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ABSTRACT - PURPOSE. To compare phenelzine
(PLZ), an antidepressant drug with anxiolytic
properties which inhibits monoamine oxidase (MAO)
but also elevates rat brain levels of the amino acids y-
aminobutyric acid (GABA) and alanine (ALA), with
vigabatrin (VIG), an anticonvulsant which elevates
brain GABA by inhibition of GABA transaminase
(GABA-T), with regard to their actions on brain
levels of GABA and ALA and on activities of MAO,
GABA-T and ALA transaminase (ALA-T).
METHODS. Male rats were administered PLZ (10
mg/kg) or VIG (1,000 mg/kg) i.p., and the rats were
euthanized 4 hours later and the brains removed for
analysis of levels of GABA and ALA (by electron
capture gas chromatography after derivatization) and
activities of MAO, GABA-T and ALA-T
(radiochemical assays). RESULTS. Both PLZ and
VIG inhibited GABA-T and elevated GABA levels.
Only PLZ inhibited MAO and ALA-T and elevated
ALA levels. The effects of PLZ on both amino acids
and their transaminases were blocked by pre-
treatment with the MAQO inhibitor tranylcypromine.
This pretreament had no effect on the inhibition of
GABA-T or the elevation of brain GABA levels
produced by VIG. CONCLUSIONS. At the doses
studied, PLZ was as effective as VIG at elevating
brain GABA levels, but, unlike VIG, also inhibited
MAO and ALA-T (and increased brain ALA levels).
Pretreatment of rats with the MAO inhibitor
tranylcypromine prevented the increase in brain
GABA and ALA levels with PLZ, but did not block
the effect of VIG on GABA. These observations with
tranylcypromine and PLZ support the hypothesis that
an active metabolite of PLZ produced by the actions
of MAO on this drug plays a major role in its GABA-
and ALA-elevating actions.

INTRODUCTION

Phenelzine (B-phenylethylhydrazine, PLZ) is a
monoamine oxidase (MAO)-inhibiting antidepressant

drug that is also effective in treating panic disorder
and social anxiety disorder (1,2). PLZ has also been
shown to elevate brain levels of the amino acids y-
aminobutyric acid (GABA) and alanine (ALA) and to
inhibit activity of the transaminase enzymes that
normally metabolize these amino acids (3-8). It has
also been shown to be neuroprotective in an animal
model of cerebral ischemia (9). While its ability to
elevate brain GABA levels, thereby counteracting the
excitotoxic effects of excess released glutamate may
account at least in part for its neuroprotective effects
in this ischemia model (10), it is also known to
prevent neurotoxicity produced by toxic aldehydes in
aretinal cell line by sequestering these aldehydes (9).
PLZ not only inhibits MAO, but also serves as a
substrate for this enzyme (3,11-15) and experiments
to date indicate that a metabolite formed by the action
of MAO on PLZ plays an important role in the
GABA-elevating actions of PLZ (3,6). Although this
metabolite has not yet been unequivocally identified,
phenylethylidenehydrazine (PEH) is a potential
candidate (16). To further elucidate the interactions of
PLZ with GABA, in the present study PLZ was
compared to vigabatrin (VIG), an anticonvulsant
which is a known inhibitor of GABA-T (17,18) that
also elevates brain levels of GABA (18-20).
Additionally, both VIG and PLZ have been reported
to have anxiolytic and neuroprotective properties
(9,21-25). In the present report, the two drugs were
compared for their effects on GABA and GABA-T at
a post-injection time of 4 h, a time interval at which
both drugs have been reported to produce marked
elevations of brain GABA in rodents (4,19,20).
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Concurrently, levels of brain alanine (ALA) and
activities of the catabolic enzyme ALA-transaminase
(ALA-T) were also measured, as a previous report in
the literature have shown that PLZ also inhibits ALA-
T and increases brain ALA levels (7,8). The effects of
pre-administration of the MAO inhibitor
tranylcypromine (TCP) on these same parameters
were also investigated; this study was of interest as it
has been reported that pre-treatment with TCP blocks
the GABA- elevating effect of PLZ (3,6), presumably
by inhibiting the formation of the active metabolite(s)
produced by the actions of MAO on PLZ.

MATERIALS AND METHODS

Drug Administration:

All studies were run in accordance with the guidelines
of the Canadian Council on Animal Care through the
approval of the University of Alberta’s Health
Sciences Animal Welfare Committee. Male Sprague
Dawley rats weighing 250-300 g with free access to
food and water were randomly assigned (n=6) to one
of the following groups: VIG (1000 mg/kg); PLZ (10
mg/kg) or distilled water vehicle (VEH). These drug
doses were chosen based on preliminary experiments
in our laboratories that showed at the time intervals
used in the current studies, a 1000 mg/kg dose of VIG
was required to give approximately the same GABA
elevation as 10 mg/kg of PLZ. Animals were
administered VIG, PLZ, or VEH via intraperitoneal
(ip) injection and sacrificed by decapitation 4 h later.
The brains were then rapidly removed, flash frozen in
ice-cold isopentane on solid carbon dioxide and
stored at -80°C until analysis.

