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SUMMARY

LUNI)STROM, .1., ONG, H., l)ALm, .J., AND CREVELING, (‘. It.: Isomers of 2,4,5-tniiuv-
droxyphenethylamine (6-imydroxyele mpamuue) : kmmmg-term e-ffccts omm time accumulation of
[3H]norepinephnimme- itm mouse Imeart- in i’ii’o. ]!ol. Pliai’macol. 9, 505-513 (1973).

Time inmmcdiat-e and loimg-tenm effects eof time six isonmenic tnihydroxyphenethylamitmes amid
2 , 3 , 4 , 5-tet-ralmydroxypimenethylamiume oim the uptake and release of [3H]norepiumephnine from

storage sites in cardiac tissue of time mouse in� rico have beeim compared. 1mmaddition, time rate

of autoxidat-ion of these amines imas been nmeasured. The order of potency of time various

isomers for iniui)it-i(1)um of uptake is: 3,4,5 = 2,4,5 = 2,3,4 > 2,3,4,5 > 2,3,5 >� 2,4,6 >
2,3,6; t-iue order of activity for release is: 2,4,5 = 3,4,5 > 2,3,5 > 2,3,4 > 2,3,4,5 >�

2 , 4 , 6 >> 2 , 3 ,6. Time a-metimyl derivative of the 2 , 4 , 5-isonmer (6-hydroxydopamine) is

imeanly twice as effective as the parermt amine as a releasing ageumt , wimile the N , N-dimethyl
derivative is completely inactive-. Time corder for rate of autoxidation is: 2,3 ,4,5 >� 2,3 , 5 =

2,3,6 = 2,4,5 = X,X-dime-timyl-2,4,5 > 2,3,4 > 3,4,5 >� 2,4,6. Only time 2,4,5-isomer,

time a-methyl derivative of the 2,4,5-isomer, time 2,3,5-isonmer, and the 2,3,4,5-tetraimy-
droxypimenetimylamine cause lomug-term reductiomm iim the cardiac uptake of [3H]norepineph-
nitme. These results suppe)rt- time imypothesis timat neurodegemieration can only he initiated

when a critical iumtra-n(’urolmal cumucetut-ration e)f a readily aute)xidizal)le amine is attained as
a direct result of an affiimitv of time amine for time active uptake process at the neunommal
nme-nmbramue.

INTRODUCTION

2,4, 5-Tnihydroxyphenethylamimme (li-imy-

dnoxydoparnine), an autoxidation product
of dopamine (1, 2), elicits a selective de-

generation of noradrenergic nerve terminals,
thereby providing an invaluable pharmaco-
logical tool for the study of both peripheral

and central noradrenergic nerve function (3).

rFhi� degenerative effect of 6-hydroxydopa-

1 Visiting Scieimtists in the United States Public

Health Service, 1971-1972.
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mine mippears to be- coumtiumgent upoum attain-
memmt of mmcritical, ratimen high, immtrane-uronal
conee-ntration of the amine as a consequemuce
of time active uptake of time amine at- time
neuronal membrane (3). Drugs, such as des-

methylimipramine, that block time active up-
take of norepinephniume aimd otimer amiumes
through the neuroumal nmenmbrane (4, 5) pre-
vemmt time degemuerative effect of 6-imydroxy-
dopamine (6, 7), while drugs, sucim as reser-

pine, that- interfere with the uptake’ of

amines at time nmenmbrane of the int-rammeurommal
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storage vesicle hmave- little effect on the de-

gen(’ration immduce’d by 6-hydroxydopamine

(7-10). Timus uptake of 6-imydroxydoparnine
at- time neurommal menmbramm-, but umot at time

int-raneuronal storage vesicle, appears to be
essential for a degenerative effect.

A variety of anmines, itucluding 6-hydroxy-
(lopamine (9, 1 1), arc actively transported
botim at time neuronal membrane and at f-he
membrane of time immtnan(’urouual storage yes-

ide. Timis process results iuma trammsient release-

of muorepinephnimue from vesicles by the cx-

ogenous amimme, followed by a gradual re-

Placement of time exogenous “false transmit-
ter’ ‘ with newly synthesized norepinephrine,

and usually occurs without producing any
nmorphological chammge immtime muerve terminal.
However, it is now well established that a

critical intraneuronal concentration of 6-h�’-
dnoxydopamine will rapidly induce func-

tional and morphe)logical changes, which
lead ultimately to a virtual ablation of the
umerve termiumal (3). The mechanisms by

which this amnme causes neurodegeneration

are unknown. However, it appears quite
likely that autoxidatioum of time amine, with

the concomitant formation of both hydrogen
peroxide and reactive quinones, is involved
(12-iS). Except for 6-aminodopamine (6, 16)

and probably a-metlmyl-6-hmydroxydopamine
(6), no other amiumes are known to induce a
selective destruction of noradrenergic nerve

terminals. 6-Hydroxynorepinephrine and 6-
imyclnoxyepinephnine (17) have been reported
to cause depletion of cardiac umorepinephrine

