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Phenelzine [(2-phenylethyl)hydrazine, Pz], a monoamine oxidase
inhibitor (MAOI) has been employed clinically as an antidepressant
drug for over twenty years. However, knowledge of the in vivo
metabolism of this substance is limited.

Indirect evidence suggests that Pz may undergo acetylation in
vivo and that differences between fasjc and slow acetylator phenotype
patients may influence the course of the clinical response. How-
ever, N-acetylated metabolites of Pz have neither been detected in
biolcgical samples nor fully characterized chemically. In fact,
there is no direct evidence to support the occurrence of Pz
acetylation in vivo.

Experiments were conducted to determine the in vivo formation and
pharmacological properties of the two possible monoacetylated
metabolites of Pz (N1 -acetylphenelzine, N' -AcPz; N2—acetyl-
phenelzine, NZ—ACPZ). Procedures were developed for the separate
synthesis of each amide which were then characterised by gas
chromatography, mass spectrometry, infrared and nuclear magnetic
resonance spectroscopy. Analytical procedures for Pz, N1 ~-AcPz and
NZ—Ach were developed and applied to extracts of rat tissue. In
addition the effects of Pz, N '_acPz and N?-AcPz on monoamine

oxidase enzymes (MAO) and biogenic amines were assessed and compared.



The data from clinical studies indicate that N'-AcPz vas the
sole product of Pz acetylation under aqueous conditions whereas
N2-acetylation occurred under anhydrous conditions.  Spectroscopic
evidence suggests that N-acetylated Pz exists as a mixture of
rotational isomers.

In the rat, only N°-AcPz occurred as a metabolite of Pz and
this amide possessed MAO inhibiting properties independent of its
hydrolysis to Pz. N1—Ach did not inhibit MAO and was not
detected as a metabolite of Pz.

Blood levels of Nz—Ach, after administration of a low dose
which did inhibit MRO enzymes but did not increase brain levels of
biogenic amines, were several-fold higher than those measured after
administration of a 3.8-fold higher dose of Pz. Taken in conjunc-
tion with the reduced potency of Nz—Ach as a MAO inhibitor, these
data suggest that the metabolic acetylation of Pz is probably not

pharmacologically significant in the rat.
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1.  INTRODUCTION
1.1.  The Drug

1.1.1. History
Depression has been part of the human condition since antiquity.

However, pharmacological treatment for depression became available
only during the late 1950s. Prior to that time, the main treatments
were psychotherapy for mild depression and electroconvulsive therapy
for more severe depression. With the clinical introduction of
monoamine oxidase inhibitors (MAOIs) and later the dibenzazepine
tricyclic antidepressants, some optimism towards pharmacological
management of depressive syndromes wasn generated. This optimism is
supported by many controlled clinical studies which indicate that
both groups of agents are effective antidepressants. 1-5

MAOIs were originally viewed as less effective and more toxic
than tricyclic antidepressants. The reason for this belief may be
that, in early studies, subtherapeutic doses were often employeds-9
and early reports of hypertensive crises during MAOI therapy did not
anticipate the relative ease of dietary control. Use of MAOIs in
the United States has become widespread over the past decade,g_14
as the clinical responses to these agents have become better
understood.

Phenelzine (Pz) was introduced in 1959 for treatment of atypical,

neurotic or reactive depression.s'w"17 It has subsequently been



2

shown to be possibly of superior clinical value to the tricyclic

18

antidepressants (TCAs) in accurately diagnosed patients. Some

evidence suggests that Pz may have superior action to TCAs in hulimic

19,20 There are also reports of beneficial response to

2

patients.

Pz in patients suffering from migraine headaches, ! aphthous ulcers

of the mouth22 or cocaine abuse,23

although relationships to MAO
inhibition have not been established.

Pz is also a particularly useful alternative in those patients
vho are either refractory to TCAs, intolerant of their side
eff.ects24 or viewed as potentially suicidal.25 This last point
should not be underestimated since records maintained by the Chief
Medical Examiner's Office indicate that during the past five years in
the Province of Alberta approximately 150 individuals have died as a
direct result of tricyclic overdose or tricyclic levels were
sufficient to be judged as a contributing factor. Because of the
rapid onset of cardiac symptoms after tricyclic overdosing and the
high degree of tissue binding, intervention in the course of
tricyclic toxicity is usually ineffective and intentional overdosing

6 Although some mortalities after Pz have

is almost always fatal. 2
been reported with very high doses, there is frequently a relatively
long lag period prior to expression of toxicity (approximately 12

hours) during which hemodialysis can be instituted.?’

1.1.2. Physicochemical Properties

The chemical structures of Pz [(2-phenylethyl)hydrazine], and its
two possible monoacetyl conjugates are depicted in Fig. 1-1.

Pz base is an oil but the drug is employed as the acid sulfate,



. . 28
C8H12N2.I-IZSO4 with a molecular weight of 234.3. This
is a white or yellowish-white powder or pearly plates, and is soluble
in water. It is however practically insoluble in ethanol,

chloroform or ether. Pz is marketed in Canada under the trade name

of Nardil.

1.1.3. Mechanism of Action

Pz is thought to produce its beneficial effects through
inhibition of monocamine oxidase (MAO), an enzyme which plays an
important role in the intraneuronal metabolism of norepinephrine
(NE), dopamine (DA), serotonin (5-hydroxytryptamine, 5-BT) and the
trace amines.2’ This enzyme is widely distributed and has been
found in most marrmals.30 In humans, MAO is present in most
tissues, with greatest activity in liver, blood and brain. Within
the hrain the greatest activity of MAO is found in the hypothalamus,

31

nucleus accumbens and locus coeruleus. Individuals with low

brain and platelet MAO activity are thought constitutionally prone to

suicide, alcoholism and unipolar or bipolar depression.

MAO consists of two main isozymes referred to as MAO-A and MAO-B,

3

which are distributed differently throughout the body.3 For

example, the intestinal tract of man and other animals contains
almost exclusively MAO-A, vwhereas blood platelets contain almost
exclusively MAO-B. In the brain one or the other type predominates
according to species and brain region. MAO-A and MAO-B are also
distinguished by their relative preferences for biogenic amine

substratess)3 (Table 1-1). Thus, for example, MAO-A exibits a



CHg-CHz-hll-hllH
RR
Pz R=H R'=H
0
I

1
N-AcPz R= C-CHs R=H

2 "
N-AcPz R=H R' = C-CH3

Fig. 1-1. Chemical structure of phenelzine and its monoacetylated

derivatives.
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strong substrate preference for NE and 5-HT, while MAO-B exhibits
preference towards benzylamine and 2-phenylethylamine (PE).34
Some substrates such as DA are degraded with equal efficiency by both
isozymes.35 Although strict substrate preferences may be lost at
either high substrate or enzyme concentrations,35 this classi-
fication is generally accepted and the MAOIs are hence also classi-
fied according to their relative abilities to distinguish between and
selectively inhibit one or the other MAO-subtypes. For example,
(-)-deprenyl is a selective type B inhibitor which blocks the
metabolism of benzylamine and PE at concentrations far below those
required to block deamination of 5—HT.36 In contrast clorgyline
is a type-A inhibitor, which blocks the degradation of 5-HT at very
low concentrations, while affecting the metabolism of benzylamine
only at very high concentrations.37 In comparison Pz and

tranylcypromine do not exhibit isozyme preference and are considered

to be non-selective MAOIs.10

The most notable action of MAOIs including Pz, is their ability
to interact with and inhibit MAO enzymes in vivo. This inhibition
results in decreased degradation of NE, 5-HT and DA and a significant
38-41

accumulation of these substrates in brain. In addition,

effects on biogenic amine re-uptake or release mechanisms may also
contribute to net effects on biogenic amine metabolism.42 It has
also been demonstrated that a decreased density of B-adrenergic,
a-adrenergic and 5-HT binding sites occurs during chronic MAOI

treatment.42 Although the significance of this decreased binding

is not fully understood, it has also been reported with other forms



Table 1-1. Substrates and Inhibitors of Monoamine Oxidase*.

MAO-A Mixed MAO-B
Substrates epinephrine m,p-tyramine 2-phenylethylamine
norepinephrine dopamine phenylethanolamine
netanephrine octopamine o~tyramine
serotonin (5-HT) synephrine benzylamine
tryptamine

Irreversible
inhibitors clorgyline
Lilly 51641
Reversible
inhibitors harmine
| ami flamine
cimoxatone

N-methyltryptamine
N,N-dimethyltryptamine

phenelzine (-)deprenyl
tranylcypromine Lilly 54781
isocarboxazid MDL 72145
pargyline AGN 1133
(more B) BAFN 1135

brofarmine (CGP 113053)

Ro 11-1163
MD 780515
FLA 336(+)

* adapted from ref. 37.
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of antidepressant therapy including TCAs and electroconvulsive
therapy,43 and the latency in its development appears to correspond
to the delayed development of an antidepressant response.

Pz, by nature of its chemical similarity to PE, may also act in
an entirely unique manner. . Biochemical data indicate that Pz is
degraded in vivo to FE and the stimulant properties of this
metabolite may also provide some antidepressant effect.?!r4443

The dominant effect of MAOIs, however, is their ability to
inhibit MAO-A and MAO-B, and several authors have employed inhibition
of platelet MAO as an index of brain MAO inhibition.6’15'46 Thus,
Robinson et g;.6'15 studied the relationship between platelet MAO
inhibition and clinical improvement during Pz therapy. These
investigators observed a direct relationship between the degree of
platelet inhibition and clinical outcome. Thus, whereas only 44% of
patients with less than 80% inhibition showed any improvement, 68% of
those with greater than 80% inhibition improved. Of those with 90%
inhibition, 79% improved. In addition, they found, with 60 mg Pz
per day, maximum MAQ inhibition did not occur until after two weeks;
a point which may explain the frequent inability to demonstrate
clinical benefit from Pz in earlier studies of less than three weeks
duration and when lowerr doses of Pz were employed.s"8 In further
support of a relationship between MAO inhibition after Pz
administration and clinical response, Gupta g§“§;.47 have reported
decreased blood levels of 3-methoxy-4-hydroxy-phenylglycol (MHPG), a
MAO-dependent metabolite of NE (Fig. 1-2), corresponding to decreased

platelet MAO activity.



1.1.4. Side Effects and Toxicity

Early unfavorable publicity on two drugs contributed to the
devaluation of the MAO inhibitors as clinical agents. Iproniazid,
currently not available on the U.S. market, inhibits oxidative
metabolism via the cytochrome P-450 system in addition to effects on
MAD enzymes.48 This drug was also shown to covalently bind to
hepatic macromolecules and to induce hepatic necrosis in
;pproximately 1% of treated patients.46 Similarly, the occurrence
of hepatic necrosis after treatment with Catron [pheniprazine,
(1—methyl-z—phenylethyl)hydrazine] contributed to the disfavour of
maoIs. 28 Observations of hypertensive crisis in MAOI-treated
patients who subsequently ingested sympathomimetic amines also
contributed to their withdrawal from  common use. " However,
Blackwell et 2;:50 have since shown that patients ingesting food
rich in sympathomimetic amines rarely experience adverse hypertensive
crisis, suggesting that this risk may have been exaggerated.

More specific to Pz, autonomic effects including orthostatic

48-50 10,11,15 are

hypotension,52 sexual dysfunction and edema
not uncommon. These effects are not always dose related and may
disappear during the course of continued therapy.

