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[3F1] Propnamioolool 1)iti(ii5 roopidly tiIi(h nO’vensil)lV to sites in mii(’miih)m’aIiO’s l)l’o’l)mir(’d fronts �‘atiiite

vo-’mitnietolar Iti\’oocardiumil. ‘j’\\�j oot’do’rs oof sito’s wero’ identified. Tho’ htighto’r-order sito’s have a

vmtluo’ (o’luilillniuni coonstmitit ) oof 4.57 X 10� ii-tm and a bimudimog cm-opacity of 3.2 X 10-s miioole/

trig oof’ Jlrooto’imo. 1’or thoo’ loowo’r-oordo’r sito’s K = 4.32 X 102 it-0 amid 1)itiolillg capacity is 8.4 )(

10� miioolo’/nig oof proito’imo. Nimio’ adro’mio’rgi(’ titutagoomuist drugs wo’t’e to’sted f’oor theim’ ability too

blO(’k [31Ijpt’oopnmtmioolool I)itidilug amo(! bloick isoopnooto’ro’nool activmitioomi of ado’miylato’ cyclaso’ in dog

hiettm’t moienil)raiuo’s. \oo o’lear o’o)rro’latioomi l)o’two’emo tho’ tivoo f’utuo’tionis ivtis f’oound. d- amid 1-

I�nooprtitio olool o’olmiip(’tO’(l ��-it Ii equmil o’ffo’ctiveno’ss for t ho’ pm’oopm’amioolool bimidimug sites, but I-

pnopranoolooi \\.tis )0 timito’s nioro’ Pooto’mit thotiii tlO(’ 0/ isolni(’r in bloocking o’yclmiso’ mtctivatioii. ‘The

bo’tmi mtdno’moo’rgic blockimog agent di(’holoorooiso)pm’ooto’t’o’mtoil �vas a vo’t’�’ ivo’ak inhibitolr oof [3Hj_

propnmotooolool 1)ifldiflg. (1lilonproonimizimoo’ timid hmilopenidol inhihitod booth Prol)ramuolool bimidimog

amid o’yclaso’ mi(’tivmitioomo. It is coomuo’ludod that the [3H]pm’opramiolool bimidimog sift’s stimdied loo’re

art’ umtro’lttto’d too tin’ miiyooomiroiial beta tidro’moergio’ ro’o’o’ptors amid nimoy 1)o’ invoolvo’d iii niediating

tho’ nioot’o’ go’moo’ral iuuo’muibramio’ or local ttmio’sthetic o’flo’(’ts of prooiom’amioolool . Beta adneno’rgic re-

(‘(‘9toor bimidimog sito’s bIresUtuumil)IY r(’I)reso’mut toooo smumuhl to frmictiono (If misvolcardial noemiihrt-imoe

sito’s o’aptilllo’ (If bimoolimig proprmimioolol too he t’evo’a1o’d by bntdimig studio’s of this typo’.

mNTmoom)uoTION

(‘tot o’eho oltiniimoo’s stiniulmite t ho’ emozvmiie

tUlO’ti\’ltltO’ o’yoi’lti.so’ ito ni�’o oomirdial noo’niI)natoo’s

Vito imsto’rtio’t io iii ivith beta todro’loo’rgi(’ t’o’co’pto it’s

( 1), lo’modimigtoo mon iticro’tlso’(lrate of go’tto’nmi-

tiomo oof tIn’ ‘ ‘so’(’o)tod mutesso’mugo’r’’ cyclic’ 3’ , 5’-

This l’es(’arch was sooppoort ed boy Nat ioioal I iust 1-

tootes (of lleabth Uratits IIL-’llt)6, IlL 1(1037, and

SCOH I I 1’-14150 mind by a grant-in-aid froom t he

.Aniel’ican I bout Asso (‘ito t bo on , wit hi foonds o’on-

t i’ibuteol liv t he Nort Ii (�morool inn I lemon A.ssooo’ia t io on.

Fst ablishied Invest igmot ooi’ of t he Americoon
Heart Associatioon.