(18). However, in spite of its structural sim-
ilanit-y to (i-hydroxydopamine, 6-hydroxy-
norepineplinine did not cause neurodegenera-

tive effects in mouse (19). A study of the
six isomeric tnihydroxyphenetimylamines and

certain otimer amines with regard to inter-
action with noradrenergic nmechanisms and
to e-ase of autoxidatioum was initiated wit-h

time expectation of providing further insight
into the mechanism of cimemicallv induced
neural degeneration and penimaps of revealing

more efficacious or selective neurodegenera-
tive agents.

MATERIALS AN1) METHODS

2 , 4 , 5-Tnihydroxypimenethylamine HBr,

N, N-dimethyl-2 , 4, 5-trihydroxyphenethyl-
anmine- HC1, a-methyl-2 ,4 , 5-tnihydroxyphen-

ethylamine HC1, and 3 , 4 , 5-tnihydroxyphemu-

ethvlanmiime HC1 were obtained from Regis
Chemical Company under Research Coim-
tract- SA 43-iH-3021 and we-re- pne)vided by
1)r. A. A. J\’Ianian, Psychopharmacology
Service Center, Xatioumal Institute of Mental

Health. 2 , 5-I)imethoxyphenethylamitme HCI,
2 , 3 , 5-tnimethoxypimenetimylamine HC1, 2,3,

6-t-nimetimoxyphenethylaniine HCI, and 2,3,

4 , 5-te-trametimoxypimenetlmylamiume HC1 were
obtained fronm Drs. F. Benington and R. D.

Morin, University of Alabama Medical Col-

lege, and 2 , 3 , 5-tnimethoxyphenetimylamine
from Dr. A. Furst, LTumiversity of Samm Fran-

cisco. Demethylation of these compounds
and of 2 , 3 , 4-tnimethoxyphenethylamine HC1
(Aldrich Chemical Company) was acimieved
by treatment with concentrated imydrobro-
mic acid or with boron tnibromide in dichlo-
ronmethane. 2 , 4 , 6-Tnibenzyloxyphemmethyi-

amine HC1 was synthesized by standard

methods from 2 , 4 , 6-tnihydroxybenzalde-
hyde. Hydrogenation of the former afforded
2 , 4 , 6-trihydroxyphenethvlamine HC1. Pun-

ity and identity of amines were determined

by paper and thin-la-yen chromatograpimy

and by mass spectroscopy. Details of time
synthesis and analyses will be publishued
elsewhere.

Effect on uptake and release of norepineplo-

rine into cardiac tissue. The technique used
to study the inhibition of uptake of mmor-
epinephrine is based on the classical metimod

developed by Axelrod and co-workers (4, 20-
23), which consists of administration of a

test substance to the animal preceding ad-

mimmistration of a tracer dose of [3H]DL-nor-

epinepimnine. This method, which has beemo

used extensively (24-26), Imas provided re-

sults in essential agreement- witim those ob-
tained using isolated, perfused imeants (27).
[3H]DL-Norepinephrine was used in time pres-
ent report, since previous studies imave’ dc-nm-

onstrated that this material, when employed

as a tracer, provides indices wimich correlate

wit-h the behavior of endogenous cardiac

norepinephrine (28-30). Botim D- and L-non-

epinephrine utilize the same uptake mccii-

anism in heart, with the uptake pnoc(-ss

showing a higher affinity for the natural

isomer (31). Tot-al radioactivity in heart

after administration of [3H]DL-norepinepil-
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71±6 55±5
101±12 75±10

