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SUM MA ItY

I�AULSON, JAMES C., AND MCCLURE, WILLIAM 0. : The lack of comr(’lation 1)o’two’o’n

hall ucinogenesis amid inhibitiolmt of axoplasmic t ratisport. ,l!ol. P/oarinacol. 10, 4 19-424

(1974).

Several hallucinogenic indoles were o’xamttined folr an imihihitorv o’ffo’ct U�OItt fast axolplasmio’

transport of proteimis in the olptic system of the amiesthetized rat. No inhibitioln was prolduced

by milligram levels of lysergide or N ,N-dimethyltryptantine, although some derivatives

of N, N-dimethyltryptamine prOduced partial inhibition at this dose. Hanmitaline amid 6-

mnethoxylhanrnalan, which are poor hallucimiogens, aro’ activo’ as inhibitors o)f transport. The

hallucimiogenic colmpoumid R ( - )- 1- (2 , 5-diniet ho)xy-4-ntet hylphiemiyl ) -2-amitimio pnopamie and

its nomthallucinogemiic emiantiomiier were also tested for amititramtspo)nt activity in a systo’m zu

i’ilro which utilized the nat sciatic nerve. Both ettantiomens ar(’ o’ffective inhibitolns of RX0I-

plasmic transport. It is colmidluded that imihibitioti of axolplasmio tramispolrt is not colnro’lated
with liallucinogenesis, even though a golod correlatiomi of tho’so’ paramo’ters has pro’viously

beo’n observed in studies (If a series of structurally related derivatives of mescalino’.

INTROI)UCTION

Mo’scalimte amid several of its structural do’-

rivatives have ro’centlv been described as itt-

hibitors of rapid axoplasmic t ramisport

throughi the rat optic nerve (1). Withimi the

series of drugs related to mescaline, a come-

lationt was observed between halbucinogetiio

potency and antitranspolrt activity. It is
the pun�ose o)f the preseuit investigation to

test the hy�)otheSis that inhibitiomi of axo-
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I)lasliiic tramispont is a gemienal propo’rty of all
hallucinogo’mis. Two expo’nimo’ntal approaches

have 1)eeII used. In the first, hallucitiogeuiic

c(Impoutids w’hich are hot structurally re-

lated to mescabimte were tested for aiititratis-

port activity. In the second, the recemitby me-
solved enatitiomers of 1-(2 , 5-dimethoxv-4-

rnethylpheuiyl) -2-aminopropane were em-

ployed as proIi)es of amitit ransport activity.
- )-DOM2 o’xhibits twice the hallucino-

genic �)oIteutcy of the macernie mixture, while

the S(+) isomer has no activity as a hal-

lucimiogen (2, 3). If the colrrelatiomi betweo’n

ant itramispo)rt activity and hallucimiolgenic

activity were to extend to) these twoi (‘ti-

amitiomens, R( - )-I)()’sI should be a poto’nt

2 The abbreviation used is: I)OM, 1-(2,5-

dimet hoxy -4 -met hylphenyl ) -2-ant inopropamie.
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inhil �it oIt (If t nansp omt , t�li lIe it s o’natitiollno’r

\�O)ilbol l)e imiaotivo’. Ro’stibts front hlolth

o’xpemnhio ‘mit mib ttp�ImoIaoh(’s si.mggo’st that the

pno’vioIusl� OIl)5O’tVO’(l (‘olttO’litti(Iti het�vo’o’ti

hallimeinoogo’mmic l)ooto’mioy amid inhibitioti (If

axo Ih)basIili( t manspo mt is o�oIiti(i(bO’ntal . I n t ho’

(olunso’ (If this stll(Iy, sevo’mal 110w’ inhibitors

0 If ttamlsj)( Itt havo’ ho’o’n (hsoovo’mo’d.

it ETHODS

Tt� oI l)�0 l(’O’(hlht(’s tvo’mo’ useb 10 r evaluatimig

itlliil)itoll5 (If axoll)lasnhic tnamlsl)oImt : Bli assay

i’ll l’il’() utilizimig tlu’ rat ojltmo’ svstent, amid a

l)t�O’l)ti1itt bItt (If the rat so’iat ic mmo’mve in oili’o.

rj�li(,5(, 1)ro’l)anatiolmms ano’ (lO’sOt�ih)O’(l iti turn.

