrenergic receptor fill 

Ahlquist if'l1D1fl°trn~flUfl11JJLL"J\1t1il\1tJlfipj,"nu Lilu»~nn1'lffvliliiD Lilu Lnwti''lun1"i1m
0

\11h:: Lm1 

t1D'l1 receptor ~uii\lil;;i~ifu n1"luu\1llilv'lti Lniuti5u i ;;i::n;ltitru~ulfl' Ltfulu1::u::LL"ln 

iin1"1 L1°un 8-receptor flHt1DflilJ.Jt1D'l1HV,P1:: Lfl1 Lilu 82"'-adrenoceptor 1rn:: L~unu1ftDDn 

qriifff 1d'n Li'lild' Lilu 82 PiDJJI (1111u 1niu?la;fi'uin1JJL1"l\1tlD\1tJI) t1u-l1ff'1tiilliltlJ.JtlD'l1H1!1l1:: Lfl1 

iJ~\1uuu 81 uri :: 82 H~DiinPi'"lDUl'11Hd" Ltfu Li:IDiiH~n91uua"'"-11ii a 2-adrenoceptor 

fftJr11utJ"J::a1t1 sympathetic ~ii'lti Lifu Lniutiff'lti L~un presynaptic a - receptor 

,;, LiJu a2 L1'i"J1::ADJJ1 (fl1JJ Lniuv1a;flu1n1m1"J\1t1il\1V1) t'lu-11 a2 U~\1uuu pre- ua:: 

post-synaptic 

1lnJJri'lmi i 1fiu•nunT'HLU'l1tl"J:: LflflUDtJt1D'l1 receptor Halu'l1iilil lfl'uunwnJ.Jff 

n~T1ti'l1lflt1il:: llitJflHtiltJ L~il" Ltf1mrifl"l1J.Jt1D'1 Snyder (3) if" 1;a1tJtimJ,il~\1ua111'11luPJ1"11\1 
~ f "' I .J I 

ri 2 a•ut1D\l,ti L~JJ LAJJ 1nu•nut1ilflViltJ agonist, antagonist uriu1n1rn::n1"ln"l::<J1t1t1D'l1 

adrenergi c uri:: aop~mine receptors lfl'u1tJlt1fll'l1'11fi' 3 ua:: 4 llllJ.Jti;fi"u 

5. Localization of receptors 

n1"JH1~1ii receptor t1D\1Ul"J'lfln"J::<J1t1D~'luaJJD'l1~"lu'llilu1\1 JJ1nueu1fft1'111111 

L fiu LLU"ltl1 '11Hd\1 ff ii~ f1 ntn ilusnn 1"' vtt u1 u1uff <J ::D ou1 vii" na 1 nnt"l DD n qnif t1 D '11tJI Pi DUJJ D\1 Uil ::~mm:: 

n1"ltl;\11Utl D\1aJJD\1 flt!Dfl'JUU\1tltJIOafl1tltlil\1 hflAl\1 , fl1JJ"JZUIJtlil\1al"J Lfliiffffmn1fu , 

A"lilVl'11Ltiun1"1n"J::;;i1ut1il\1 opiate receptors if'l1RnH1nuJJ1n1uti"l'l1tJ'l::JJ11UO 1sao "J"lJJ~" 

Nan1"JMnH1t1D\1n1«Jn"J::<J1t1t1il\1 opiate peptides 'luaJJD\1 UDnl;1~t1'1-11'J::uut1D\1U1'l 

rn~1d'n ;»u1ifo ~t uit11D '11tt"lu 'l lilJJI n» :Sm;'Dv 1 ti1tf u uPiliia1m'lriuDn1 fl uu'n fl-l1ii ~nttiu:: fll'l ri;'l11u 

HljDiJNa~Da1'l LfliJ~u i DU1\1 h 1rlnii1lDJJ01 Lfiv'lnun~JJViltJtlil\1 .receptor 1iiu»a1un~JJ 
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1111-,.,"ij 3 a1tl~u111aaa n1-,n-,=~•a u"=n1-,111auaua"~a" adrenergic receptors 

Agonists 

Potencies 

al 
(al + a2) 

a2 

Methoxamine Tramazoline 

Phenylephrine(Phe) Clonidine(Clo) 

Metaraminol(Met) Oxymetazoline 

Epinephrine(EP) 

Norepinephrine(NE) 

Met>Phe>EP>NE Clo>EP>NE>Phe 

Antagonists Ergotamine 

Phenoxybenzamine 

Prazosin 

Clozapine 

Yohimbine 

Rauwolscine 

Phentolamine 

n1-,111atJaua" Phosphoinositide 

breakdown 

C 
2+ b·1· . a mo i izat1on 

Vasoconstriction 

+ Cyclic-AMP 

+ NE release 

+ Renin release 

+ Blood pressure 

s1 
(81 + 82) 

82 

Dobutamine Salbutamol 

Tazolol Orciprenaline 

Prenalterol Terbutaline 

Epinephrine 

Isoproterenol(Iso) 

Iso>EP~NE>Phe Iso>EP>>NE>Phe 

Acetbutolol 

Atenolol 

Metoprolol 

Pindolol 

Practolol 

Propranolol 

Butoxamine 

H 35/25 

t Cyclic-AMP + Cyclic-AMP 

Cardiac stimulation 

Fatty acid 

mobilization 

Bronchodilatation 

Vasodepression 

111-,11-, =~•a* Postsynaptic (CNS, 

smooth muscle) 

Presynaptic (ANS) Heart 

Postsynaptic(CNS) Kidney 

Arterioles 

Bronchial muscle 

* .,( -"" • • - t - .. 'If; ' .I ... "' d . t n1-,n-, =~•a~"1~ua•uif1A~ un1-,111atJaua"~a"a•a•=M.,aL~""uu) 111aa1~n.,=~u~ a renerg1c receptor uAu 
~1a~ua111Mua~111~~11 u"=a•~D receptor ""'a~u111a~A•anu11ll'i L~u «•t~n:"~u111 81 u"= s2 

ii111-,11-, =-

t:l ..> ::sa. ..J 
.A 

°' II ..J 
~ .A 

~- ; 
::sa.: 
:> ..If 

:s 
:lt "' • ..J 
:JI 

I 
0 

:JI 

Ill 

"' Ill .... 