102± 6 94± �

47± 10 49± 9

52±7 51±5

101±6 100±5
95±14 87±10

102± 8 66±11

ISOMERS OF G-HYDROXYDOPAMINE 507

rine has be-emm shmown to consist of greater

than SO � radioactive nonepinephnine under

a variety of conditions (18, 24, 32). For this

reason, total radioactivity in hearts Imas been
nmeasune’d in time present study to provide a
simple index of the amount of [3H]norepi-
nephnimme remaining at any time. The detailed

protocol is described in the legend of Table- 1.
The method for the study of release of

norepinephrine is similar, and consists of ad-

ministration of the test substance after ad-
ministration of a tracer dose of [3H]nonepi-

nephrine. This method has been widely used

to study the effect-s of compounds tlmat
interact with the storage of cardiac norej)i-

nephnine (18, 21, 22, 29, 30, 32-40). The

protocol described in the legend of Table 2

is a minor modification of a previously re-
ported method (18).

Long-term effects of compoumuds on time
uptake of [3H]DL-norepinephnine were- mm-as-
ured 5-20 days after administration of the
test substance by a similar protocol (legend,
Table 3). The uptake of [3H]amines imas been
shown to provide indices related to degenera-
tion of norepinephrine-containing nerve ten-
minals in the heart (41-44).

RESULTS

Three aspects of time interact-iomm of tue iso-
menic tnihydroxyphenethylamines and se)me
related derivatives with time mmonadreiuergic
nerve terminals in the mouse heart were

compared. First, a comparison of the initial
effect of time amimme on [3H]norepinephnine up-

take into mouse heart- was carried out by a

method that provides indices related to time

affinity of the amine for the active uptake
mechanism at- the neuronal membrane (see
refs. 4, 20-27). Second, a comparison of time
rate of depletion of [3H]mmorepinephrine from
previously labeled stores of cardiac mmonepi-

ncphrine wmus carried out by a nmethod tlmat.
provides a measure of the ability of time

amine to displace norepinephrine fnonm time
storage vesicles and/or cytoplasmic storage
sites in time nerve terminal (see refs. 41-44).
Finally, the rate of autoxidation of these

compouumds was compared as a relative meas-

nrc of time ease of formation of quimmommes and

hydrogen pe-roxide.

As showmu ium Table 1, all of time amines,

except time 2,3 , 6- mind 2 , 4 , 6-isomers, mind

the N,N-dimethyl derivative of the 2,4,5-
isomer, inhibited the uptake of [3H]norepi-

nephnine by at. least 23 % at a dose of SO
�cmoles/kg. At time low-n dose, 20 �moles/kg,
only the 2,3,4-, 3,4,5-, and 2,4,5-isomers
showed an effect on uptake.

All the isomenic tnihvdroxyphenethvl-

amines cause release of [3Hjnorepinephnine
from cardiac storage sites, but their effective-
ness varies widely (Table 2). As would be

‘FABLE 1

Acute effect of trzhydroxyphenethrjlamnines on uptake

of [ZH}norepinephrine by mouse heart

Test compounds were administered subcuta-

neously as solutions of their hydrochloride or

hydrobromide salts, dissolved in 0.9% NaCl mu-
nmediatelv before injection. After 20 mimi [7-311]DL-

iuorepinephrine (New England Nuclear Corpora-

tion, 10-15 Ci/rnmole), 2.0 MCi ill NaCl, was

injected into the tail vein, and 15 mm later the

aninmal was killed 1w cervical fracture and the
heart was removed. Tissue was dissolved by heat-

ing at 600 for 4 hr in a closed counting vial contain-

ing 30% hydrogen peroxide (0.4 ml) and 60%- per-

chlonic acid (0.2 ml). The vial was cooled in Dry

Ice-alcohol, counting fluiel was added (10 mnl,Scin-

tisol-complete, Isolab), an(l the total tritium per

heart was determined by liquid scintillatieni spec-

troscopy at a counting efficiency of 29%. Becoverv

of tritium standards through the entire oxidation
procedure was 99.8 ± 2.1% (Si)). Male, Nmctiomual

Institutes of Health, general-purpose mice, weigh-
ing 14-20 g, were used, with 10-20 indivieluals/

group. Results are expressed as percentage of con-
trol ± standard deviat ion. The nuean radioactivity

obtained with ceontrol groups was 28,900 ±

Phenethlamine Uptake of [‘Hinorepineph-
rine

2,3,4-Trihydroxv-
2,3 ,5-Trihydroxv-

2,3, 6-Trihvdroxv-

3,4, 5-Trihydroxy-
2,4, 5�Tnihydroxv�a

N,.V-i)imeth 1-2,4 5-
trihvdroxv-”

2,4, 6-Trihvdroxv-

2,3,4, 5-Tet rahvdroxv-

20 �moles/kg 80 �smoles/

kg

% control

6-1 lvdroxvclopanuine.
b _\‘, .\-1)inuet hvl-6-hvdri�xvdoptuniiie.