Weight gain during Pz therapy53 can be related to a craving
for carbohydrates and appears to be indicative of therapeutic
response.54 However, 45 cases of weight gain (in excess of 6.8 kg
in 32 of the cases),53 resulting in discontinuation of therapy,

have been reported since 1963. It is important to ensure that the

duration of therapy is sufficient to allow distinction between weight
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gain due to changes in the affective state rather than effects
directly on appetite.

Edema after Pz often subsides without special intervention within
a week of starting treatment. However, electrolytes should be
monitored during persistent edema because of the possibility of

55

effects by Pz on secretion of antidiuretic hormone. Pz has also

been associated with hypersensitivity, pheochromocytoma, congestive
heart failure, urinary retention and blurred vision and there is some
cmall risk of hepatocellular-type liver damage. >®r%7

A National Institute of Mental Health collaborative study using
110 patients on maintenance Pz found no adverse hypertensive
reactions (with proper dietary discretion), 1 case of elevated liver
function test and a small number of anticholinergic side
effect:s.35 This study again suggests that the prevalence of MACI
side effects may initially have been overestimated. Other studies
have yielded similar data and also suggest that anticholinergic side
effects appear gradually during the first therapeutic week but then

49 Similarly, in a comparative study of Pz, nortrip-

58

decline.
tyline (a TCA) and placebo, Georgot et al. reported that
approximately equal antidepressant responses were observed in each
drug-treatment group. Anticholinergic symptoms were greater in the
TCA group whereas orthostatic effects were similar in each group.

In addition to inhibition of MAO, several MAOIs have been
demonstrated to inhibit hepatic enzymes which catalyse N-dealkyla-
tion, O-demethylation and hydroxylation of both endogenous and

exogenous substrates.59 This suggests that the pharmacokinetics
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and clinical action of other agents may change during MAOI therapy
even though they are not directly metabolised by MAO enzymes. The
classic drug interaction with MAOIs is that sovperienced during
simultanecus treatment with TCAs. Although some evidence suggests
that such combined therapy may be beneficial to refractory
patients,60 extreme care must be exercised to avoid potentially
fatal cardiovascular responses.61 Metabolic interactions also
have been demonstrated between MAOIs and other drugs. For example,
conjoint MAOI treatment may modify phenothiazine metabolism and
potentiate hypertemsive and  extrapyramidal reactions.?® Similar
potentiation of the actions of some syrrlpathominetics,62_63 barbi-
turates,64 ethanol and narcotics56 have also been reported.

Finally, Pz, 1like other hydrazine-derived drugs, can interfere
with vitamin B6 metabolism through reaction with the aldehyde
function of pyridoxal-5-phosphate (PI_.P),65 (Fig. 1-3), resulting in
depletion of this coenzyme and inactivation of the drug. This
effect by Pz has been observed in rats as an increased urinary
excretion of xanthurenic acid after a tryptophan load65 (Fig. 1-4)
and occasionally in humans as a peripheral neuropathy during long-
term Pz therapy.66 Some authors67 have even suggested that
because of the reactive nature of PLP with hydrazine the possibility

of subclinical vitamin B6 deficiency should be considered even in

the absence of overt clinical signs.
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1.1.5 Metabolism and Pharmacokinetics of Phenelzine:

Data have been reported which indicate that sinple hydrazine
compounds are metabolised primarily by oxidation or conjugation.
These pathways can also be applied to Pz metabolism and may support
observations made during in vivo metabolic studies. These obser-
vations with simple hydrazines and their applications to Pz meta-

bolism will therefore be discussed in an approximate chronological

order.

1.1.5.1. Oxidative Metabolism of Hydrazines

In 1964, Miller68 proposed that the carcinogenic properties of
the glycoside cycasin (methylazoxynethanol—o—glucoside) (Fig. 1-5),
were due to the spontaneous decomposition of its aglycone to diazo-
methane (DAM) and formaldehyde. He further proposed that azoxy-
methane (AOM) also could be metabolically transformed into DAM
through similar pathways. These suggestions were confirmed by a

69,70 These authors demons-

series of reports from Reed et al.
trated that many hydrazines were metabolised by microsomal enzymes
and that whereas mono-alkylhydrazines (e.g. 1-methylhydrazine, MH)
were metabolically converted to hydrocarbons (e.g. methane) by the
rat (Fig. 1-6), more highly substituted hydrazines [e.g. 1,1-di-
methylhydrazine (1,1-DMH) or 1,2-dimethylhydrazine (1,2-DMH) )] were
converted to carbon dioxide via formaldehyde (Fig. 1-6). To explain
these observations they proposed that an initial step in the
metabolism of monoalkylhydrazines and 1,2-dialkylhydrazines was

equivalent to dehydrogenation and yielded a mono- or a 1,2-di-
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substituted diazine. These authors suggested that the marked
instability of monosubstituted diazines led to their spontaneous
free radical degradation to alkanes. In contrast the more stable
disubstituted diazines did not decompose spontaneously and survived
to undergo further metabolism leading to carbon dioxide. Reed et
al. also suggested that because 1,1-disubstituted hydrazines were not
structurally compatible with conversion to diazines, they were
metabolised through separate oxidative pathways also 1leading to
aldehydes (Fig. 1-6).

Similar studies by Fiala et _ai.71’72 added to these obser-
vations and reconfirmed that 1,2-DMH was metabolically converted to
azomethane (AM), AOM and methylazoxymethanol (MAM). Electron spin
resonance studies have since demonstrated the generation of free
radical intermediates during the metabolism of a wide variety of

hydrazine substances. 73-76

Similar conversions have been proposed and observed with Pz (Fig.
1-7). Thus, Clineschmidt and Horita77’78 demonstrated that
phenylacetic acid (PAA) or phenylacetaldehyde (PA) was a major
metabolite of Pz and that MAO enzymes participated in this meta-
bolism. However, Prough et al .79 demonstrated that although mono-
alkylhydrazines could be metabolised by mitochondrial enzymes to
generate aldehyde, metabolism by microsomal enzymes generated both
aldehyde plus hydrocarbon. Thus ethylbenzene, a free radical-
derived metabolite, has been identified as a major in vivo and in
80-81

vitro metabolite of Pz in the rat (Fig. 1-8) and C-centred

radicals have been detected through electron spin resonance spin
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trapping techniques. 75,76

The exact sequence by which Pz is degraded has not been fully

established. However, it has become customary to depict the initial

oxidation step as occurring on the carbon alpha to nitrogenez-83

(Fig. 1-7). This conclusion does not account for several observa-
tions. Thus, neither hydrazine nor acetylhydrazine has been iden-
tified as a metabolite of Pz.2%  In addition Fig. 1-7 also does

80,81

not account for either the generation of ethylbenzene or the

apparent lack of kinetic isctope effects during the MAO catalysed

91,98 Tt is therefore possible that

degradation' of deuterated Pz.
Fig. 1-7 is not entirely accurate and that the true sequence of Pz
metabolism may be close to that depicted for the more simple
aliphatic hydrazines (Fig. 1-8).

It has also been reported that Pz can undergo an in vivo
44,45

deamination reaction leading to FE. A similar reaction was

earlier reported to occur with pheniprazine.zs’85 The mechanism of
this deamination is not clear. However, the possibility of an

initial N-oxidation and subsequent denitrosation of the N-nitrosamine

cannot be excluded (Fig. 1—9).86

1.1.5.2. Conjugation Reactions of Phenelzine.

Similar to other hydrazines, such as isoniazid,65 Pz can be

expected to undergo condensation reactions with carbonyl compounds

65,87

such as pyridoxal and a-ketoglutaric acid. Such reactions

have been demonstrated and an acquired pyridoxine deficiency has been

reported in a patients treated with Pz.66



19

@—CHZ-CHZ-NH-NHz —_— @—CHZ-CI)H-NH-NHZ

OH
NoH4
\HZO
NoHg4 H,0
OV'-CH?C=O v \ / [@—CHxCH:N-NHZ
I
H

PA

|

OH
PAA

Fig. 1.7. a-C-Oxidation pathways of phenelzine. (adapted from
Tcth83; formulae enclosed in brackets represent
proposed intermediates.)



20
A significant body of evidence also exists to suggest that Pz may
be conjugated via metabolic acetylation. This possibility will be

discussed separately.

1.1.5.3. Kinetics of Phenelzine.

Regardless of the route of metabolism, Pz is rapidly lost from

human plasma after oral dosing-88 A plasma half-life of 1.2 h

after a single dose of 30 mg Pz sulfate has been reported.sg’90
Plasma levels from 1 to 10 ng/mL were found in 6 patients receiving a
therapeutic dose (60 mg/day) of Pz. Steady state plasma concen-
trations of Pz appear to increase over the initial 6-8 weeks of
chronic treatmentgz'93 possibly due to inhibition of metabolising
enzymes.

The +time course of the response to Pz suggests a very long-
lasting pharmacodynamic effect consistent with either irreversible
enzyme inhibition or non-linear elimination kinetics. For example,
urinary excretion of tryptamine was increased 8 to 13-fold by week 3
of continuous treatment and remained elevated for 2-3 weeks after the

94,95

drug was stopped. There are at least two possible expla-

nations. First, it has been suggested that the drug or its active
metabolites may inhibit Pz metabolism in liver and other tissues,

92,93 Secondly, only a maximum 80% of

causing drug accumulation.

an administered dose was accounted for even when given to
4

chronically-treated patients.8‘ This suggested that an irrever-

sible binding of Pz to tissue components might account for a least
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part of the remaining balance of the dose. These authors further-
more suggested that this protein/drug complex kreaks down over days .
or weeks, allowing the drug to bind to the newly synthesized MAO.

It has been suggested'>’ 7879079 that inhibition of MAO enzymes
may reduce the rate of clearance of Pz. Thus metabolism by MAO may
be of considerable significance in vivo. Furthermore it has Leen
observed that substitution of deuterium for hydrogens on the a,a-
position and in the «,«,B,B-positions of the alkyl side chain of Pz
increased the in vivo poteﬁcy of Pz without increasing its in vitro
potency.‘]‘s'w’98 A tentative explanation of these observations
is that deuterium substitution slows the metabolic degradation of Pz
by non-MAO pathways, thus resulting in increased central

concentrations of deuterated Pz.

1.1.6 Acetylation of Phenelzine:

1.1.6.1 The Acetylation Question

Acetylation is a common pathway in the metabolism of aromatic
aminesgg'100 and it has been observed that the clinical response of
patients treated with these drugs can vary according to the rate at
which acetylation proceecls.gg_102 With this in mind, various
tests of "acetylator status" have been derived in which patients are
dosed with an acetylatable drug, and plasma or urine ratios of parent
drug versus acetylated metabolite are determined. Results of these
determinations indicate that in humans, acetylator status is gene-
tically determined and that interindividual variation is consider-
103,104

able. Nevertheless, it is clear that acetylation proficien-
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cy is bimodally distributed and the human population can be divided
into "rapid" and "slow" acetylator groups. Although it has not been
established, indirect evidence has been collected to suggest that Pz
may also be metabolised by acetylation and that acetylator status can
be important to the clinical outcome of individuals treated with Pz.

Evidence regarding the role of acetylation of Pz is confusing and
often contradictory. Although neither of the two possible mono-
acetylated metabolites of Fz had been identified in vivo, the simi-
larity of structure of Pz and other substances such as isoniazid,
hydralazine and hydrazine itself99’102 provided the first indirect

105 Tilstone et

link between Pz and biological acetylation.
al. 105 and Hein and Weber106 have demonstrated in vitro acetyla-
tion of Pz by human and rabbit N-acetyltransferase (NAT) enzymes,

respectively. However, the inability to detect any acetylated

84,107

metabolite in vivo has prompted several researchers to

comment negatively regarding the in vivo significance of Pz
acetylation.

