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Absfrlu:t--I, 2C·fI 12'(2,5.dimelhoxYJ'hcny1)elhyl;mlil1cj (1'°1 ." Ií, 7-1),1 1\II'F,\ pp,1,.~.
trlmelhoxyphenyl)elhylnl11il1el (pDz = 5.81). ,c·n (2(2,5 ditnrfh,,:(y.-1I11f:lhylpIH~lIy')("',yl:"I1II1('1
(pO, = 5.06), homovelalrylnmlne (UMPEi\., 2(,I,.~,li,tlf,lhnxYl'henyl)"'hyl:lInilld (1'''~'.,,1.,1(,)alltl ho.
mopiperonylamine (MDrfi\., 2-(3,4.mc'hrlen('(lif"~Yl'h~l1yl)e'hylnl11i"rl (I'D~ '" -1.I(), did' <:"11('('11'
Iralion-dependenl conlracUon of Ihe i~o'ntet.l mI thorndc norln.

2. i\.l 9.9 x 10- A M, 2C-N (2.(2,5·c!imclhoxy.4"l1ilrnphenyl)("hyl:tmil1cl h('hnves ns a e'll"l'rliIÍl('
anlagonisl lo serolonin ill Ihis prcparntion.

3. Considering previotls restllls wilh Ihe ~lrllctllm"y Idn'e" 2cn p,(1·hro",0~5 ',lim~",
oxyphenyl)elhylamine]. wenk or partial agonislic nclivily or nnlllBooism 01 no, tic l'N,'ra"tion :tl','('n, ~ ",
be relale<! lo psychedelic prorert.ies reporled in Im\l1:m~for rhenylelhylnmill~~.

INTROJ)ucnON

The phcnylisopropylamine hallucinogens are known

to interaet with ~,-adrenergic, 5-II't'z and 5-IJT1c
receptors (nurris and Samlers-Bush, 1988; Luscher

and Vanhoutte, 1988; Olellllon ef al" 1992), amI
5-11T1 and 5-IJT,c siles, nt lenst, nte believed lo he

implicated in hallllcillogrnesis (Tilder ef al., 1988;

Leysen, 1990; Góthert, 1992). DiIlt1ing 'data nre avail

able for a fairly latge snmple of these substances

(Shannon el al., 1984; Glennol1 ef al., 1986, 1992;

Lyol1 ef al., 1986; 'Titder ef nI., 1988; Seggelef al.,
1990), and several have been sub.leeted to behavioral

and pharmacological sludies (COllttS and Malieky,

1973; Aldous et al" 1974; Glclll10n ef al., 1982, 1983b;

Glennon and Hauek, 1985; lJeYIl1 e( al., 1984; Mnrtín

ond SIoan, 1986; MeColI, 1986; Sehlemmer alld

Davis, 1986; Foreman e( nI., 1989). The pol.enlly
psyehoaclive DOn ( ± )-I-(4·brolllo-2,5-dimelh.

olCyphenyl)-2-ominopropane) and DOJ ( ± )-1

(2, 5·dimetholl y-4-iodophenyl,- 2-aJ1linoproJll1ne 1, rOl

ellnmple, were viewed for severnl years as 5.11,.,

cOlllplete agonists, nlthough they have recently hecn

shown lo have similar high affinitíes rOl 5·11 1'"
receplors (Glennon e( al., 1992).

In conlmsl, cOll1l'nmhlc lul(",,,,,'loI' rf'l"tI(liug

Ihe lower, (l'·dl:'llIcf"ylnlcll nnnl"r'ws 1" I'~yd'olo

IllilllClic allll'''clmnine (":ri\'alive~. is SI""I'C 11.,,1

quite incollclusive. AnHll'r, Ihe tit'f!s.th~titulcd

phcnylclhylamillcs, SOllle lll'C kupwn 'q ('n".,: "creer
lunl chl1"gcs in 111:1"111n,itly lo\\' d"sc~, O'hCls. likc

lllcsenlille f2-(~A,5 ti ill1clhoxYl'h"nyl),"h yl:1/l.incl. fIIe
lI1uch Icss POlell!, wllile S01l1r':11'1'1:""lo 1", ilt:!',:li"I' i"

t!lis ICgl1l(1. llirJ,lillg s!lIdie~ s"l?gesl ,,,:,' a 'r'f y film"

