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SUMMARY

(REEN, HANNAH 0., AND SLOTKIN, THEOI0IIE A. : Resenpine-like effects of harmine

on isolated adrenal medullarv vesicles. Mol. Pharmacol. 9, 748-753 (1973).

Because of its structural similarities to reserpine, the actions of harmine on adrenal medul-

Iarv vesicles svere examined in order to clarify time mechanisms involved in drug effects on

amine uptake and storage. Harmine markedly inhibited the ATP-Mg2�-dependent in-
coIrporation of cpinephrine into isolated rat adrenal medullary vo’sicles. Time inhibition

svas both competitive and reversible; Km for epinephnine was 37 �su and K1 for harminc svas

3.2 psi. Metaraminol incorporation, which is predominantly ATP-Mg2�-independent and

reserpine-insensitive, was decreased only 23 by equimolar coumcentrations of imarmine

(svhich caused 85% inhibition of epinephnine incorporation). Harmine had imo effect on
effiux of epitmephnine from adrenal medullary vesiclo’s, indicatirmg that the effect on incorpora-

tion svas due solely to inhibition of uptake. Xo temperature-depenmdent uptake of harmine
into time vesicles svas detected, implying that the effects on the uptake system are 1)tlrelY

inhibitory. Harmine in equimoiar concentrations inhibited binding of epirmephrino and sero-

tonin to bovine adrenal vesicle membranes by 43% and i3%, n(S�)ectivehy, but did not
inimibit binding of metaraminol. Harmine strongly iimhibited monoanmine oxidase’ but imad no
effect on time activities of the catecholamine-svnthesizing enzymo’s tyrosine imydroxylase, dopa

decarboxylase, and dopamine �-hydroxylase. The (lata stigg(’st that time �-carbolirme s(ction

of the harmine and reserpine structures is respolnsible for affinity f()r the amine uptake

mechanism and for inhibition of uptake, while time’ no’niaitm(Ien of tho’ reserpine molecule �‘on-
fers irreversibility. A mobile carrier jim the adno’nal vo’sicle nmenmbnano’ may be time sito’ of

action.

INTRODUCTION

Isolated adrenal medullarv vesiclo’s iim-

corporate catecholamines by at least tivo

tenipenat ure-dependent mecimarmisms, o lImo’ (If

which is stimulated by ATP-Mg2’� anmd
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inhibited by reserpine (1-4), and a s(’cond

mechanism which is neither stimulato’d by

ATP-Mgm” nor inimibited by reserpine (3-6).

Epiimophnine is iimcorporatecl by time ro’serpitme-

seimsit ive system, ssimo’reas most non-cate-

chmolamines (such as met.araminol) are in-

colrpolrated by time inseimsitive system (3-6).

Hosveven, serotoimin, aim iimdoleamine, dis-

plays a higher afflumity for ATP-Mgm”-
stimulated incorponat ion t lman epi nepimnine,

despite time fact that, its stability (If stolrage

svitimin the vesicle is less timan that of time
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catecholmmmin(s (4) . These and adehitiotmal

results suggest that catecimollamine uptake

into adrenal storago’ vo’sicles pro(’e(’dS via

carrier-mediated transport (7-1 1).

Thus, although time adrenal storage

vesicles nelrnially contain catecimolamitmo’s,

the uptake mechanism shosvs a profei’otmce

for indoleamines. Reserpine, svhich inhibits

uptak(’ in a c(Impetitive but irreversible
manner (1, 2, 12), is also an indoleanmine

structurally related te) s(’rotonin (Fig. I). In

order to examme time characteristics svimich

determine the affinity (If a given indolleanmiru’

for uptake on its ability to iimhibit. uptako’, as

well as its degu’ee of roversibility, it is neces-

sarv to look at molecules svhich have cimtmr-

actenistics in bo’tween th(Ise of sonoltonm and

reserpin(’. Ono’ subst an(’e si-it im these cimar-

acteristics is the monoatmmuime hlxidaso’ ium-

hibit()r (13) harmine (7-metholxv-l -mo’timyl-

9H-pyrido{3 , 4-bjindolo) (Fig. 1), atm alkaloid

obtaino’d from Bani.slemia caa/)i (14). Han-

mine also imas ph�’sicocimemie’al charactenisti(’s

(lipid solubility and pl�,,) svimich approxi-

mate those of reserpino’. Timis report describes

time effects of hanimmme on the uptako’ and

effiux of amines in rat adrenal niedullary

vesicles, effects on the binding of amines to

vesicle membranes, and effects on several of

the enzymes involved in epinepimrine bio-

synthesis armd degradation. These data

provide useful information about the struc-
tural eompono’imts of the amine molecule