N 
0 ,_. 



.J !': I d • 111,~,~~ 4 a1u~w~aaa n,~n~=~,a u~=n,~111auaua~~a~ opamine receptors 

Dl 

Selective agonists SKF 38393, SKF 82526 

Dihydroxy- nomifensine 

Selective antagonists SCH 23390 

Agonist affinity * nM(high), µM(low) 

Antagonist affinity µM 

1n~n~=~,a 

Stria tum 

Pituitary 

n,~lllvUilUiN 

Intrinsic neurons 

Nigro-striatal terminals 

t Cyclic-AMP 

D2 

RU 24926, RU 24213, N 0434~ N 0437 

LY 141865 

(-)-Sulpiride, YM 09151-2, Domperidone 

nM(high), µM(low) 

nM 

Intrinsic neurons 

Cortico-striate afferents? 

+ 

+ Cyclic-AMP 

Phosphorylation of phospho- + Prolactin and a-MSH release 

protein + Acetylcholine and dopamine release(striatum) 

Relaxation of vascula~ smooth + S- Endorphin release(rat hypothalamus) 

muscle in renal vessels + Firing rate of dopamine neurons 

+ NE release(certain peripheral sympathetic) 

~ nu,~~,a~,u~uJ~u~=L~~aaa~a~ dopamine receptor A,uan!ttll=n,~~uTla~ agonists(high & low affinity) 

~1l~n D1,D2,D3,o4 u~u,~n~u1uLau~•a L~uLau~, n
3 

Aa n1 (high affinity) L~u;u 

< 
0 .... 
0-

z 

N 
0 
N 

0 • ::l .... -I» 
0 ,... 
() ,.. ~ 
I 
c ..., 
ct> ::r 
() I» . !;! 
.... l'O 
\0 () 
00 0 ......... 
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vi;'l~nl")UUilfl•lllHlllUiJIOOl")O")::iJIU'llv\1 receptor ~ffntnv~ODU~\1Uln~u~nLrl")l::lu"11lll")~ 

uunl~-l1Ltlu receptor n~ll'lvi 
di/ fl C) - .. cl '*' 4 ~ I _'{ d UU•tn\1tl ~<IU ~iJ1JlnvnlilrtUHU\1 flDffl")tH;\iJU•• LUU pre- '1")D post-synaptic 

• ... • "' J receptor L~ll~:nnrHNIU'llv\1 Langer ua:: Lr1DU")•ll'11U (~ s, 17) 'D\1Rmnnl")'1iN'llv\1 
3H . h . ~ ' "" a " " 1 " "" h . -norep1nep r1ne iJln1>1UvDU'llv\1Ull• LlJDllnl")O") ::~u11nti tltl1t1tl") ::<11t1 sympat et1c 

nu-l1 a-adrenoc~ptor antagonists ihrn Lfillnl")H<t\1 'lutiru::ft a-agonist ifoaavi 

nl")'1~\1 u<1i;i\1-l1ii pre-synaptic receptor i'1fl•Uflll01")'1.t\1'llv\1 norepinephrine 

~vll•riu-l1 phenoxybenzamine iirrniluff\1 post-synaptic receptor ~fl'lll LVlltiui;i;n•'• 

Na Lfilln-n11~\1'llil\1 norepinephrine (iluff\1 pre-synaptic receptor) ii'1 Lnvu 1 oo 

Lnl LLil:: agonist L'lfu phenyle.phrine niirrnn")::~utf post-synaptic l~fin•'1ff 
pre-synaptic a-adrenoceptor 'lu'llru::L~v•nu agonist U'l'1A• (clonidine, 

tramazoline) ua:: antagonist Ul'1A• (yohimbine) iiNa~v pre-synaptic ll'ln . . 
m1~rnlilti post-synaptic a- adrenocept.or 

-l1anttru::Pl11Juuu post- synaptic Lilu cx1 
synaptic 

post-synaptic ua:: P.re-synaptic uaz1i'uJJ,a·Li1"•nun1")ii pre-synaptic receptor 
'.r::I ~ I; ... ., 

D\Jtl L'lfilil'llv\1<11")UU 1 LD\1 ( L~un autoreceptor) li;i1'un1")Cl'iJ'u<14u'.i:nn~i~viJ;u•u1nn 

'l U'1il'lU") ::uu LUJ .. liJ::ifoii L'1"JNil'1'~D1i'v 1"1uv\1L U")IUa:: L ~Vlil'lJv\1:Sfin'l")flOltlvWJl\1 if'1ii~u;1n 
fllilfl'lUtlf}ttti~fon~li ( 18) 

n'l")~ntt1Lflu•nu steroid receptorlvivLQr11::vv1\1fl\1 estrogen receptor 

L fiu iln L :/ D\1'1d\1 ~iii au 'l iJU'l nti'tvi 11 ~n;pu 'l ui-luiJ~r.i1uu1<1uua4unuvu1\1 LL11'111u-l1 ov{luu ua::u1 

n~1Jdvunrinti1vivr~1uLrlv~uL'lfm~Ltl1lu~unu receptor ffu~'lu cytoplasm Ltl~uu 

receptor protein iJ'ln 4S Liiu SS Lui'• complex it LnfllU~\1 N°1u Lti1 lulu nucleus 

luiirrn~D DNA O")::~UO'l")i'f;'l\1 m-RNA ua::n'l")t!fo Lf'l")'l ::i1"iu")PitJlil'l1Jil;~ru 

l uil11 ~ u"1 v'1iJff r~'lU1J'liif1 an'l") ff ntt1fl,J i;iu V\1nu11~ flfl'l") vvn fttl if t1v\1 oviluu ~\1n ~ •• u;, 
a I .,,j I 