nUlllher nI' Jlhcnylcthylnmincs "c",i,,~ 11 fl:ltlÍl:"I'lr
pntlern of li,,!! s"hslll11cll's cxl,jJ'it f""I"wh:,1 Imvcr

nflinilics rol' holh 5·11 1', 1'11(1:) \J r,r' lccq,fOlS Iltnn

similnrly sllhslit 1I1cd phellylis','I"llfl)'!:lllli.,,·s (Ulcn
non, 1979: Glrn'wn 1'( al .. 19R(I, 19(2). Simihl sI"rJks

al olher billlling si'es sec", lo be IlIrl:ing. II is we"

known 'h:'tl the mlio of sllhjcclive po'''ndc.s in hu

IJInns of PI1Í1s of (the slronget) (l'·nl'::thyl flwl (the

"'CRker' IX -dcmc'hyl nnnll'gues dCJl!"IHIs sil ollgly on
Ihdr lillg snhftilulion, IRugillg fmm less lhnn 110 nt

!rnst 25 ("'OlHl 1'1 al., 197R: Shulgil1 nlld ~hul!!ill,

1(91), ""', Ihr ,clntivc il11pOlI"ncr (lf 1'00nily flnd

r'lIklln' nI I",kvnnl f(Trl"l)IS, I'h""llnl'okillctics nlld
11I~t"I",li~fll, h,,~ 1101hren nSfr'ss",d.

\VI: 11'lrc 1'1":1'111')',~"m"n 'h,,' 1("·11 p.(1·htol11o,

7..' ,lj'nclhoxH,hr'nyllel"yl,"1till"l (Shlllr,in Rl1rl

7.11
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Table 1. Active co"("~nhntion f3Hg"". P[l2 ,,"Iues nnd rehttivc mn:'{iIl1~' f{"~P(H1~(,~nf

________ .r_il_lg._.S_u__bs_lilt~:.~f!t~~!~~~.Y~~!~t~_. __ • __ _._. __ .

f\1a~. H~<:r'nl1.;,.
n:1at,jlle 10

Subslance

RallgcpD, ± SOS·IITNI'2e·II--------_ ..__ ..
.._-----,---- .•-.- .~-

2e·1I 9.9 )( 10 ~(;.I )( 10' ~6.74 ± 0.5IUl\110
TMrEA

7.4)( 10,-(;.9)( 10 •
5831 0.18oA2016IHI

2e·D
7.4 )( 10,-1.4 )( 10 1

5061 0.02o. SOnA·1".'0
2e·n'

3.0)( 10- '··4.0 )( 10-,4551: 0.11N<,f r.1f:t:rlt1if,~d
DMrEA

5.6)( 10,-5.3)( 10
,

4.46 ± 021(U9OB1117
MOrEA 2.9)( 10 '--4.7)( 10,

4.19±0.120.49(1.-12O..l¡

'Lohos el al., (1992).

Fig. l. Ctlllllll:,nvc concentran"" 'C~''''''C\' Clltv<:~ 1"
TMPEA (Il'II" 2('11 (Al :>'," 7('-\1 ([1);" ,,,1 nlltl'll ri,,!!s.
., he response lo ench l:1l1l11,J,.tiJ'"(lo,'" ;0 <:''I'r<:o,."r!:>s n
percenlnge (Ir Ihe 11If1~ill1"'l\cnn""( lile I""""HlS-:-l1chicvcd
by lhe drtlg •. D,)scs :1'" e~rl css"<! n~ fh~ I"p' C'r lhe finnl
lI1oll1rconccn"H,i"n ;" Ihe "'tlh. E~<:h1"'Í>1' il1 Ihe c"n'cs

rcpreorn!s .he 'l\'C'flr.~ nI' ~ lll"fI""'''"''''nl •.

plots (nol sIIP"'o). Fire 01 Ihe siC'(T'h~"yklhy'nlllil1c
analogues sludied hy os 11I",lI,ccd conc"lItratioll

dependenl eoull llclinn of aOl 'ni rillrs. Wifh <hln

correspomliug 'o Ul)repilWl'hrillc cr",tr ols iucluded

for cfllnp" IiSOll (Firs 1 flll" 7) .. , he '1divity 1l1l1ges
indicatcd iu Tflhlc 1 Idkct lh" r"\lTsl ('<lIlCen!ratinus

al which nny cnntracfilc :ldivi'y WflS nhsclvccI. and

the concenlratinns al whirh 'he lespnnscs hegnu lo

deClensc. Mnxilllal lC'sIH'uses :"" rivculehlive lo NE,

5·"'1' anrl 2C·H, which plOdllccd slir,htly strongcr
COl1lf:lcl;ons than S-lIT.

