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In these structure—activity correlations many factors
must be considered, such as enzymatic transformations
en route, transport phenomena, and finally the molec-
ular structure of the binding site. The first two fac-
tors influence the amount of amine which reaches the
binding site. For example, since tyramine is rapidly
oxidized by tlie ubiquitous monoamine oxidase, only a
fraction of the administered dose survives to cffect re-
lease of norepinephrine. The a-methylated deriva-
tive which is not a substrate of monoamine oxidase is
nore active as a chemoreleasing agent. In other anal-
ogous pairs of amines, the e-methyl derivative is more
active. A monoamine oxidase inhibitor such ag pheni-
prazine potentiates the releasing activity of tyramine
but not of a-methyltyramine.®

Catecholamines are metabolized and mactivated
both by monoamine oxidase aud by catechol O-methyl-
transferase. Catecholamines are thus much more uc-
tive chentoreleasers than our data indicate.

Fuzymatic g-hyvdroxylation decreases the activity of
phenethylamines and increases the activity of phenolie
amines. The activity of an amine which is a substrate
for dopamine S-hydroxylase is then the sum of its own
activity and that of its 8-hydroxylated metabolite.?!

Regarding the question of active transport, exten-
sive studies on the migration of norepinephrine into
sympathetically innervated tissues® have shown that
amines differ markedly in their affinity for the trans-
port mechanism. The wmolecular specificity of this
systeur results in concentration of certain amines. Ifor

(30) C, R. Creveling and J. Daly, aupmblished ohservations.

(31) C. R. Creveling and J. B. van der Schoot in “Advances in Drug
Research,” Vol. 11, A. B. Siminons and N. 1. Harper, F:l., Academic Press
Ine., London, 1963.

(32) (a) L. L. Iversou, ref 31; Iy L. L. Iverson, J. Phoarm. Phamnacol.,
16, 435 (1964).
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example, p-(—)-norepinephrine hag a greater aflinity
for the uptake wechanism than the r-(+) antipode®”
and exhibits a commensurably higher releasing ac-
tivity.

The molecular wechamsm by whiclt sympathoimi-
metic amines effect release is very poorly understood.
An amine with o high affinity for the storage site may
simply displace the norepinephrine stoichionietricnlly,
as for example metaraminol.®®  Other minines, such as
6-hydroxydopamine!® and prenylamine,® release more
than stoichiometric miounts of norepinephrine.  In nd-
dition many amines have a long-lasting effect on tissuc
levels of norepmephrine* which is difficult to correlate
with the amount of sympathomimetic amine remaining
i the sympathetic nerve.®

In view of these varions parameters the strueture
activity relutions presented here can scerve ouly as a
guide to Qiether investigations into the preeise mech-
anism of release and binding of biogenic anines.
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Endogenous cardiac norepiuephrine in mice has beeu prelabeled witl a 5-ucurie injection of narepinephrine-?1,
and the effect of various classes of compounds on the normal physiological depletion of norepinephrine-*H hax
been studied. The effect of a varietv of tranquilizers, antidepressants, ganglionic blocking agents, hypotensive
agents, sympatholytics, and compounds that inhibit key enzymes in the biogenesis and metabolism of norepi-
nephrine have been ascertained. The releasing and release-inhibiting activities of these drugs are discussed.

The importance of the release of peripheral and cen-
tral stores of norepinephrine in the pharmacological ac-
tion of many drugs finds ample expression in the action
of reserpine, tetrabenazine, a-methyldopa, guanethi-
dine, and other drugs.! A rapid, sensitive method for
assessing this aspect of drug action has been described
by Daly, et al.2 It consists of prelabeling the endo-
genous norepinephrine in the hearts of mice by an in-
jection of a tracer amount of norepinephrine-*H. The

(1) P. A, Shore, tharpacol. Ree., 14, D31 (1962,
(2) 1. W, Daly, C. R. Creveling, and B. Witkon, J. Weld. Chem., 9, 278
(1966).

loss of norepinephrine-*H from cardiac tissuc is in-
fluenced by drugs which may either facilitate or inhibit
the normal physiological release. The method has been
successfully applied to the analysis of structure-ac-
tivity correlations in the sympathomimetic amines.?
This paper will describe results obtained with other
classes of drugs which change the normal disposition
and metabolism of norepinephrine.