450

_-�.:��i P2. Cyclic A�\1P is said too augmemit

flit’ foorce (of cmirdiac niuso’le o�)mutrmictioomi (3)

amid iiiav ho’ itovoolved in nto’diatimog tho’

imoootroopio o’ffo’cts (if o’mlt(’ohuohulTiituo’s.

Beta adro’no’rgio’ antttg(omoists, such as

l)rooprmom000lool,1)1(10k thuo’ito(otroollicaiid chroono-
t no OpiOl’ effects oof cmito’o’huo olamiuitoo’s on imutact

hto’mints (4). Proopramiolol also illocks o’mite-

cholminiitue-iiiduco’d stinuultitioomt oof iltyol-

cmtrdial adettylmite cyolaso’ (5). TIn’ precise

niamumier itt whio’h beta ttdm’o’moo’rgio agomoists

2 The mobbreviat 10010 tosed is : cAi\IP, adenosine

cvo’bic 3’ ,5’-nsoonoophoosphate.
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atod amotmigoruists itoto’t’mnt w ithu t)eta adro’-

nergic r(’cepfors too causo’ effects omi ado’nylate

cvclas(’ activity is umtktioowmi.

Ro’cently, \vo)rk fronts this and otho’r

lahoratonio’s has described the charao’tenis-

tics of sp(’cific bimodimig sito’s imi nienibraiuo’s

front htemirt (6) amid sev(’ral other tissuo’s

(7-10) ivliich i)ittd beta agonist cato’chioola-

1nitio’s. Tlto’se sites, �vhticit have i)e(’mo studied

w ith VIHIlmu(orepino’phrimoe ( 1 , 6, 10) , 13H]

(‘Pito(’l)iinilie (7 , 8) , muud [3lHllisoprooterenol (9),

ant’ (ioanacteniZo’d by a 1)nedouutitimittt spec-

ificitv foor tite cato’chool l)orti(omo of the beta

agoasist nioolecule ( 1 ) . Sto’reospeoificity (If

flu’ sido’ o’haimi did hoot itofluetice l)imiditug oif

the lmtbo’led cato’(’ho olmuuuimues. Potemut beta

amitagomoists, such mis 1)rool)rmoluo)lool, wero’ also)

very \V(’ttk imuhibifoors oil bimuditog at these

(‘tot echo ol-speciflo’ sit 0’s.

A.cco)r(iimogly, the studies to) 1)0’ ro’poorto’(l

ho’ro’ w(’ro’ umodo’rttil�’mu ito mitt atfemttpt too

do’to’rniimoo’ w’lietho’r (listimict binclimug sites

c(ould lIe ido’mififio’d ilsimig l3lHipnoprmimuolool , a
beta antagonist (/l’tif/. lii tidditiooti too ro’poortitog

the ciuarao’t(’nisti(’s of thoo’so’ [3H]propramoo oloii

l)inditig sites itt ntyoocar(limol nio’nil)rami(’s, \ve

haV(’ also cooniparo’cl thto’ ability oil Vttri(ous

adr(’It(’rgic antagomoists too coomttpeto’ for the

[:oHJ1)r()l)nato()l�l bimodirog sift’s amid too bloock

(‘mit echo olminsimue-st irnulat ed nivocardial tide-

mivlate cvclmise. 1 f flue [3JIjpropramoolo ii bitid-

imog measured I�’ otmn proo(’(’dures did in fact

ooccur to) thu(’ �)ltysioologictilly sigmuitictomut beta

adro’toergic receptoons, to goool o’(orro’ltifio)ti

would he o’xpecto’d l)etwo’o’ti the al)ility oof flit’

adremio’rgic titutago muists to 0 1)loick [3Hlproo-

pm’amuoolool himiditog amod too irutenfo’no’ ivith
moctivafioomo of ado’mo�’lmito’ cyolaso’ 1�’ (‘mitt’-

(‘lto)lanhimo(’s.