svhich determine svhethen the substance svill

atta(’h to thmo puittmtiv’ carrier, whether it

svill umtilize e)r inlmibit the transport systoin,

and sih(tiier inhibition is likely to) be
reversible or irreversible.

METHODS

\Iale \Vistar rats (Hilltop Lab Aniummals)

woighing 200-300 g ssere killed by decapita-

tio In. Their adrenal glmmtids svere exo’ised,

cloaned of fat and contlo’(’tiVe tissiio’, atm(l

imolmogenizo’(l in i(’o-col(l 300 nm� sucrose in

an all-glass apparatus k’(Ilmtaiumiumg25 nm�i

Tris, l)H 7, and 0.01 nm� ij)roimimmzi(l, an

irreversible monoamine o)Xidase inimibith Ir.

A mine uptake. Time adrenal glands Irouim

o’igimtrats svo’re imomelgeriizo’d in 20 nil (If ice-

chIld sucn Ise--Tris-iproniazid and (‘cult u’ifiiged

at MOO X 11 for 10 nmitm. Time p0’ll(’t iias dis-

(‘mmrdo’d, and 0.5-nml aliquots of time super-

nataumt fraction were addo’d to) tubes (‘h(tmtaitm-

ing 0.1 nm� epiimepimnine, 5 tmmsr ATP-Mg2’1’,

vani(Ius e’oimcent.rations (If lmartmmiumo’, mouid

eitime’r 1 .tCi of [14C]epino’pimnino’ o�r 5 �(‘i of

0.1 nmmi [3Hjmetaramitmol. Su(’roso’-Tu’is si-as

aclclo’d toi give a fiumal volunmo’ oil 1 ml Tubes

svene incubated in a ss-ato’r batim at :30#{176}for

30 mm and shaken go’ntly svhih’ dujllio’ate

tubos svere kept o�n ic(’. Uumdo’r timese (‘o)um(li-

tioums uptake occurs solely itith I st( rage

vesi(’les (15). Uptake sias st(Ij)j)O’(l by mm(l(li-

tioum hlf 2 nil of i(’o’-o’old suo’rolso’- Iris, aumd time

sanmplo’s sv(’r(’ ceumtnifugo’d foIr 10 immium at

26,000 X �j. Tho’ supo’rumataumt frmu’tiotms svo’re

(lecalmt(’d, added to an o’oiual voluummo’ (If 7( �

percimlonie’ ao’id, (‘(nt nifugt’d t(I ro’nmh IVO’ pro’-

cipitated pnoteiums, mind atmalyzo’(l for radio-
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activity and catecholamines (15). The

vesicular Pellets svere washed and re-

centrifuged tsvice svith fresh sucrose-Tris,

and timo’ final pellet was resuspended by
hofliog(IlizatiOn svith a glass pestle in a glass
tube in 3 ml of 3.5% perchioric acid. After

centrifugation to remove insoluble material,
the saumiples were analyzed for catechola-
mines and radioactivity. The temperature-

depoimdent amine uptake was calculated as
describo’d previously (15). For Km and K.1

do’to’rnmiumations, the liarmmne concentration
si_mis 5 �LiE and the epinephriiie concentration

iias varied from 5 to 80 ELM.

The uptake of hanmine was determined by
diroct fluorometric measurement as de-

scnibo’d by Slotkin and DiStefano (16). The

excitation svavelength ivas 365 nm, and the
emissioln wavelength 419 nm.