TABLE 2-Como/in-uedTABLE 2

Release of [‘H]mooocpimocphoimoe .froimc omioioSc heart by

phemo (‘/11ylamnines (1(0(1 mela ted COmnpOol-mods

Release was determined as descri bed previously

(18). One hour after intravenous admitust ratiomi

of [‘II}norepinephrinc the test conmpound was
given subcutaiueously amid the level eof [3l1]ncor-

epinephrine in heart was nueasured as described iii

Table 1 after an additional 2 hr. Results are cx-

pressed as percentages of control ± standard ole-
viatiomu for 5-10 individual mice. The mean ac -

tivityiru the controlwa.s 15,000 ± 1,000cpnm/heart.

Compound Dose Release

.smnoles % con-
kg trot

Compound

ED5,

/2mnoles--kg

>400

82

2,4, 6-Trihy-

elro ox\ -

2,3 ,4 ,5-Tetra-

hvdroxv-

4-ilydroxy-0

Re’serpine

50

100
200

25

50

100
300

85 ± 4
75 ± 6

64 ± 7

75 ± 8

58 ± 6
46 ± 7

22 ± 4

0 Tvranmine.
Phemiet hylanmimie

2,3,4-Trihy-
droxy -

2,3,5-Trihy-

elroxv-

2,3,6-Trihy-

dreoxy -

3,4 ,5-Trihy-

droxv-

3, 5-Dihvdroxv-

4-met hoxy-

2,4 ,5-Triluy-

droxy-

Dose

- j.smoles/

kg

25
50

100

25

50
100
320 -

50
100

200

400

a �

10 50

20 22

5 56

10 44

25 30

50 iS

2.562
5 �45

10 - 29
25 15

50 76

75 -56

100 �47

±7
±

± 5’
± 4�

± 7�

± 6

lleli’remuce 30.
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a-Methvl-2,4,5-

I rihydroxv-

2,4,-I)ihydroxy-

5-nuethoxv -

Release ED50

coon- �.cmoles/k#{231}’

trol

74±8i 74
59 ± 6
61 ± 7

62±6 63

53 ± 4
44 ± 3

28 ± 5�

88 ± 6� >10,000
95 ± 4�
84 ± 6�

79 ± 7

±S� 10

1.40

7o

±

±5
± 6

18. 5’

expected from the results iii Table 1, time
2 , 3 , 6-, 2 , 4 , 6-, and N , N-dimethyl-2 , 4,5-

derivatives are almost totally without effect.
The 2,3,4-, 2,3,5-, and 2,3,4,5-derivatives

are nearly equipotent with respect to release
of [3H}norepinephrine, with ED50 values of

74, 63, and 82 �cmoles/kg, respectively,
wimereas the 3 , 4 , 5- and 2 , 4 , 5-isomers are
considerably more active’. The a-methyl dc-

rivative of the 2 , 4 , 5-isomer is nearly twice
as effective as the parent amine. The 4-0-

methyl metabolite formed from the 3,4,5-
isomer (30) is a potent releasing agent, while

the 5-O-nmethyi derivative of time 2 , 4 , 5-iso-

men (46) is ineffective in this regard
(Table 2).

The long-term effects of these anmimmes are

shown in Table 3. Only time 2,3,5-, 2,4,5-,

a-metimyl-2 , 4 , 5-, and 2 , 3 , 4 , 5-derivatives
clearly produce a sustained reduction jim time
observed uptake of {3H]mmore-pinephnine. The

extent of the long-tennm damage to the up-
take mechanism appeared to be dose-related

at 5 days. An approximately 7-fold increase

immeffectiveness of the 2,3,4, 5-tetrahydroxy-
pimeimetimylamine was observed wimen 10 %
ascorbic acid was included in the injectiomm
solution.