This question of Pz acetylation is not clear-cut and 1is
complicated by several factors. Firstly Pz contains two basic
nitrogen atoms and metabolic production of either N1 -acetyl-
phenelzine (N1 -AcPz) or N2—acetylphenelzine (NZ—Ach) are at
Jeast theoretical possibilities. Thus although acetylation at the
primary nitrogen might be anticipated through analogy to isoniazid,
secondary nitrogen may also be a site of acetylation.108 In
other words the preferred site of Pz acetylation is unclear. A lack

of anticipation of the formation of the second isomer may have
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prevented its identification because of differences in chromato-
graphic behavior from that of the anticipated N°-AcPz. 1In fact,
examination of the literature indicates that only Nz—Ach is
known1 09 and that N1 -AcPz has not been synthesized or
characterised. Although each of the studies so far reported8’107’

109,110 have purported to search for only N2-Ach, it is unclear

which compound was actually prepared as a standard reference

substance. 107

A second complicating point is the complete lack of information
regarding the kinetics of either possible isomer in biological
systems. This point is highly relevant since chemical detection is
based upon the premise that detectable levels will have accumu-
lated. Therefore, if the rate of metabolic clearance is similar to
that of formation, chemical detection may be difficult, even though a

high flux of acetylphenelzine exists.

1.1.6.2. N-Acetyltransferase Enzymes

The N-acetylation reaction utilizes acetyl-CoA as a cofactor and
is catalyzed by cytosolic NAT (E.C.2.3.1.5) enzymes. The molecular
weight of the enzyme is approximately 35,000.

Two isozymes of NAT have been isolated. One isozyme of NAT is
located predominantly in hepatic parenchymal and gut mucosal
cells1 1,12 and its genetic variation leads to the phencmenon of
polymorphic acetylation.104 The established substrates for the
polymorphic NAT enzyme are procainamide, dapsone, sulphapyridine,

sulphadimidine (sulphamethazine), nitrazepam amine and most carcino-
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genic aromatic amines.

13

The second isozyme is predominantly ext:.rahepatic,1 with

highest activities in the duodenum and lung. This enzyme is also
found in the thymus, ovary, spleen, uterus, adrenal gland, leuko-

cytes, kidney, bone morrov, salivary gland, pancreas, pineal gland,

114,115

erythrocytes, bladder mucosa and in brain NAT activity is

not present in plasma, colon, esophagus, stomach, skeletal muscle and

114

fat. This extrahepatic isozyme is not polymorphically distri-

buted and acetylates substrates such as p-aminosalicylic acid,
p-aminobenzoic acid and sulphanilamide.
These substrate preferences and isozyme locations are based upon

116-121

studies with human, rabbit and mouse models. However, there

is evidence to suggest that preferred substrates for polymorphic
acetylation may be somewhat species dependent and that different
species may have additional NAT enzymes. Thus, for example,
hamsters appear to acetylate p-aminobenzoic acid and p-aminosalicylic

acid polymorphically, whereas isoniazid and procainamide are mono-

morphic substrates. 122,123

Furthermore, it has been shown1 24-125 that although rat liver

contains NAT activity toward the amine substrates, PE, tyramine,
5-HT, tryptamine, tyramine, octopamine, normetanephrine and
isoniazid, at least isoniazid and 5-HT are acetylated by different

25 In the human, however, a single NAT catalyses

26

NAT enzymes.1
acetylation of both 5-HT and isoniazid.1 In addition Yang and

Neff127’ 128 have reported that the NAT enzyme of rat brain is

gimilar to that found in rat liver, in contrast to the clear



27
. . . 116-121

substrate differences in humans, ©rabbits and mice.
Furthermore this enzyme also appears to acetylate many of the indole-

and phenylethylamines. 23

NAT activities can be inhibited by the MAOIs harmine and

iproniazid and by reserpine.125 Interestingly harmine pétently

inhibited liver NAT in the hamster and rat'?’ but not in the

mouse. 130 Both isozymes, hepatic and brain, were inhibited by
129

harmine only in the.rat.

1.1.6.3. Clinical Evidence of Acetylation

Since 1965, a large number of studies have been reported with the
intent of determining the relationship between acetylator status and
clinical response to Pz. These studies differ widely in research
design and patient populations and require very careful inter-
pretation. Several of the studies were conducted prior to deter-
mination of ideal dose regimens or identification of those patients
most 1likely to respond to Pz. It may be appropriate, therefore, to
reexamine these studies in light of current knowledge of the clinical
pharmacology of Pz.

In the first of these studies, Evans et al .7 treated a mixed
group of fifty endogenous or neurotic depressed patients with Pz
three times daily (total dose, 45 mg/day) for four weeks. Psychia-
trists, blind to acetylator status, then rated the antidepressant
response and the frequency and severity of side-effects. The data
did not indicate any relationship between acetylator status and

clinical outcome but did indicate an increased frequency and severity
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of side effects among the slow acetylator group. Although this
may seen contradictory, later research provides an explanation for
this apparent contradiction between clinical outcome and side-
effects. Firstly, Pz has been shown to be of significantly greater
benefit to atypical or neurotic depressives than to endogenous

9,15,108 Secondly the relatively low dose of Pz (45

8,15,131

depressives.
mg/day) employed in this study may be subtherapeutic.
These two factors may have combined to increase the variation among
small individual responses and thereby mask any slight differences
between clinical outcome of fast and slow acetylators. Neverthe-
less, side effects, which would not be expected to differ between
types of depression, were greater among slow acetylators.

88,110,132 4+ ias reported that a higher dose

In later studies
of Pz (90 mg/day) produced a greater response among slow acetylator
atypical depressions although side effects did not vary according to
acetylator phenotype.

Other studies have been less convincing. For example, Davidson
et al 133 3id not observe any relationship between acetylator
status and clinical outcome after treatment of primary unipolar
depression or depression secondary to anxiety state with Pz (90
mg/day).

Similarly Marshall et gl.134 failed to observe any relationship
between clinical outcome and acetylator status possibly because of
subtherapeutic dose or mixed patient groups. Finally Tyrer et
g__l_.8’131 reported only a slight and non-significant tendency for

fast acetylators to respond to Pz cetter than slow acetylators.
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1.1.7. Analysis of Phenelzine

Several reports on the quantitative analysis of Pz in biological
matrices have been published. Development of these assays has been
complicated by poor recoveries of Pz during extraction at alkaline pH
and its propensity to form multiple derivatives under acylation

conditions.

135,136 reported two assay

In 1976 and 1977, Caddy et al.
procedures for the analysis of Pz in urine. These authors reported
that Pz was unstable at basic pH and could not be extracted from an
aqueous solution. Their solution was therefore to chemically
modify Pz prior to extraction. In the first of these manus-
cripts136 Pz was reacted quantitatively with acetone to yield a
hydrazone which was then extracted and assayed by gas chromatography/
mass spectrometry (GC/MS). This assay lacked sufficient sensitivity
(2 pg/mL) for application to plasma and was applied only to urine.
However, the concept of in situ stabilization through generation of a
>hydrazone has been adapted to several subsequent assay protocols.

In the second of these assays136 Pz was measured after per-
iodate oxidation to 2-phenylethanol (Fig. 1-10). This assay was
also relatively insensitive and again was only applied to urine. In
addition, the assay did not distinguish between endogenous 2-phenyl-
ethanol and that derived from Pz, or its metabolites. No further
application of this "degradative" stabilization has been reported.

Using a somewhat different approach to stabilization prior to

extraction, Cooper et al .89 extracted Pz at a slightly acidic pH
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(6.8) and derivatized  with heptafluorobutyric anhydride in a non-
aqueous medium (Fig. 1-11 ). Although recoveries and assay sensi-
tivity were acceptable, multiple derivatives were obtained because
of wvariable i:eactions at each nitrogen. In a similar assay,

137 _1e0  identified limitations due to

Narasimhachari et al
variable derivatization.

Although each of these procedures was limited either by sensi-
tivity or specificity, they did clearly point out an important fact
for subsequent analysts. Thus, the need for stabilization, via
derivatization prior to extraction, was established. This point has
not been ignored by later analysts and four procedures incorporating
the principle of prior derivatization have been reported.

In the first of these truly specific assays, Jindal et _a_l_.91
reacted Pz in plasma with pentaf luorcbenzaldehyde and obtained
a quantitative yield of the corresponding hydrazone (Fig. 1-12).
Using hepta-deuterated Pz as internal standard, these hydrazones were
extracted and assayed by GC/MS. This procedure provided the
first realistic assessment of the plasma profile of Pz in treated
patients. Direct application of this procedure in other labora-
tories has not been reported, perhaps because of the difficulties
associated with synthesis of the deuterated internal standard or
because of the requirement for highly sophisticated instrumen-
tation. However, a similar mass spectrometric procedure was
developed by Dyck et al A whereby Pz was extracted from rat brain
after its stabilization as the dansylated acetone hydrazone (Fig.

1-13). This assay was applied to the analysis of Pz in rat brain
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Fig. 1-10. Oxidation of phenelzine to 2-phenylethanol (ref. 136).
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but was not extended to the analysis of clinical samples.

Finally, two highly specific and sensitive gas chromatographic
assays have been reported. Each of these procedures has been
applied to the measurement of Pz in biological fluids, although
somewhat different approaches to chemical stabilization have been
taken. The first truly applicable gas chromatographic analysis with
electron-capture detection (ECD) of Pz was reported by Rao et
11_.138 in 1987. | In this brocedure Pz and an internal standard,
2-(4~chloro-phenyl)ethylamine, were exhaustively acylated with
pentafluorobenzoylchloride prior to extraction (Fig. 1-14). Highly
linear standard curves were generated over a broad concentration
range and Pz was assayed in rodent and human samples. A very
interesting aspect of this method is the fact that Pz was acylated
under alkaline conditions in an aqueous solvent without undergoing
extensive auto-oxidative loss. This may suggest that reports of
extreme sensitivity to autooxidative degradation under these
conditions?‘5 may have been misleading and that poor recoveries may
be only a characteristic of Pz solubility. 1In spite of extreme
efforts varying degrees of mono- and di-acetylation of Pz occurred
during this derivatization, again demonstrating great difficulty of
controlling this variable.

The second of these chromatographic assays was reported by
Lichtenwalner et al 139 ho incorporated a reaction with aqueous
acetylacetone to generate a cyclized derivative (Fig. 1-15) which was
then extracted and assayed by nitrogen/phosphorus sensitive gas
chromatography. This assay was applied to the analysis of Pz in
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human fluids.

In summary these reports indicate that aqueous derivatization
prior to extraction is an important step in the analysis of Pz. Two
approaches have been taken. The most frequently employed procedure
has been to react Pz with a ketone prior to extraction to give a
single hydrazone derivative; however, aqueous acylation without prior
hydrazone formation has also been employed providing that steps to

control, and compensate for, variable derivatization are taken.

1.1.8. Rationale

bespite over 30 years of clinical application, the metabolic fate
of Pz is only poorly understood. Analogies drawn from chemically
related substances suggest that alpha-C- as well as N-oxidation are
important processes, and the corresponding Pz metabolites have in
fact been isolated.

Acetylation, although also suggested by analogies to other

102,104 has not been demonstrated in vivo. Since

hydrazines,
N°-AcPz  does possess MAOI properties both in vitro and in
3529,109’140 and retains activity as a counteractant to reser-
pine,141 the contribution of this substance to the overall Pz
response may be significant. Positive proof of its existence could
help answer this question.

