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Abstract- -The isomers of tranylecypromine (TCP) readily entered the rat brain after intraperitoneal
administration and reached peak concentrations within 15 min. Apparently, (—) TCP entered the brain
more rapidly and reached somewhat higher concentrations than (+) TCP. After a dose of 2-5mgkg
of (=) or {(+) TCP. there was significantly more drug in brain than has been reported necessary
to block the re-uptake of amines by synaptosomes. Both isomers blocked monoamine oxidase in rivo
and in ritro. (+) TCP was between 10 and 60 times more active than (—) TCP, depending on the
amine substrate cvaluated. and both isomers were better inhibitors of type-B monoamine oxidase
activity than type-A activity. The (+) isomer was more active in preventing reserpine-induced sedation
in the rat than the (—) isomer. The ability to prevent the reserpine svndrome was apparently related
to the ability of the drugs to block monecamine oxidase activity rather than to blockade of amine

re-uptake.

Tranylcypromine (TCP), a monoamine oxidase in-
hibitor that is a potent antidepressant [11], is a mix-
ture of (—) and (+) trans-2-phenylcyclopropylamine.
The (+) isomer is a more potent inhibitor of mono-
amine oxidase, while the (—) isomer is a more potent
inhibitor of the uptake of catecholamines by nerve
endings [2, 3]. Is the antidepressant activity of TCP
associated with the (+) or the (—) isomer, that is,
with inhibition of monoamine oxidase or inhibition
of amine re-uptake? Several reports have implicated
blockade of re-uptake as the probable mechanism for
the antidepressant activity of TCP [2-4]. A pharma-
cologic test used to evaluate antidepressant drugs in
vivo is the prevention or antagonism of reserpine-in-
duced sedation in rat [5]. Drugs that inhibit mono-
amine oxidase as well as tricyclic compounds of the
iminodibenzy! or cycloheptadiene structure are active
in this test. Presumably both classes of drugs act by
increasing the concentration of the biogenic amines
at receptor sites after reserpine treatment. The tricyc-
lic antidepressants prevent the re-uptake of released
amines, while monoamine oxidase inhibitors delay the
metabolism of the released amines. We present an
evaluation of the antidepressant activity of the two
isomers of TCP, using the antagonism of reserpine-in-
duced inhibition of spontaneous motor activity, and
compare this activity with the concentration of the
isomers in brain and with the ability of the drugs
to block monoamine oxidase.

MATERIALS AND METHODS
Assay of (+) and (—) tranylcypromine in brain

The assay, described previously.* is based on the
enzymatic transfer of [**Cmethyi from S-adenosyl-L-

*J A Fuentes. M. A, Oleshansky and N. H. Nefl.
Biochem. Pharmac. 24, 1971 (1975).
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methionine['*C7] to the isomers of TCP. This method
probably measures free TCP rather than TCP bound
to monoamine oxidase.

Male Sprague-Dawley rats (Zivic-Miller Labs.,
Allison Park, Pa.) 180-220 g, were injected intraperi-
toneally with one of the isomers of TCP (doses are
expressed as HCI salts) and were killed by exposure
of the head to a focused beam of microwave radiation
for 2:7 sec (microwave oven. model LMMO. Medical
Engincering Consultants, Lexington, Mass.). Brains
were removed and homogenized in 24 vol of sodium
phosphate buffer, 0-25 M (pH 8-0). Homogenates were
centrifuged at 28,000 ¢ for 25 min and the clear super-
natants were uscd for analysis. Samples of superna-
tant (100 ), rabbit lung N-methyl-transferase (100 ul)
and S-adenosyl-L-methionine[!*C] (New FEngland
Nuclear, 58 mCi/m-mole: 5 ul) containing 0-1 uCi of
radioactivity were incubated for 90 min at 37 . Dupli-
cate samples containing internal standards of (+) or
(—) TCP were assayed simultancously. The reaction
was stopped by adding 0-5ml of 2N NaOH. and
N-methyltranylcypromine  and  N-dimethyltranyl-
cypromine (0-01 umole cach) were added as carriers.
The radioactive products were extracted into n-pen-
tane. The organic phasc was transferred 1o another
tube and washed once with sodium phosphate buffer,
0-25M (pH 80). A 5-ml portion of the organic phase
was transferred to a counting vial and dried under
a stream of air. The residue was dissolved in Aquasol
(New England Nuclecar) and counted in a Beckman
LS-250 liquid scintillation counter with automatic
quench correction.

