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Abstract—Rats were treated subcutaneously with different doses of the “B form™ selective monoamine
oxidase (MAO) inhibitors deprenyl (phenylisopropylmethylpropargylamine), U- 1424 (N-methyl-N-propar-
gyl-1 2-furyl- 1-methyl j-ethylammonium) and J-508 (N-methyl-N-propargyl-| I-indenyl]-ammonium. HCl)
in order to study the changes of their selectivity during 21 days of treatment. When the daily dose of (-)
deprenyl and U-1424 was 0.05 or 0.25 mg/kg body wt (similar to the human dosage of deprenyl in clinical
trials), in spite of their repeated administration, a fairly selective inhibition pattern was maintained. In this
case at a low rate of oxidation of beta-phenylethylamine (MAO-B form specific substrate) the conversion of
serotonin (MAO-A form specific substrate) was near to the untreated value. When 1.0 mg/kg of these

inhibitors were repeatedly administered they also inhibited the A form of MAO.

As J-508 is a more potent MAO inhibitor than deprenyl and U- 1424, even the lowest dose (0.05 mg/kg)
used in this study proved to inhibit MAO-A. All the compounds tested were less effective on liver than on
brain MAO:; thus their selectivity was more pronounced on liver homogenate.

Hypertensive crisis is the most serious toxic effect of
monoamine oxidase (MAQ) inhibitors related either to
drug interaction or to the ingestion of foods containing
enough tyramine (“cheese effect”). Deprenyl, a new
spectrum MAO inhibitor developed by Knoll et
al. [ 1, 2] was shown to be a selctive B-type blocker {3],
and a weak inhibitor of the mainly A-type MAO in the
intestines [4, 5]. It is a potent antagonist to the effect of
tyramine [6] and is considered to be safe with respect to
the hazards of combination with a variety of foods and
drugs {7]. This approach was substantially supported
in a recent study showing that huge amounts of tyra-
mine failed to raise blood pressure in men pretreated
with (—)deprenyl [8].

The demonstration that selective MAO-B inhibitors
are safer than the non-selective ones hitherto used [ 7]is
of great practical importance. Clorgyline, the selective
inhibitor of the A-type MAO as well as the non-
selective inhibitors used in therapy are definitely con-
traindicated in Parkinsonian patients on levodopa be-
cause hypertension may result [9]. (—)Deprenyl, how-
ever, was found to be a useful drug in Parkinsonism as it
could be administered concurrently with levodopa
without side effects [ 10, 11].

In planning experiments with selective MAO-B in-
hibitors, it may be overlooked that these compounds
lose selectivity in higher doses. This paper is devoted to
demonstrating that the maintenance of the selective
inhibition of the B form of MAO during a long term
treatment with selective inhibitors needs carefully se-
lected doses. (—)Deprenyl and two of its newly devel-
oped structural analogues N-methyl-N-propargyl-[1-
indenyl}-ammonium.HCl (J-508) and N-methyl-N-
propargyl-[2-furyl- 1-methyl]-ethylammonium  (U-
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1424), which were found to be potent selective inhibi-
tors of MAO-B both in vitro and in vivo [ 12, 13], were
used in this study.

MATERIALS AND METHODS

Materials (—)Deprenyl (phenylisopropylmethyl-
propargylamine hydrochioride), U-1424 (N-methyl-N-
propargyl-[ 2-furyl- 1-methyll-ethylammonium) and J-
508 (N-methyl-N-propargyl-{ 1-indenyl]-ammonium.
HCIl) were synthesised by Chinoin, Budapest.

Treatment of rats. Male Wistar CFY rats weighing
at least 110 g at the beginning of the experiments were
injected subcutaneously with 0.2 ml of different con-
centrations of (—)deprenyl, U-1424 or J-508 daily.
For comparison single dose experiments were also
carried out. The rats were decapitated 4 hr after the last
injection. For each of the treated groups, a control one
of the same age was decapitated on the same day. At the
end of the treatment the weights of the rats were
between 150 and 300 g (average 215 g).

Preparation of homogenates. After decapitation, the
rats were bled and the livers and brains removed,
weighed and chilled. The tissues were homogenized in
10 vol. of 0.25 M sucrose in a Potter—Elvehjem homo-
geniser. The final protein concentration in the liver
homogenate was 17.9 mg/ml and in the brain homoge-
nates 11.5 mg/ml.