‘i’lio’ 1)10 I(O’dumO’ fo II tiIl)i(l , #{176}iuamit itative

assessnio’nt (If tin’ o’ffo’cts of drugs ott fast.

tiXOI)lttslilic tmaluspolrt ill tho’ rat olpti( systo’ni

has l)o’o’mi (leScnibe(l (1). A s(olutiolml colmltaimiimig

II(Ithi tnitiated L-j)uolhimio’ amal a (mug of itt-

to’ro’st was itijecto’d imito tlio’ vitro’olus hiulilor

(If taie eyeball of a rat. A siniilam sollutiolt

laoking tho’ drug was injo’oto’(l imito thio’ oltho’r

eve. I �ro It eimis labeled with t uit iato’d pnillimie

are tramispomto’d front tin’ retina throlugh

IIX(1115 (If gamighioon oo’lls at a mate of 8.4 mm/

hr tol the nervo’ terminals iii tho’ bnaiui.#{176}Three

hours afto’r the imljo’ctiolns thio’ levo’i oif radio-

activity tnatisporto’(l imitol tlue olptic mierves is

dino’etly propoontiomual tol the amolutit of

[3HJL-pnobino’ inoompolrato’d intol that fmactiomt

of the no’timia which is insoluble in iS %

tnichbomacetic aci(1. Itihibitioui of axoplasmic

tramispont could he deto’cted by conipaning

the amolumit of radioactivity tnanspolrto’d into

tho’ optic nerve proljectitig from the eve

treated with the drug with the madioactivitv

in tho’ mienve proljo’cting from the colIltrol eye

(containing no drug). The effect could be

quantitated utihizimig a oolnrectioml for the

anioumit of [‘HJL-pno Ilimio’ iticolmponated into

no’tinal pnoto’imi, amid a no’t transport value

(NT) calculato’d for o’ach o’xpo’nimiiemit. A

value of 1 .00 indicato’s 1101 itihibition oof tnans-

port, while a valuo’ (If 0.00 would imidicate
niaxintal inhibitiomi. Pant jab imihiibitioti would

be in(hicat(’d bo’ values lyitug betw’eemi these

twol extno’mes.

Expeninietits cannio’d ommt in tlio’ rat optic

systent imtvolvo’d O’X�OI5U�(’ (If the nerve cell

‘1). .1. Schliclutem’ arud \V. ( ). NIo’Clumre, nianu-

so’ript in I)reParati�n.

body to tho’ drug 1)o’ing stu(lio’(l. As nerve cell

bodio’s carry (lilt iitamiv Iii(’tal)olic funotiomis

ti(It found iii the axoai, imicluding tho’ large-

scab’ svntho’sis of pnoto’ins, we W’ish(’(l to to’st

tl-io’ o’ffo’ots prol(hlioed by a (mug l)laced imi comt-

tact olmtlv tvithi tho’ axons (If a mienve. The

5\’St(’fli \\‘(‘ chose to) use tom these exl)enunents

w�as a b)mo’Paratiolul (If mat sciati( mienve in

o’ili’o , itiodified fro )fli that deveho Iped by

Edstm#{246}nt tlti(l \lattsscIIi folr the frolg sciatic

nerve (4). A sciatio nervo’ with the sixth alid

sevemith luiithan dolnsal nolot ganglia attached

was disso’cto’d front a 22?-g female mat anes-

tho’tized with an imitnapenitolno’al imijectiomi of

so)(lil.iIit 1)O’tit 0 IhanhvIt al (24 nig/kg) and

urethatio’ (600 ntgkg). ‘flu’ ti(’nvo’S tvo’ro’ laid

aomoss tIn’ bolttont (If ami elotigato’d nec-

tamigulam (‘0 Intb)amtlulO’lit s(’l)anat(’(l 1�’ sboltted

partitiolmis ititol thmo’o’ cells. A.fto’n isollation of
tho’ co’lls froni o’ao’h (Ither by IlteaIis (If silicolne