it E’lHOtIS

o”i’oUi’(’eS oJ iiiateo’ial.s’. l-Pm’o opt’totoo ilo ol

(Ayo’nst) “-mis tnitimited by Ne�v I�miglamud

Nuclear Coorpoortitioomu. Tho’ tnitiated prooduct

(sr�o’cific tictivity, 5.0 Ci’msuuitoole) � pun-

fi ed h�’ high-vt olt ago’ (‘lo’ct no IIIO )r(’sis on pa�� ‘r

ito a C�ilsomi 1�lo’ctrophuoom’mitoor, ivifli pyniditoo’-

acetato’ buffo’r at pH 3.6. Electroophoresis

ivas carried out for 50 ituimo at 3500 V. The

saiiiple oof [�II1Pm’0 ipnmitio olol migm’af o’d 19 cm

froont tluo’ oonigimt toiward the cathodo’. ()nly a

neghgiblo’ anioutot oil background omittintitito-

fioon (less thamo 0.5 � ) �mis moooted. Thoo’ o’lo’c-

tnolplioretic pno)fil(’ (If the t3Hlproopratooolool

corresponded too flit’ iiuoobility of umoltibo’led

prooj)ramuolol itO the stonie systemis. [3HlPno-

pnmitiolol pr(’paro’(l ito this way has beo’to showmu

toi retaiii I)ioIl(Ogio’al activity ( 1 1 ) . i�oo evahto-

ate this poimot- funtho’r, we tested the mol)ility

oif [uJj�propramoooloIl too 1)1000k aetivafioimo oil flit’

msi\’o ocardial ado’ttylat e cyclaso’ 1I\’ is opro o-

to’remuoll (see bo’loiv). Its activity in this

regmird was ido’titiomol with that oof umolabeled

l-pnoopranolol, itidio’titing no deeremise ito thuo’

beta adretoengic I)l010’king ao’tivit-y oof the

coiuipound sul)so’quetot to) the tnitimtfioomo. It is

ttot, of course, poSsiI)le to test (liro’(tly the

biologicmil (‘ffectivemuess of only those ntoole-

oules which actually bo’ar the �H lal)o’l (and

which Presuil�.aI)lY no’pres(’mit ootol� al)oIlt 1 #{176}“�

of mill the pr(opratuoolool mitollecules).

Isool)ro)tero’too)l tttu(i (/l-pt’opraluo olol wo’re 0 oh-

ttliti(’d frousi Signimo (1lieiutical (� omisj)amiy . (I-

Propramiolol wmos oohtmtitued front Ayerst

chuloorproniazitie, from Smouith Klimoo’ & 1’remoch;

1)hlo’totolanhilio’,fromui (‘iha; dichloorooisoopt’o-
fo’retool, front Lilly; humilopenidol, froont \lcXo’il,

mt�’l idnimi , front 1�JSV I #{176}humonntaco’uttea 1 (� tin-

pamu�-’ ; sootaloA, ft’oinu \Ietod-,Jtihmisooto ; amid ha-
t oxaioiimte, fro omit Bimrr )ughs \\-�el ho omiio’. ‘Flit’

\Iillipono’ lolto’ns used �veno’ 0.45 Mlii Iti j)0)�(�

S1Z(’ amid 25 mmii ito diamuieto’r (HAWP 02500).

[32PIATP was iurchoas’d fro out I tot o’rtoaf ioooal

Cho’isticmol and Nuclear (�orjaintofioti, timid

[3H1(’A#{176}�1i�,2 froouui Scht��’mirtz-\ltomomi. Other

cli(’lOOi(tlls wo’ro’ o of the htighuo’st 1)unitY (ol)taitu-

til)lO’ Iroimsi (‘oonlnlo’r(’ial soourco’s.

I�u’o’pao’at loll oJ no yo(’aI’(lial no ciii boa ioes.

1)iffo’m’o’ti t ial o’o’tot nifugtot io oto oof vo’to t m’io,ulmor

hoonuo)go’moat(’s �fl 0.25 it sucrooso’ wmis Ilerlontised

mis Pro’vioouslY d(’scnihed (7). Thso’ 78,000 X g

fractiomu was routitoely use(! loon bimuditig amid

O’’o’(’ltiSO’ studies, slti(’(’ \\-o’ luavo’ loumod fhtit the

Sl)O’(ift( mictivitv ool fluonido’- motid (‘mttO’(ht(Iltt-

niituo’-stiniulato’d c�’clase is highio’st- ito this

fractiomi. Prooteito was do’to’nloliti(’dby flit’

miio-’tit(od (If Lowry et al (12).