Results

prL-Norepinephrine-7-°H (5 mecuries/umole) was ob-
tained from New England Nuclear Corp.  Compounds
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TasLE I
RESERPINE, TETRABENAZINE, AND RELATED CoMPOUNDS
Release of
norepineph-
Dose, rine-*H, %
Coimnpd mg/kg of control
Reserpine 1 18
Deserpidine 2.5 26
Syrosingopine 2.5 38
Recinnamine 2.5 37
Serpentine 5 116
Yohimbine 5 51
Yohimbine methiodide 10 121
Raunitidine 2.5 110
Tetrabenazine methanesulfonate 10 45
Dihydrotetrabenazine 10 14
TasLe II
PHENOTHIAZINES AND RELATED COMPOUNDS
Release of
norepineph-
Dose, rine-H, %
Compd mg/kg of control
DO
@T Cl
(CH2) JN (CHJ)Z
Chlorpromazine 5 107
7-Hydroxychlorpromazine 5 104
Norchlorpromazine 5 106
Chlorpromazine sulfoxide 5 97
Promethazine 5 102
Prochlorperazine 5 98
Promazine 5 104
Trifiuoperazine 5 90
Nortrifluoperazine 5 95
(CHy); N(CHy),
Imipramine 5 120
Demethylimipramine 5 129
CH(CHy),N(CHy),
Amitryptyline 5 130
Cl
CH(CHz),N(CHy);
Chlorprothixene 5 125
Protryptyline 5 121
HO, OH
HO' OH
CH,NHCH;,
Adnamine HCI 5 115
Noradnamine HCI 5 122

used in the assays were obtained from commercial
sources or as acknowledged.

The effect of drugs on norepinephrine release was as-
sayed as described previously.? The effect of reser-
pine, tetrabenazine, and related compounds is reported
in Table I. The results for phenothiazines and struc-
turally related molecules including imipramine, ami-
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TasLE II1
GANGLIONIC BLOCKING AGENTS AND GUANIDINE DERIVATIVES
Release of
norepineph-
Dose, rine-*H, %
Compd mg/kg of control
Ganglionic Blocking Agents
Bretylium 10 121
Chlorisondamine 10 129
Choline 2 6-xylyl ether bromide 10 127
Pentolinium bitartrate 10 107
Pempidine 10 140
Mecamylamine 10 111
Guanidine Derivatives
(Guanethidine 10 49
Benzylguanidine salfate 10 84
O-Broraobenzylguanidine 10 79
Phenethylguanidine silfate 10 67
3,4-Dimethoxyphenethylguani-
dine sulfate 10 89
N-Benuyl-N')N''-dimethylguani-
dine 10 73
N-O-Chlorobenzyl-N’/N'’~di-
methylguanidine 10 111
TasLE IV
SYMPATHOLYTIC AGENTS
Release of
norepineph-
Dose, rine-*H, %
Compd mg,/ kg of control
Tolazoline HC1 10 102
2-(4-t-Butyl-2,6-dimethylphenyl-
methyl)imidazoline HCI 10 101
Naphazoline HC! 10 110
Tetrahydrozoline HCI 10 107
Phenazoline phosphate 10 88 -
Phentolamine 10 68 «—
Dibenamine 10 77 ~—
Phenoxybenzamine 10 81 «
Azapetine phosphate 10 92
Promethalol 10 106
Proparalol 10 94
dl-4-(2-Isopropylamino-1-hydroxy-
ethyl)methanesulfonanilide HCI1 10 93
Dihydroergotamine 5 98