Furthermore, the alternate possibility of acetylation of Pz at

N1 is intriguing and worthy of investigation.
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1.2. HYPOTHESIS

1)

2)

Pz and its acetylated metabolites can be assayed in biological

fluid.

Monoacetylphenelzine is a metabolite of Pz.

3) An acetylated metabolite of Pz may contribute to the pharma-
cological response to Pz.

1.3. OBJECTIVES

1. Develop sensitive and specific qualitative and quantitative
assays for Pz and its monoacetylated derivatives in plasma and
tissue.

2. Investigate the chemical acetylation of Pz and prepare authentic
samples of each possible monoacetylated derivative.

3. Determine the pharmacological and gas chromatographic properties
of each monoacetylated Pz.

4. Identify either, or both, monocacetylated derivatives of Pz in
rats treated with Pz and compare their kinetics to those of Pz.

5. Draw conclusions as to the possible pharmacological significance

of any acetylated Pz metabolites.
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2. S!MHESISANDCEARACMIZATIONOFACYLDERIVATIVESOF

2.1. INTRODUCTION

The ph.nomenon of selective acylation of methylhydrazine (MH) has
been observed by several researchers. '~ In one of these
studies,3 acetylation of MH with acetic anhydride and with ethyl
acetate involved two different mechanisms. This report examines the
selective acylation of the monoamine oxidase (MAO) inhibitor
phenelzine (Pz), a hydrazine derivative, using acetic anhydricd-~ nr
ethyl chloroforrite as the acylating agents in aqueous amo .-
aqueous media. The selectivity was found to be medium-dependent.

The primary aim of this study was the preparation of Pz
derivatives for evaluation as monoamine cxidase irhibitors (MAOTIS)
and as potential prodrugs of Pz. Other objectives were a study of
the selectivity of the acylation reaction and an investigation of any
conformational isomerism displayed by the mono- and di-acylated
products. For these purposes, eight mono- and di-acylated
derivatives of Pz were synthesised (Fig. 2-1) and characterized by
their gas chromatographic (GC) retention times (rt) and their mass
spectral (MS) fragmentation , infrared spectra (IR) and nuclear

magnetic resonance (NMR) spectra.

* A version of this chapter has been published: |
R.T. Coutts, A. Mozayani, F.M. Pasutto, G.B. Baker. and T.J.
Danielson Res. Commun. Chem. Pathol. Pharmacol. 67,3-15

(1990).
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Pz B H
N2-AcPz H cocH,
N'-AcPz COCH, H
N'N%-AcPz cocH, COCH,
N’-ECPz H C00C, H,
N'-ECPz C00C, B, H
N'N?-ECPz C00C, Hg C00C,
N'-ACN?-ECPz CocH, C00C,H,
N'-ECN%-AcPz C00C, H COCH,

Fig. 2-1. Structures of phenelzine and acylated derivatives.
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2.2. EXPERIMENTAL

GC retention times and MS fragmentations were determined on a
Hewlett Packard Model 5710A gas chromatograph interfaced with a
Hewlett-Packard Model 5980A mass spectrometer and Model 5934A data
system. The injection port and transfer line temperatures were
300°C. The operating conditions for the mass spectrometer were:
electron beam energy, 70 eV, emission current, 35 ma and source
temperature, 180°C. A 10 m DB-1 fused silica GC column (J & W
Scientific, Palo Alto, CA. U.S.A.), 0.32 mm i.d., was employed. The
carrier ges (helium) flow rate was 2 mi/min, and the oven temperature
.5 programmed from 100°C to 280°%C at 8°C/min.

Exact mass measwrements were made on an AEI MS-50 mass
spectrometer operated by personnel in the Department of Chemistry,
University of Alberta, who also performed the elemental micro-
analyses. NMR spectra were determined for solutions in CDCl3 or

DMSO—cl6 with TS as internal standard on a Bruker AM-300 or Varian

EM-390 spectrometer.
Melting points were obtained with a Thomas Hoover apparatus and

are uncorrected. IR spectra were recorded on a Nicolet 5DX spec-
trophotometer. Pz sulfate was purchased from Sigma Chemical Co.
(St. Louis, MO, U.S.A.) and acetic anhydride and ethyl chloroformate
were obtained from Aldrich (Milwaukee, Wisconsin, U.S.A.).
Carbon-14-labeled 5-hydroxytryptamine and 2-phenylethylamine were
purchased from Dupont Canada Inc (Mississauga, Ontario, Canada).
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2.2.1. 2-Acetyl-1-=( 2-phenylethyl )hydrazine (Nz-Ach )

This compound was prepared by two different procedures:
a) a solution of phenylacetaldehyde (120 mg; 1 mmwol) and
acetylhydrazine (74 mwg; 1 mmol) in isopropyl alcochol {10 mlL) was
heated under reflux for 4 h. The solvent was removed under reduced
pressure and the intermediate hydrazone, 2-acetyl-1-(2-phenylethyl-
idene)hydrazine, thus obtained was dissolved in methanol (5 mL) and
reduced with sodium cyancborohydride (200 mg) according to the method
of Danielson et §Z_L_.4 to yield N°-AcPz (56%) (Fig. 2-2) as color-
less crystals, m.p. 70-711°C [Reported4 m.p. 69-70°C].

IR (KBr): 3287 (s, N-H); 3221 (m, N-H); 1646 an ! (s, C=0).
s MR (CDC13) major (minor) rotamer: 1.96 (2.12) (s, 3H,
cocH,); 2.84 (t, J=7 He, 28, PhCHy); 3.16 (3.10) (t, J=7 Hz, 2H,
NCH,); 4.26 (3.70) (br s, 1H, NHNHCO, exchanges with D,0); 7.12
(6.90) (or s, 1H, NHCO, exchanges with D20); 7.32 (m, SH, Ph);
major:minor rotamer ratio = 6:1.

b) acetic anhydride (100 pL) was added dropwise with stirring to
a suspension of Pz sulfate (1 mg) in ethyl acetate (500 uL) at 70°%C
for 15 min. as described by Narasimhachari gt al.’ A 2 uL aliquot
of the reaction mixture was examined by GC/MS. The prodict had a GC

retention time and a mass spectrum (Table 2-1 .) identical to those of

the product obtained by method a).

5.2.2. 1-Acetyl-1-(2-phenylethyl)hydrazine (N'-AcPz)

A solution of acetic anhydride (102 mg; 1 mmol) in chloroform (15

nL) was added dropwise with stirring in 5 portions at 15 min



H o)

I n
QCHZ-C-_-O + CHy-C-NH-NH,

0
- 1
8 ) CH,-C=N-NH-C-CHj

|
H

NaB(CN)Hj

0
11
CH2-CH2-NH-t|\l-C-CH3

——

\_7/

H

Fig. 2-2. Preparation of 2-acetyl-1-(2-phenylethyl)hydrazine
(NZ—Ach) from phenylacetaldehyde and acetylhydrazine.
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intarvals to a s°.. .onof Pz sulfate (234 mg; | mmol) in water (15
mL) containing sodium bicarbonate (84.0 mg). After the final addi-
tion, the mi are was stirred at room temperature for a further 30
min. The organic layer was separated and dried (anhvdrous sodium
sulfate), and the solvent was removed under reduced pressure to yield
N1—Ach (123 ry) which was recrystallized, £9%, from hexane as
colorless crystals, m.p. 67-69°C.

R (KEr): 3312 (m, N-H); 3213 (m, N-H); 1622 an (s, br,
c=0). 'y wR (CDC13) major (minor) rotamers: 1.82 ‘2.20) (s,
3H, COCEB); 3.00 (2.95) (%, J=7 Hz, 2H, Ph-ng); 3.70 (3.84) (&,
J=7 Hz, 28, CHNCO); 4.30 (3.54) (s, br, 28, NH5 exchanges with

2
DZO); 7.36 (m, SH, Ph); major:minor rotamer ratio = 2:1.

472
found: C, 67.00; E, 7.91; N, 15.61. Exact mass, calad. for

Anal. caled. for C10H1 N.O: C, 67.39; H, 7.92; N, 15.72;

C10H14N20: 178.1106; found [(high resolution mass spectrometry

(HRMS)]: 178.1107.

2.2.3. 1,2»Diacetyl—1—(2—phenylethyl)hydrazine

(N'N°-AcPz)
Acetic anhydride (204 mg; 2 mmol) was added to N'-AcPz (178 mg;
1 mmol) in chloroform 110 nL) and the solution was stirred at room
temperature for 4 h. The solvent was evaporzated and the solid
residue was recrystallized from hexane as colorless crystals (130 mg;
59%), m.p. 61-63°C.
IR (Ker): 3394 (br, m, N-H'; 633 o' (or, s, C=0). 'HNR

(CnCl,) major (minor) rotamers: i.84 (1.90) (s, 3H: NHCOCEB);
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Table 2~1.: Gas Chromatographic Retention Times (rt) and Mass
ameisric Fragmentation Data of Mono- and
Di-acylated Derivatives of Phenelzine

Compound rt (min) MS Data {% Relative Abundance)
N2-Ack2 6.1 178(2), 105(10), 91(20), &7(100),
: 45(43), 43(12).
N'-acPz 5.4 178(12), 136(8), 105(11), t04(11),
91(38), 87(31), 74(49), 45(100),
43(35).
N'N%-AcPz 9.0 220(1), 178(6), 116(22), 105(9),
91(19), 87(100), 74(10), 45(17),
43(20)-
N°-ECPz 6.5 200,21, 163(3), 117(100), 105(19),

104(12), 103(13), 91(45), 89(74),
79(13), 78(13), 77017), 71(79],
65(16), 44(14).

N'—ECPz 5.4 208(38), 163(4), 117(87), 105(14),
104(13), 103(11), 91(100), 89(8),
79(12), 78(10), 77(22), 65(31),
45(98), 44(33).

N'N?-ECPz 10.0 280(cC}, 235(1), 189(6), 176(78),
163(5), 145(8), 117(89). 105(29),
104(30), 103(12), 91(65), 89(100),
79(16), 78(11), 77(19), 71(55),
65(10), 45(6), 44(9).

N' -ACN’~ECPz 9. 250(2), 268(17), 14Riz3),

Z
117(100), 105(11), i£4(20), 91(20),
89(32), 71(17), 65(«), 43(45).
N'—FCN®-AcPz 9.2 250(0), 208(3), 192(8), 117(22),

105(23), 104(44), 91(58), 87(100),
79(15), 78(13), 77(24), 65(16),
45(44), 43(45).
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2.00 (2.08) s, 3H,-NC0C_H_3-NHCOCH3); 2.90 (t, J=7 Bz, 2H,
PhCL-I_z); 3.84 (br, t, J=7 Hz, 2H, Cgl_zN); 6.90 (7.54) (s, 1H, N-H,
exchanges with DZO); 7.26 (m, SH, Ph); major:minor rotamer ratio =
4:1. Exact mass, caled. for C12H16N202: 220.1211; found

(HRMS): 220.1208.

2.2.4. 2—Ethoxyca.rbonyl—1—(z—phenylet_hyl)h drazine

(NZ—ECPz) '
This compound Wwas prepared from phenylacetaldehyde and ethyl

=

carbazate by the method described Dy Anderson et g,_l_.‘6 (Fig. 2-3),
and Trecrystallized from hexane as a colorless compound, m-P.
58-59%, identical to the reported m.p..6

IR iKBr): 3280 (s, N-H); 3263 (s, N-H); 1703 an (s, br, C=0).
'y R (cocl ¢ 1.24 (&, §e7 He O3, OCH,CH,); 278 (t, J=7
Hz, 2H, PhCH)); 3.15 (&, J=7 Hz, 2H, NCHy);  4.00 (br, 1H,
NHNHCO,  exchanges with DZO); 4.15 (g, J=7 Hz, 2H, 0C§_2CH3);

6.2« (br, 1H, NHCO, exchanges with DZO); 7.26 (m, 5H, Ph).