gno’ase so’als built Uj) amoutl(I the mio’mve at the

pantitiolmis, the muervo’s �veme colvo’ro’d with
tissuo culturo’ Ino’(hiumii 199 amid l�’pt at 37#{176}

imi att atnlo)sb)ho’no’ of 9�5 #{176}; (1)2-5 � (1( � A

typical coflhl)anttii(’Iit is shown iii 1’ig. 1.

To) ol)so’rvo’ ax(Iplaslllio transport, [3H]L-

pno)lilio’ was intnocluco’d imito tho’ first chani-
ben, who’re it was inoor��o Inateol into proteimis

ili the two ganglia. Tnitiated pmo)to’imis are

transported down the nerve, through the

two gno’aso’ seals, and accumulate at a liga-

tiomi placed on the nemvo’ in the third charn-

her. I)umitig the ittcubatiolui, tho’ seo(ImI(1

chamber was continually penfuso’d with fresh

niedium to flush out any fro’e tnitiated

prolhine that leaked past the gno’ase seal.
After 16-18 him the nervo’ was ro’ntolved amid

fixed with 5% tmichlonacetic acid (4). The

nerve, which was 50 % of its onigimial lo’migth

as a result (If tnichhoraco’tic aoid treatmemit,

was tho’mi (ut into) 1-mm sectiolmis. These

wo’re sollubilized with Soluene 100 and as-

saved foln radioactivity in a Bo’ckman LS-

230 liquid sointillation spectrolmo’to’r, using a

S(ititilbati(ItI mixture (If 0.30 �I 2 , 5-dipho’miyl-

olxazole and 0.61 � henzoic acid in toluo’uie.

Scimitillatio Imi countimig data w’ero’ colmrected

tol disimitegrations pen minute by extemmial

stauidandized, usimig a I)igital Equipment

Corporat io In PDP-$/ e habo Imat my niimncont-

putem. Actual efficiemicies of oolutiting wo’ne

25-35 %.

�\. discussion of tho’ use of this o’xpo’nimo’ntal
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A xoplasmmo ii to’amo.s’poo’t in amo apparatusFw. 1.
in vitro

Hat sciatic muerves were prellare(I anol inoubated
as described iii MF:TH0II)s imu a romnpartnient (upper)

(olntaining three (‘ells. Transport was direoted

front oell 1, which ((lntaine(l holth the ganglia and

[�H lm�-proline, toIs%ard cell 3, in which a Iigat ion

was placed in the nerve. Twoo experimiierits are

shoown : hato’hed bars, a o’oontrool experiniemut demon-
stratimig transport ; open bars, to (Iluut rol experi-

memit demiionst rating the lack of tramusport when the

ganglia were removed prior too inrimbatioau. The

positioul of the grease seals at the two partiti(Irus

is indicated by the solid blocks. Imicubations were

carried (lilt for 16-18 hr at 37#{176}and pFI 7.4 in me-
dium 199. The abscissa in(Iicates distance from

the miearer of the two ganglia, expressed in length

of unfixed nerve; the ordinate represents disinte-

gratiolns per minute of fixed nerve. Nerves fixed in

trichloracetic acid (TCA) were one-half the length

of fresh tissue. For other det ails, see METHODS.

systerii as an assay for inhibitiomi (If axo-

plasmic transport is given umld(’r ItESUL’I’S

ANt) t)ISCUSSION amid ref. 5.

Female rats of the NLR strain were pro-

cured from National Labolrat Inies, Inc.

Sodium pentoharbital was pumcltaso�1 from

Diamomid Laboratories. [2, 3-3H]L-Prolimie

HC1 was obtained from New Englamid Nu-

clear Corporation at a specific activity (If 35

Ci/mmole amid a concetitnation of 10 MCi/Mb.