'Th" prcsent cinta SllOW that the Ill(lst ncliyc ('pm

Jlouuds 01' Ihe grOllp tr'sted fiJe Ihe sohslauces with

lhe alOll1ntie tiug sllbstituled al Ihc 2.5 l'ositiolls

(Fig. 1) l1l1ftvnrying sl'hslitlltion at C(4). with lll:lIkcd

diff,.renecs in Ihe rauge 01' pD2 vnlllcs. The 3.4-dislll,.

r.tituted lllctnhl'rs 01' .he series (Fig. 2) alc relntively

i"aerivc. 2C-If. 'he ollly ll1ernher al' 'he g!'oup ",ilh

Ollt :luy snhslituell' nt C(4). is the ll1os1 polent

mll1pound in the scrks, showjllg a pD2 valuc slightly

Carler, 1975), which is one of the more potently

psychoactive members of this grollp of drugs (Shlllgin

ami Shulgin, 1991), behaves as a fairly weak partial

agonist at 5-HT2 al1<l 1X,-adrenergic receptors in the

isolated rat thoradc aorta (Lobos el al., 1992). It
therefore scemed reasonable to extend these stlldies

to several other represenlative phenylethylamines to

determine whether their expected actiolls at vascular

5-HT2 and/or IY,-adrenelgic receplors in any way

conclate with their activities (01' lack of activity) as
assaycd in volllnteers.

MAl'ERIAl.S ANJ) METHODS

Male Spraglle-Oawley rats wcighing 300-350 g
were killed by cervical contusiono The thorade aorta

was removed, freed 01' ndjacent tissue nnd cut iulo

5 mm sections. Eaeh piece 01' tissue was suspendcd

horizontally in a 10 mI tissue chambcr conlaining

rnodified Krebs solution (Cohen el al., 1986) betwccl1

a pair of surgical stainless steel supports, olle fixed !q
the bottom of the charnber and the other conncctcd

to the transducer. The solution waskept at 37 {' "lid

oxygenated with a 95% O2-5% CO2 mixtnJe, aud the

tisslle sections were allowed to equilibrate for 2·3 lu

under a resting tension of 31(.

Cumlllative dose--·response curves were obtained by

stepwise increases in the concentration of NE, 5-HT

ot the test compmmd, adding 100 Ir! aliquots of

appropriate solulions of Ihese suhstances. More drug
was added as soon as a steady response was obtaincd
from the preceding dose, until no further contractirlll

was observed. The results were reduced to HiII plots
frorn which apparent pO¡ values were calculaled.

T~e phenylethylamines used in thi~ stlldy \Vere

synthesized in our laboratory following published

procedures (Shulgin and Shulgin, 1991); the;r slruc"

tures were confirmed by 'H-NMR and thcir pmity
was checked by TLC NE [( 0'- )-artercnol hitarlmlc

salt) and 5-J-1T creatinine sulfnte were from Sigma.

RESULTS

Table 1 sutntnarizes Ihe pD¡ values ealculated

for each cotnpound from the corresponding Hill
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Fig. 2. Cumulative concentration-response eurves to MD.
PEA (O) and DMPEA (e) in rat thorade aortal rings. The
response to eaeh ellmulative dose is e:'lpressed as a rereent
age of the maximum conlraclile response achieved by the
drugs. Doses are expressed as the log of Ihe final molar
concentration in the bath. Eaeh point in Ihe curves rep.

resents the average of 3 measurements.

higher than that calculated for 5-lIT, with a maxi.

mal response comparable to the latter reference sub.

stance tested under the same conditions. AII the other

compounds able to elidt contraction of the aortal

rings exhibited partial agonist behaviour when com

pared with 5.11T and NE (Table 1).