The rates of autoxidation of time 2,3, 5-,

� 2,3,6-, and 2,4,5-isomers, as well as the
N, N-dimethvl derivatives of time 2,4,5-

isonier, were virtually time same. At an

amimme coumcemmtnatioim of 0.2 nm�r, time- oxygen

consumption was approximately 65-70



TABLE 3

Lomog-termn effect of trihydroxyphemoethylamnimoes on uptake of [‘Hjnorepimoephrine by mmoousc heart

Uptake (of [‘H}norepinephrine was deternuined 15 mm after administration as described in Table 1.
Test compounds were given subcutaneously as a single dose 5-20 days prior to nmeasuring uptake. lie-

suits are expressed as percentage of control ±standard deviation for 10-20 individuals.

Compound Uptake of [‘Hlnorepinephrine

20 days

Dose

5 clays 10 days

�snzoles/kg % control

100 9S ± 10

200 97 ± 13
2,3,5-Tnihydroxy- 30 65 ± 11 93 ± 16

SO 58± 13 76± 6

200 30± 4 56± 8

400 12± 9

2,3,6-trihyelrooxy- 80 97 ± 7
100 100 ± 5

150 102 ± 6

3,4,5-Trihydroxy- 150 96 ± 7
300 94 ± S

50 45± 15 4S± 7
100 17 ± 10 25 ± 12

150 14± 7 36±15

50 43 ± 10

150 102 ± 5

100 106 ± 11)

20() 100 ± 7

2,3,4,5-Tetraluydroxy- 20 65 ± S

40 54± 15 50± 6

50 50± 6 57± 7

75 41±6
150 32 ± 10

2,3,4,5-Tetrahydroxy-’ 5 59 ± 5

1() 43± 3

20 2(1 ± 6

50 22± 2

75 16± S

Reserpine 10 110 ± 16 91 ± 12

a Administered in NaCl containing 10% ascorbic acid.

69 ± 10

64 ± 10
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Phenet hylaniine

2,3, 4-Trihydroxy-

2,4 ,5-Trihydroxy-

a-Metluyl-2 ,4 ,5-trihydroxy-

N, .V-Dinuethyl-2, 4, 5-trihydroxy-

2,4 ,6-Trihydroxy-

S7 ± 9

70 ± 5

nmoles/min (Table 4). rn nate’ obse-rved
for the 2,3 , 4 , 5-tetrahydnoxyphenetiuyl-
amine at this concent ration was nearly 6

times faster, whereas time rate obtained with

the 2,3,4- and 3,4,5-isomers was only

about one-fifth as fast. The rates of oxygen

uptake for the 2,4,6-isomer and for 2,5-
dihydroxyphenethylamine and dopamimue

were much slower.

I)ISCUSSION

The preseumt investigation was carried
out in z’ie’o to obtaimm direct mind valid coin-
parisons of both time mucute and long-te-rnm

effects of various iseomume-nie- triiuvdroxvpimemu-
ethylanmines and tetrahydroxypitenet-ityl-
anmine’ on uptake and storage- of [3H]non-
epinepimnine in nmouse he-ant. l’i appnoacim

suffers from time disadvmcmutage that, with

conmpounds of mark cdlv ehiff -re-nt chme-imiical

properties, the phmarmac-oknmet ics of absorp-
tioum, nietabolisni, and tramosport to t-iu(- imeart

niav differ ividely. However, within a s(-nieS

of isonmenic compounds swim as those umuder

study at present, suchu factors siIoUI(1 be of

rechie-ed inmportan(-(-. .-�hs orl)t n omm mtnel t rans-

port simoulel be ve’rv similar, and simoulci,
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TABLE 4

.4 utoxidat ion rates of trihydroxyphenethylamines amid related comn pounds

Initial rates (of oxygen consumption were measured wit-lu a Clark oxygen electrode in a closed (eli
o’c�imipped Wi tim a niagmoet ir stirrer. The total cell volume was 1.7 nil; tenuperat tire was nuaintained at-370;

the solvetit was 1)2 M sodium phosphate buffer, pH 7.0. Test compounds were dissolved in deoxygenateel

water, 0.01-0.07 nil, immediately before injection into the (eli via a sealed port.

Phcnethvlarnine Oxidation rate

0.1 mM0 0.2 mit 0.5 OhM 1.0 mM

nmnoles 02 comzsumned/nzin.