2.2.5. 1-Ethoxycarbonyl-1 -(2-pnenylethyl )hydrazine

(N'-BcPz)
This compound was synthesized from Pz sulfate (1 mmol) in a
similar way to compound N'-AcPz except that ethyl chloroformate (1
mmol) was used instead of acetic anhydride. The product (131 mg;

63%) was converted to its hydrochloride salt, m.p- 135-136°C when

recrystallized from chloroform.



@-CHZ-CHO . HoN-NH-COOC:Hs

OCHTC=N-NH»COOCZH5
- |

H

Ho/P1O,

Y

@-CHz"CHg'NH'NH’COOCZHs

Fig. 2-3. Preparation of 2-ethoxycarbonyl-1-(2-phenylethyl)-
hydrazine (N°-ECPz) from phenylacetaldehyde and

ethyl carbazate.
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IR (KBr) of HCl salt: 2840 (s, br, Mi,); 1729 an! (s,
br, C=0). 'H MR (DMSO-d;) of HCl salt: 1.13 (t, J=7 Hz, 34,
CH,GH,); 2.90 (t, J=7 He, 28, PACH)); 3.76 (¢, J=7 H, 24,
GH,N); 4.03 (g, J=7 He, 26, OCH), 3.20-4.20 (br, 3, NH,",
exchanges with DZO).; 7.26 (m, 5H, Ph). Exact mass, calod. for
C,{HygN,0y¢ 208.1212; found (HRMS): 208.1213.

2.2.6. 1,2-Diethoxycarbonyl-1-(2-phenylethyl )hydrazine

(n'N%-ECPz)

a) A solution of N'-ECPz (208 mg; 1 mmol) and ethyl
~hloroformate (217 mg; 2 mmwol) in chluv fzrm (5 mlj was stirred at
room temperature for 4 li. The solvent was evaporated to yield an oil
(190 mg; 68%) which did not solidify on standing.

R (neat): 3296 (m, br, NE); 1740 (s, sh, C=0); 1720 am ' (s, br,
c=0). 'w MR (CDCl): 1.22 (¢, J=7 Hz, 3H, NHCOOCH,-CHy):
1.28 (¢, J=7 Hz, 3H, NCmCH2C§3); 2.94 (t, J=7 Hz, 2H, PhCL-I_Z);
3.78 (x, t, J=7 Hz, 28, CEN); 4.16 (q, J=7 Hz, 28,

NHCOOCH,CH,); 4.2¢ (q, J=7 Hz, 2H, —N—COOCEZCH3); 6.43 (br,

273

s, 1H, NH exchanges with DZO); 7.22 (m, 3H, o- and p-Ph); 7.30 (m,

2H, m-Ph). Exact mass, calad. for C14H20N204: 28C.1418;
found (HRMS): 280.1410.

b) The reaction described immediately above was repeated except

that N'-ECPz was replaced with NZ—ECPz (208 mg; 1 mmol). The IR,

NMR, GC and mass spectral properties of the product were identical to
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those of the product obtained in reaction a).

2.2.7. 1-Acetyl-2-ethoxycarionyl-1-(2-phenylethyl Yhydrazine
(N'-AcN®~ECPz)
1

a) A solution of N -AcPz (178 mg; 1 mmol) and ethyl

chloroformate (217 mg; 2 mmol) in chloroform (10 mi) was stirred for
3 h at room temperature. The solvent was removed and the residue

recyystallized from hexane as colorless crystals {187 mg; 75%),
1.p. 72°%C.

IR (KB): 3229 (m, NH); 1738 (s, carbamate C=0); 1640 cm (s,
amide C=0). 1H NMR (CDC13): major (minor) rotamers: 1.26 (t,
J=7 Hz, 3H, OCHZC_H_B); 2.06 (:.90) (s, 3H, COC§_3); 2.90 (br, 2H,
PhCIiz); 3.80 (br, t, J=7 Hz, 2H, CHZN); 4.25 (kr, 2H,
OCEZCH3); 6.28 (6.65) (br,s, 1H, NH, exchanges with DZOD; 7.30
(m, S5H, Ph); major:minor rotamer ratio = 4:1. Exact mass, calcd. for
C13H18N203: 250.1318; found (HRMS): 250.1318.

b) A solution of N°-ECPz (208 mg; 1 mmol) and acetic anhydride
(204 mg; 2 mmol) in chloroform (10 mL) was stirred at room
temperature for 3 h. Removal of the solvent gave the title compound
which had IR, NMR, GC and mass spectral properties identical to those

of the product prepared by method a) inmediately above.

2.2.8. 1-Ethoxycarbonyl-2-acetyl-1-{2-phenylethyl)-

hydrazine (N1 —ECNZ ~AcPz)

a) A solution of N'-ECPz (208 mg; 1 mmol) and acetic anhydride

(204 mg; 2 mmol) in chloroform (10 mL) was stirred at room
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temperature for 3 h. The solvent was evaporated to give the title
compound as an oil that did not solidify on st i=ling.

IR (neat): 3279 (m, br, NH), 1720 (s, br, carbamate C=0); 1679
a (s, br, amide C=0 ). 'H MR (CDC1p): 1.16 (&, J=7 Hz, 3,
OCH2q1_3); 1.94 (s, 3H; COC}-I_B); 2.88 (¢, J=7 Hz, 2H, PhC[_-l_z);
3.76 (t, J=1 Hz, 2H, N-TA,); 4.10 (g, J=7 He, 24, OCH,); 7.26 (m,
5H, Ph); 8.30 (br, s, 1H, NH, exchanges with Dzo). Exact mass,
calad. for C13H18N2-03: 250.1318; found (HRMS): 250.1314.

b) A solution of N2-Ach (178 mg; 1 mmol) and ethyl chloro-
formate (217 mg; 2 mmc:' ¥ chloroform (10 ml) was stirred for 3 h at
room temperature. The coomnt was removed to yield an 0il which had
IR, NMMR, GC and mass spectral properties identical to those of the

product prepared by method a), immediately above.

2.3. RESULTS

When Pz sulfate was reacted with an equimolar amount of acetic
anhydride in a biphasic medium (aqueous sodium bicarbonate¢ and/\
chloroform), a single monoacetylated product was obtained. In
contrast, when the same acetylation reaction was repeated in ethyl
acetate or chloroform, and in the absence of water, another mono-
acetylated product was obtained. The iatter monoacetate was
identical to the product obtained by the reduction of 2-acetyl-1-
(2—phenylethylidene)hydrazine; it is unequivocally identified,
therefore, as Nz—acetylphenelzine (Nz-Ach). The pro_duct of the
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reaction in the biphasic medium must therefore be the isomeric
N' —acetylphenelzine (N'-AcPz). These isomeric monoacetyl-
phenelzines are readily distinguished by their IR, NMR, GC and mass
spectral properties. They were also distinguished by their
conversion to N-ethoxycarbonyl derivatives (N1 —Ach—ECPz ard
N’ —ECN2 -AcPz) which are discussed below. N1 ,N2—Diacetyl-
phenelzine (N1N2—Ach) was readily obtained by acetylation of
N1—Ach with excess acetic anhydride in a nonaqueous medium.
Similarly, the N' -ethoxycarbonyl derivative of Pz (i.e.,
N1 -ECPz) was the product of the reaction of equimolar amcunts of
ethyl chloroformate and Pz sulfate in a water/chloroform biphasic
medium, vwhereas the isomeric Nz—ethoxycarbonylphenelzine
(N?-ECPz) was unequivocally synthesized by the reduction of
2-ethoxycarbonyl-1-(2-phenylethylidene )hydrazine. The isomers
(N2-EcPz and N'-ECPz) vere also readily distinguished by their
IR, NMR, GC and mass spectral properties, and by the identification
of products of their acetylation. N ! —Acetyl—Nz—ezathoxycarbmyl—
phenelzine (N1 —AcN2 -ECPz) was clearly the product obtained when
NZ—ECPz was acetylated with acetic anhydride, since the same
product resulted from the interaction of ethyl chloroformate with
N1 ~AcPz. The structure of ! |_ECPz was confirmed in a similar
way; Nz—acetyl-N1 -ethoxycarbeny Iphenelzine (N1 -EC!N2 -AcPz) was
the product of the acetylation of N'-ECPz with acetic anhydride,
and of the interaction of N>-AcPz with ethyl chloroformate.
N1N2-Di(ethoxycarbonyl )phenelzine was obtained by reaction of

either N1 -ECPz or N2-ECPz with excess ethyl chloroformate in
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chloroform.

Mass spectrometry was used to verify structures, and accurate
masses of all fragment ions were obtained to confirm their molecular
compositions. Structures of diagnostic ions are provided in Fig.
2-4. The molecular ions of all products were generally of low
abundance or were absent, while ions of m/z 91 and 105 were present
in all spectra, and an ion of m/z 104 of appreciable intensity was
present in all spectra except the Nz—acetates, Nz—Ach and N'-
N°-AcPz. Tvo other fragment ions were also diagnostic. The ion
of m/z 89, identified in Fig. 2-4, vas dominant only in N2—ethoxy-
carboriyl conpouncs (N>—ECE:. N'NZ-EC N -Ar_NZ—ECPz); the
corresponding m/z 87 fragmeni war the basze peak in all three No-
cctates  (No-Acpz,  N'W-acRs, N ~ECN%~AcPz). A parti-
cularly diagnostic fragmentation pathway was observed in the spectra
of the three N -acetates  (N'-AcPz, N'N2-acpn, N AN
ECPz); each molecular ion underwent a Mclafferty rearrangement as

indicated in Fig. 2-4.
2.4, DISCUSSION

Our results indicate that acetic anhydride and ethyl chloro-
formate reacted selectively with Pz to give either N~ or N-
monoacylated products, depending on vwhether the medium was aqueous Or
anhydrous. The isomeric monoacyl derivatives of Pz (Nz—Ach and

N1 -AcPz; NZ—ECPz and N1 -ECPz) 2re readily distinguished.
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Their GC retention times differ, as do mass spectral fragmentation
pathways (Table 2-1; Fig. 2-4).

Interpretation of their NMR spectra showed that some of the
acylated phenelzine were obtained as mixtures of conformational
isomers. Hindered rotation in amides is due to the partial
double-bond character of the C-N bond which is dependent upon the
nature of the substituents on the amide's nitrogen atom.7 With
hydrazides also, the barrier to rotation around the C-N bond may be
sufficiently large to produce conformational isamers. NMR studies
indicate that four acylated Pz, (Nz—Ach, N'-AcPz, N1N2-Ach,
N’méch—ECPz), all acetylate? Pz (Fig. i-!), exibit wonfor-
mational isomerism. The ratio of major to miriw zonborner vatios
differed in each compound. The effect of temperature on the two
monoacetyl-prenelzines (N2—Ach and N'-AcPz) was studied.
Spectra were recorded at 235°K, 313°K, 323°K  and 27K, The
NMR signals began to coalesce at 313°K in the spectrum of Nz—
APz, and at 323% in the spectrum of N -AcPz. With both

compounds: signal coalescence was complete at 355°K.