In a separate study, the effects of pre-
treatment with TCP were evaluated by ip
administration of either TCP (1 mg/kg ) or VEH 1 h
prior to injection of VIG, PLZ or VEH depending on
random group assignment. Administration of this
dose of TCP is well known to inhibit monoamine
oxidase markedly within one hour (e.g. reference 6).
Four hours after the second injection (VIG, PLZ or
VEH), the animals were sacrificed by decapitation
and the brains processed as described below. All
doses are expressed as free base weight. At the time
of analysis, the frozen brains were hemisected and
one-half homogenized in 5 volumes of distilled water
and divided into portions for analysis of activities of
MAO-A and -B and GABA-T or ALA-T using the
radiochemical methodologies of Wurtman and
Axelrod (26) for MAO and Sterri and Fonnum (27)

for the amino acids. The remaining half brains were
homogenized in ice-cold 0.1 N perchloric acid
containing 10 mg % EDTA and 0.05 mM ascorbic
acid. This homogenate was then centrifuged at 12,000
x g for 15 min at 4°C to remove the protein
precipitate. Portions of the supernatant were then used
for simultaneous analysis of GABA and ALA levels
employing the electron-capture gas chromatographic
methodology of Wong et al (28) which utilizes
derivatization with a fluorinated reagent prior to
analysis.

Statistical analysis consisted of applying one-
way and two-way ANOVA (for the drug
combinations) to the treatment means of all groups.
Post hoc Newman-Keuls comparisons were applied to
data showing significant treatment main effects and
interactions. A p value of <0.05 was used to
determine statistical significance.

RESULTS

Results from the MAO-A and -B assays demonstrated
that VIG did not inhibit either of these isozymes. On
the other hand, animals treated with PLZ showed, as
expected, a marked inhibition of both MAO-A and -B
(93 and 85% inhibition respectively).

Treatment with either VIG or PLZ resulted in
more than a doubling of GABA levels (Figure 1a).
There was no significant difference between the
levels of GABA from the VIG-treated animals as
compared to the PLZ-treated animals (p>0.05). Brain
GABA-T activity was significantly inhibited by both
VIG (42% inhibition) and PLZ (32% inhibition)
(Figure 1B). Animals treated with PLZ showed an
increase in brain ALA levels to approximately 250%
of control values whereas ALA levels obtained from
animals treated with VIG were similar to those
obtained from control animals (Figure 1A).
Corresponding to these data, PLZ treatment
significantly inhibited ALA-T activity (28%
inhibition), while VIG treatment did not (Figure 1B).

In the TCP-pre-treatment study, GABA levels
obtained from the control group VEH/VEH, and the
TCP/VEH- and TCP/PLZ- treated groups were not
significantly different from each other, with values
ranging from 230 to 260 pg/g tissue (Figure 2A). On
the other hand, animals treated with the combinations
of VEH/VIG, VEH/PLZ and TCP/VIG showed
significantly elevated GABA levels to almost 3 times
control levels (values ranging from 612 to 660 ng,
p<0.05). These data indicate that TCP completely
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blocked the GABA-elevating action of PLZ, but had
no effect on the GABA-elevating action of VIG.
The data obtained from analyses of GABA-T
activity (Figure 2B) parallel those described above in
that only the groups treated with the combinations of
VEH/VIG, VEH/PLZ or TCP/VIG showed significant
inhibition of GABA-T activity. There were no
significant differences between the TCP/VEH and
TCP/PLZ-treated animals compared to the VEH/VEH
control group (p<0.05). In other words, pre-treatment
with TCP blocked the GABA-T-inhibiting actions of

PLZ but had no effect on the GABA-T-inhibiting
properties of VIG.

Results obtained after analyses of brain ALA
levels and ALA-T activity in animals treated with the
drug combinations are displayed in Figure 3. Only the
VEH/PLZ group had significantly elevated ALA
levels compared to the VEH/VEH control group
(p<0.05). Similarly, only the VEH/PLZ-treated group
showed a significant decrease in ALA-T activity as
compared to the VEH/VEH control group (p<0.05).