Bi10(lilOfJ a.s.sa!J. [oJI]InoilIrmomiol�l , 0. 1 �.tit

(500,000 cpni/nul). i�as iti(’ilI)tito’d with 1 miol

of nivoo’arditil mnenil)m’mitio’s (mopprooxinsately

60 jog oof prooto’ito) at 37#{176}loon 30-60 nuito.

Binding of [31-lipro ipramio lool ivas ( iuatititm-it (‘(1

by ral)id \lillipoirt’ filtration of flit’ saniplo’s.

Affo’r flit’ iiltrtitiomo, the #{176}olillipooro’ filters
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i�ere routinely washed with 10 ml of

buffered 0.25 in sucrose, followed by

liquid scimitillation counting ( 13) . Expeni-
memits were done to determine nondisplaee-

able binding of [3H]propranolol. These were

performed by incubating membranes wit-h
[3H]propranolol in the presence of a large
excess (100 �ng/ml) of dl-propranolol and
determining binding after Milhipore filtra-

tioni . The small number of counts of [3H]-

propraniolol found on the Milhipore filters
under such conditions (1-2 % of the added

tracer) was subtracted from all experimental

values, which generally were about 10 times
higher. Nonspecific background was also
minimized by soaking all Milhipore filters
mi 10 mg/ ml of di-propranolol prior to use.

This pr()cedure reduced by several fold the

anid)umit of [tmHlpropranolol adsorbed to the

Millipore filters. In competition studies,
adnenergic blocking drugs were incubated
with the membranes for 30 mm at 37#{176}prior

to the addition of [3H}propranolol. Control
membranes were initially incubated without
added drugs.

Adenylate cyclase activity was assayed by

a modification (6) of the method of Knishiia

et al. (14), which follows the conversion of

[a-32PIATP to [32PIcAMP in the presence of an
ATP-regenerating system. Substrate ATP
concentration was 1.5 mum. Under these con-

ditions meami stimulation by 10 jzu isopro-

teremiol was 70 %, and by 100 jsum isopro-
terenol, 100 %, above basal levels. Incuba-
tions were routinely performed for 10 mm at
37#{176}.The sensitivity of the myocardial

adenylate cyclase to the beta agonist isopro-
teremiol is demonatrated in Fig. 1 . Adrenergic
amitagonists were tested for their ability to
block the stimulation of the myocardial
cyclase by isoproterenol (10 �tu-n) . In report-
ing the results of these studies, 100 % of

“maximum response” refers to the amount of
cAMP generated above basal levels in the

presence of 10 �tM isoproterenol; 0 % there-
fore represents complete blockade of the

isoproterenol effect, indicating basal cyclase
activity.

RESULTS

[tmHjPropranolol bound rapidly amid re-

versibly to sites in the mvocardial mem-

/SOPROTER(NOL CONCENrR4T/ON (MI

FIG. 1. Stimulation of myocardial adenylate

cyclase bij isoproterenol

Assays were performed according to Krishna

et at. (14). Incubation mixtures contained the fol-

lowing iii a total volume of i0 �l:ATP, 1.5 inn;

Tris-HCI buffer, 30 mn (p11 7.5); MgC12, 5 ni\1;

cAMP, 0.1 nm; phosphopyruvate kitiase, 40
�g/ml; myokinase, 20 j�g/ml ; and isoproterenol at

the indicated concentrationis. Incubations were

conducted for 10 mm at 37#{176}.Recovery of [32PJ�

cAMP during chromatography on 1)owex 50W-X2

(14) was monitored with 13111r.\MP added to each

assay tube. Appropriate corrections for this re-

cover)’ were made in each experimental value.

cAMP gemierated refers to the increment- above

basal levels due to isoproterenol. Ea(h point is the

mean of triplicates. In this and the experiments

depicted in Fig. 5, basal activity ranged between

1100 and 1200 pmoles of cAMP per milligram of

proteimi in 10 nun.