2.4.1. Pharmacolngical Evaluation

The three monnacylated Pz derivatives (NZ—ACPZ, N1—Ach,

4"6,8,9

N2-ECPz) have been evaluated for their abilities to

jnhibit MAO isozymes MAO-A and MAO-B. Results obtained show that
like Pz, N°-AcPz ie an MAO-A and MAO-B inhibitor both in vitro and

in wvivo, whereas NZ—ECPz is a weak in vitro inhibitor of MAOC-A arnd
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H
+ +
Ph-CH, Ph-CHp-CH; [Ph-CH:Cl-q

m/z 91 m/z 105 m/z 104
+ +
CH,=NH-NH-COOH or CHz=N-NH>
|
m/z 89 COOH m/z89

+ +
CHz:NH-NHCOCHa or CHp_zN-PHg

m/z 87 m/z 87 COCH,
H
Ph-C|>H O  -PhCH=CH, /OH
Cﬂ (. \ —=  RNH-NC
2 c\
S cH, CHs
NHR
R=H m/iz 74 (R = H)
R = COOEt m/iz 146 (R= COOEY)

Fig. 2-4. Diagnostic fragmentation ions in the electron-impact mass
spectra of acylated phenelzines.
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MAO-B, but possesses the propei‘ties of a prodrug of Pz in rodents.
In the present study, N'-AcPz was evaluated in vivo for its MAO-
inhibiting abilities in the rat model, using a reported method.'’
In this method [ %C]-5-hydroxytryptamine and ['“Clphenylethyl-
amine, which were diluted with unlabelled compound, were ﬁsed as
specific substrate for MAO-A and MAO-B isoenzymes respectively.
N1 -AcPz was virtually inactive. It appears that the presence of a
hvdrcogen atom on . the N1 -position of Pz and its derivatives is
necessary to preserve MAO-inhibiting activities. The other four
compounds await evaluation, but as they are all N1 -subst.ituted,
they are unlikely to be pharmacclogically active compounds.

Fu - .2r evaluation of N2-Ach is warranted. The antiarrhythmic
drug, :.rccainamide, is known to precipitate lupus erythematosus
whereas N-acetylprocainamide is free of this toxic effect. L,
has many undesirable side effects, 1 including a lupus-like
reaction. 12 It is conceivable that while N2—Ach is qomparable
in MAO-inhibiting activity to Pz, the former may lack some of the

toxic properties' of Pz.
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3. GAS CHROMATOGRAPHIC ANALUSIS OF PHENELZINE

3.1. INTRODUCTION
The analysis of phenelzine (Pz), a monoalkylated hydrazine, in

biological samples is known to be complicated by poor extraction
efficiencies possibly due to auto-oxidation and decomposition under
alkaline conditions. 1,2,3 In addition, reactions of hydrazines
with acylating reagents frequently give rise to multiple deriva-
tivc-zs‘l's'6 and steps must be incorporated into assay procedures to
compensate for these undesired reactions. Jindal et al .1 have
demonstrated that Pz reacts quantitatively in aqueous solution with
pentafluorobenzaldehyde (PFBA) to form the corresponding hydrazone
derivative, which can be assayed by a mass spectrometric procedure.
Furthermore, Dyck4 has demonstrated that the acetone hydrazone of
Pz readily reacts with dansyl chloride to form a monodansylated
hydrazone. These two observations suggested that monoalkyl-
hydrazines might be conveniently analyzed in biological systems by
converting them to PFBA hydrazones prior to their reaction with a
perfluorcacylating reagent to produce single derivatives sensitive to
gas chromatographic (GC) analysis with electron-capture detection
(ECD).

Described below is an assay procedure based upon dual
derivatization with PFBA and pentaflucoropropionic anhydride (PFPA),
by which Pz as well as simple monoalkylated hydrazines such as

methylhydrazine (MH), pheniprazine (PPz) and benzylhydrazine (BzH)

* A version of this chapter has been published: A. Mozayani, R.T.
Coutts and T.J. Danielson. J. Chromatogr. 423,131-137 (1987).
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can be determined in aqueous biological samples.

3.2. EXPERIMENTAL

3.2.1. Chemicals and Reagents

Pz sulfate and BzH dihydrochloride were obtained from Sigma
Chemical Co. (St Iouis, MO, U.S.A.). MH, PFBA and PFPA were
obtained from Aldrich (Milwaukee, WI, U.S.A.). (+)-PPz hydro-
chloride was a gift from Merrell Pharmaceuticals (Concord, Ontario,
Canada).

All solvents were ACS grade (Fisher Scientific, Fair Lawn, NJ,
U.S.A.) and glass-distilled prior to use. Water was distilled and

deionized using a Milli-Q reagent water system (Millipore, Bedford,

MA’ U.S.Al ).

3.2.2. Instrumentation

Analyses were performed using a Perkin Elmer model 3B gas chro-
matograph equipped with an electron-capture detector (63Ni) and a
20 m DB-5 fused silica capillary column (J&W Scientific, Palo Alto,
CA, U.S.A.). Oven temperature was programmed from 110 to 250°C at
a rate of 4°C/min. Carrier gas was helium, and argon-methane
(95:5) was added as make-up gas.

Mass spectra were obtained on a Hewlett Packard model 5985 mass
spectrometer in series with a Hewlett Packard model 5840A gas chro-
matograph which contained a 30 m DB-5 fused silica capillary column

(Hewlett Packard, Palo Alto, CA, U.S.A. ). Chromatographic condi-
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tions were: initial temperature 80°C, increasing at 20°C/min to

300°C and held for 3 min.

3.2.3. Analysis of Methylhydrazine, Phenelzine, Benzyl-

hydrazine and Pheniprazine in blood

To whole blood (0.6 mL) were added MH, BzH, Pz and PPz (MH 20
ng; others 100 ng). The solution was mixed for 30 seconds on an
IKA~ Vibrax-VXR multi-tube vortex mixer (Terochem, Edmonton, Canada),
and 0.4 M BHCO 4 (1 mL) was added to precipitate protein. After
centrifugation for 10 min (Fisher microcentrifuge Model 235B at
10,000g), the supernatant was retained and the pH was adjusted to
between 6.8 and 7.0 with solid sodium bicarbonate. After addition
of 40 pL of PFBA (4%,v/v in dimethylformamide), the samples were
shaken at room temperature for 30 min after which time excess solid
sodium bicarbonate was added and the solution was extracted with
ethyl acetate (5 mL). After shaking for 30 min, the organic layer
was retained and 5 uL of n-dodecane was added to prevent complete
evaporation of the solvent under a stream of nitrogen (cf. ref. 1).
The volume was reduced under a gentle stream of nitrogen to 50 uL,
and the organic phase remaining was transferred to a 1.5 mL polypro-
pylene microcentrifuge tube ané evaporated to dryness. PFPA (65 L)
and dry ethyl acetate (25 pL) were then added and acylation was
allowed to proceed for 30 min at 70°C. The reaction mixture was
evaporated to dryness and the residue was dissolved in 0.6 mL of
toluene. After washing with 0.5 mL of 0.1 M ammonium hydroxide, a

1 ulL portion of the toluene solution was injected into the GC.
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3.2.4. Standard Curves

To prepare standard curves, BzH (internal standard, 100 uL of 1
pg/mL free base) and Pz (5, 50, 100, 250, 500, 750, 1000, 2000 pL of
1 pg/mL free base) were added to eight whole blood samples (1.0 mL)
which were extracted as described above. A calibration curve was
constructed by plotting ©Pz/BzH peak-area ratio against Pz

concentration, using the regression equation (Fig. 3-1).

3.2.5. Analysis of Phenelzine in Blood

Rats (Sprague/Dawley, male, 200-300 g) were fast for 6 h, then
anesthetized with ether. An incision (1.5-2.0 cm) was made above
the right clavicle. When the jugular vein was exposed and ligated,
the cannula was inserted towards the right atrium of the heart.
The catheter was looped subcutaneocusly and exteriorized through an
incision behind the right ear. The muscle layer and skin were
closed with silk. The jugular cannulated rats were allowed to
recover for one day before being administered Pz (15 mg/kg free
base). Blood samples were withdrawn 30, 60, 90 and 120 min after
drug administration. BzH (100 ng) was added to each sample and

derivatization and extraction were carried out as described above.

3.3. RESULTS AND DISCUSSION

Earlier reports on the »nalysis of Pz have described steps

necessary to minimize or compensate for poor extraction efficiencies

a-
and formation of multiple derivatives.1" 6 The procedure now
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Phenelzine/benzylhyd razine peak area ratios

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0 (Thousands)

Phenelzine concentration (ng/mL)

Fig. 3-1. Phenelzine calibration curve in blood.
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described is superior to previously reported procedures in that a
single, stable derivative of Pz, sensitive to GC-ECD, is obtained.
Similat derivatives of three other monoalkyl hydrazines were also
obtained; it is possible that this procedure may have broad
application.

The reaction sequence involved in this procedure is depicted in
Fig. 3-2. By reacting the hydrazine first with PFBA as described by
Jindal et g],,‘ each was converted to an easily extracted, stable
hydrazone. Tt was determined that these hydrazones were not suffi-
ciently BECD-sensitive, and to increase this characteristic further,

5,6 have

derivatization with PFPA was necessary. Whereas others
observed the formstion of multiple perfluoroacylated derivatives of
monoalkylated hydrazines, single derivatives of MH, Pz, BzH and PPz
were obtained using these reaction conditions. The initial
formation of the hydrazone and the subsequent perfluoroacylating
reaction are apparently quantitative. The identity of each
derivatized hydrazine was confirmed by mass spectrometry. The
electron-impact mass spectra of the four derivatized hydrazines are
provided in Fig. 3-3. All spectra contained molecular ions of low
abundance. The derivatives of Pz and PPz gave spectra that resulted
from similar fragmentation pathways which are depicted in Fig. 3-4.
The spectra of derivatized MH and BzH also contained diagnostic ions
which are identified in Fig. 3-5.

After derivétization, all four model hydrazines employed in these
experiments were chromatographically well separated, both from each

other and from interfering substances (Fig. 3-6). GC of mixtures
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H
I

R-NH-NH, + O=C-CgFs ———» R-NH-N=CHCgFs

Methylhydrazine, R = CH,
Benzylhydrazine, R= CgHsCH,
Phenelzine, R= C4gHsCH,CH, (CFaCF2C0)0

Pheniprazine, R« CgHgCH,CH(CH,3)

R-N-N=CHCFs
COC,Fs

Fig. 3-2. Reaction sequence for generation of perfluoroacylated
hydrazone derivatives of monocalkylhydrazines.



83
of MH, BzH, Pz and PPz, after derivatization, indicated greatest
detector sensitivity towards MH and lowest sensitivity toward FPPz.
The reasons for these differences in detector sensitivity are not
known. The high sensitivity towards MH may ke of value in the
analysis of the low levels of this hydrazine that are found in
rm,tshrooms7 or in biological samples from patients who have ingested
MH-containing mushrooms.

Standard curves for the analysis of Pz in whole blood were linear
over the range 5-2000 ng/ml when BzH was used as internal standard.
Averages of triplicate measurements were plotted; the coefficient of
variation was less than 4% at all concentrations except in 5-ng
levels for which the coefficient of variation was 10.8%. The line
through the data points is described by y = 0.00506x - 0.0778 (2
= 0.998). The 1limit of detection was 2 ng/mL and sufficiently
sensitive to study the kinetics of this antidepressant in human
patients.1 when applied to the analysis of Pz in rat blood,
Jevels detected 30, 60, 90 and 120 min after intravenous injection of
Pz (15 mg/kg) were 10.47+1.54, 4.35+0.87, 0.80%0.17 and 0.42+0.12
ng/g (n=4), respectively. These levels are appreciably higher than
those reported by Rao et al.6 in rat brain after a similar dose was
administered intraperitoneally. These differences may be due to
changes in route of administration, in sampling times or in tissues
examined. Our results agree more closely with those of Dyck‘1 who
reported a Pz concentration of 500 ng/g in rat striatum 2 h after
intraperitoneal administration of a higher drug dose.