Soluemie 100 was purchased from Packard

Inst mumemit Conipany. 6-Methioxyhammalan

I0

8

6

4

2

tttl(l 5-ntethooxy-.V, .V-diiiiethvItr�’ptamiiine

��‘o’me l)umchiaSo’d I’roni l�’gis (‘heniioaI ( ‘0 tin-

l)tttl�’ ; lianiiialimue amid .\‘ , \-(hiliio’t hivil u�’pta-
1.l.limio’, front Signia (1heniic;tb (‘omnpati�’ : :01(1

.5-hi�-dm oxy-_\� , _\-(hilit(’thiylt rvptaniimio’, fro �mii

�bdmiehi (1lio’niieal (‘oIiiipali\’. Tfisstmo’ oultimme

miiO’(hilllii 199 tvas (Ib)ttiitlo’d thimolughi I)ifcoo

Labomatolmies.

RESUL’I’S AN!) t)IS(’USsION

Imihiibitioui 0 )f axolplasniio’ t mamlsllo at by

lii(’s(’tliti(’ ami(1 st muctunalbv mo’bateol hahn-

o’iuiolgo’ns mo’vo’aled mi positivo’ (( otto’Iat io Itt 1)0’-

t �\.o’o’I 1 inhil lit 10 Itt 0 ok t natispo Int tttI(1 ha I I tmcimi o-

go’miio l)0It0’tu0’�’ ( I ) . ‘Too so’o’ tvhio’thu’r this e mmo’-

latiolui could ho’ (‘xt(’mided to� all hiahlucimuoogens,

imi(humdimlg tlioIs(’ hot structurally mo’bato’d to)

ino’soahino’, so’veral hiahhiucimtogeumio agonts wit hi

stmucturo’s baso’ol oat imidoole amid �-e:irboIhino’

�vo’no’ t est o’d fo 1 inhibit io Iti 0 of axo Ip Iasmnio’

tmamlspolmt. Ho’subts oobtaimied imi fLu’ mat ooptic

svsto’ni with lysengido’, _\� , _V-dinio’thyltmypta-

niimio’, 5�hi\�iroIxv�\T V-dinio’thyltnyptaniini’,

5-nio’thio)x\’-,V,_V-diitio’thiyltryptaiitimio’, liar-

mnahine, auid 6-methoxyhaniialaui are summit-

lltaniz(’d itt Tal)le 1 . For coontpanisomi, mo’sults

(Il)tmiili(!(l �vitlt miio’scahimie amo’ :11501 iuiclu(lo’d imi

Table 1 . ��iiiotig these (lnimgs, no colrmelatio 111

1)(’t\VOi’O’mi liallucimiogo’miic llo)to’micY timid auut i-

tratispont activity is seen. [or o’xalllb)Io’,

lysengide, the niost P(ItO’tit hallucinolgeti

kno.l\vmi, prolduo’ed tioo inhibitiolti olf tnamit�’1)Irt

at levels eqimal to that of a full hiumami

hallucimn Igo’miic doso’. .\� , .V-Dimo’thiybt nypta-

mtti.ne, a drug withi a hallucinogemiic pooto’no’y

30 tLm(’s that oof mo’scahimie, showed tio imlhul)i-

tion of transport at a (b(ISO’ (1.0 nig) gno’ato’�

than that meqiumed to) produce no’arly (‘0)11)

plete iuihibition by mescaline.

Several of the drugs to’st(’(l exhibited amut i-

transport activity. Both the 5-hvdrolxv amid

.-)-rnetliolXy derivatives (If V ,N-dinio’thyl-

tnyptamimie were aot ive imihtibitoms of trauis-

port, although no molno’ so than mo’scaline.

Two �3-carbohimio’s wore also testo’(l. Hoot It

hiamnialine an(l 6-mo ‘t ho oxvhtanmalaui wore

effective inhibitors.