tryptyline, and chlorprothixene are compiled in Table IT.
The effect on norepinephrine release of various gan-
glionic blocking agents and guanethidine analogs is re-
ported in Table III. The effects of various sympa-
tholytic agents on norepinephrine release are found in
Table IV. Compounds which inhibit various enzymes
involved in the biosynthesis and metabolism of norep-
inephrine were tested and the results are presented in
Table V. Antihistaminics, including pheniramine,
phenindamine, tripellenaniine, and chlorpheniramine,
were inactive at a dose level of 10 mg/kg. The anal-
gesics tested which included phenazocine, morphine,
meperidine, d-propoxyphene, and normorphine at 5 or
10 mg/kg were inactive. Nalorphine at a dose of 10
mg/kz caused slight release (849, of control), Barbi-
turates, such as phenobarbital (50 mg/kg) and seco-
barbital (20 mg/kg) did not differ from control values.
Certain cardioactive glycosides, including ouabain,
strophanthidin, and digitoxin, caused slight release of
norepinephrine at 2.5 mg/kg (86-929 of control). Nico-
tine at 2.5 mg/kg caused slight release (879 of control);
higher doses could not be given because of its toxicity.
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TaprLe V
INHIBITORS OF BNzyMES CONCERNED W1TH NOREPINEFHRINE
BrosyNrHESIS AND METABOLISM
Release of
noreyinepls-
Liose. rine-3H, ‘7

Cowpd mg kg of contral

Tyroxiite Hydroxylase Inhibitors

a-Mcthyltyrosine i 85
3,5-Dilodo-I-tyrosine 10 89
Aromatic Amine Acid Decarboxylase Inhibitoms

a-Metliyldopa {0 1
a-Methyl-m-tyrosine 10 46
N-pi-8eryl-N-2,3,4-trihydroxy-

benzylhydrazine 10 131
I-(3-Hydroxybeuzyl)- I-methyl-

hydrazine 10 105
t-(4-Bromo-3-hydroxybenzylj-i-

methylhydrazine 1 0]

Dopamine g-Hydroxylase Inhibitom

p-Hydroxybenzyloxyamine 10 108
m-Hydroxybenzyloxyamine o Ot
4-Bromo-3-hydroxybenzyloxy-

amine 10 05
Disulfiram 20) P07
Dicthyldithiocarhamic acid

=odium =alt 20 1

Monoamine Oxidase Inhibitors

Benzylhydrazine 1 (E)
Plienethylhydrazine 10 111
Phenylisopropylhydrazine 03] 104
Nialamid [l 100
Iproniazid 10 125
Isocarboxazid 1 107
Hydralazine 10 105
N-Methyl-N-benzylpropyuyl-

amine i 108
trans-Plienyleyclopropylamine

(tranyleypromine) i 91
a-Lthyliyrptamine acetate 10 23]
Harmine 10 105
Harmaline 0 116

Cocaine (10 mg/kg) slightly inhibited release of nor-
epinephrite (11197 of control), but this inhibition de-
creased at higher doses. Tranquilizers (10 mg/kg) ef-
fected norepinephrine release in the following manner:
azacyclonol, 1049,; chlordiazepoxide HCI, 909; dro-
peridol, 899, ; haloperidol, 769;; meprobamate, 1026
and oxypertine, 639. Two antidepressants, pipradol
and methylphenidate (10 mg/kg), inhibited normal re-
lease of norepinephrine, to the extent of 128 and 1129/,
respectively.

Discussion

Reserpine has been modified in order to separate its
hypotensive effects, 7.e., peripheral depletion of nor-
epinephrine, from its sedative effects, ¢.e., central deple-
tion of amines. These two activities are partially
separated in syrosingopine® which is a hypotensive
drug with reduced sedative activity. Another class of
tranquilizers, the benzoquinolizines (tetrabenazine),
centrally deplete endogenous amines in rabbits with-
out mueh effect on peripheral norepinephrine.*

(3) B. . Brodie and R. Kuntzinan, A, N. Y. Acad. Sci., 88, 939 (1960:.

1) G. . Qainn, P. A. Slhore, and 13. B. Brodie, J. Pharmacol. Erptl.
Therap., 127, 103 (1959).