Li~1J~U L ~vu 1 1viui1iif\1 L nlilt'fu-l1 medium ffltivi; homogenization mrnvivnl")YliJ ::riu'I 

receptor u~lu cytoplasm 11'1ulu particle (nucleps) ua::'luu1\1n")iii Ltiu estro-

gen receptor luillu lnnt1u-i1u~lu nucleus fl'l")ii~iJu'lu L:tu'1difo lu u'lu~.iul iJnu1J1nun 

l ~\1dv1iJ L fiu L tl")'l ::fi i;i-l1 L fiun")tlltt Lfitt Lrn:: /11-1 Dfl.,llilu h L flu •nu estrogen receptor 'l u 

") ::u ::11 a\1 LUU luif \1~vi~u L ~Ufl'l") LLV n l ~fi~iJU uri::111~1il") lfl")\1"1-i'1\1t1 D\1 receptor ut1 ::n1"i 

111nalntf Teceptor DuflftVl~~D DNA 'lu nucleus) iJun"i::~\1'luiJ~r.i1u2niiNa\11u:S~u 

PifimtHfl'lu L~u\1 lviu 'l'lf~6n1")ffnu1~ullln~1\1nu LL~"1\tlvvnu1 li;i'-l1 estrogen receptor 

u1iJ::u~'tu nucleus ill~ cytoplasm King ut1:: Greene (19) m1'1uH1iriu1trt1nfl'lLn 
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1,r~nn; monoclonal antibodies AD estrogen receptor 'llD"flU 11;,u;ltJtt'l 

t t 'l , I. , s , . ... 
es rogen recep or ~u L'lfrtt'I Ltn:: LatNurt:: L'lfflfl'1::Uueiutl'uqttutt•ut1 LnfltJijn.;tn unn::lu 

nucleus Lti.,tiu Gorski nfl::l'llU:: (20) tf11tt'l~tunav~ttflDuirulti L'lfflA LifD"DO'llD"Pio11 

1Att11D"'1411nU cytochalasin 11fi'4uvo cytoplasts OU karyophst (nucleus) 

~u11a~u cytoplast ilU~u1~ estrogen receptor Unvn~1L~~~~~HuAU,~u1~ 1o L~1 
tu'lllU::~ estrogen receptor 'llD"L'lfHALnDu~""11flA,••ttutu karyoplast v"uu~H'lEO 

11'lnfJ•::AD"Aott'l~'lvrt::LfivflnuADltJ ufl::o'l,~tt'loH~•.,,Min~rtffLffv•DD"luLio"iffl"•::uao11'lo 
luiJtf 

6. Receptor solubilization & purification 

u I S ' .. .J 1 .,j JS- 1 l 1 ' 
fl~DlJ'l"fl'l'1nOlt'lDlJ'l"fl::LDlJlil'tl~lil UL'1D"UflDO'l'1UlJfl acety C1)0 ine receptor 

•uuliifni! tt'l•;1nu subunit liil' 1rn ::tt'l~lil"llfl'1"tt-i''l"fl;~uo'11ilD::iilul1rnAfl:: subunit 

l~ AflDl'l•ufi"i1vian~,u~'lUArt:: subunit tJ'1::oDuilun~1uaotffil::lfl Lffv•;n"ilun'l'1Lillil 

ion channels DV'l"l., (~1tJ~ 1 Ufl::"l'lVfl::LfiVlilLULDOtf'l'1 4} 

o'l,uvo receptor 1'1u!if{t1tf H'l114fl 111 Hlflfl Ufl::H'li1,A'1 lfl,"tt-i''l" LifUfl4'111 

"~"~tt;~~tt;vi~un'l'1Uuuu'lf0fltt1D'lfUlilVDV'llD" receptor ~"uLfi1111'lo~uLiDu 1 LU'lllU::if Ufl 
..J - .i: - • .cl l 1 , ..11 .. 1 'tl'l"t1•::u.,,~fl•'l11tt•"uuv"D~Do Ofl11'lO tJ'1:: vnun l'l•'lon'l'1uvo 11LHflfl'llD" receptor 

t .. J I "' I i1 II - • ... • 1 1 b viu~~t1DLt1'lt1N'lU1J'l HH'lll'tl'l" ,,11n" L'tlflUflrt'lf{ftt1tt'l11'l,nt1'l monoc ona anti ody AD 

receptor tiu 1 u~• l,f Liiu LfliD"iin luo'l'1~ott'l lfl'nv'l"o-l'l"'ln'l" Fn'lu L ,;, 1• L ffv•ilu 

receptor 

~"o~,.ufi• 

. 
L'lfu Myasthenia gravis (ii autoantibody PID nicotinic 

L nlil•'lONfl~tt'ltJ'l'1nuvn acetylcholine receptor liui'~t1tf 

fl'l"jfl::rt'lv1rn::uu11 receptor 'llD"tt,.,iinVlfl'ltJn~u ( L,;u insulin, estrogen, 

immunoglobulin E flflDfl~"tt,,~"~~,lUtJ,::tt'lt1 GABA, dopamine, 6-adrenoceptor) 

l~NiHl'l4VIU'l ltJ1no luif•~ifu ll~ifo!lif~vi, L ffv•nun'l'1tii!•U~'l 1111 fl'lflff1wo l!il'11fl ::~uilu 1 igand 