branes (Fig. 2). Additiomi of excess umilabled
propranolol to incuhationus after equilibrium
had been achieved was followed by rapid
dissociation of all the hound [3H]pnopranolol,

which was complete within 1 niimm. Seatchard

plots (15 ) of the binding data- were con-

struct-ed by computer analysis (16) (Fig. 3).
The dat-a could not he fitted liv a model

based on a single, homogeneous class of sites

( 16). Two orders of sites gave a good fit, with

the higher-order site having K1 = 4.57 X

10� irt and the lower-order site having K2 =

4.32 X 102 imtm. Binding capacities of the
two orders of sites correspond to 3.2 X lO-�
mole/mg of protein for the high-order sites

and 8.4 X 10-i mole/mg of pnoteimi for the
low-order binding sites. Adequacy of fit for
models with higher numbers of sites was not

evaluated.
In order to detenmimue the structural

requisites for bimuding of drugs to the [3HJpro-
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M/N1J�ES

Fio;. 2. ‘Iliac (000050’ (Ofhioi(Ii(Og of :iJjJpo.�p,.(l,o(ilOl

/(0 cart/ice nocoooloraiie,s

Boound [�lI Juroproonolol was isolated }IV Milli-

pore filtrat ioon at vooriootos intervals. Each ptoint is

the mean of dompbicates. Tboo’ earliest ptiint testo’(b

was 30 set’. �!1 JPropranoobool was present tot 0.1 MM.

[PROPRANOLOL 80114’OJ,aM

Fit;. 3. Seaichard plot of binding of 3HJpro-

piano/al to cc r(liao’ Ofle700 braooes (15)

Increasing oonuoounts of tonbabeled 1 propranoobool

from 0.1 �.itt to 10 nni were added. In(’ubations were

eondtocted at 37#{176}foor 30 nun. Values tire the means

of triplicoites.

pranolol binding sites, mime adremtergio’

antagomoist drugs wo’ro’ t(’sted foor their al)ility

to inhtil)it [31I]proopramtolol b)imtdil-lg. The

iitost effective inhibitors were /-pro)pranolol,

(1-pro opranolol , chili rpromnazine, amid halo-

ponidol. The ituhibition curves oobtaimied with
these drugs are depicted in Fig. 4A. ‘Fist’

other drugs tested w(’re significantly less

effective imi blockimig [3H]propranolol hitudittg

(F’ig. 4B and C).

Each of f he adremuergic blockitog agents was

miext- tested foor its ability too inhibit- isopro-

DRUG CONCENTRATION (MI

Fto; . 4 . I,ohibitio,o (Of birooliiog of [3H]l-propoaooolool

to) ((i rdiac flOC000l)rU 00 (‘5 (9/ a(lroro rigid coo iag(010 isis

A . l-Propranoolol, (/-proprtonoobool , chlorpronia-

zinc, and haloperidol. B. oil-I )io’hhortoisoprooterenob,

o/l-sootabob, and (il-l)rao’t(obool . C. Nylidriti, dl-
butooxanuiroe, and phen tolani ne. I rocuhat itori o’oooo-

ditions mire descril)ed oonder �i o:’m’omooos. Eao’h pooint

is the niean oof triplio’ates. (�oontrob blinding refers

to the anioount oof �II ]l-proprotnobol llotond in the

absence of added droogs.
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t(’m’emi( ol-st-intulafo’d moivo oo’mit’(!imil tidemuvlate

c�i’cltuso’. ‘lhto’se datmi mtre preso’tito’d ito Fig.

5A- C.

l3ootho so’ts oil olata (imoloibitioomi oil [#{176}Hjjso’oo_

OPtIC CONCENTRATION (MI

Fmo;. :�. Ioobozboizooo of o.s(oproiel-(lool-si11100uiolte(i

(1(1(00 /1(1(0’ oijo’loiso’ lflj (1010(00 ((JOe (IPO ioujooo isis i 00

o(110100(’ oo-oo/,oo-oiloz, 010(000100(1,00.s

.-‘ - l-1�ro opraoooilo oh , (i-l)1’0 opitoiioob 0 b , t’loI o011)00 ma -

ziIio’, aiid hotohopet’odoob. B. di-l)io’libooroistoprootereiaol,

(/l-S001tiIOOb, and il/-lIrtiO’toobool. (. Nylitlrioo, dl-

boo t oxatii i ho’ , mind Illicit t 0olaoii I toe . _-\ssays io’eo’e per-
foorineol tos OIeSt’Oil)(’(I 000i(bO’r �o1 0:110(005 - btocli value