The sixth compound, 2C-N, did not show any

vasoconslrictive aclivily in this preparation. Never

theless, arter pre-incubating Ihe tissue with a 9.9 p M

Fig. 4. ClIllIulalive cOl1ccntmtion tr~.pol1~cC"t\T~ t'l S-lIT'
in rat thorade aortlll rings o"lained in the ahsr:nce (•• ) Hllet
in the presenee (1'" 01 2e N (0.9 x 1(1-' M). E,t"h ""inl in

Ihe curves replcscnts 'he nvclnllc ,,1 J IIlC:lS'flr'IV'utS.

solution of this subslflllce, Ihe cflntrol F'IE t'lIfve Wl'S

shifted lo the right, wilhollt nny obviolls <h:ltl/!''' in ils

slope or ml1xim'll dJect (1' < O.I.~) (Fil!.. :1) 2C-N also

shifts the serotonin C'OlItwl cnrve lo 111,:right. lmt in
this case the slope is <1ecrel\~ed l1nd Ihe ml'xinml effecl

is significllntly redllced (P < 0.025) (Fip:. 4).
As the effecls of R single Cf)t1cCt,Irfltioll f'f 2C-N

wete exalllined, il is nol. p()~~ib'c 1.0riwnoH~'Y q\1'!n.

tify its pA2 val\1e. Menstlring Ihe ~hift of Ihl:' NE

cOilcenllrltion-rcsponse cllIve al ¡l. ~r~df1c frrlction of

the maximal em~ct, however (Cohen el (11., 1?86), Ihe
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Fig. 3. Cumulative coneentration·-response curves to NE in
rat thorade aortal ring! obtained in the absenee (.) anó in
the presenee (.) of2C-N (9.9 x 10-< M). Eaeh point in Ihe

curves represents the average of 3 measnrements.
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apparent dissociation constant of Ihe antngonísl ('n"
be calculated, and this can be used to eslímate Ih~ 1'/\,

value. Comparison of the NE conlrol curve amI ,ht'

graph obtllined afler incubating with 2C-N ,hlls lr'1ds

to an apparent pA2 = 5.98 ± 0.09.

DISCUSSION

2C-N is the only memher of this scries which. in

the rat thorade aorta preparalíon, behaved as au

anlagonist (compelilive) to norepinephrine 3ml

(non-competitive) to serotonin. AII the other phenyl

ethylamines tesled by us eliciled coneentrlltion·

dependent contraclion of norlal rings. 2C-", for
which no data are available in hllman volllnleers, was

the most active agonist, followed by TT\1 PE/\. '1 he

rather intensely psychoaclive 2C-D was a leo,spolenl

agonist in the aorta preparation, followed by ho

moveralrylamine (DMPEA) and homopiperonyl

amine (MDPEA). The psychoactive 2C-H has "een

shown lo conlract mt aorlal rings at somewhal higher

concentrations than 2C-D (lobos er al., 1992).

Phcnylelhylamine derivatives, when laeking rt

alkyl subslitucnts, are gcncrally beJieved lo he good

MAO subslrales, and this belicf has been invoked llS

an explanation 01' thc 2-fold greater oral potency of

thc rt-methylated TMA with regard lo mescalinc in

humans, and further generalized to other similar

cases. Neverlheless, eomparison 01' lhe scantily avai!

able data for rt-unsllbslituted and a-melhylaled

phenelhylamine pairs indieales thal this explanalion

is quite insufficient. Thus, DON is at Icast 25 times

more potenl thnn 2C-N, whiJe the ratios 1'01 the

TMA-2/TMPEA, DOH/2C-n and DOM/2C-D, pairs

are abolll 15, 10 rt"d 4, respcctiveJy (l3raun er ar,
1978; Shulgin amI Shulgin, 199 1), leading to thc

speculalion Ihat Ihc rt-ll1elhyl grollp Illay be Illore

effeelivc in prevenling oxidalive deamination in Ihe

2,4,5-trisubslilllted series (Nichols and Glennon,

1984). Moreover, TMPE/\ scems lo be a pOOl' MAO

subslrate in eompnrison wilh mesealine (C1ark er ar,
1965), and it eould Ihcrefore bc posllllalcd Ihnl a

2-methoxy group render~ phcllylethylamine deriva

tives less susceptible to oxidnlive dearninalion Ihlln

their 2-unsubslituted eongencrs. If this were ~o, Ih~

apparent lack of subjeelive effects of DMPEA lllld

MDPEA in humans at do~es in excess 01' 300 Il1g r'.f'.
might well be explained by their rapid llIel;lI'nlic
innetivation.