Assay of MAO activity and expression of the results.
The radiometric assay of Wurtman and Axelrod [ 14] as
modified by Magyar and Knoll [15] was essentially
used. However, the final concentration of ['C Jbeta-
phenylethylamine ([“CIPEA) was 50uM and of
['*C Jserotonin ([ *C]5-HT) 5004 M. All the results are
expressed as per cent of the MAO activity in the
corresponding control group of rats. The mean values
of the MAO A form activities (serotonin as a substrate)
in the different control groups ranged from 0.44 to
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0.55mol/g wet wt/min and from 1.13 to 1.32umol/g
wet wt/min in the brain and in the liver, respectively.
For the B form (beta-phenylethylamine as a substrate),
they varied between 0.11 and 0.15mol/g wet wt/min
in the brain and between 0.78 and 0.98x mol/g wet wt/
min in the liver.

Protein. Protein was estimated according to Lowry
et al. {16 with human serum albumin as a standard.

RESULTS

The effect of treatment of rats with (—)deprenyl is
shown in Table 1. After 7 days of treatment with a daily
dose of 0.05 mg/kg body weight, only a minor effect on
the A form of the enzyme in brain, as shown by the
activity towards serotonin, could be detected, but the
activity of the B form (the activity towards beta-phenyl-
ethylamine) was reduced to about 25 per cent. At the
highest dose (1.0 mg/kg) of (—)deprenyl, however, the
selectivity was less pronounced in brain. In the liver the
activity of both the A and B forms was at all doses less
inhibited than in the brain. Even when 1.0 mg/kg was
given, almost all of the A form activity in the liver
remained, while only about 20 per cent of the B form
activity could be recorded, showing a high degree of
selective inhibition even with this dose. In the brain at
the same dose, about 30 per cent of the A form activity
and less than 10 per cent of the B form activity re-
mained, which means that the selectivity in this tissue
was less than in the liver at 1.0 mg/kg. After 14 or 21
days of treatment the activities were not significantly
more inhibited than after 7 days at any dose, neither in
the liver nor in the brain, with the exception of the A
form activity in the brain at the highest dose. If only one
single dose was given, the degree of inhibition was less
than after repeated doses. On the other hand, when the
total dose given for 21 days was injected on one single
occasion, a considerably higher degree of inhibition
occurred than when given daily, and a great deal of the
selectivity was lost.

To study how weekly doses of (—)deprenyl infiu-
ence the MAO activity, rats were given 1.75 mg/kg of
(—)deprenyl on three different occasions 7 days apart.
The total dose corresponded to 0.25 mg/kg given daily
for 21 days. One of the groups was killed 4 hr after the
last injection and another group was kept 7 days after
that injection. In Table 2 it can be seen that the B form
activity was considerably less, immediately after the
last injection of the weekly dose, than after the same
total dose given daily (Table 1) both in the brain and in
the liver. After 7 days without treatment a great deal of
both the A and the B form activity in both tissues was
recovered (Table 2).

U-1424 seems to have about the same potency as
(—)deprenyl in the liver but a slightly less pronounced
effect in the brain (Table 3). As for (—)deprenyl, the
selectivity was well retained in both tissues even after
21 days of treatment. When the total dose for 21 days
was given in one single injection, the degree of inhibi-
tion was higher and the selectivity less than when given
in daily doses.

J-508 was found to have a higher potency than
(~)deprenyl and U-1424 both in the liver and in the
brain (Table 4). At a daily dose of 0.25 mg/kg most of
both the A and B form activity was inhibited in the
brain. As can be seen for instance in the brain, when a
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dose of 0.05 mg/kg was used, the selectivity for the B
form was much less than with the other compounds.
This was also the case in single dose experiments.

DISCUSSION

(—)Deprenyl has a higher affinity to the B form of
MAO than to the A form [3]. At high concentration, or
when the enzyme is exposed to the inhibitor for a long
time, the A form is also inhibited. As a MAO inhibitor
of the acetylenic type, (—)deprenyl interacts cova-
lently with the active site of the enzyme, performing
irreversible inhibition [ 17]. The irreversible inactiva-
tion of the enzyme is, however, preceded by areversible
phase [ 15]. On account of this the question must be
considered whether (— )deprenyl loses its selectivity to
the B form when patients are treated daily with the drug.
The experiments described here, however, clearly show
that the selectivity of (—)deprenyl is about the same
when rats are treated with repeated doses for 21 days as
in single dose experiments.