Todd and Baker Figure 1.
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Figure 1. A) Brain GABA and ALA levels from rats treated with VIG (1000 mg/kg) or PLZ (10 mg/kg) 4 h previously.
Histograms represent % of VEH + SEM (n=6). (Mean control levels were 295 + 28 pg/g tissue and 55 + 4ug/g for GABA
and ALA, respectively). B) Inhibition of brain GABA-T and ALA-T from rats treated with VIG (1000 mg/kg) or PLZ (10
mg/kg) 4 h previously. Histograms represent % of VEH + SEM (n=6). * Denotes significantly different from VEH.
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Figure 2. A) Brain GABA levels in rats treated with drug combinations. Rats were pre-treated with TCP or VEH 1 h before
treatment with VIG or PLZ, and were killed 4 h later. Doses: VIG 1000 mg/kg; PLZ 10 mg/kg; TCP 1 mg/kg. Histograms
represent % of VEH/VEH + SEM (n=6). a, significantly different from VEH/VEH; b, significantly different from VEH/VIG; c,
significantly different from VEH/PLZ (VEH/VEH control values were 231 + 20 pg/g tissue).B) Brain GABA-T inhibition in rats
treated with drug combinations (VIG 1000 mg/kg; PLZ 10 mg/kg; TCP 1 mg/kg, n=6). Histograms represent % of VEH/VEH
activity (= SEM). a, significantly different from VEH/VEH; b, significantly different from VEH/PLZ.
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Figure 3. A) Brain ALA levels in rats treated with drug combinations. Rats were pre-treated with TCP or VEH 1 h before
treatment with VIG or PLZ, and were killed 4 h later. Doses: VIG 1000 mg/kg; PLZ 10 mg/kg; TCP 1 mg/kg. Histograms
represent % of VEH/VEH + SEM (n=6). (VEH/VEH control values were 55 + 3 pg/g tissue).B) Brain ALA-T inhibition from
rats treated with drug combinations. Rats were pre-treated with TCP or VEH 1 h before treatment with VIG or PLZ, and were
killed 4 h later. Doses: VIG 1000 mg/kg; PLZ 10 mg/kg; TCP 1 mg/kg. Histograms represent % of VEH/VEH activity + SEM
(n=6). * Denotes significantly different from VEH/VEH.
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DISCUSSION

The results from this investigation comparing the ex
vivo effects of VIG and PLZ confirmed that VIG has
no effect on MAO while PLZ potently inhibited both
MAO-A and MAO-B. VIG appears to be relatively
selective for GABA-T in that it has been reported to
not inhibit other transaminases such as aspartate
transaminase and liver ornithine transaminase (29).
However, it has been reported that VIG decreases
brain levels of glutamate and aspartate at doses that
induce an elevation of brain GABA, although the
exact mechanisms involved are not known (19). The
present investigation showed that VIG, in contrast to
PLZ, had no effect on the activity of ALA-T or on
levels of ALA in rat brain.

Our results also showed that treatment with
VIG or PLZ at the doses tested resulted in similar
elevations of brain GABA levels, and a similar degree
of inhibition of GABA-T. Interestingly, these
increases in GABA levels occurred when GABA-T
was inhibited by only 30-40%. A similar finding was
reported by an earlier study by Popov and Matthies
(3). It has been demonstrated that PLZ, at doses that
result in elevated brain GABA levels in the rat, shows
anxiolytic effects on the elevated plus maze test (22)
and offers significant neuroprotection in an animal
model of global ischemia (9). Vigabatrin has also
been reported to have anxiolytic and neuroprotective
actions (9,24,25). To our knowledge, it has not yet
been demonstrated that PLZ, or the proposed
metabolite PEH, has, like VIG, anti-convulsant
properties; such knowledge would have important
clinical relevance as several antidepressants actually
increase the susceptibility of patients to convulsions.
Vigabatrin is used in treatment of infantile spasm and
as adjuctive therapy in adults with partial epilepsy
which has been refractory to treatment with other
anticonvulsants (30,31). Vigabatrin has also been
reported to produce visual field defects and other
visual disturbances (30 and 31 and references
therein), but to our knowledge similar visual
problems have not been reported with PLZ despite its
clinical use for many years.

Results from the present study showed that
pre-treatment with TCP blocked the GABA-elevating
effects of PLZ, but not of VIG. Earlier studies found a
similar pattern when comparing the effects of pre-
treatment of TCP on the GABA-elevating actions of
PLZ and aminooxyacetic acid, a GABA-T inhibitor

(3) that is, TCP reversed the action of PLZ, but had
no effect on aminooxyacetic acid. These observations
further support the supposition that a metabolite of
PLZ, produced by the action of MAO on PLZ (3,6),
contributes to the GABA-elevating action of this
drug. The results of the present investigations indicate
that this metabolite also contributes to the inhibition
of ALA-T activity and increased brain ALA levels
observed following administration of PLZ. Currently,
there is a paucity of knowledge regarding the role of
ALA in neurotransmission or its possible involvement
in the aetiology of depression or panic disorder.
However, ALA is related metabolically to lactate,
which has been shown to produce panic attacks in
patients with panic disorder (32). Moreover, it has
been reported that lactate infusion in human subjects
results in increased brain lactate levels (33). Thus, it
is possible that the antipanic effects of PLZ may be
due, at least in part, to a reduction in the formation of
lactate from pyruvate via the elevation of ALA.

CONCLUSION

Taken together, the results from the present
experiments confirm that the GABA-elevating effects
of PLZ in rat brain are similar to those of VIG and are
due, at least in part, to the inhibition of GABA-T. Itis
also of interest that this effect occurs at a much lower
dose than is required for VIG. While PLZ is also an
inhibitor of ALA-T and increases rat brain ALA
levels, VIG has no such effect at the dose tested.
Elevation of brain levels of both GABA and ALA by
PLZ can be blocked by the prior treatment with the
MAUO inhibitor TCP, providing further support that a
metabolite of PLZ, produced by the action of MAO
on the parent drug, plays a major role in the GABA-
(and ALA-) elevating action of PLZ.
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