Simice tho’ co ommelat � on bet weeti amit it namis-

port activity tumid habbueimiogenic polto’mloy

reported previously (1) � baso’d on mo’sults

from a so’mies (If derivatives of mesealimie,

studies camnie(l out with colmpounds other
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TABLE 1

Effect of indole-based hallucinogemos upon axo-

plasmic trans port frommo nat eye

Details of the rneasumremeuits are presented in

METHODS.

Agent Potency Dose Net
- transport

Mean ± SI)

N,�V-I)imnethyl-

t ryptamnine

5-Hydrooxy-.V ,
dimet hvlt rvpt.a-
fli Be

mescaline
units

0.16()

0.080

0.030

o.oo:i
0.0009

0. 0005

1.04 0.18

0.50 0.44
0.25 0.57
0.10 0.90

0.72 0.51

0.63 0.73

0.26 0.76

0.23 0.59
0.05 1.03

Ilarnialine �1 0.15 0.09

0.10 0.57
0.01 0.98

(3�Met h(IXv-

harnualamu 0.50 0:36

0.20 0.77

Mesoaline’ 1 .0 0.40 0.50

I)ata takemu from the dose-respomise curve

evaluated by Paulson and Mo’Clure (1).

than t he metho oxylat ed �)hieIiylalkylamineS

might miot represent ami appropriate corn-

panisoIn. We therefore sought to examine
further the validity of the comrelatiout within

the family of muethoxvlated phenylalkyl-

amino’s. One of these drugs, 1-(2,5-dimet.h-

oIxy-4-niethylphteuiyl) -2-antimiopropamie, the

polto’nt hiallucinogemi D(i\I, has neoently been

reso)lv(’d ihlt(I its two optically pure ertaitti-

orners (2, 3). R(-)-D(IIXI is about twice as

potent as the macemic mixture, while S(+)-

D0\I exhibits tt(I hallucinogetiic activity (2,

______ 3). As the racentic mtiixtume of D0\1 was

found previolusly to inhibit axoplaxmic traits-

port itt the rat optic system, separation of

the antitmamispo)rt activities of the two emiatiti-

omers would further stremtgthen the correla-

1 01 tion betweeti hallucimiogenic potency and
. ±0.06 antitnansport activity among hallucinogens

0.97 of the mescaline family.
0.72 Usitig the mat optic systemti, R(- )-DOM

0 . 96 was found to) be as effective au inhibitor as
1 . 28 the racemic mi.xtuno’. However, it was also
0. 75 found to 1)e a good imihibitor of the incor-

0.91 pomatio)mi 0)f {3HJL-prohine imtto retimial proteimi.
0 . � 2 �‘hteut 0.40 ntg (If R( - )-DOM w-as adminis-

± . temed 1 hr before [3H]L-pmoliute was injected,

incorpo)ratiomt was reduced by approximately

0.96 90 #{182}�. Utider identical conditions the same
dose of S(+)-DOM had no effect on in-
corporatio)mt. To avoid errors in the interpre-
tatiomi of tratisport experiments in the optic

systo’m as a result of differemitial effects of

the t\V(I isolmers (Itt incorporation of proline

ilit(I retinal pnolto’imi, a preparation of the rat

sciatic mt(’nv(’ imi t’itiO) was employed. As de-

scniho’d in METHOt)S, thie sciatic nerve, with

the L6 amid L7 dorsal root ganglia attached,

was placed in a chamtiber divided by slotted

1)artitiolns imito three cells (Fig. 2). After the
three co’lls had 1)o’(’mi isolated fmolm omte

amiother by means of gno’ase seals built up

amoumtd the nerve at the partitionts, [3H]L-

lJro)hiule could be added to the first cell, which
comitaimied the gautglia. Radioactive proteins

synthesized by the gamighia were subse-

quently transported dowmi the nerve. After

_________ 16-18 hr the mierve was sectiomied and assayed

for radioactivity.