:14.1 ± 2.6 69.6 ± 3.3 269 ± 26.2

131 ± 23.6 394 ± 52.4

2,3, -1-Triloydroxy -

2,3, 5-Trmhydrooxy-
2,3,6-Trih�’drox�-
:t , 4, 5-Trihydrooxy-

2,4,5-Trihyelroxy-

.V, .V-J)imiuet.hyl-2,4,5-trihy-

(Iro )X\ -

2,4 ,6-Trihydroxv-
2,3,4,5-i’-trahvdroxv-

2,5-l)ihydroxy-

3,4-I )ihvdroxv0

14 ± 6.6
34.1 ± 6.6 6S.2 ± 5.2

30.8 ± 2.6 66.S ± 3.9

S.5 ± 3.9
29.6 ± 2.6 66.3 ± 3.3

22.3 ± 2.6 42.0 ± 2.6

2SS ± 19.6

20.4 ± 3.3 41.3 ± 2.6

276 ± 13.1

4.6 ± 1.0

5.�) ± 2.6 u.S ± 2.6

<2

Fi mod ooormoen I ratio mo of amine.
0 I) l)anmmno’.

imideed, be- sommL(-what favored in certain
mmme)n(- lil)OpiUlic amines, such as 2 , 4 , 6-tn-
hvdr( oxvphmenethmvlamine and N , N-clinmeth-

yl-2 , 4 , 5-tnihydroxyphenethylamine, corn-
pouimds which are inactive toward the various

parammm(’ters of [�H�rmonepineplmniume uptake
mind release’ in lito. In addition, metabolism
catalyzed by me)noamine oxidase and/or
(‘atecilol O-methmyltransferase does irmfiueumce

to seonm(- e’xt-ent the levels of variou.s amines

at cardiac sit(-s; however, this metabolic

factor cannot be of prime importance, siimce
relatively low- doses of dopamine (ED50 =

26.4 jmme:oles/kg), aim excellent substrate for

both enzynmes, do cause marked release of
[3H]umorepinephnine (30). One major factor
wimie-im could greatly influence time attain-
me’mmt of effective commcentrations of amine

at cardiac site-s is time- rate of autoxidation
of time amine durimig absorption and trans-

port. Certainly, tluis factor must- b(- con-
sidered with the readily autoxidizabie amines,
i.e., time’ 2,3,5-, 2,3,6-, and 2,4,5-trilmy-

droxyplue -miethylamines, and (-specially
time 2 , 3 , 4 , 5-tetnahydnoxyphenetimvlamine

(rnabl( 4). TIme marked potentiat-iomm �of time
long-term effect of time tetrahmydnoxypheneth-
ylanmimie ��-hen administered in time pne-sence

of ascorbic acid (Table 3), in conjum-tiomm withm
the rapid loss of pharmacological effective-
ume-ss of time amine imu solution, suggests that

time protection from autoxidatioum afforded
by ascorbic acid is exerted primarily duniumg

the injectioum and locally iumtime subcutaneous
depot. Time presence of ascorbic micid immthe
injection medium ima(I little, if aumy, effect

on the PoteumcY of time e)ther amines.
Time long-term effect. of 2 , 3 , 5-tnihydnoxy-

plmenethylamimme and 2 , 3 , 4 , 5-tetrahydroxy-
j)hemuethylamine on time uptake of [3HInor-

epimmepimrine in mouse imeart is similar to that
produced by 2 , 4 , 5-tnihydnoxyphenethyl-

amimme ammcl is probably time result of amine’-
induced mmeunodegene-nat ion of umoradnemmergic

tenmiumals (41-44). TIme abseimce e)f this
effect wit-im the other amines studied, in con-
junction witim their e)t-hen biochemical amid
physical properties, supports time Imypothesis
that neunodegenerat-ioim can oumly be initiated
when a critical iumt-raneuronal ce)mmcentration

of a readily autoxidizable amine is attained

as a direct result- of aim affinity of the amine
for time active uptake process at tim(- neuronal

membrane.

mime inability of time 2 , 4 , 6- and 2 , 3 , 6-
isome-rs significantly to inhibit the uptake or
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enhance time release of norepinephmnine sug-

gests thmat time presence of two hydroxyl

groups flanking the et.hmylamine side chaimm
greatly reduces the affinity of the amine for

uptake processes at e-ither the neuronal or
vesicular membrane’ . While time 2,4,6-
isomer is autoxidized slowly, the 2,3,6-
isomer is autoxidized at a rate equivalent
to the 2 , 4 , 5-isomer. Time lack of long-term
effects with the 2 , 3 , 6-isomer probably re-

suits from an inability to attain a critical
intraneuronal concentration. In like man-