is t he onetooo tof t Ii ree septorto 0e exlleri010’n t s -

T�nt.o: 1

liohibiiio,o of �JIJprop/-(oFo(oiol l0100dolof/ (Hod isopro-

te?(iOOl-(l(’i orolio-(I ouleoo ylule (i/o’l(1.s( 7 10 000 y(oo-uroiial

010e000loI(looe.S 1)!/(1(Ilo1O(F’(/ll’ (Iooiolg000i.si.s

l-l�i’oprtooioobo 1

d-Po’opo’toin lob

(hboorpo’o oniazi lit’

1ltob(operid(ol

oil-I )ichboot’ooisoopro-

tereoool

oil-Sot abool
(ii- Prac t mobob

(li-N vlidrioi

(ii -I3oo t ooxa In �

Phentoobaiiuine

pm’mimuolool 1)imidimig mtmo(! imohihitioomu oof isoopro)-
to’renool-mootivmito’d cvolmiso’) mao’ tal)ulate(1 in

lmiI)lO’ 1 . Little o’ooi’ro�’lmotioomo het��’t’o’ii bimidimig

tOti(! o’yolaso’ ilihiii)iti(imi � as foumod. The

l)00t0tst l)eta mugoomuist isooproott’nemucol did miot
displace t3Hll)r(oprauioolool (noons tho’ sito’s at

cooti(’o’Iotratioitis lo’ss thimito 1 aiim . Ito so’panate

O’Xl)O’tilll(’tits it w�m-is dt’to’m’iisimoo’d that oomolv di-

(‘hloom’(IisO Opm’Oof 0‘ro’moo oh mit t lit ‘ o’ootii co’mot nat io ohs

to’sto’o! miffecfo’d l)mlsml1 o’vclmiso’ (slight de-

pi’o’ssitotu). .\..ll othit’t’ (lrugs �vo’ro’ w itloonmt

o’ffo’ct.

1)mS(’FSSION

A tuunll)o’r ool atto’iupfs lutivo’ 1)0(11 nimido’ to)

spo’ciui oallv 101I)(’l al/)/la adro ‘moergic n(’co’pf 0 ins

\\ itit radioacf 1V(’ irro’versiblo’ alp/ia blockitig

tugemots. These attelill)fs loavo’ go’moo’rally l)t’t’ti

umisuccessful, its that the lmibo’lo’d sito’s humid

chiarao’tenisfics other thams thoso’ to he cx-

Pt’o’tt’d oof the receptors (17-19).
1�’lative1y few studit’s ool bimidimug in o’iti’o

0 if labeled beta adro’no’rgic bllocking mogemots,

suo’h as pro�j�rmtri olol , havo’ bo’o’mo report (‘(I.

Pofto’r (11) studied bimsclitog oof [3HIpro-

i)nmulu(olo oh too subcellulai’ frmognseiit s derived
froomsi guinea pig atnimi amid o’ootuoluoled that the

bitoditog observo’d was ‘‘mooorospecific” amid

muonsmotomrahlo’. Ho’ diol noot, howo’vo’r, use dnimg

o’oohuco’titrati(omis huigho’r fhmimo 0.1 .tii. As msofo’d

ho’ro’, the kimsetics of’ �3IHIJpro opranoolool l)imidimig

is simclo that stiturmitiooto \vooUl(! toot have 1)O’eto
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obsenvo’d ututil soomuio’what hiigho’r o’ooho(’o’tot rti-

tiomus thutimi fluoso’ Pt)tto’r used �vero’ ro’ached.

De1�o)1)0’I’tis timid 1’iszo’r de Plmizmis (20) 0011-

served Ilimidimig of [‘4Cjproopm’mimoolool to) ti’ttt 1)nmun

s\’IOtil)tit’ iiuo’uuihratio’s. ‘Fhio’ 1)noclitog wtis ito-

hihiteol by tiorepino’phit’itio’, lImit ootilv at vo’m’v

high comooo’tit rmutiootis ( 1 aiim).