Minor structural changes of reserpine markedly in-
fluence release of norepinephrine (Table I). Deser-
pidine which lacks the aromatic methoxyl gronp and de-
rivatives e which the acid wmoiety of the ester hukage
of ring I2 hax been changed, as in syrosingopine and re-
cinnamine. are lest active.  Yohimbine, a weak sym-
patholytic ngent, which differs both in substitution and
stereochenmistry from reserpine stll causes release, an
observation which hias not been previously reported.
Rauntidine, = heteroyohimbine, it inactive.  Quater-
nization, 1% in serpentine, and yohimbine methiodide
cllanges the activity from that of promotor to an in-
hibitor of release.  Tetrabenazine and the correspoud-
myg alcohol canse muarked release of cardiac norepi-
nephrine-*H m mice (Table 1) in contrast to their re-
ported lack of periplieral activity in rabbits.  This re-
lease of tritiated norepinephrine is secompanied by =
depletion of endogenons norepitephrine®  Dihydro-
tetrabenaziue 1« mmich more active as a releasing agent
than the puarent ketone, tetrabenazine.

Another class of trunquilizing agents, the phenothia-
zines, e.g., chlorpromazine, are reported to have no ef-
feet on endogenous norepinephrine cither in the central
nervous or the cardiovasenlar systems.® They do,
however, inhibit the uptake of circulating norepineph-
rine-"H mto eardiac storage sites.™®  Another group
of structurally related drugs which do not effect endog-
enous norepinephrine® but do mhibit the uptake of
norepinephrine-*H into heart are various antidepres-
sants snel as imipramine, desipramine, amitryptyline,
chlorprothixence, cte. The most effective inhibitor of
nptake 1s the demethyl derivative of imipramine, desi-
pramine.?  In the central nervous system both classes
of compounds (chlorpromazine and imipramine) nhibit
the disappearance of tritiated norepinephrine, but ouly
the antidepressant drug, mipramine, ihibits uptake
of norepinephrine-*H into central storage sites.1?

In rads neither chlorpromazine nor imipramine causcd
significant changes i the rate of release of cardiac nor-
cpinephrine-*H.1* 1 mice. as shown iu Table 11, the
antidepressants inipramine, desipramine, wmitryptyl-
ine, and chlorprothixenc inhibited the release of norep-
wephrine-*H while the tranqguilizers, such as chlor-
pronuzine and rertain of it2 metabolites,'? had no or i1
slight inhibitory effect.  "Two compounnds derived from
norepinephrine by the action of aeid, 7.e., adnunine and
noradnamine ** resemble  amitryptyline (Table 115,
Their pharmicological activity is unknown but, like
the antidepressants, they inhibit releasc of norepi-
nephrine-*H in heart,  Certain other antidepressants,
sneh as pipradol and methylphemdate are also active.
These findings may serve as a guide in the research for
antidepressants.

Varions hypotensive ganghonde blocking ngents such
15 bretyhnm, chlorisondamine, hexamethoniuni, and
pempidine ihibit release of cardiac norepinephrine-‘H

@ (R Creceling, J. W, Daly, and . Witkop, in preparation.

() (ar K. 1. Gey and A. Pletseler, Ann. N. Y. Acasd. Sci., 66, T1 (19575,
Ay K. 6. Gey and A, Pletsclier, J, Pharmarol, Exptl. Therap., 183, 18 (1061;.

(7) L. L. lverson in “Advances in Drug Researclh,” Vol. 1T, A. 2. S
s sl N. 1o Harper, 1., Academic Press, 1ne., London, 1865.

8 1. Asxelrod, L. Gi. Whisby, and G. Hertling, Science, 188, 383 (104114,

s 1. L. Iverson, J. Phasad, Pharmacel., 17, 62 11964).,

AQs 1, Glowinski and ). Axelrod, J. Pharsacol. Exptl. Theioge., i press.