In the remaining members of the series, conl'uctib

activity may he eornpared with suhjective polellcy

p.o. a~ rcportcrl by Shulgin and Shulgin (1991). '1he

activity of 2C-lJ in hmnl1ns is llnlmown an<1 pre
sllmably lo\\'. amI TMPE/\ is inactive 31 an oral

do~e 01' 300 mg; thcir pD, vl1lues are 6.7 amI 5.R,

Icsrcclhely. 2C-1) f',o(hwes I'crccplunl ('hanges 111

70 (iO mg. I\n<1c:lhihils 11pll, (If 5.1. 2('-n is aclive in

hmnlln~ at 1224mg, amI cxhibits a pD, 01' 4.5. Thesc

rcsvlls sHggcsl tha!, in this scl 01' I'hcnylelhylaminrs,

hip,IJer sllhjcclíve aclivilics llre :lssndaled with lowcr

contraclilc polcll'~ie~ " is nppll'IHint'· lo spccnllllc.
howcver, thal Ihe :H'Ih'ilk. (ll 11"-0(' C'I'llP(lllllds aller

oral a<1mi"is!t:' I;(lll lila y I,~ g(lV'" unl t'l n gl ea I ex lenl

hy their plwllnacokillefics, ntHI ,h:" db",z:Il'ling
rnelabolic (Iirr('I{'IH'(S Ihc m"Ie li,,,·,,h"'r 2('·0

\V("lld he ('~,,,('d('(l lo rcndl IJ,,,, C'IS in higher
cOllccnlt:11iollS Ihnn 2(.'·1), "'1'11J'F/\ (lr 7('-11.

2C-N, IVhich dncs n'lt ((I"Imct Ihe lal norIa plep

amlion, dc~ervcs SCpl1nrle comll1ent. lis appan'nl pA,

vahlc of 5.9R * O.Og vs NE is mnch lo \Ver Ihan Ihat

cfllc"lat('(l. 1'01' cxall11 ,1,'. 1',>1'pnm'~i" 1.9.17; Marwood

and Slokes, 19RJ). ,\lI"o"p,h Ihis :wIÍ\ily i~ rl1ther

weak this is. lo the hest nI' Otlr b'owkdge. Ihé flrst

timc thllt 11 phenylelhyl!llll;nC has "'~en shown t(l

hehave as all trl-ndr~ll",rr¡" ;lllf:'p,(IuH. Om r('slllt~

also sho\V lH'Il,coml'?lifi,!c :mfaf'.,",islll of scrntnllin.

2C-N has "cen rqlOltcd lo 1'lO,l"rc po,yrho!op,ic:,f

changcs in hllftlllnS :-t nr:IJ "ns('o, in Iltr 1(1) I:;llm/'.

rauge. Unlikc its halngcll, r"l:yl 01 ll'l:o~y-s"hsH

tntcd c(l,,/!,cnclo,. tll(' r'cs(,Ilcc nr;ln :11'" "ilm 'lt<I"1'

in 2C-N Jlrohably l('o,Ulto, in a ''''1' (H'f:lll,'lwHtcr

partilion cocflicienl :,nrl tll1ls dill1ini:;"~" rCllclralit",
01' Ihe blo()d "min hHricr. ao, h:lo, I)('(,ll "io,CllSS('(If()r

ils rhen~'lisorlOpylmnjllc hOllwl"rlle JHHf (Gúmc7

Jerill ef al., 1987). In Ihís CHo,e.,h'~ld(Jlc. "11" ~lIhj('r;.

live po\ellcy !Hay alsn h(' ,I"e Iq 11111' ,on('",llhnfions

in Ihe CNS I'alher lhnn ,(\ 1(>,,,rflkH'Y :11 Ihe rel",va"f

reccp'ors. O"viollsly. mOle rle':lil~'" ch,,,:tr:lclÍ7:lfiplI
of Ihe in !'ir,." l1cfivitics 01' ,'w~c sllbstilntcrl

phcnylclhylamillco, is '("I,,'rcd, ros "'('11 :.10,nn ('''ahl'

nlioll 01' Ihc;r Sllsccplihilifv '1) [I'I/\Prat:l!yscri de

s!r\lrfioll lllld 01' IIll:'ir IllllISl'ort inl!' 'he h':lin.