"~~ - "l ... . q .. "e P! 1"-1' ~ ....... •""' ' 
L'lfHfllttD'tl• ::~~·u l'l•'l•::'tl'l~VIL!t'IHUU 1 vO'l'1flDUtfUD" lilVl"lD 11 ~"11~'tl'ltf'll"l•nfl• L'lfU 

NH"'lU'llD"n~11 Lefkowitz (21) ~l;uuo 8-adrenoceptor •'lOLUflL~Dflllfl"'llD"ou 

l l ;1u, ~\J flllO-l"l ~D'IJD"fl"jfli) ::iil u L iiu u-iu L ~tJ4114fl111 L fl flflU"l ::tJ'l(U 58. 000) 11~.1 tll11 l flflfl'llD" 

receptor tlnunu!iqt1~11ti'• Lti'l ltJlu phospholipid vesicles tioui{•::u; ltJ fuse L,;., 

nu LUfl L ~DflLLlil"'ll D"l'l'l"flflD'lrlljffu (African clawed toad) ;;f" liiii 8-adrenoceptor D~ 

cyclic-AMP 
. 

Dt.J. . 
it'l11'l"l tl~DUtfUD"lilD catecholamine cyclic-AMP 
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R 
B 

Pseudoaxls 
of symmetry 

D a-toxin sites (2) 

~--.....-6 transmembrane 
subunits 

.. ,111·h 

Ion 
lipid bilayer channel 

Cytoplasm 

Noncompetitive blockers 

High-affinity silo ( 1) 

Lipid bilayer 

~43K 
~~rcytoskeleton 

a 

..I • d • J. .:I ... 
i un 1 11ti111"itJ·n" u.,,::,11ltlif'l"Hl 'N 1 DDflfJtlDPID acetylcholine receptor ti llil;;i-..ntlfl'l 

m:: 1uult11l-.. (;;i-..n 4) (A) 1i1ufl'lt1;;i'lnn;t1"'"'tl")"HluiiLflfllil"1DtJLLtflil" 290K pentameric 

(a26yo) fl~y11JLi'lfli'IL~U'l "~il 2 11JLi'lfli'I (B) iu;;i;flil"UUlil"crn!ttll::l1JLfl~flflt1~lu1dt1~1J 

L'lffl~ i1 ion channel D~mn" (C) itJ;;i-..n Lfl~D"flD1Jrh LlilD.;LLtfl1l"crn!ffil:: Lil~UtJD"1.t1 

pen tamer 1tJ (A) a'lU'!ufllJ\lflfl")ifi'Jt1U'l1Hfi11iJu Li'JD~UOU a-bungarotoxin Utf~Wl'l u'Ju 

a-subunit (D) LLtflit"~liltfo'l")~'l" 1 t1Dflf}t1ifl1itu acetylcholine uf!:: a -bungaroto-

xin ~unu a-subunit ~ ' fl\JUD"U•u LLfl:: noncompetitive blockers ~uffnfl'l\J ion 

channel uf! ::~lil"JDU 1 111 Li'lfli'IPll1lnu lipid bilayer 

7 . Consequences of receptor responses 

' L"lfU 

.'( l " ' ~ .i.... !f u .J ~" .I • cyclic- AMP uU fl'l<J LUU"J::UUfl'l"JlililUU1rn\J\11Jfl'l")nfllflflU1J'lflnf{fl LLil::11tlillJ.fl1l'lfltlt{l1l ;;iutn 

l~"-..u~~u1fiu•nuLt1u~u" adenylate cyclase,protein kinase LLfl:: phosphodieste-

rase 1iluut1u\Jffl"~1J'lflff'!lil~'lu"d"t1£>"~7f'l 1ml11-lnu-..1rn::ih Lflu receptor ffffmnnu1J'lfl 
d Q ..:l .. "1 . ,.. d Cll ... ~ " 

fl.Iii ~D µ-adrenoceptor L1JDU'l".,DUD") 1JUn"J::~un receptor ;;i::11Nflfl")::~u1t1u~u11 

adenylate cyclase l.., Ltl~uu ATP ltJ1i1u cyclic-AMP -if";;i:: 1t1uA'•ltln"J::i;\u Lt1uius.I 

protein kinase luu~fl:: L'lffl~ n;l..1un'l"Jlilt1UUUil"lil'l1Jfl'l"Jfl;"-..ut1t1" L'lffl~tiu 1 CitJfl 2) 
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Mediator 

Receptor 

Second 
messenger 

Response 

Drug Hormone Neurotransmitter 

! ! t 
R R ~R ----.. + 

Adenylate cyclase 

Gs Gi 
---;;::::-~ 

GTP GDP ATP Cyclic-AMP Phosphodiesterase S'-AMP 

·~ 
Protein kinase Protein kinase 

(inactive) (active) 

Protein(enzyme) 
(inactive) 

Protein-P04 (active) 

Uri fl" il;~UtHl" n-1 "Hti.lUflt.t il\1 '1'1 flfl'1"HlilflfJt1if Ail receptor N'11..tfl'1"1fl.;," eye li C­

AMP; Gs, Gi = GTP binding protein ~"UNilfl"1:~1..1ui1~uu6" catalytic 

unit (C) 

1 .J ".Ju h h 1 "1'1Uil~~auflt1il"flil flfl'1"1RIU~un adenylate cyclase ui1:tJi.l~flLflU1nu p osp ory a-

tion ~1ui~1..1~J" 1 f"n;l»Lnfln'1i~nur11..1tJ"L1..1L'lffl~uAfl:nquGun~•,"~~~"~n~u;,Ltl1..1 