11 1L Axelrod, G. Hertting, and L. Potter, Nature, 194, 7 (10134,

12 VL Fsbuarn and 110 Goldenberg, J. Pharmacol. Exptl. Thersp., 160,
122 (1965,

(37 AL Wawazu, J.o Phvorpa St Jogpe, T8, 407 (19581,
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in rats.* It has been proposed’ that the ‘“blocking
action” of these drugs is due to a cholinergic aspect
of adrenergic transmission, Guanethidine and related
guanidine derivatives may stimulate this same system
and cause release of norepinephrine.’®1” This view is
supported by the observation that bretylium and re-
lated compounds block the release of norepinephrine
caused by guanethidine.’® Table III shows that gan-
glionic blocking agents inhibit the normal physiological
release while almost all of the guanidine derivatives in-
crease it. N-O-Chlorobenzyl-N’,N’’/-dimethylguani-
dine is, however, an inhibitor of norepinephrine-®H re-
lease.’® Most of the ganglionic blocking agents are
quaternary amines. Other quaternary amines such as
the quaternary derivatives in the reserpine series
(Table I), and the methochloride of p-hydroxy-N,N-di-
methylphenethanolamine? also inhibit release of nor-
epinephrine-*H, By contrast a quaternary amine with
releasing activity is the methochloride of 2,3-dihy-
droxy-N,N-dimethylphenethylamine.?

Various sympatholytic drugs (Table IV) show little
activity, The 2-substituted imidazolines have both
sympathomimetic (tolazoline, otrivin, naphazoline) and
sympatholytic activity (phentolamine). Only phen-
azoline, an antihistaminic, and phentolamine which
contain an amine nitrogen in addition to the imidazoline
nitrogen caused release. The others tested showed
little or no activity (see Results). Antihistamines have
been reported to inhibit uptake of norepinephrine,®
a property they share with many other classes of com-
pounds.” The g-chloroethylamines, such as Diben-
amine or phenoxybenzamine have been previously re-
ported to release norepinephrinel**!* Other sympa-
tholytics such as azapetine, dihydroergotamine, and the
B-blocking agents, prometholol, propanalol, dl-4-(2-
isopropylamino-1-hydroxyethyl) methanesulfonanilide
hydrochloride, and dichlorisoproterenol! either have
no effect or cause only slight release of norepinephrine-
‘H. As mentioned above, yohimbine, a sympatholytic
agent, causes release of norepinephrine (Table I).

The synthesis of norepinephrine involves the en-
zymes, tyrosine hydroxylase,?® aromatic amino acid de-
carboxylase,?! and dopamine g-hydroxylase.?2 Metab-
olism of norepinephrine involves monoamine oxidase
and catechol O-methyltransferase.?> The use of norepi-
nephrine-*H makes available a useful method for as-
saying short-term effects of inhibitors of these enzymes
on the release of norepinephrine. Amino acids, in-
cluding tyrosine hydroxylase inhibitors, such as a-
methyltyrosine and 3,5-diiodo-L~-tyrosine,?* and the
long-term norepinephrine depletors, a-methyldopa and
a-methyl-m-tyrosine,® cause only slight release of

(14) (a) G. Hertting, J. Axelrod, and R. W. Patrick, Brit. J. Pharmacol.,
18, 161 (1962); (b) G. Hertting, L. T. Potter, and J. Axelrod, J. Pharmacol.
Ezptl. Therap., 186, 289 (1962).

(15) J. H. Burn and M. J. Rand, Advan. Pharmacol., 1, 30 (1962).

(18) E. Costa, R. Kuntzman, G. L. Gessa, and B. B, Brodie, Life Sct., 8,
75 (1965).

(17) R. Fielden and A. L. Gree, Brit. J. Pharmacol., 24, 408 (1965).

(18) L. Isaac and A. Goth, Life Sci., 4, 1899 (1965).

(19) S. Schapiro, Acta Physiol. Scand., 42, 371 (1958).

(20) T. Nagatsu, M. Levitt, and S. Udenfriend, J. Biol. Chem., 289, 2910

4).

(Hzgl; W. Lovenberg, H. Weissbach, and 8. Udenfriend, ibid., 287, 89
2).

(1332; S. Kaufman and S, Friedman, Pharmacol. Rev., 1T, 71 (1965).

(23) J. W. Daly and B. Witkop, Angew. Chem., Intern. Ed. Engl., 2, 421
(1963).

(24) 8. Udenfriend, P. Zaltzman-Nirenberg, and T. Nagatsu, Biochem.
Pharmacol., 14, 837 (1965),
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norepinephrine-*H except for a-methyl-m-tyrosine. a-
Methyl-m-tyrosine, a potent releasing agent, does not
release per se, but only after decarboxylation to the
amine, c«-methyl-m-tyramine,?-2% This conversion
and subsequent release of norepinephrine-*H by the re-
sulting c-methyl-m-tyramine has been developed into a
convenient and novel assay of the efficacy of aromatic
amino acid decarboxylase inhibitors in vivo.2 Pre-
sumably other amino acids release by the same mech-
anism.