Tmattsport profiles of two nerves are shown

in Fig. 1. One mio’rve, indicated by the shtaded

bars, depicts the levo’ls of transport. usually

observed itt our labolmat ory. Radioactive

material is transported through both grease

seals, showmi by the solid blocks, and accumu-

lates at a ligatiomi (vertical arrow) previously

placed out the tierve at some point in the third

cell. Distal to the ligation the radioactivity

drops tol backgmouuid lo’vels. The slight peak
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Q-
0

ho. 2. Effect of 1? (- ) - oimo’l S (-f- ) -DOM oomofast axop lasmmo in I ran spoor!, os mmo�/ so iali o#{149}moeon st/steno imo vii no

of Fig. 1

Nerves were incubated as given in M ETHODS with t lie mediuum in cell 3 (see Fig. 1) eoouu t ai mui ng d rugs

at the stated concentrat ions. The (lurat ion of incimhat ioouu was 1(1-18 hr. Foor fomrt her old ails, see t lie text
and the legend to Fig. 1.

of madioact ivit’v s ontet into’s seo’mi at t ho’ secomid

solid bbolck is due to) the pr(’seu�c�’ (If the

grease seal. In 14 such control expenintemtts

the po’ak of radioactivity at the secomid

grease seal was mievem larger, with respect to

the peak at the ligatioln, thamt that depicted

in Fig. 1. A mierve from which the ganglia

were mo’moved is sholwn by the lower,

unshaded profile. In this case no) tramispolnted

radioactivity was observed.

Compounds considered to be imthibitons of

transport were tested imi this system as fol-

lows. The drug to be studied was dissolved

in tissue culture medium and placed in the

third cell. The experiment was then carried

out as described lfl METHODS. If the drug

complo’tely imihibited axoplasmic t mamisport,

the transported radioactivity could miot pass

through the second grease seal to aco’umu-

late at the ligation. No Peak of radioactivity

should be observed at the ligatiomi, and a

promimiemit accurnulatiomt should be pno’sent

at the second grease seal. lmtto’rmediate levels

of inhibition may be recognized by varying

degrees of accumulation at the seco)mid seal,

with a corresponding decrease in the antount

of radioactive material which accuntulates

at tho ligation. The system has previously

l)(’(’mi entployed succo’ssfully to) demo nist rate

tite effo’ct of drugs 1)1)0111 trttnspolrt (5, 6).

Transport profilo’s (�f no’nves i)atho’d iii the

third cell by 5 m�i amid 10 m�t R( - )- amid

0S(+)-DOM are Slt(IWti lit Fig. 2. Bolthi

isomers imihihit o’d transport completely as a
concetitratiolmi oof 10 m�i. Concentratiolmis (If 5

m� gave omily partial inhibitiomi. While

R( - )-DOM produco’d moIre compbo’to’ inhibi-

tion at 5 mu thati did S(+)-DOM, the fact

that botlt isomers wet.e completely imihibit Iry

at 10 m�i indicato’s that the antitmamisport

activities of these two drugs are separate(l

by no more than a factor of 2.

The commelat ioon bet weett inhtibitiomi (If

axoplasmic t ramispoort auid hallucino �go’miic

potency which was observed previously wit hi

a semio’s of mescalimie derivatives is miot. sup-

l)omted by the olata presetited in titis pap�’�’

Hallucimiogens based upomi the indole miuclous

were examimied as inhibitors of axoplasmic

transport iti the rat optic system. No colmre-

lation was observed between hallucimiogo’miic

potency amtd antit ramisport activity with

these compoumids. Imi addition, the ro’solvod

hallucinogenic timid no Inhtallucinogenic iso-

mers of DO\l, a derivative of mescaline,
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were studied in a systo’mti in vitro utihiziuig the

rat sciatic nerve. Both compo)umids inhibited

transport. We conclude that inhiibitioti of

axoplasmic transport is not a property of all

hallucinogemis, amid that thto’ conmelatiomi pre-

viously observed (1) was fortuitolus.
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