'l;1..111..1u1nl1..1il~N'1t.1U'1 (L,;u 22 , 2a) 

' I 

n1"Hti.luf11..1 n"rnu 
N .J ~ u • .J cyclic-AMP 1..1 LflUltli.l"flUtJUl1lfll";i'lJi)" L'ilililHillU L"Ji.l" L'ilt.t 

Lufiuu membrane permeability, ion movements, glycogenolysis, lipolysis, 

""°' • I' cJ I I + + I 

L'lfilil~"n'111u1nR•u~un'1"1rl"N'1t.ttJn" Na , K Hiil Cl Liun•, ionophores 11in 

channels n11~unu receptor i1Ni1t1;t» ionophore 'lli.l" ion 'lfUflLfl'lfUflHd" Lilfluil: 

Liifl depolarization H1'i.l hyperpolarization tlil" Lffo.tu L'ililrl L'liutuniiilt1il" 

acetylcholine (nicotinic) fll"J~unu receptor ti;t» Lilfl Na+ - ionophores uil: 

Lnfl membrane depolarization 1t.tn";iMt1n"rf'1";i~"«~~·ruu,:r11n y-aminobutyric acid 

(GABA) n'1i~unu receptor n;t,.j Lilfl Cl - ionophores Uil~ Liifl membrane hyperpo-

larization 
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Agonists 

BZ GABA Barbiturate Cl 

Antagonists BZ 

"reverse­
Picrotoxini n Bicuculline . agonist" 

9~~ · /V~92 
~~ /~9 . 

BZ-R GABA-R GABA-R BZ-R 

P-B-R 

ionophore 
' -· 

Uflfl"~ntttU:: complex "1::t-tTN benzodiazepine receptor (BZ-R), GABA 

receptor (GABA- R), picrotoxinin-barbiturate receptor (P - B- R) 
- 1"., _ ...... -•11 mi:: Cl ionophore n-nuun receptor • 2 fntJ LutJ dhM'lJDrfllJ.!91 Lti'lutJ 

"" 1iii1-llDl;!<i11fl Cl - ionophore rlreceptor 1101:: subunit ~'"1-.:i;u,u L ,,"., tfl 

207 

n'l"1fl"'llJfllltf Cl - - ionophor.e u1-.:iiinoi lnmnuuu'1"1rn::u1t-toi1tJO~lJD'l-.:JDDntltli:f 

r~'lutn\lnoilnd' L'liu U'l"'J::~uifn u1nflfllJD\ln~11 barbiturates, benzodiazepines(itJ# a) 

1un"1t'iltJD\l benzodiazepines Lilu 7-8 uffN'lU1J'lfl'11J'l"1~~~-.:iulA~'lii specific binding 
' J::.J ..I v ~ .,j a~ o 1 .J .J 

'lJD\lU'ln•1J~tiLtJD~1JL~oioitJ"1::rf1M-.:J'lnfllJD\l~"1101nuru::u91n91'l\l tJ-.:i1n receptor 'llD\lrf'l"1DU 1 " 

tm11"11'5\l L~un d)u benzodiazepine receptor rrnn'l"1Rfltt'ltl'l" electrophysiology 
I IJS J1 I J .al _:=t - !fl 

UflVt\l'l'ltJ'lfl•1JUDDnqnn flUL"1\lfl'l"1DDflqtifi'lJD\l GABA nn'l"1Lufl Cl - ionophores fl'l"1nfltt'l 

ligand binding LU"1::u::AD1l'li1uilu1!ii'~., benzodiazepine receptor u~Piflnu GABA 

receptor LLOl::fl'l"1~U'1JD" benzodiazepine ,,;1»n'l"1~U'1JD" GABA ~ifu uoi:: LiJfl Cl - -

ionophores 11ii'~i1u fl'l"101::011u1101::uun receptor l.1u~'{nif't1u~'l benzodiazepine 

uoi:: GABA receptors -.:i::u~!ii'1unu 1fl11uuoi:: Cl - - ionophores tiu'l-.:i Ltlu complex 

1~u1nu (itJ~ a) GABA uoi:: Cl iirrn 1tl11 benzodiazepine binding uoi:: benzo-

ciiazepine iiNoiL~1J low affinity GABA binding 

fl'l"1DDnqni!'llD\l benzodiazepine tf~" Lfl"n::ti'~utt-tiiu'l"~' Lrn::fl'l"1DDnqntf 

6-carbol ine- 3-carboxy late ester (f3-CCE) 1'1NoiA"1 "nu.n111tl'uu1n~11 

benzodiazepine 
.J • 
tltl"1'1U1J'lOilU ( Olfl GABA binding, 01910'1"1 Lilfl Cl - -ionophore uu'"# 
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1 .,i .. ' .J " v v Ca2 + , "' e , ualil~n~ nnua~uLnu•vn~nun,,R•UflU,:lilU n,utuL'lf~~ ~~,•un~n,,N,U 

'llD~ ca2+ ~ fast channel, s low channel LL~: receptor-operated 
2+ .,Iv I 'I # ) 

channel u~:n,,tl~DU Ca mmmJ,n,u lU L'lf"~ ("inn 25 

benzodiazepine binding u~ :n'it; LOlilD,n,, 'l vtnn~•~'1:jDifn'l;-.,",u) n'it;un,, Li una,, 

n~uif Lilu benzodiazepine antagonist ii~Laun1,u,'1:LiunLiiu contra-agonist '1~il 

reverse-agonist Lt1·n::ii activity tuvn~vt,~nU'li',u (24) n,,ttuu,n~ud't1'-.tt-i'u 
uu•filil La1rn1, benzodiazepine r eceptor ,.;,'1:ii'1~,"'!~fl ligand 1,J, 1t1~uif~t1'-.tti 