The uptake of deprenyl in brain is a fast procedure
reaching the peak concentration within seconds after an
intravenous dose and almost all of the inhibitor is
eliminated from this tissue after 20-30 min [ 18]. Thus,
it seems likely that the enzyme is not exposed to the
inhibitor in brain for a long enough time and at a high
enough concentration to establish irreversible bindings
to the A form after each injection of the lowest dose,
used here. At the highest dose, (— )deprenyl is reaching
a concentration in the brain high enough to inhibit a
portion of the A form too. The inhibition of beth the A
and B forms is higher in the brain than in the liver
which may also be explained by the fast penetration of
(—) deprenyl into the brain, rendering a higher concen-
tration in this tissue in the initial phase of its

distribution.
If (—)deprenyl was given in one single dose instead

of in daily doses, but with the same total amount of the
inhibitor, a higher degree of inhibition occurred, which
means that a large proportion of both the A and B forms
has been resynthesised during the period of treatment.
No difference in the degree of inhibition at the two
lowest doses occurred when rats were treated for 14 or
21 days compared to the treatment for 7 days, which
means that the daily synthesis of the enzyme was as
high as the inhibition after each dose. The major portion
of the inhibited activity was restored one week after
treatment with three weekly injections of (—)deprenyl
(Table 2), which shows a great fluctuation of the en-
zyme activity when weekly doses are given instead of
daily doses.

We developed novel deprenyl-derived selective in-
hibitors of MAO recently {12, 13, 15]. Of the new
structural analogues of deprenyl, U-1424 and J-508
were selected for this study. In U-1424 the benzene ring
of deprenyl has been changed for a furan ring and J-508
is the indeny! analogue of deprenyl. U-1424 was found
to have about as high selectivity as deprenyl to the B
form of MAO (Table 3) but the selectivity of J-508 is
somewhat less pronounced. The latter inhibitor has.
however, a higher potency than both U-1424 and (—)
deprenyl, and accordingly the selectivity is lost at a
lower dose than for the other inhibitors. The com-
pounds do not lose their selectivity during treatment for
14 or 21 days, but after a single injection of a high
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concentration of the inhibitors a large proportion of the
A form activity was also inhibited.

When patients with Parkinson’s disease have been
treated with (— )deprenyl, daily doses of 5—10 mg have
usually been used [ 10, 11]. The doses correspond to
about the lowest dose (0.05 mg/kg) in the present
experiments, and thus, at least in the rat, the selectivity
of the inhibition is good enough after treatment for 21
days (Table 1). The A form of the enzyme in the brain is
slightly inhibited at this dose (81.8 per cent of control
activity remained); however, the activity of the B form
is only about 20 per cent of the control. When about
five times the dose was administered (0.25 mg/kg body
weight), the inhibition pattern of MAO concerning
selectivity was the same after 3 weeks of treatment (75
per cent A and 16.6 per cent B activity remained)
showing that (— )deprenyl has a satisfactory therapeu-
tic range.

Regarding the inhibitory properties of U-1424, no
change in its selectivity, and only a slight difference in
its potency, were recognized compared to (—)de-
prenyl. It has to be considered, however, that the
racemic form of U-1424 was used in this study, and
that this is probably less potent than the (—)form as an
inhibitor of MAOQ activity.

J-508 was found to be a MAO inhibitor of unusually
high potency. To maintain a selective inhibition of
MAO-B with this compound during long term treat-
ment, one tenth of the dose of (— )deprenyl or less has
to be administered. The extremely high potency of this
inhibitor of MAO might give it advantages as a drug.

The results clearly demonstrate that with carefully
selected doses the selective inhibition of the B form of
MAO can be found maintained during a long term
treatment with (— )depreny! and related substances. As
they are irreversible inhibitors of MAO, a permanent
regenerating process renewing the MAO enzyme may
play an essential role in this mechanism.
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