In summary, it has been demonstrated that the analysis of simple
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hydrézine substances in biological samples can be accomplished after
conversion of each hydrazine to a hydrazone by treatment with PFBA,
followed by perfluorcacylation with PFPA to give a diderivatized
product. This procedure generates derivatives which are sensitive
to GC-ECD and easily quantified. Using this method, Pz can be

readily analyzed quantitatively in rat blood.
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Fig. 3-3. Electron-impact mass spectra of (A) methylhydrazine,

(B) benzylhydrazine, (C) phenelzine and (D) pheniprazine
after derivatization with PFBA and PFPA. Molecular ions

of the derivatives are of m/z 370, 446, 460 and 474,

respectively-
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+

c,uscuz-cu-rlm-cncs& ]
|
R COCaFs
Derivatized phenelzine, R=H, m/z 460
Derivatized pheniprazine, R-GHS, m/z 474
-CgHsCH; +
> RCHN-N=CHCeFs . . ..
R CocFs R=CH, m/z 383
-CgHsCH,CHNCOCFs +
- FeC®NH
@) CeFs miz 194
-chscN +
]
e OH +OH R=CHy, m/z 190
':-CHCst
NHCOC + -
6"‘ —m CgHsCH=CHR ReH m/z 104
R<CH, m/z 118

+ +
—® C,Fs m/z119; GCgHsCHx, m/z 91

Fig. 3-4. Proposed fragmentation pathways in the electron-

impact mass spectra of derivatized phenelzine and

pheniprazine.
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+ )
HO-C=N-CH3 a3  HO=C=N-CHs

m/z 58 m/z 58
+ + +
CF; CeHsCHa2 CF5CF,

m/z 69 m/z 91 m/z 119

+
= CH [miz180- FI*  C,Fs-Cm NH
m/z 161 m/z 194
'y .
CeHsCH=N-C-CoF5 —~—— CeHsCH=NH-CO-C2Fs
m/z 252

+
CH;3N=N=CHC¢Fs

m/z 223

Fig. 3-5. Diagnostic fragment ions in the electron-impact mass
spectra of derivatized methylhydrazine and benzyl-
hydrazine.
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N U

Fig. 3-6. Gas chromatographic traces of derivatized extracts of (a)
blank blood and (B) blood containing (a) 20 ng/mL methyl-
hydrazine, (b) 100 ng/mL benzylhydrazine, (c) 100 ng/mL

pheniprazine and (d) 100 ng/mL phenelzine.
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4. Metabolic acetylation of phenelzine in microorganisms and

*

rats

4.1. INTRODUCTION

The antidepressant drug phenelzine [(2-phenylethyl)hydrazine,
Pz], a potent inhibitor of moncamine oxidase (MAO) enzym:-:os,1 has
been in clinical use for over 30 years, yet its metabolism in man and
animal models is- still poorly understood. It is often claimed to
undergo metabolic acetylation in humans, based wupon three
observations: a) other drug substances that are derivatives of
hydrazine, including isoniazid and hydralazine, are extensively
acetylated in y_j.yg;z b) Pz is a substrate for human® and
rabit? N-acetyltransferases in vitro; and c) patients who are of
the slow acetylator phenotype tend to respond better to Pz but
exhibit more frequent side effects than do patients in the fast

acetylator group. >-8

Despite this circumstantial evidence in support of Pz's
metabolism in mammals to an acetylated product, most investigators
have concluded that N-acetylphenelzine (N-acetyl-Pz) is not a urinary
or plasma metabolite of Pz in humans. The lack of sound evidence in
favor of this acetylation pathway has been ernphatsized.9 An earli-
er report10 is difficult to appraise. While these authors
concluded from their studies that N-acetyl-Pz was lacking in the
plasma and urine of patients who received 60 mg of Pz daily, they

also reported that when combined gas chromatography/mass spectrometry

*, Versions of this chapter have been published:

1. A. Mozayani, R.T.Coutts, T.J. Danielson and G.B. Baker. Res.
Commun. Chem. Pathol. Pharmacol. 62,397-406 (1988).

2. B.C. Foster, R.T. Coutts, F.M. Pasutto, A. Mozayani. Life
Sci. 42,285-292 (1988).
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(GC/MS, in the selected ion mode) was used as the analytical
procedure, N-acetyl-Pz was detectable in the plasma of patients at
levels between 0 and 10 ng/mL, and in 24 h human urine samples at
levels between 0 and 100 ng/mL. They also claimed that traces of
N1N2—Ach were present in urine. Clearly, further information on
the metabolic acetylation of Pz in mammals is required.

Metabolic N-acetylation involves the transfer of an acetyl moiety
from acetyl coenzyme A. Substrates for this enzymatic reaction are
generally believed to be confined to those containing a primary
amine or amide function,1 but there is at least one exception to
this generalization; a major fecal metabolite of azaperone in the rat
is an N1—derivatized piperazine which apparently undergoes further
metabolism at the secondary N4—amino group to an N-acetyl deriva-
tive.11 If indeed secondary amines can be substrates for N-acetyl
transferase, it raises an interesting question regarding the meta-
bolic acetylation of hydrazines such as Pz. Pz contains both a
primaxry and a secondary amino group. It has always been assumed by
investigators that if Pz undergoes metabolic acetylation, it will be

converted  to  the  N-acetate  [PhCH,CH,-NHNHCOCH.; N2-

2772
AcPz]. However, the isomeric monoacetate [PhCHZCHZN—(COCH3)—
NH N1-Ach] ig, at least theoretically, also a possibility.

2i
A literature search for both monoacetates revealed that only the

isomer acetylated on the primary amino group [Nz—Ach] was
known.12 Therefore, it was decided to synthesize by unequivocal
procedures, the two monoacetylated plus the diacetylated derivatives

of Pz [N'-AcPz, N’-AcPz and N'N°-AcPz], in order to deter-
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mine initially their gas chromatographic and mass spectrometric pro-
perties. When these properties were established, Pz was used as a
substrate for metabolic studies with Mycobacterium smegmatis and in

rats treated intraperitoneally with a high dose of Pz sulfate.

Evidence that Pz is monoacetylated in this microorganism and in rats

is presented.
4.2. EXPERIMENTAL.

4.2.1. Chemicals

Pz sulfate was purchased from Sigma Chemical Co. (St. Louis, MO,
U.S.A.). N2—Ach, m.p. 70-71°C  was synthesized from phenyl-
acetaldehyde and acetylhydrazine by the method reported in chapter
2.13 N'-AcPz, m.p. 67-69°C and N'N>-AcPz, m.p. 61-63°C
were prepared from Pz and Pz monoacetate respectively, by reaction in
an aqueous alkaline ( NaHCO3; pH 8) solution of acetic anhydride, as
described in chapter 2. Acetylphenylhydrazine (AcPH) was purchased
from Aldrich Chemicals (Milwaukee, WI, USA.). All solvents and

reagents were analytical grade or higher.

4.2.2. Instrumentation

Combined GC/MS (electron-impact) analyses were performed on a
Hewlett Packard Model 59802 mass spectrometer and Model 5934A data
system. The injection port and transfer line temperatures were
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300°C. The operating conditions for the mass spectrometer wvere:
electron energy, 70 eV; emission current, 35 ma; source temperature,
180°c. A 15 m DB-5, 0.32 mm i.d., fused silica GC colum (J & W
Scientific, Palo Alto, CA, U.S.A.) was employed. The carrier gas
(helium) flow rate was 2 ni/min, and the oven temperature was
programmed from 130° to 280°C at 8°C/min.  In this condition
the retention times (rt) of N -AcPz, N°-AcPz and N N°-AcPz

were 14.8, 15.2 and 17.8 min respectively.

4.2.3. Incubation Protocol

Mycobacterium smegmatis ATCC 14468 was maintained in nutrient

broth (Difco Laboratories, Detroit, Michigan, U.S.A) at 4°c.
Cultures were started by transferring 0.5 mL of stock into 125 mL
Erlenmeyer flasks containing 25 mL of nutrient broth (8 g/L) and
dextrose (16 g/L). Dextrose was added aseptically after auto-
claving. Fresh medium was incubated with 1 mL of overnight culture
and filter-sterilized solutions of the substrate (0.2 mg/flask) were
added aseptically after a further incubation of 6 h. Cultures were
incubated at 37°C in a New Brunswick Scientific Model G-25 gyratory
shaker equipped with 45° angle brackets operated at 250 rpm.
Culture controls were prepared by incubating the microorganism in the
absence of Pz. Samples of each culture were plated on nutrient and
Sabouraud dextrose agar (Difco). No contamination was observed.

Substrate controls were prepared by incubating substrates in sterile

medium.
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4.2.4. Animals and Treatment

Two male rats (Sprague-Dawley), ﬁeighing 581 and 670 g, were
housed in air conditioned animal quarters on a 12 h light-dark cycle,
and fed food and water ad 1lib. Pz sulfate (50 mg kg ') in normal
saline was injected intraperitoneally into these rats, and 1.0 h
later they were sacrificed by cerebral dislocation.

4.2.5. Assay Procedures

The whole blood (about 8 mL) of each rat was collected separately
in beakers containing solid citric acid (100 mg), and weighed.
Whole brains were also collected, weighed, and kept in dry ice until
analysis. Blood protein was precipitated by the addition of an
equivalent volume of perchloric acid (0.4 N). Brains were sepa-
rately homogenized in perchloric acid (10 mL). The precipitated
protein was removed by centrifuging the samples (blood or brain) at
10,000 rpm for 15 min at 4°C in a Damon/IEC B~20A refrigerated
centrifuge, and the blood and brain supernatants were collected in
separate tubes, basified with excess solid sodium bicarbonate and
extracted with ethyl acetate (5 mL) by shaking on a vortex mixer for
30 min at room temperature. After centrifugation, each organic
layer was separated and evaporated under nitrogen. Ethyl acetate
(10 uL) was added to each residue, and an aliquot (1.5 uL) was
injected into the GC/MS instrument. A total ion trace, and select-
ed ion traces (m/z 45, 74 and 87) were simultaneously recorded. As
control, two male rats of similar weight received injections of

normal saline and were then treated as described above for the rats
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that received Pz sulphate.

4.2.6. Sampling protocol

Tncubation broths were analyzed by withrawing 2 mL aliquots at
various times up to 168 h. 2 1 nL sample was made alkaline (solid
potassium carbonate) and extracted three times with five volumes of a
diethyl ether/methylene chloride mixture (55:45 v/v). The solvents
were freshly distilled prior to use. The extracts were combined and
concentrated at 50°C to approximately 50 uL. A portion of extract
obtained by this method was reacted with an equal volume of acetic
anhydride by a previously reported method.'®  The final extracts

were then analyzed by GC/MS.