Ltl~uu Cl 

ionophores (24) 
. 2+ .,I "' " , 2+ .. . 2+ 

n,,~•UflUn,,N,U'llD~ Ca nLUD"JUL'lf~~ (Ca flux) .,,Dn,,tl~vu Ca 

~~Uil~OU LflDfl,ULU L'lf~; (C/+ mobiiization) LtlUn~1nffa'iR'll!flU,'1~,Un~u1tJvvnf1'1tf 
e (J C 2+ .. • • , • " . · 2+ 
tN 1r1,,:: a umm,t1vtnn,,tn~,1rnv~ L'lf~"Du,~n•,~'ll•,~ (Ii.\ 25) n,,N,U'llD~ Ca 

-" ..,,. ., d d .,. 'fl - & a ' • LUilUn,,n,:"lUll LUD"JU L'lf~H lU,::u::u,n Lnlil'IJU L, •N'1U fast channel iHfottni:: L'lfU L~u•nu 

n,,f-i,mrn~ Na+ ~~ L1fn1, Liilil~j,u Na+ channe ls nT'Hi,u, ::u::Pinu, Lfililifu.J, Liun slow 

channel i~~,~'1,n Na + channel u~\lnuutf~llilu Mg2+, ~in 2 + , Co2+ u~:u1n~u 
1 . t . A v .. C 2+ f d - & ·1" "1 •.. " .. ca c1um an agon1sts uemnnuu~u a lux t1 Lnlil'llU lilUU uun,,n,::~u.,,il depo-

1 • • o ~ Si! 'I 0 J I .,I .,I " '<J 
ar~zat1on LLvtLnlil'1,nu,M~va,,n,UlU,,~n1unvnqttHlilil receptor tlLUD~UL'lf~"~~aN~ 