C!emunl�’ fho’ E.J-J]l)m.oopm.mimo�lool bimidimig sito’s

w�1iichi \\o’ hutuvo’ studio’(! are noot thoo’ beta

adremoo’rgic ro’co’ptors which isseditite stiniulmi-

tiO)mi oof flue iiivocardial mtc!etiylato’ ovclmuse or

of (‘ff(’(’ts 0010 lui\’t)(’tudimil tomotrmictihity. This is

densoomistrated by sevt’ral featum’o’s. (a) The

al)ihify oil midro’muergic block#{176}rs too iouhiibif iso-

pro)tt’ro’t001l-stiniultoto’d :1(io’moylat(’ o’yo’ltiso’ wtss

hoot (‘oorrelafo’(l with ability to imihihit [�H

pnoopnatioolool bimoditug. (II) 1�inding �‘tis toot
stereospo’cific ; thus d- tlto(l I-pnooprmitooolo ol ��o’ne

equally effective as imiloil)it(ors of [J-Ilpro_

pranolol himoditig, I)omt /-1)n(0I)rtlttOOloil wmos ((011-

siderably isioro-’ poto’tit for cyola.se ituloibitioto.

( c) A miunil)t’r of l)hanliltl(’ ilo ogiemilly o’ffective

beta tl(lro’Iuo’rgio’ blockitig tigetuts (o’.g. , di-

cIlllO)t’t)isO 0�)rt itt’t’o’mucol �vo’re 1)000 or ihihtil)itolrs of

[3lFllprolpnmuhuo olooh bitoding.

The phtysioo!o)gical sigioifocamict’ col fho’se

{3I�IJProoPrmumsoIlol himudimog sito’s (‘amomloot be

umiequivoocally deferniimio’d froomii the IIro’so’mot

expermit’iuts. ‘Flue eoiuiValemut moffinifit’s of II-

amid /-proopnmsmooolol as well mis fho’ effectivo’ness

()f chlorpnomnmtzitoe, howo’ver, suggo’st that

tho’se sifo’s niay ho’ imovoolvo’d ito soonso’ nsooro’

gt’tuenal nuo’nhl)ratuo’ o’ffect s oof t hese co ins-

poounds, such as niellll)natue stabilization or

loocal amoo’sthoetic effects. Aolditiomual sup�)o)rt

for such ato imttt’m’pr(’tafioon is pnoovido’d by a

recemit study (21 ) whtio’h shiowo’d that (‘hho)r-

prornazine timid prooprmimuoolool coonipeto’d fon t Ito’

same set (If l)imodimig sito’s imi (bog liver mito-

chio)mudnial nielssl)rmimles (��‘hiiclt wo uld moot be

expected t(I o’o)mutaimo flit’ beta ro’co’ptoons).

Tiso’ 100(1st j)lttilSil)I(’ explatiatiolmo ��hy the

mvoca rdimil beta- adnetio’ngic m’o’oepf(ors ��o’ne

foot ido’tutified ito this studs’ is that the muum-

her oof j)lsysiooloogically sigtoificmutot ro’co’ptoors

repr(’setits mu vo’rv sniall frmoctioto of the total

muunti)er oof nio’llsb)rane sito’s capal)le of bimudimig

tht(� labelo’d antag()miist drug. Am000th(’r poossi-

bIt’, thooougho loss atfrmtcfivo’, o’xplamumutioomi is

that the miffiiuit-y of ro’co’ptoor sito’s is vo’ry high

miiud flue spo’cific activity of thue availtiblo’

tracer is miot high emsough to permit delimio’a-

tiootioil the sito’s.\\‘ithu ro’gard too thois joooittt,

\\.o’ motto’nij)ted to o joo’nloomui bitidimig experi-

asemot 5 ��‘it Ii vo ‘m’� boo\v co otio’em it m’at jo omos 0 of’

[Flipropramiolool ( 1000 t’l)lli 1 mum ). 1 motIon

t hies(’ comuditiouos, ha ow’o’vo’t’, nepm’o(lUt’ilIlo’ spo’-

eifk’ loimidimog could motif ho’ delliotistt’ato’(l.