Assay of monoamine oxidase activity

Studies in vitro. Rats were decapitated and their
brains were homogenized in 20 vol. of 67 mM phos-
phate buffer (pH 7-2). Monoamine oxidase activity
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was measured as described previously with radio-
active tyramine[ 1-7*C7 (2:1 mM), serotonin[2-'*(]
(122mM) or 2-phenylethylvlamine[ 1-'*C] (0-2mM)
(New England Nuclear) as substrates [6.7]. The
isomers of TCP were preincubated with brain homo-
genate for 15 min at 20 before adding substrate. after
which the incubation was continued at 37 for 30 min
(serotonin 20 min). The specific radioactivity of the
substrates was adjusted so that 5 10 x 10? ¢p.m. of
product was formed per sample of homogenate dur-
ing the incubation of untreated samples. Serotonin
is a specific substrate for type-A monoamine oxidase,
2-phenylethylamine is o specific substrate for type-B
enzyme and tyramine 15 a common substrate. that
1s, a substrate for both types of enzyme [8].

Studies in vivo. The isomers of TCP were injected
intraperitoneally and the animals were killed 15 min
later by decapitation. TCP can be considered as an
irreversible inhibitor: however, it is possible to par-
tially restore enzyme activity by prolonged dialysis
[9].

Antagonism of reserpine~induced sedation

Dextro- or leco-TCP. dissolved in water. was
administered intraperitoneally to groups of five rats
cach. and after 15min reserpine (2mg'kg) was
administered intravenously. Reserpine, 8 mg, was dis-
solved in 0! ml of acetic acid and diluted to 10 ml
with water. Control animals were treated with sol-
vents. Thirty min after the injection of reserpine, rats
were placed in an infrared motility monitor (type
160FC. Motor Products. Sweden) and activity was
recorded for [5min.

RESULTS

Tranyleypromine concentrations in brain

The isomers of TCP readily entered brain after the
intraperitoneal injection of 10 mg/kg (39 umoles/kg)
and rcached peak concentrations in about 15min
(Fig. 1). Five min after injection, the concentration
of (=) TCP was 60 per cent higher, and at 15min
it was 20 per cent higher than that of the (+) 1somer.
The (—) isomer may have entered brain more rapidly
than the (4) isomer. or it is possible that (+) TCP
was more readily incorporated into tissue com-
ponents than the (—) isomer, resulting in higher con-
centrations of free { —) TCP in brain. At about 60 min
the concentrations of the isomers were similar. When
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Fig. 1. Concentration of TCP isomers n rat brain follow-

g the admimstration of 10 mgky, ip. (539 pmoles/kg).

Values shown are the mean for five rats + SEM.: (+)
TCP (0) and {—) TCP (@).
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Table 1. Concentration of (+) and (~) TCP in rat bramn
after various doses®

TCP concentrations
inmoles:g 4 S.EM)

Dose e
[mg/kg (umolesikel] (+1 (.
20 (118 102 4+ 5 102 + 7
10 (59) ¥4 AN £ 2
S (299) 10 + 2 16 + 2%
25(147) 49 + 02 81 = 09t

*The 1somers of TCP were administered  intraperi-
toneally to four to six rats which were killed §5 min later
by exposure to microwave radiation.

+P < 005 when compared with (+) TCP-treated ani-
mals.

animals were killed [Smin after injecting increasing
doses of the drugs, higher concentrations of the (—|
isomer were found after 2-5. 5 and 10mg kg, but not
after 20 mg/kg (Table 1).