. c 2+ .. .. .'i d 
R•UflUn,,1-nU'llil~ a '1~ L, un Luu receptor- operated ion channel (1,tlt1 4) 
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Extracellular signal 

~~~~"'-"""· . -a.--....,.....__._~-- m::::;ticn:m,----
Receptor 

IP3\ CDP· DG PA DG 

Turnover of Inositol phosphollplds 

Protein kinase C Ca2• mobillzatlon 

Synorglsttc role ior phyalologlcal responses 

1 ' " d .J m1 n, ::Y1'l'1'3n'1"Hl'l ::filtrn receptor nun-1·u tlauuLuJa\1 inosi to 1 phospho lipid 
<A .. ' c 2+ b. l ' . , • u ( ) "11'3mrnvit1 . a mo i. i.zati.on uri::n1,vit1uilut1'3'l.lt1'3 L'1l<H1vi111ri1V1U ~•n 26 

' " L'llun1,a,.," cyclic-AMP t-1~t1 prostaglandins Cia 2 s) 'luittf 
' dy ddC:Ji I ·1""'l C:& .,_J., 1.,1 o N'1Ull'1U"j'1tJ'3'1Utlflft'1U'11NVI L1'111'l.IU tltJ'1'3ll'1nLlrl::tn \.1 L'l.1'1 ~ L1'1ll'l.IU LntJ •nunri m11•nUf1lln'1,tlrlt1tJ 

Ca 2
+ tnu'lu L'llmiii'u Lilun1,111t1m1ut1'3~vu1uri::a1,111u'lu~1"n1u tiufivnri 1n Lfft1•ti'un1, Ltl~tJu 

utlr1'3otTrn~11 Inos itol phosphol~pids Ci:i 26,27) U"jfl~ LViu• 'Hokin uri:: Hok in G28) 

phosphol ipids l wiluv'vu Vlilll'1 1 I 1 . .. . " .,: 32p ,,, 1 'l 1'1tJ4'1 acety ClO i.ne 11Nrlfl,::~Ufl'1, L1'1 1l L'll'1 ti u 

ii't-1 iln;j'11J iin111 nuilft"~' L '11iHlt-1£'1'1tJ n~JJiln1, Avuauv'3~vn'1, n ,:: ~u lmujn.,, Ltl~umLt.lri\1 phospho-

li pi ds n~11 inositol ur1::\m~1nrilndLi'{u•nu ca
2

+mobilizat-ion ,JtiSJ.rilu,::u::t-1~" 
uotft\11 ~~., dfoiln'1, n, ::~u~ receptor ~::ti; 1;un1,ar11tJ'llil'3 phospha tidy linosi tol 

t i phosphate (PIP
2
) 1"L~u 1,2-diacylglycerol (DG) uri:: inositol 1,4,5-tri-

phosphate (IP
3

) DG iiNrin,::~u protein kinase C 'lutJfU::ij IP3 vl~ Ltlu second 
d ' 'l" ~ Z+ b. i · . ( tl.J ) messenger not'3Nri »Lnft Ca mo 1 1zat1on 1 vi 5 

«•vv localization of receptors 

n~JJd°v~'lu nucleus. ~~'31Lri::1tlthl~lu 

11.lilLVID~ alri~ , .. , luri~.," - 1 ~•lrin 

~1ifn1,nuuu1i~~"~' r eceptor lu1t1Eot,::tJD'3il'1, 

cytopl asm fl\1~ ::tt;l"ifn1, uJ~uuutlri'3Pl;,., LDflil'1, 
u iJ ..I •uffr ,. " d ..I u ..I UUL tJ L "jD\1il'1fl~TJ L~tl-;J '3'1UDflA'1U\.1 '3Lfltl-;JfltJL,D'3 

d"'lf "if ~,rn., u1JJi-1m:n n~»ri• un~11finn1,'11nri 1 nff receptor L .;., 11.1.Junu DNA L i1nn, ::~u l '1if 
n1,a-i1" m-RNA 
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8. Receptor adaptation 

111·nJ.;'ua111trn1·rn;"1U'lliM.;1"n1 fl d:f tJfJif "ffrf" Nil 'l ,.;' L n lilfl1"1 L tJif ttUllUil"tl1 "i'l=i"1,tlfJ1 

L~urrn 1nfft1u19i'lfltt~"l 1tJ Liiun1"Jintn homeostasis 'll£Wi1'1n1v 11~n1,tJ-ruarnt1~\1n~1"l 

d' il1'lil 'l .J L iiun1"1tJ.;'u'l11 udJDU L ~lJ fi11il' L .Ju &1'1<11 U1~'1lil\101"1 L tl~llUILtlil\1 lu'.i1u1, fl\lflfl;~ '111 tJ 

I Jf " " .I .If 1 ~ .I "1" 1 

"11"tl1lltlil1'ltl,Ui'lfl1tl~ALUlllil1UilU'lUtl"11flllilDfllJ1LUUil1fl1"j'lliJ\1 "1fl ""1ilNilL§tlDU 1 n A LUU 

n1,tliUi'lfl1\'l'llil\1.;1\1tl1U d:lil 1~iut11 Lilu L 'H11U1UD1'lfJ1~""1llllUU iil'1i'11tlLUfl1"11'1fl 5 

I I 

1 . ilflfl1"jAiJUi'IUD\19liJll1 LUU 

J ., 'l'I 
- ilAqtto"1~"Utl1A'lliJ\1lJiJ")nU 

I' I 

- ilAN<1n~i'llJD\1'1lD\1L""111<1~v1n~u barbiturates 

- il~Nilfl1"jiflU1'1lD\1 digitalis 'lu~J1t1«"lL'l;lJL"il"l 

2. tJ1-.:i Li1ur.rn'lun1,imn "llD Liiu~"lua;~nJfln;'lM' LnArrn'lun1,-rmfl 

- n1"1Ltldt1u11tJ<1'1'1lil\1 receptor ""1t1~0A-.:i1nn1"1n; ECT 

fu Lff..;1 Lilu L"lil1U1U 

. 
LUU 

- n1"J L~u 5-HT receptor 'lu platelet -.:i1nn1"1Ltft11-rmnhfl~A Lilu L"l<11u1u 

- 111"1 Ltl~vu adrenoceptor sens itivity -.:i1nn1,'l-dv1<19lfl"l1U~u L~illil 

~ I ( - 01n1"JflDUV1Li'lt1AAA1" 1 opioids, barbiturates, benzodiazepines, etc.) 

- D1tl1"JflDUfJ1~U 1 (clonidine, 6-blockers, Corticosteroids) 

4. Ui'IA\1NilL~fJ'llD\1fJ1 

- D1n1"J tardive dyskinesia -.:i1nn1,'ltiv1inM1l"1fl~A 

..I I 
5, ilU 1 LUU 

n1"JLtldvu monoamine receptor (a2, S ~HT) 'lu platelet 

1fi'iuv1"lun; LOvt 

t'l ..I o .I I' ., I I 1 I I 
"il1fJ~ulilntl1\11ULnfl1'1lD"nutJ~ L•un~ tl'llD\1tl1"1il Atl1"JADUUUD\1ADfJ1tl~lJ receptor 

opioids 

~,:mu 