Otmm’ finditigs \� it ho ro’g:und to o blo o(’ktl(IO’ 0 of

is(opm’ooto’no’miool-stitosulmlto’dmudo’moyltite o’yoltise

bOo’ t hoe Vtit’lO)llS adm’o’tot’rgic amifmig onists mugno’(’

resomoal)ly well with ro’sults pro’vi� ously re-

pt)rto’(! loom’ miioi’o’ itottuo�t o’murdimio’ pro’bomtrmltitohos,
mis ovo’ll as foot’ (‘y(’ltiso’ a(’tivatioomo iti solboo’llu-

Ian j)artio’lo’s. T\ooch-\\o’so’r (22) lotmmod I-l)t’O)-

llram000lool > dichlonoisopm’ooto’m’emooil > sootmilol
imi emit l)tuPilltu1’�’ nsuscles, �vhuit’h mugrt’o’s with

the Pooteti(’Y sent’s foumid hient’.

Itu geno’ral, sonie�vhiat higher coomoo’o’mutrmt-

tio ills of mtgonists titid mumotmigotoists tom’o’ moeces-

stuI’:O’ loon o’ffects ho cito’o (Ito a(!o’tuyltuto’ cvo’lase

iii br oketo co-’ll l)m’o’Parmutio otis thmtmo f’o oh’ 0.0 mu-

l)armuble o’ffo’(’ts (OIl iuioro’ imitmict- Prt’bomlh’atio Otis

(23). \Ve foumiol hmolf’-niaxinsal o’ffects oif 1-

pro)j)rmomiolo ml ott iso Ol)�0 it 0 ‘remoo I! st iii oulmtt io ito

of cyclmise at al)l)m’ooximllatelv 600 miii, �vhoio’h

is virtually idt’mitio’al with the m’o’sults (oh)-

tmumied l)\’ Roso’mi (‘I al. (24) ito erythiroo’vte

ns(’nll)namo(’s muuol Bum’go’s mind l3lmio’khlum’mo (25)

imi rmot hemim’t ino’nsbrtitoes, thoouglu so ouoiewhmut

hugho’r thamu that l’O’po)t’tO’d 1�o’ \lmtyo’m’ (5) ito

doog hut’mort nsemssbratto’s. (hun data foot half’-

niaxinsal effo’cts of diclohonooisoprotero’tiool (24)

amid prmioto)lool (2.5) mulsoo mugneo’ with m’esults ol

other svsteiuss iio o’iti’o. Soltalol was \v(’miko’r

thami atuti(’ipafo’d, 1 ISSM ho’ing ro’o1imit’ed f’omr

hialf-ioiaximssal effo’cts. Sottolol, i�m��’ evo’m’ , limos

l)eeti foumod f(o 1)0’ ootolv 0.5 � ; as PoitO’tit ItS

(/l-pnopm’momucolool ito l)loo(’king fhio’ (‘fleo’ts oil iso-

prootero’ttool omo omit l)ttI)illtit’�’ niusohes (26).
(/-Proipm’mtmuoolool �vmis oonly 2#{176}�� mis pootemot tis

l-pro�)ramio)lo)l on ti(1O’muVltot 0’ (‘V(’ltOs(’, �vhoich is

still l)enhsmtps miore tuctive thmtmi might have

l)o’o’tO titlti(’iptttt’(l. The m’o’asomo fomi this is root

muppmuremst , altia oughi �omao’ rmu(’(’nsizatio iii to I t hue

1 foorius nsight homove 0 oo’(’urro’d.

Tho’ effects (if (‘huloorjlro omiumizihio’ ahi(h huali o-

p(’nidool otu t’atecl-oo ilmunsine-st iinulato’d ty(’lttSe
miro’ also ito agro’ento’tot- witht fitoditigs by othters

(27, 28). These effo’cts I)r(’sulssmil)lY miro’ moot

ohio’ to) O’OilllpO’titiOiti foot’ OI(’cupaticy 0 ml hoot’-

t-nootoe m’eo’epto ors, but t’tit hio’r too olisto ott it ott 0 of’

tho’ ti oriiomil rO’Ct’b)t( mr-o’vt’lase into’rto(’t 10 oh by

1)indimug oof the drugs to) tho’ nlo’nll)ramio’s (27).
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