ner, the N ,N-dimethyl derivative of the
2 , 4 , 5-isomer did not block uptake or pro-

mote release of [3H]norepinephrine and
produced no long-term effect, in contrast

to the effect induced by the parent amine.
The low’ affinity for the catecholamine up-

take process of amines with increasingly
bulky N-substituents was apparent from
studies in vitro on the inhibition of [RH]-
epinephrine uptake in perfused hearts (45).
Since the autoxidation of 2 , 4 , 5-tnihmvdroxy-
phenethylamine and its N , N-dimethyi

derivative is equivalent, it seems most
likely that the lack of long-term effects of

the latter amine is due to a failure to acimieve-
the necessary intraneuronal concentration.

The acute effect of 2 , 4 , 5-, 2 , 3 , 5-tnihy-

droxy-, and 2 , 3 , 4 , 5-tetrahydroxyphenetimyl-

amines on [3H]norepinephnine uptake after
20 mm may represent. not only competitive
inhibition but neurodegenenative damage to
the uptake processes, since others have re-
ported that one of the earliest observable
effects of amine-s such as time 2,4,5-isomer is

damage to time amine uptake process (43, 44).
The 3 , 4 , 5- and 2 , 4 , 5-isomers were time

most effective releasing agents in time
series (Table 2). Part of the activity of time
3,4,5-isomer may result- from release of

[mHjnorepinephrine, elicited not by the
amine itself but rather by its O-mctlmylated
metabolite, 3, 5-dihydroxy-4-methoxyphen-

ethylamine, a compound previously reported
to be an extremely potent releasing agent

(18). In the case of the 2,4, 5-isomer, 0-

methvlation (46) commverts it into a relatively
weak releasing agent, 2, 4-diimydroxy-5-

metimoxyphenethylamine (Table 2). Tiue lack

of long-term effects on uptake of t3H]-
norepinephnine by active releasing agemmt-s
such mus time 3,4,5-isomer may be due- to

their markedly lower rates of autoxidatioum
or their inability to form p-quimmommes
(Table 4).

Metabolism of 2 , 4 , 5-tniimydroxypiien-

ethyiamine by monoanmine oxidase appears
to play a minor role in determining time
efficacy of the amine in. vivo, since! the

a-methyl derivative is only twice as active

as a releasing agent (Table 2) and is miot
significantly different- from time pare’mut

amine in eliciting long-term reductions in
the uptake of [3H]norepinephnine imm in-art
(Table 3). The enhanced activity of time

a-nmethyl derivative as a releasing agent is
in agreement with reports of poteimtiation

of the effects of 6-hydroxydopamine (7, 10),
or of 6-hydroxydopa (41 , 47) by mommamimme
oxidase inhibitors.

The 2 , 3 , 4 , 5-tetrahydnoxypheumetimylanmine
undergoes autoxidation at an extremely

rapid rate (Table 4), but in spite of time (‘X-

tensive destruction 1)robabl�’ occurnimmg (tar-
ing transport from the- subcutaneous site of

injection to the heart, this anmin(- (-xhnbits

moderate inhibit-iou of time uptake of 13H]-

norepinephnine and moderate activity as a
re-leasing agent. (Table-s 1 and 2). TIme lomig-
term effects of thuis amine- on uptake- of

[3H]norepinephnine were e-onsc)Imant wit h t hme
hypothiesis that- amines timat luave a sigmuifi-
cant affinity for uptake processes iii time
noradnenergic ne-uronal membramme- and thmat

are, ium addition, readily autoxielizable will
elicit neuronal deg-neration. In view of time
long-te-rm effects of 2 , :3 , 5-tniimydroxyphiemu-

ethvlamine and 2 , 3 , 4 , 5-tetraimvdnoxyphemi-

etimylamine in cardiac tissue, further studie-s
to demonstrate the morpimological cornc’lates
and other e’ffects of these amines on pe-riphi-

eral and central noradrenergic, dopa mimi -

ergic, and serotommengic neuneons hmave beemm

initiated. Studies, similar to the pre-se’nt re-

port, omu the factors immvolved in the- re-Ic-usc

of cardiac nonepinepimnine ammd in time’ appar-

ent dege-mmerative e-ffect of mmoradrenergic

and/on serotinengic uueuromms elicited by

5,6-dilmyroxytryptamimue’ (18, 48-51) amid

related tnyptamines are’ iim pnogre-ss.
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