Inhibition of monoamine oxidase

In vitro. 10-60 times higher concentrations of (-}
TCP were required to block enzyme activity by 30
per cent. depending on the amine substrate. when
compared with (+) TCP (Fig. 2). Morcover. both
isomers inhibited the deamination of 2-phenylicthyl-
amine at lower concentrations than were required to
inhibit serotonin deamination. fn vivo. the (4) somer
was about ten times more active than the (—) isomer
when compared at S0 per cent inhibition of enzyme
activity (Fig. 3). and the drugs blocked 2-phenylethyl-
amine deamination more readily than serotonin de-
amination. Furthermore, the slopes of the percentage
inhibition of enzyme activity curves were greater after
{(+) TCP than after (—) TCP. After high doses of
the TCP isomers. nhibition ol cnzyme  activity
approached similar values.

Antagonism of reserpine-induced sedation

(+)TCP at doses of 2-5 or 5 mg/kg inhibited motor
activity, while (—) TCP was without effect (Fig. 4.
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Fig. 2. Inhibition of rat brain monoamine oxidase activity
in vitro by (+}) TCP (solid line) and (—) TCP (dashed
line) using three amine substrates.  Substrates  were
2.phenylethylamine (A). tyramine (@) and scrotonin (O
Assavs were performed as described in Materials and
Methods. Each point represents the mean value for three
homogenates. An asterisk indicates a significant difference
(P < 0:05) between the inhibition of scrotonin and
2-phenviethyvlamine deamination.
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Fig. 3. Inhibition of rat brain monoamine oxidase activity
in viro by (+ ) TCP (solid line) and (—) TCP (dashed line)
using three amine substrates. Substrates were 2-phenyl-
ethylamine (A). tyramine (@) and serotonin. (O). Assays
were performed as described in Materials and Methods.
Data are presented as mean + S.EM. for four to six ani-
mals. An asterisk indicates a significant difference
(P < :05) between the inhibition of serotonin and
2-phenylethylamine deamination.

Reserpine (2 mg/kg. i.v.) virtually abolished activity.
Pretreatment with the (+) isomer of TCP resulted
in motor responses that were significantly greater
than control value in rats treated with reserpine. In
contrast, a dose of 25mg/kg of (—) TCP had no
effect on the activity of reserpine-treated rats, while
the activity returned to about normal after 5mg/kg
of (—) TCP. Doses greater than 5mg/kg of (+) or
(—) TCP resulted in significant mortality when the
animals were treated with reserpine.

DISCUSSION

The isomers of TCP readily passed into brain and
reached peak concentrations within about 15min.
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Fig. 4. Motor activity of rats after treatment with TCP
or reserpine alone or in combination. (A) Activity was
measured 45 min after treatment with TCP (doses in
mg/kg. ip. shown to the left), or saline alone, or 30 min
after reserpine (2 mg/kg, i.v.) alone. (B) Motor activity after
treatment with TCP and reserpine. TCP and reserpine
were administered 45 and 30 min. respectively, before
assaying motor activity, Data are presented as mean +
S.EM. for five to ten animals. An asterisk indicates
P < 0-01 when compared with saline-treated rats.
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There was significantly more of the (—) isomer than
of the (+) isomer in brain after all but the highest
dose evaluated. Apparently the (—) isomer entered
the circulation more rapidly or it was metabolized
more slowly during passage through the liver than
the (+) isomer. The greater difference between the
concentrations of TCP in brain after low doses than
after high doses may indicate that metabolic path-
ways in the periphery were approaching saturation
as the dosage was increased. This. however. remains
to be studied.

(+) TCP in ritro as well as in vico. was @ more
effective inhibitor of monoamine oxidasc than (—)
TCP [10]. (+) TCP in vitro, was between 10 and
60 times more potent than (—) TCP when compared
at 50 per cent blockade of enzyme activity. The degree
of inhibition depended on the amine substrate.
Apparently both (+) and {—) TCP arc better inhibi-
tors of type-B monoamine oxidase (blockade of
2-phenylethylamine deamination) than of type-A
monoamine oxidase (blockade of serotonin deamina-
tion). This is not surprising, since TCP is similar in
structure to the type-B enzyme inhibitor, deprenyl.
In vivo, (+) TCP was about 10-fold more potent than
(—) TCP when compared at 50 per cent inhibition
of enzyme activity and both drugs were better inhibi-
tors of type-B than of type-A enzyme.