The decarboxylase inhibitor, N-pr-seryl-N-2,3,4-tri-
hydroxybenzylhydrazine?® inhibits release in contrast
to other decarboxylase inhibitors, such as the various
hydrazine analogs of amino acids® and benzylmethyl-
hydrazines.?! The benzyloxyamines, isosteric inhibi-
tors of dopamine g-hydroxylase,®? have little effect on
norepinephrine release, while another dopamine @8-
hydroxylase inhibitor, disulfiram,?® and its active me-
tabolite, diethyldithiocarbamic acid,®* are slightly in-
hibitory.

As shown in Table V, harmaline,® as well as many of
the monoamine oxidase (MAQ) inhibitors of the hy-
drazine type, inhibits release. Inasmuch as MAO in-
hibitors find clinical application as antidepressants,
they provide another example of inhibition of norepi-
nephrine-*H release by conipounds with antidepressant
activity.

Certain of the MAO inhibitors, depending on struc-
ture, may interfere with release and at the same time
liberate norepinephrine due to an isosteric relationship
to phenethylamines. These two opposing effects might
result in partial cancellation, Phenylisopropylhy-
drazine (pheniprazine), for example, is reported to have
sympathomimetic activity® which may be due to
chemorelease of norepinephrine. Other workers have re-
ported inhibition of release by this compound.®” The
MAO inhibitor trans-phenyleyclopropylamine® seems
to have a chemoreleasing component to its activity.
Catechol O-methyltransferase inhibitors, e.g., tropolone
and &4-dihydroxyphenylpropylacetamide, have no ef-
fect on norepinephrine-*H release.?

The detailed mechanism by which differing classes
of compounds liberate norepinephrine is not under-
stood. It may be recalled that norepinephrine released

(25) 8. M. Hess, R. H. Connamacher, M. Ozaki, and S. Udenfriend, J.
Pharmecol., 134, 129 (1961).

(26) G. L. Gessa, E. Costa, R. Kuntzman, and B. B. Brodie, Life Sci., 1.
353 (1962).

(27) S. Udenfriend and P. Zaltzman-Nirenberg, J. Pharmacol, Ezptl.
Therap., 188, 194 (1962).

(28) C, R. Creveling, J. W. Daly, and B, Witkop, J. Med. Chem. 9, 284
(1966).

(29) (&) W. P. Burkard, K. ¥. Gey, and A. Pletscher, Experientia, 18,
512 (1€62); (b) A, Pletscher and K. F. Gey, Biochem. Pharmacol., 12, 223
(1963).

(30) C. C. Porter, L. 8. Watson, D, C. Titus, J. A. Totaro, and S. S.
Byer, i%d., 11, 1067 (1962).

(31) B. B. Brodie, R. Kuntzman, C. W, Hirsch, and E. Costa, Life Sct.,
3, 81 (1962).

(32) C. R. Creveling in ""Pharmacology of Cholinergic and Adrenergic
Transmission,” G. B. Koelle, W. W. Douglas, and A. Carlsson, Ed., Perga-
mon Press lne., New York, N. Y., 1963, p 185.

(33) M. Goldstein, B. Anagoste, E. Lauber, and M. McKereghan, Life
Sci.. 8, 763 (1964).

(34) M. Goldstein, E. Lauber, and M. McKereghan, J. Biol. Chem., 240,
2066 (1965).

(35) 8. Udenfriend, B. Witkop, B. G. Rodfield, and H, Weissbach, Bio-
chem. Pharmacol., 1, 160 (1958).

(36) W. C. Lee, Y. H. Shin, and F. E. Shideman. J, Pharmacol, Ezptl.
Therap., 188, 180 (1961).

(37) L. J. Kopin, and E. K. Gordon, ibid., 140, 207 (1963).