Efflu.i of epinephrine. The offiux of endog-

enous catecholamines and of nesvly incor-

porated [14C ]epinephrine was measured by
the 1)rolcodune of Sloltkin and Kinshner (15).
Wasimod, [‘4Cjepinephnine-labcled vesicle’s

svere pneparo’d as described previously (15),
and tsvo sots of eight 0.5-mi aliquots in

sul(’roso’-Tnis, svith on without 0.1 m�i

harnmin(’ (final volume, 1 ml), ss’ere brought
to 30#{176}to allow efflux to occur. Efflux si-as

stopped by addition of 2 ml of ice-cold
sucrose-Tris after 0, 5, 10, 20, 30, 40, and 60
mm. Samples were centrifuged, and the
supernatant sollutions were decanted, acidi-

fled svith 0.02 ml of 3 N HC1, and analyzed
for catecimolamines and radioactivity. The

vesicular po’llets were lysed and analyzed as
do’s(’rib(’(l mtbolvo’, and (‘ifiUX was calculated

(3).
Rem’ei’sthzlity of harm inc in/i ibition. The

MOO X q supo’rnatant fraction si-as divided

into) four aliquots; in the first tsvo, uptake

of [i4(1]epjriopimrirmo in the presence and

absence’ (If 0. 1 mmt harmine svas determined
as doscnibed abovo’, svhile the other tsio were
incubated with no [‘4C]epinephrine added to

eitho’r timo’ harmine-free or harmine-contain-
ing samples. Vesicles from the latter incuba-

t.io 1fl� si-crc’ svashed tsvice and resuspended in

fro’sim sucrose-Tris, and uptake of [‘4C]

(�j)inepimniIme svas determined in the absence
of any additional harmine. The initial inhibi-

tioum of uj)tako’ (‘al(’Ulated from tim(’ first two

samples was then compan(d with tho’ inhibi-

tion iim the vesicles in the last tsvo, in which
the preparation was exposed to harmine and

svashed 1)rior to determinatieln (If uptake.

.BilI(lifl(J of amines to adrenal ineduliary

reside membranes. Purified bovine adrenal

medullary vesicle membraimes were pre-

pared according to Slotkin and Kirshner
(8). Binding (If 0. 1 mmi [‘4Cjepinephrine,

{3H]metaraminol , and [i4C ]serotonin si-as

determined in the Pneselmce of 5 m�i ATP-
i\Igi+, svith and siitimo)ut 0.1 m� imarmine.

Enzyme activities. i\ lo)lmoamdn(’ oxidase and

dopamine �3-hydnoxylaso’ sven(’ determined

in svaten homogenates (If rat adnenals, svhile

tyrosine hvdroxvlase svas determined in the

26,000 X �i sup(nimatant fraction of glands

homogermized in isoto)imic KC1. Hog kidney

dopa decarboxylase (obtained from I)r. N.
Kinshm’n) svas prepared by the method of

Wa\’miro’ ci ai. (17). Harmim’ conceimtrations

in eacim assay varied from 0.1 to) 100 �i.

Monoamine oxidase activity si-as measured

by the procedure of Laduron and Belpaire

(18), using [3HJt.yramine (10 ,�i) as sub-

strate. Dopamine �-hydnoxy1ase was assayed

by the method of Friedman and Kaufman

(19), using [mHjtyramine (10 ,�si) as sub-

strate (3, 20). Tyrosine hydroxylase and

dopa decarboxylase activity si-crc m(’asured

by the method of Waymire ci al. (17), using

[‘4C}tyrosine (100 pmi) on [14CJdopa (33 �.omi)

as substrato’.
A nalytical procedures. Catecholamine anal-

yses ss-ero’ dono’ by time trihvdnoxyiimdole

method, using a Technicon AutoAtmalyzer

(3). Radioactive amino’s svere measured by

liquid scintillation spect romet ny as des(’nibed

previously (4).
Statistical analyses. Data are reported in

tennis of control values aimd percentages of

control. Lo’vels of sigimificance svere calculated

by Studont’s 1-test, and straight. lino’s svere

determined by time nmo’thod of least squares

(21).

]Jaterials. It4CJ Epinophnine, [i4C}s(�re)tcInin,

[i4cldopa, [3H]metaraminol, [3H]tyramine,
and [t4C]tyrosine were obtained from New

England Xuclcar Corporation. Epinepimnine

bitartrate was purcimmmsed from Winthrop

Laboratories, and nmo ‘t araminol bitart rate

from \Ienck Simarp & Dohme. Serotonin
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catec/i olammi in es frmmo rat adremi al mu edo 11(1 ri, t’e.s ides

(logarithimiic ordimuate) mm, 1/ic presemube (Q ) nod

absemice (�) of 100 p.%f harmmiimic

At zero time, ermdogeumous levels were 3.52 �g

(if catecliolmmmines and 11,709 cpm, and cx((genous

levels were 0.4 �ig and 3681) �pumm. Specific activity

duriumg labeling was 0.1 MCi �g (If cateclmolnrmmiuio’s.

that imarnmuimc imas 10 titmmes time affinity of

epiumephrine for tho site iimvolved in ATP-

Mg2�-stinmulat’d uptake.