The inhibition of monoamine oxidase found for the
study in vivo (Fig. 3) was consistent with the expected
inhibition (Fig. 2) for the concentration of drug found
in brain (Table I). For example, a dose of 2-5mg/kg
of the isomers produced concentrations in brain of
about 4 and 8 uM for the (+) and (—) isomers re-
spectively (Table 1). The expected inhibition of tyra-
mine deamination for these concentrations from Fig.
2 would be about 80 and 15 per cent for (+) and
(—) TCP respectively. The actual inhibition was
about 95 per cent for (+) TCP and 30 per cent for
(—) TCP (Fig. 3). The inhibition found in homo-
genates from injected rats may be somewhat different
from the true inhibition in vive if homogenization
exposed uninhibited enzyme to TCP.

Reserpine in high doses produces depression in
man [11]. The depression of spontaneous motor ac-
tivity seen after reserpine in animals is used as a phar-
macological model for the naturally occurring dis-
orders [5]. However. reserpine has a multitude of
pharmacological actions: thus it is doubtful that it
is a good model for human depression. Nevertheless,
many drugs that alleviate depression in man reverse
the depression induced by reserpine in animals. These
drugs include the monoamine oxidase inhibitors and
the tricyclic compounds that block the re-uptake of
released amines by nerve endings [5]. Both classes
of drugs are thought to act by increasing the concent-
ration of amines at receptor sites. Recently, however,
the mechanism of action of the tricyclic compounds
has been challenged. They are now postulated by
some investigators [12] to act as monoamine oxidase
inhibitors and not solely as inhibitors of amine re-up-
take.

The (+) isomer of TCP is a more potent inhibitor
of monoamine oxidase, while the (—) isomer is a
more potent inhibitor of catecholamine re-uptake
[2.3]. When administered alone. (+) TCP inhibited
normal motor activity while {—) TCP had no effect.



K04 J. AL FuesTis, M. AL OLESHANSKY and N, H. Neri

Horn and Snyder [2] postulated that if the antide-
pressant action of TCP involved monoamine oxidase
inhibition the (—) isomer should be the less potent
antidepressant, whereas if inhibition of catecholamine
uptake is a major factor it should be the more active
of the two isomers. We found that (+) TCP.
2-5mg/kg. enhanced motor activity in reserpine-
treated animals while the same dose of (—) TCP was
without effect. Reserpine was administered when the
concentration of free TCP was assumed to be the
highest. After this dose. monoamine oxidasc was
blocked by about 95 per cent in the (+) TCP-treated
animals and by about 30 per cent in the (—) TCP-
treated animals. Afthough it is difficult to evaluate
blockade of re-uptake of endogenous catecholamines
by TCP within the synaptic junction, we can compare
the concentration of drug in brain with the concent-
ration of drug known to block re-uptake by svnapto-
somes. The concentration of (—) TCP in brain. & uM
(Table 1). was about 15 times greater than that
required to block norepinephrine, and about 8 times
greater than that required to block dopamine re-
uptake by synaptosomes by 50 per cent [2]. When
the dose of {—) TCP was increased by Smg kg, the
reserpine syndrome was prevented concomitant with
blockade of monoamine oxidase by about 50 per cent.
We conclude, therefore. that in our animal model pre-
vention of motor depression after reserpine is better
correlated with inhibition of monoamine oxidase than
with blockade of amine re-uptake.

A recent clinical report [4] found (—) TCP to be
more effective than (+) TCP in depressed patients.
There was no statistical difference in the side cffects.
The authors stated that their findings support the 1dea
that inhibition of re-uptake of relecased amines
appears to be a major mechanism for the antidepres-
sant action of TCP. Their conclusion, however, lacks
experimental support. Both TCP isomers block
monoamine oxidase. The degree of enzyme inhibition
1s dependent on the concentration of drug in brain,
which is related to dosc as well as to metabolism
of the isomers. Future clinical studies should include
a measure of enzyme inhibition after both drugs. such

as blockade of platelet enzyme, which has been shown
to be related to blockade of brain enzyme [13]. to
evaluate the mechanism of action of the isomers.
Morcover. the possibility should be considered that
the isomers of TCP mimic some of the actions of
amphetamine such as release of catecholamines
{14, 15]. which could also explain, in part. the antide-
pressant activity and the side effects of TCP.
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