(38) 8. Sarkar, R. Banerjee, M. S. Iso, and E. A. Zeller, Helv. Chim. Acta,
43, 43¢ (1960).
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by reserpine is metabolized by MAO, while that re-
leased by sympathomimetic amines directly into the cir-
culation is methylated by catechol O-methyltrans-
ferase.?®* The mode of action of guanethidine differs
from both that of sympathomimetic amines and reser-
pine.¥ The liberation of norepinephrine-*H by these
three classes of compounds may be influenced by a
variety of inhibitors. Cocaine blocks the release of
norepinephrine by sympathomimetic amines.®%  Gun-
glionic blocking agents.'* MAO inhibitors, and pheno-
thiazines!! block release caused by reserpine.  Cun-
glionic blocking agents!'® inhibit release caused by guan-
cthidine.

The various relationships between drugs, biosyu-
thesis, and the disposition and metabolism of norepi-

303 I, Kopin and 1. K. Gordon, J. FPharmacol. Feptl, Fherap., 188, 351
(1962).

(40) M. T
(196).

41) 1. Axelred, G. llercting, and R W, Vacriek, J. Phaenracal . Bxptl.
Pheewp., 184, 327 (1961).

Locketr and K. E. Eakins, J. Jhaene, Phacpucedl., 12, 513

Vol. 9

nephrine may be further probed by the rapid assay nti-
lized here.  The method provides a simple, convenient
method for studying structure-uctivity relationships
with respect to chemorelease of norepinephrine. The
method makes possible the study of interactions be-
tween drugs which release norepinephrine and drugs
which mhibit the normmial or drmg-indneed release of
norepinephrine,
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Cardiac norepinephrine of mice was prelabeled with 5 weuries of norepinephrine-311. After 1 hr 10 mg/kg of

a-methyl-m-tyrosine was administered subcutaneously.

5047 of that of control animals.

After 3 hr the activity of cardiac norepinephrine-*H was
This release of norepinephrine which requires enzymatic decarboxylation of

a-methyl-m-tyrosine to the active releasing agent a-methyl-m~tyramine is blocked by inhibitors of aromatic

amino acid decarboxylase.

The resulting decrease in a-methyl-m~tyrosine-releasing activity is a direct measure of

inhibition of the enzyme in vivo, and provides a convenient metliod for determining the effectiveness of decar-

boxylase inhibitors in intact animals.

The chemorelease of cardiac norepinephrine in mice
is conveniently assayed by prelabeling the endogenous
norepinephrine with an intravenous injection of 3
weuries of norepinephrine-7-*H; after 1 hr the drug
to be tested is administered and the activity of cardiac
norepinephrine-*H after 3 hr is conipared with that in
control animals.!?

In screening various enzyme inhibitors for their ef-
fect on norepinephrine release,? we observed that of the
a-methyl aromatic amino acids which cause a marked
depletion of norepinephrine over a period of days, only
a-methyl-m-tyrosine caused a release of norepinephrine
during the assay period of 2 hr.

The depletion of norepinephrine in heart, brain, and
other tissues by a-methyl aromatic amino acids, such as
a-methyl-m-tyrosine and a-methyldopa, is caused by
the amine formed #n vivo by the enzymatic decarboxyla-~
tion of the amino acid.*
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An earlier report that the amino acid, a-methyl-m-
tyrosine, had a releasing activity of its own was based
on experiments in animals in which aromatic amino acid
decarboxylase was only partially inhibited by a hy-
drazine analog of dopa, 7.e., a-(3,4-dihydroxybenzyl)-a-
liydrazinopropionic acid.?

Because a-methyl aromatic amino acids are poor sub-
strates for aromatic amino acid decarboxylage® and be-
cause of the unique releasing activity of a-methyl-m-
tyrosine, the release caused by this amino acid was rein-
vestigated. The effect of various amino acids on the
liberation of norepinephrine-*H from heart is shown in
Table I.

a-Methyl-m-tyrosine was the only amino acid which
caused significant release. The methyl ester of o-
methyl-m-tyrosine was as active as the amino acid,
suggestive of rapid ester hydrolysis ¢n vivo. The release
by a-methyl-m-tyrosine and by its decarboxylation
product, e-methyl-m-tyramine, as a function of time ix
shown in Figure 1. Norepinephrine was released by the
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