When mmdrenal umme(lullarv vesicles wt re

exposed to harminc and then svashed prior

to determinat ieln of epinephnine upt ako’,

most of time inhibition svas lost (Table 2),

indicating timat the inimibition svas reversible.

In contrast, inhibition of uptako’ by ro’senpinc

cannot be reversed by washing time t t’etmted

vesicles (1, 2, 23). Since lmarnmine conmpeti-

tively inimibited the incorporation of epinepim-

rine, it was important. to determine wimetimer

imarnmine itself utilizes time uj)take systo’imm.
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T.sthu�E 1

,b]JJ’ect of haummiinc on, ammline uu/)1(ile imito 1(11 (i(llel(Iil imh(((hlil(it1/ beslcio]s

Time l�piumephritme atm(l imiet aratmiiuihil co(ticeuit rat 11)115 is-crc 1(X) ��it . \alties ato’ tumeatis � ti an(lnr(1 (III IrS

()f the umuumiber h)f deteunmiumatioums shhlwrm in parcuitimeses.

Harmine Epinephrine uptake’ Inhibition Metaraminol uptake’ Inhibition
concentra-

tion

0 15.6 ± 0.� (3) :3.:-�� 0.2 (3)

1 16.4 ± 0.4 (2) 4.0 ± 02 (3)

10 8.7 ± 1.1 (:3) 44 :1: 75 34 � 0.2 (3)

100 2.4 ± 0.5 (3) 8.5 ± 4c 2.7 � 0.04 (3) 23 ± 1”

Nanounoles taken till Iti :30 mm per 1(110 �tg of cimdogenous catecimeilaimmines.
S p <0.005.

p <0.001.
d p < 0.02.

creatinine phosphato’ si-mis obtained fronm 00,

Calbiochenm, and hanmiumo’ hydrochloride si-mis

purchased from Aldrich Cimemical Company.

RESULTS

The effect of imarmine on the temperature-

dependent uptake of epinephrine and metar-
aminol into rat adronal nmedullarv vesicles

in the presence (If ATP and Mg2+ is shosvn

in Table 1. Harmine’ in a concentration

of 10 �i l)roduced approximatel�� half-

maximal inhibition of epinepimnine uptake

but no inhibition of nietaraminol uj)take,

svhile 100 �sr imarrnitme caused imeanlv colm-

l)lete inhibitio I� (If epiimepimrine uj)take but.
inimibited metarammoll uptako only 23%.

The effiux (If [t4Cjepinephnine and etmdoge-

nous catecholamines is simoivn in Fig. 2.

Harmino had no effect o�n o’ffiux, indicating

that blockado of opiimepimnine uptake by

imarmirme results so )lo’ly from reduced influx

rather than accelerated effiux.

The inhibitioln (If epinepimnine Uj)take by

harmine si-as colmpetitive. as shosvn by time

Linesvcaver-Burk plot (22) in Fig. 3. Since

harmino and epinephnirme compete for the

same site involved in uptake, the degree of

inhibition is a function of the ratio (If

harminc and epincphnine concentrat ions.

For epinephrine, K�1 svas (37 ± 2) j�mi, which
is somewhat losvcr than Km values deter-

mined for epinephnine uptake into bovine

adrenal mcdullary vesicles (5, 12). For
harmine, K.1 svas (3.2 ± 0.3) j.tm1, indicating
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Fiu. 3. Lineweater-Burk plot of epinephrine uptake into mat (idremial mmiedullaijj mesicies

#{149}, umo harnmine; 0, 5 jiM harmine. Bmmrs indicate the stauidard errors (If the intercepts. Lines were

fitted by tie tact hoid �if least squares. Intercepts on the hlrdinate are imot siguiiflcantly ditTerenmt (p >

0.05); intercepts on time abscissa are sigimificaimtly different (p < 0.001).