Uil ~ n1, ·L n111D1 n1, ri ou v1 fhi'mJ. il ~U"1 Ill '1~'lD1 -.:i L ii fl'l1 n n1,tJ{ uati 1tltJD '1n 1":191 tJUi'lu il\1 

adenylate cyclase ~n opiate receptor "~on1":l"~"tJil\1 catecholamines 

"~Dfl1"JflDUi'IUD"~ ~ostsynaptic receptors 'llD" catecholamine 

adenylate cyclase ~\1ADtJi'IUD\1~D catecholamines (~ 29) L~u~u 



,,, fl,"i 1111Yt1'i11u, 211 
U~ 6 l~u# 4 R - R,-0,R, 2527 

5n~1DUl""d"t"f1~flUL~f1nu1nu111n~rin1'11itilUaUD"AilU1 H~D ECT ~"LllUNn 

1un1.,inu1~J1un1.,11ru~11L~~1 fl1111~~"Lflu1nun1.,1~u1~nu1~"nou1uLH~Nnfftt111L~uu"lul~ 

fliltl"1 ::i'ftl6tn\'11un1"1~n~'lln"u1 rn~1d'~:: L ~mJnnlJ~Ail Ldn t'liu1PilitADnu ltJtJ'1::111ru 2 6YtJ911.1 

n1'1£1Dnqt1t'lJn"u1L~u tricyclic antidepressants 'li~uuO" uptake 'lJil" norepi­

nephrine un::/HlSn serotonin LiiA1nutu-!u11·rnfflA'-iuu1 f] LH~n1"JruP1
1

n Ldn"mi."h~"rl'il" 

., nil" 2 if'tllil1" LAD~:: L iiPINn 1un1.,~nu1 u1n~11tmjHn1UR1flt1Am>"tn"flii01'1LL;1~1lPi'trn1un1"1inu1 
" ' ~a " ' f'f 1 ..rl ill " A v • .. v e k ~tJ1un1,11ru~uL~'11 ttu11unn nn1"1Dilnqtio AU lilLn1l,::litU amine H'1ilUUU" upta e LnU 

'lin~n rn~1dt1;t'1 Lllu~fo"ifu~1~" ECT, tricyclic antidepressants 11n::tnn~111Huil"nri11 

11~1d'tlrrn 1tn ::u ::u11mi1" h'li"if 11\iuonurrn 1un1"1·fo1n 'lin~n 1~1flf1n~f1~nuru::ffOuuu 1~1uu1" 

L~il" Ltiu n1'1nlil~1u1u f3 -adrenoceptor 

5-HT receptor 

'luflmNu1"~1u a2-adrenoceptor • 
LLfll'l"~1n1~£Jn1"1tl~Ufl1l11'1n1'1tl;",u'"n" r ecep-

tors tu~nuru::tl., ::fl1unu'1::H~1",::uU'lJiN norepinephrine, serotonin, 11n.;l11u11a::a1., 

fl"~"nnn1111·1..;'n11ilu amine LHri1d' ,1ut~"~nuru::t11" Lflil -ffitmfon" Lrln~u L'lfnrl Ln"9'1u (3o) 

mi ln., ::iii'u 111 L ii fl ii ff Liilil~U Lrln£Jn1,tlillfl1lltln1,n1"1ut1iN receptor ~f:J~ttnu1 

ii'mnn (~ 4,22,31 , 32) R1DU1" L~trn1'1fllllfl1lff S-adrenoceptor-adenylate cyclase 

trn~11ui''ltrn1, trnav".,::Pi'u L'lfail' fl1'1 Lf!iu cyclic-AMP l1itt1 agonist ~::1Lflfl"l'1i L~t1"il1fl"JT'l 

L ~1tiu il"'l ::u"""o., ::iilu agoni st L ti1 1fiu u~., ::~uiln" cyclic-AMP ~ ::t1Ail""' 1finu 

L~1"1 ::~utlfl ~1l1t1'lu L1n1 3o-so u1fl ('11t1i1::L~t1Anl"Jf'11U~un1"Jt1;",u'"n" adenylate 

cyc lase ltJ,1iteLnnfl1, 22) fl1,LDA ion channels Ldn"~1nn1"Jfl'1::~uff acetyl-

cho 1 ine receptor ~\'IU~1 Liilitn1'1tJ .;'ua1l11rn1"Jti;",u lA' L ~uii'ULLfl ::ilAfl1"JPIDUi!Un"Pin 

agonist mu'lu L'lil1~"uumfu (u1f1) LLil::t111lA unn~1nd'ifofifl1"1 Ltl~uu11tlil"l'1ifftiuP1nu 

fl1,if"Lfl"J1::"1"Lilflil'l1D" receptor n1'1u;l11LilflnL~1ltJ'luLdn~11L'lfil; L1l1it1lu~fl1JL~ninu1 

fl1l1t'ln1"1Yl;".,u'"iN receptor ua ::tiu~u '1 'li"~"""111d'n1~ Lrlt111i'n"nun1"1n;",u"a1unri1" 

'lJD"a1lD" L~U L:1il" LflU'ltllln1"1 1J!uuiA1" 1 u1~::DoU1uli;;'l91un1"Jf'11llf11ln1·rn1"1U'lJil" 

receptor LH~1d (4) 

~1DVl"fll'1f1nu1 Lfiu1ii'u r eceptor fflA'n~11111uii'1d' 1t1u Lffo"fll"JR~1"1ru1nv1" 

fl~'" '1 ~1£1N~n1,~nu1~1"pj1ut~u1"fl£11i'n~a1~11~unu1""'ntu,::u::ftun-l10AN1u111 ~"d'u"fJ 
fl1"1'AOH1 LtJDflH~1u~1uflillAu;111nri'11ii" Uil ::UUUilU~fllll ~·fl tl~1l1tll"1U1JH11'11il LHn1d'rium1£1 

Pl1rnu l~-11 ~"""~dlA'n;tt-i'nfl.,11ff'I.," 1v1hflu;111 t,1'tJ, ::lunu'1Piu;1111nunu Lftu"'lA L..Ju 

l~u;111t":fwu1u1 'lmi ~15n1"'J..;'nu1 hflLUJUl mj wtJnn1'1 'liu1f!f1£1~1L;1 'lun1"1..;'nu1 hf'IDV1'1f1tl, ::­

~tlon1t1tl"\f,m:So l" fl1Piou'lu L ~D" LHA1d'luiii'JDu1"u1" L ~n"Mn.i11111uA'1~:: ufo lA°ifA L ~u L tlu 

n-1'1uot•"111 agonist uoi:: antagonist. ~i1fl'll1l'11 un::wlfn L~nnnnnqtt€~iJ receptor 



212 Thai J . Pharmacol. 

Yol , 6 No .4 Oct.-Dec. 1984 

' t ,,J .. mJll u u ui;i 111 'tl~ n" nT, 

n~ll unmiu 1 L tiuA'u L\A~\J~~;~ry lu'1inu l tln~1n1., 1 'lftJ.,:; l Ut1Utl1\1n1.,-rntt1-.i1nu1finn1., 'l 1iu1 L Rn 

L i1u L fl~D'1l1u1 un1'1 Antt'ltn'1it~.,~tltl1 '11" L "J1Ail\1tlil11-ru~1l1'it1; 1 t1 vni1L<1 :: L -ii1 "l-.ifl'nH'1l::n1.,,,; 

\11U~iJ\1"J::UUA1\1 1 n1utu~1\1n1tJL .,1Lrill~UilV1\1ll1n'lulurl~~N1Ull1 u~~U\1il"J1llCl :: LDll~Dn 
.JO' . ,.. ' 1 111n'tln1't11t1R~111a1111.,~~n\1ll~titJ ~An1:t1~u tJ 
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