<X ,Melhyl sll1>slillllioTl Ilwsl rlho :111('1 Ihe Icl[lf;l'c

sfnhililics 01' fhc drllp, ('o IlfOlIIWI0,.<"1(1Ihis f:'dor ha'!

"ccn mcnliOllcd llS a possiblc altcllwlivc cxpl:tna,Iioll

of Ihe incrc(lo,rd polcllcy of "h(,lIylio,(lplopylamilH's

over r1henykthyhllllincs (Cooper, 1070; ('nnl'cr and

Wllllcr~. 1972). Nevcrlhrlcss, the few Imhlished ex·

pcrimen!nl nnrl theorctical stlldies (\1' Ihc C(lnfol'

Il1nliol1:l1 prcfe, etlces (lf re'nle" dntgs do no' illdicl1le

the rresellce 01' 1II1Sl'rItlonnf.able barriers betweell lhf'

mOle slnhle cOllformlllions (Neville er al., 1971;

Mflktiyannis (lnd V.uilld, 1918; Wcinlrlluh ami

Nkhol~, 1978; Pc.lnllg ('f al .. 19!P). l\1ol'cover. f(

1l1('lhylation 01' phcl\:rlethdfllllinf'o, (1tws Iwf secll1 lo
alTer;! Ihdl amnitÍf's rol' sr,orollill rflr,trie ftl""t1~.

5-nT, o' 5·JrJ", ,,'(rp")!s i" ,.¡"" f', :In\' Po' ..•• 'll e~tetll
(Glellnoll, 1919; (;k'lIwn ,f ,71.. I')go. lor))).

Onr prescnf ,rSlllts snrrrsl '''nI, i"""r:., :1~ s("n.·

tonín 8nd/nr ndlrllCI giro rc('cplr"s "':" 1", in,'('lv(,d
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in the slIbjectlve effects 0(" lhese drugs, compeHlion

with IIppropriale netltolnl11smiUers ror certain

binding siles, rather lhan agonist llctivity, shollld be

nt the root or lheir action, '1his idea IIppelUS to

be in cOIlOict wilh the 511l'1/5-HT,c ngonisl

chatllcler of the roten(" IHllIndllf'p:cns Don llndDOI, and thlls leads tl Ihe hypothesis tlmt other

receptors may plny a cllldnl mIl' in the perccl'lion

allering acf1vilies of IX -llmmbsliluted psychoaclive
phenylethylamines.

SUMMAnv

The cOlltrnctile aclions of homopiperonylnl11lnc

[M D PEA, 2-( 3,4-rnelhylenediox.yphen yl)elhyln m inc J.

homoveratrylamine [DMPEA, 2-(4,5-dimethoxy

phenyl)elhylamine), 2C-H (2-(2,5-dimelhoxyphrnyI1

ethylllmine), TMPEA (2-(2,4,5-lrirnelhoxyphCllyl)

elhylllmine) llnd lhe psychollclive 2C-D (2.(2,5
dimethoxy-4-methylphcnyl)elhylamincJ lllHI 2C-N

[2-(2,5-dimelhoxy-4.nitrophenyl)elhylamlne) wete as
snyed in the isolntcd tat thornde aOltn. AII bul 2C-N

elidtcd conccntrlltion·dcpendent conlrllction of this

ptcparntion, 2C-JJ beln!! the most and homopipet

onylarnine the Icnst potent., while the pteviollsly

stndicd 2C·fl (2-(4-brol11o-2,5-dimcthoxyphcnyl)
elhylamine) showed nctivily intcIlllcdiale between

these extremes. 2C-N behavcd as a cOlllpetilivl' nnlrlg

onisl lo norepinephrine llnd llS 11 non· COIllI'''' itivc

antngonisl to serolonin. In contrast lo Ihe lclllkncy

expecled ror hallucinogenic phenylisopropyJ:lI11ines
on the hasis of receptor binding sllldies nnrl contrnc

tile potency in lhe isolnled sheep llrnhilicnl al tery,
wellk or pnrtial Agonistic nctivily Ol anlAgoni~1lI 01'

aortic contraction by ring-stlhstitukd phcnylethyl

11ll1ines appears lo be rclllled lo the psych~delic

properties observed in hml1an subjects.
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