Cont 10)1

Ilarnmiuie (11)0 MM)

Inhibit lb(Ii
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Table 3 simosvs timat, in contrast to epi-

rmepimrnmo’, there svas no temperature-

dcpermdeumt uptake of harnmine into time

vesicles. Timus Imarminc produces a purely

inhibitory o’ffect.

Besides iumhmibiting catecholamine uptake,
harmine is a svell-kumossn inhibitor (If moimo-

amine elxidase (13). In order bettor to define

its range of actions, its effects on dopmmmine

f3-hydroxylase, tyrosinc hydroxylase, and

dopa decarboxvlase a(’tivitieS svero’ corn-

pared si-ith those on monoamine olxidasc

(Table 4). Harmine did not inhibit the

enzymes involved in epirmephriime synthesis.

rflme bindiimg of anmines to Purified boviume

adnemmal vesicle membranes was studied under

coiiditioims ideumtical ivitim those used duniimg
determinations of uptake, except timat the

medium sias 10 msr Tris. Amine colncentna-

tion svas 0.1 m�i, and ATP_MgI± svas 5 mM.

Time biumding followed! the order serotoimin >

epinepimniime > metarammol (Table 5).

Harmi tie in o’ojuimellar concentrations had

1101 efl’o’ct on the binding of metaramino)l, a

small inimibitory effect (13%) oim soreltormin,

anm(l a largo’r inhibitory effect (43%) on

ci )i uiepimrine.

1.5011. 2

Ji’et’ersi bilit,� of /1 armmi imu e in/b ibit inmi

Values are meaums ± standard errors (If four

olcternmitmat iouis.

Treatment Lpinephrme uptake

Initial Washed twice

n,mzoles/100 �g cot eclwla,,zine

17.1 ± 0.4 152 ± 0.3
2.9 ± 01 11.8 ± 0.4

83±0.5� 22±2�

I)ISCU5S ION

Harmitmo’ is structurally related to reser-

pirme (Fig. 1) and is similar in its (ffo(’ts on
isolat(d adrenal meduhlary vesicles, in that

it compo’titivelv inhibits epinephrinc uI)take

but has little effect upon uptake of the non-

cato’cholanmine, metaranminol. Since’ metar-

aminol is taken up predominantly by a non-

stimulated mecimamsnm (3-6), Imarmine, like

n(s(rpine, otmly inimibits umptake which pro-

ceo’ds via time ATP-Mg2�-stinmulated l)ath-

svav. Neitimer imanmim’ nor neso’rpine (3)
affects the effiux of amines, indicating that



Epitmephrine (100 MM)

Harmine (30 MM)

2.7 ± 0.3 (2)
100 ± 0.4 (2)

C-.

Moumoamiume oxidasea 100 ± 7 18 ± 1 13 ± 1 12 ± 1 11 ± 1

Dopamine �3-hydroxylmuse5 100 ± 1 103 ± 1 102 ± 1 102 ± 1 103 ± 1

Tyrosine hydroxylasec 100 ± 6 113 ± 2 107 ± 3 110 ± 2 93 ± 3

Dopa decarboxylase’ 100 ± 3 i�3 ± 3 102 ± 3 99 ± 6 94 ± 5

a Rat adrenal; control activity was 0.29 ± 0.02 nmole/gland/hr.

Rat adrenal; control activity was 0.62 ± 001 nnmole/gland,/hmr.

Rat adreumal; control activity was 6.9 ± 0.4 nnmoles/glaumd/hr.

d Hog kidney; control activity was 30 ± 1 nmoles,/hr/10 M1 of euizytmme preparation.

1:pitiephrine

Serot onin

Nietaramiumbil

43 ± 7

1:3 ± 2
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TSI3LE 3

Imicorporatioms of hammnimie imito adre meal med u ilary vesic les.

Values are macaims ± standard errors of the imumber of determinmations shown ium parcuitimeses.

lemperature-dependcnmt
uptake

Amine Uptake

00 30#{176}

nmnoles/30 mmzin;100 Mg endogenous catecliolamnines

224 ± 1.0 (4) 19.7 ± 1.0

9.7 ± 0.2 (4) -0.3 ± 0.3

TsnI�E 4

Effect of harmmiine on enzymmies intoired in catecholammiine synthesis and degmadal ion

Values are means ± standard errors of five determinations.

Enzvnme Activity at various harmine concentrations

0 0.1 Mit 1 MM 10 MM 100 M11

(.
(‘

the reduced incorporation of catecholamines

is due to an effect on influx. Furthermore,

because the rate of effiux is a measure of

stability of amine storage (3), the reduced

influx must represent an effect prior to
storage. Several observations in this stumdy
suggest that the system involved is a mobile

carrier in the vesicle membrane.

1. Uptake is saturable despite the fact timat

time total storage capacity is far greater timmmn

the amount taken up. Thus time lirnitiumg

factor in incorporation is not storage but is

probably the translocation (If the amine to

time inside of the vesicle, and it. is this process

which is inhibited by harmine. Since time

limititig process is saturable and competitive

and displays energy (ATP) dependence, a
carrier process is likely to be involved.

2. The binding of amines to purified

vesicle membranes followed time same order

of specificity as affinity for uptake into

intact vesicles (serototmin > cpinephrrnc >

mctaraminol), arid harmine, wlmich in-

hibited uptake of epinephnine but not of

nmctaranminol, reduce(l tlmo’ bindiimg of epi-

TAn!�u: 5

Effect of 100 M51 harniimie on bimidimig of amnimies to

purified bovimi c adrenal ni edo liarmj reside

mew bra mios

Values are means ± stan(lard errelrs of four

det eruninations.

Amine Binding Inhibi-
(100 MM) _______________________ tion

-Harmine +Harmine

nmnoles/ mmzg protein

9.7 ± 1.0 5.5 ± 0.7a

103 ± 4.5 � 89.1 ± 27b

4.5±0.6 3.8±04c

a p < 0.02.

p < 0.05.
Not significant.

nephrinc but not of metaranminol. Harummine

reduced time binding of serotonin to a small

extent, svhich is consistent svith earlier

reports (4, 8) that serotonin has a imigher

affinity for uptake than epinephrine. Other
inhibitors of uptake (reserpine mind N-
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etiiylnmaleinmide) imave effects upon bindiimg

siimiclm mmro’ similmmr to) those of hanmine (5).

Tim additioum, the Kd1�� of binding is eloIse to
time’ K,,� of uptake (8).

These data suggest that the first step in

amine incorporation is binding to a carrier

and that it is this process for which epineph-
rine, senotonin, harmine, and reserpinc

colmpetc. Why are epinephrine and serotonin

taken imp by time vesicles while harmine and

resei’piime, svhich also have high affinities,
are inhibitors? An examination of the struc-
tunes of these molecules (Fig. 1) suggests that

sI)ecific molecular features are responsible

for affinity, inhibition, and irreversibility.

Serotonin has a higher affinity for uptake

timmium an\� of time catecholamines but is not

stiIi’((I (IS stably; timus the indoleamine

nucleums, svimich is also present in harmine and
roso’u�pmume, is I)robmibl� responsible for the

high affinity of these compounds for time

l)utmitive (‘anl’ier.

Iwo characteristics differentiate the struc-

tures of serotoimin mmd harmine: alteration

of the location aumd nature of the A-ring

substituetmt, and celmpletion of and substitu-

tion on time C-ring (Fig. 1). While’ both

factors ummay play a role iim converting a

couimpounmd sihich utilizes time cannier (seno-

tonium) to onme svhich inhibits it (imarnmine),

time C-u’ing alterations are probably time most

importmtnt. Deserpidine, silmie’ii lacks any

A-riumg substituent, is equipotent ssith

reserpine, wlmich has the methoxy group in

the smime position as in hanmine (24, 25).

Furt imernmore, studies siit.h pimenethylaminmes
have shosvn timat ring substituents generally

do not alter afflimity for uptake, but affect

stability of storage (3, 4). Thus the major

deternminant in the inhibitory actions of

harnminme is probably closure and substitution

of timo’ C-ring.
Reserpine can be viewed as an extensively

substituted hanmine derivative (Fig. 1).
The effects of reserpirme and harmine on ston-

age vesicles are strikingly similar with one

notable difference: hmurmine demonstrates re-

vc’rsiblc iumhihit.ion svhile reserpine is appar-

entlv inrevo’rsible. The irreversibility of resen-

�)i1i(’ actihIn iima� be attributed to time D-E-F

system (Fig. 1), wimich is spatially removed
froumm tim( indolearniumo’ nmoietv (24). The mm-
pontaumce of this pontionm of the neserpinme mole-

cule is eumipimasized by time lack (If pharimmaco-

logical effect of stercoisoimmers in time 1)-E-F

systeumi (24). This suggests timat D-E-1’� bind-
nmg occurs at a specific site which is imear, but
not identical with, time 1)mding site for the in-
doleamine moiety. There ma\ be an “acces-

sory” site for binding of the D-E-F system

aimalogous t(I time accessory sites i)roPoSed

for binding of pharmacological antagonists

to receptors (26). The importance and

specificity of this type of binding in com-
pounds with reserpine-like actions are

further illustrated by the diminished effect

of resenpinine (25), si-imich has a harmine-like
A-B-C structure but is very different in the

D-E-F system. It appears that unless the

“fit” of time accessory D-E-F portion is

connect, there is hitmdrance of the res(’rpine-

like effect.

Additioimal factors may 1)la� relies in time

effects in VitrO and in o’ir’o of compounds
resembling neserpine. Alterations in cimarge,

l)i’b , or lipid solubility act to reduce time
activity in i’it)�() of (‘onmpounds hiko resenpic

a(’iel and serpentine (25), wimile alterations

in (list nibut ioim, excro’tion, and metabolism

may a(’colulmt for time lack of mmctivity in vivo

of methyl nesenpate, siimicii is o’ffcctive’ in

vitro (24, 25). Similar factors probably limit

the duration of the reserpme-hke actions of
harminc in viva; it is rapidly metabolized

and oxcneted, mind since time action is re-

versible, th( rapid destruction o�f harmine

would re’sult in a short-lived effect (27, 28).

it is difficult to evaluate the extent olf reser-

pine-iiko’ action of immmnmirme in the intact
aninmal for several reasons. First, inimibition

is revo’rsible. \esicular uptake measured in
vitro after harmitme administration jim vivo is

normal, because timo’ drug is wasimed out

during pnepanatioln of time vesicles. Second,

precursor studies are confounded by the

many o)timer actions of imanminc (monoamine

oxidaso’ inhibition, gangliotmic blockade

cholin (‘sterase inimibition, cardiovascular

effects, etc.) sihich affect distribution and

disposit ion of radiolmibeled precursors (29).

However, there is indirect pimarmacological

evidence that imarmino nmay indeed exhibit a

reserpine-like action in rivo (29). It is si-eli

knosvim that the combined administration of

reserpine and moInelanmine Oxi(lase inhibitors
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results in signs of profotmimd sympatimo’tic

st imumlat ion such as hypertension aumd cardia(’

arrythmias (30). Time adummirmistuation of

harmine pnodu(’o’s a reflcxly mediated dc-
crease iii blood pressure, but this is folllowed

by a �)rolonged po’riodl (If im\po’t’teImSihlnm,

car(Iiac arnhmythnmias, mind (xt ro’nme sensitivity
tO) small doses of (‘ato’(’imolanmirmo’s (29) , wimie’h
po’nimaps reflects the e’h)nmbination of noserpine-

liko’ actio)nms mind! itmimibitieln of nmonommnmine

oxidase.

The K,1, for ul)take of epincl)iirnmo’ reported

heu’e is c(Insiderably belosi the estimated

values of 400-MOO jrur in bovine adreimal

V(’siclos (5, 12). A spo’cies difference seenms

uinlikelv, since the K,,, cmmlculated from the

data of Viveros et al. (3!) ium rabbit adnenmil

vesiclo’s is close to) that. in the pres(’nt work

(40 MM). Time K,,, values calculated for

ho (vine vesicles are ainmost c(’rtainly too imigim,

owing to the high coimcentnations of (‘ate-

cholamines utilized in the deternmiuiationms;

t he must imulated uptake mechanisni, sihuch

smuturates at. imigher celncentratioims (3),

pr Ibably e’olntnibuted significantly to time
uptake irm time earlier studies, resultiumg in mm

mippmmreimt K,,, in between those of the tsio

uptake prolcesso’s.
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