4.3. RESULTS

Extracts of incubation broths of the microorganism and blood and
brain of rats treated with Pz were found to contain two metabolites
and trace amounts of substrate when examined by GC and GC/MS. The
mass spectrum of the metabolite contained diagnostic fragment ions
(m/z 105, 91, 87,45 and 43) consistent with those expected for a
mono-N-acetyl derivative of Pz. This was confirmed when a portion
of the original extract of the M.smegmatis incubation broths was
reacted with acetic anhydride and re-examined by GC. The peaks
ascribed to Pz and its N-acetyl derivative were now absent from the
GC trace, having been replaced by a single new peak which was found

to have GC/MS properties identical to those of authentic N'N2-



96

AcPz. However, the position of the N-acetyl group in the mono-N-
acetyl metabolite was not readily discernible from the MS fragmen-
tation data. Two structures were possible, and further charac-
terization of the metabolite was required. Both isomers were
synthesized and found to possess different GC and MS proﬁerties
(Table 2-1). The metabolite produced by M.smegmatis displayed
properties identical to those of Nz-Ach.

All incubation broths were made alkaline prior to extraction in
order to recover neutral and basic metabolites and unmetabolized
substrate. These eﬁtracts were analyzed by GC/MS to confirm that GC
peaks of metabolites and substrates were free from interfering
peaks. The levels of recovered metabolites were not sufficient to
account for the total amount of added substrates. Instability of
these substrates in alkaline solution, their reactibn with media and
cellular constituents, the possibility of additional metabolic path-
ways and autooxidation15 may account for the portion not detected
by the extraction/derivatization procedures employed.

A calibration graph was constructed by spiking control rat blood
samples with various amounts of N°-AcPz (0.10 - 50 pg/mL) and AcPH
(20 ng; internal reference compound), and subjecting these samples to
the same procedure used for the blood and brain samples obtained from
drug-treated rats. Reference to this calibration graph showed that
the blood and brain samples from one rat contained 41.0 and 84.5
ng/g, respectively, while those samples from the other rat contained

33.6 and 132.0 ng/g, respectively, of NZ-Ach.
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4.4. DISCUSSION

GC retention times and mass spectra of authentic samples of
N'-AcPz, N°-AcPz and N'N°-AcPz were determined. The data
indicate that these compounds differ with respect to retention times
and fragmentation patterns. Thus, for example, the fragment ion,
m/z 74, is a prominent ion in the spectrum of N'-AcPz (49%, rt 14.8
min) and NN°-AcPz (10%, rt 17.8 min), but is absent from the
spectrum of N°-AcPz (rt 15.2 min). In contrast the fragment ion,
appearing at m/z 87 is the base peak in the spectra of N2-Ach and
N'N?-AcPz, but is much lower abundance in the spectrum of
N1 -AcPz. These differences were employed to monitor extracts, of
either rat tissue or a microbiological incubate, for acetylated
metabolites formed after exposure to Pz. Structures for these ions
are suggested in Fig. 4-1.

The GC/MS selected ion and total ion current chromatograms of the
final extract of the rat are shown in Fig. 4-2. Similar traces were
obtained when brain or incubate broth were assayed. The mass
spectrum of the componnt with a rt of 15.2 contained an ion at m/z
87, but not an ion at m/z 74, and that no peaks containing these ions
were detected at retention times 14.8 or 17.8 min. These observa-
tions are consistent with the conclusion that Nz—Ach was formed as
the sole acetylated metabolite of Pz in each of these systems. The
electron impact mass spectra of this compound was identical to that
of authentic N2—Ach, confirming the identity of this metabolite.
Chromatograms of tissue extracts from untreated rats did not contain

any evidence of these compounds .
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By unequivocal identification of N2—Ach as a metabolite of ‘Pz
in the rat, and in a microbiological incubate, the current data
suggest that biological acetylation may be a common, albiet minor,
metabolic route in a rgange of systems, possibly including man. In
a similar vein, 2-phenylethylamine has also been identified as a
metabolite of Pz in each of these systems, suggesting that
deamination of hydrazines may also be a metabolic pathway shared by
16,17

variety of species. These observations may be of

significance in view of the very different pharmacologies of these

metabolites, compared to Pz itself.13'16
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5. TISSUE LEVELS AND SOME PHARMACOLOGICAL PROPERTIES OF

AN ACETYLATED METABOLITE OF PHENELZINE IN THE RAT.

5.1. INTRODUCTION

The role of acetylation in the metabolism and clinical
pharmacology of phenelzine [(2-phenylethyl )hydrazine, Pz] has been
controversial since the observation was made that clinical response
-3

to Pz appeared to vary among acetylator phenotypes.1 However,

although Pz does act as a substrate for human‘l and rabbit5
N-acetyltransferase in in vitro experiments, the ability of the human
to acetylate phenelzine in vivo has been questioned.6 It has been
recently demonstrated that acetylation of Pz to N2 -AcPz does occur
in vivo in the rat.’

Since this acetylated metabolite (N2—Ach) also possesses an

8,9

ability to inhibit monoamine oxidase (MAO) enzymes in rodents,

it was considered necessary to try to estimate the pharmacological
consequences of Pz acetylation in the rat, as a potential model of

man.
5.2. MATERIALS AND METHODS

5.2.1. Drugs and Standards:

Phenelzine sulfate, (-)-norepinephrine (NE) hydrochloride, 5-
hydroxytryptamine (5-HT),creatinine sulfate, 3, 4-dihydroxyphenyl-
ethylamine (dopamine, DA) hydrochloride and pentafluorcbenzoyl
chloride (PFBC) were purchased from Sigma Chemical Co. (St. Louis,
W0, U.S.A.).  N’-Acetylphenelzine (N°-AcPz) was synthesized
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according to a previously published procedure.8

Acetylphenylhydrazine (AcPH), pentafluorcpropionic anhydride
(PFPA) and pentafluorobenzaldehyde (PFBA) were purchased from Aldrich
Chemicals (Milwaukee, WI, U.S.A.).

N1~Acetylphenelzine (N1aAch) was prepared from Pz by its
reaction with acetic anhydride in a two~phase (water/chloroform)
systam containing sodium bicarbonate.10 Radiolabeled substrates
(5~[2-'%C]-hydroxytryptamine  binoxalate, 55.0 nCi mmol”!  and
ﬂ—[ethyl—l-14C]-phenylethylamine hydrochloride, 50.2 mCi nmol—1)
were obtained from Dupont Canada Inc (Mississauga, Ontario,
Canada). All reagents used were of the highest quality available.

All solvents were "distilled-in-glass" grade.

5.2.2. In vivo Acetylation of Pz:

Male rats (Sprague-Dawley, weight 230 - 200 g) were administered
a saline solution (2 ml.kg"1) of Pz (0.38 mmol.kg—], free base)
as a single intraperitoneal (ip) injection. Groups of five rats
were sacrificed by decapitation at 0, 15, 30, 45, 60, 120 and 180 min
after injection. Trunk blocd (3-5) mL was collected on solid citric
acid (100 mg) and was weighed. Liver tissue was removed and frozen
by immersion in liquid nitrogen. Samples were stored in poly-
ethylene vials at -80°C for a maximum period of 14 days prior to
analysis. Just prior to analysis each partially thawed sample was
homogenized in cold perchloric acid (HC104, 0.1 N, 5 vol.) and
centrifuged (12,000 rpm, 15 min, 4%). Each supernatant was
divided into two portions, 1/3 and 2/3 of the total samples. The
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smaller portion was assayed for Pz and the larger portion for
N>-AcPz as described below. '

5.2.3. Inhibition of MAQ, Effect on Biogenic Amines and

Deacetylation of N1 -AcPz and NZ—Ach in vivo:

Male rats (Sprague-Dawley, 230-300 g) were administered Pz, N'-
AcPz or N°-AcPz (0.1 or 0.2 nmol.kg-1) by ip injection of
solutions (2 mlL/kg) in dilute phosphate buffer (0.01 M, pH 7.4).
After 90 min, animals were decapitated and trunk blood was collected
into pblyethylene vials and weighed. Brains were immediately
removed and frozen in a dry ice/iscpentane bath. All samples were
stored at -80°C until analysis (within 14 days). Just prior to
analysis, brain and blood samples were allowed to partially thaw.
Entire blood samples were homogenized in cold perchloric acid
(HC104, 0.2 N, 1 vol.). After centrifugation (12,000 rpm, 15 min,
4°C), the supernatants weére assayed for Pz and N°AcPz as
described below. Brains were divided in half longitudinally. One
half was weighed and then homogenized in cold isotonic KC1 for
determination of MAO activity in an assay system vwhere
["*cl-hydrouytryptanine  and  ['
as substrates, for MAO-A and MAO-B respectively.

C]-phenylethylamine were employed

9, M The second

half of each brain was also weighed and then was homogenized in

HC10, (0.1 N, 5 volumes) containing disodium EDTA (0.1 g/L) and

4
ascorbic acid (0.05 mM). After centrifugation (12,000 rpm, 15 min,

4°C), portions of the supernatants were assayed for biogenic amines
by high pressure liquid chromatography (HPLC) with electrochemical

detect:ion,12 or for Pz and N2—Ach as described below.
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5.2.4. Analysis of Phenelzine :

Pz was determined according to the method described in chapter

5.2.5.  Analysis of N°-Acetylphenelzine:

Suspensions of whole homogenates of blood, brain or liver,
prepared as described above, were used. Internal reference compound
AcPH (100 uL of a 20 pg/mL solution in methanol) and excess solid
N’aHCO3 were added to each supernatant prior to extraction with
ethyl acetate (5 mL). The organic layers were transferred to
clean glass tubes, PFBC (5 uL) was added, and acylation was allowed
to proceed at room temperature for 20 min. Ethyl acetate was then
evaporated and the residue remaining was dissolved in toluene (1.0
mL). Excess reagents were removed by extraction with a saturated
aqueous solution of sodium borate (2 mL). A portion (1 uL) of the
toluene layer was then injected into the GC.

The amount of N2—Ach was quantified against sets of standard
samples prepared by spiking blank blood and homogenized liver or
brain with N2~Ach. Final concentrations of Nz-Ach were 10,
50, 100, 500, 1000 and 2000 ng/g. The solutions were subjected to
analysis according to the method described for unknown samples.

Quantitation was achieved by comparison of sample peak area
ratios (unknown/internal standard) to a plot of the peak area ratios
obtained by analysis of standard samples, versus concentration.

Calibration curves (Fig. 5-1) were prepared for each analytical

series .
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5.2.6. Instrumentation:

GC analyses were conducted using a Perkin Elmer Sigma 3 B gas
chromatograph equipped with an electron-capture detector (63N1) and
a fused silica capillary colum (30 m, 0.32 mm I.D., DB-5). The
helium carrier gas flow was adjusted to 2 mL.min~'.  Argon-methane
(95:5, 35 nL min~!) was added as make-up gas. The oven tempera-
ture was programmed to increase from 80 to 230°C at a rate of

1 for analysis of Nz-Ach. For Pz analysis the tem-

perature program was 110 to 250°C at 4°C min™'.

10°C.min"

Combined gas chromatography/mass spectrometry ( GC/MS) was per-
formed on a Hewlett Packard model 5985 mass spectrometer equipped
with a Hewlett Packard model 5840-A gas chromatograph containing a
DB-5 fused silica colum (10 m, 0.32 mm I.D.). Chromatographic
conditions were: initial temperature 80° (1 min), increasing at

20°%.min~" to 300°, and maintained for 3 min.

5.3. RESULTS

The reaction involved in the assay of N2 -AcPz is depicted in
Fig. 5-2. Mass spectrometric examination indicated molecular ions
and fragmentation pathways consistent with assigned structures (Fig.
5-3 and Fig 5-4). Linear correlation between peak area ratios
(Nz-Ach/IS) and N°-AcPz  concentrations was found (r%>0.995)
over the N2-Ach concentration range of 10 to 2000 ng/g for blood,
brain and liver tissues. The best fit lines passing through the

data points were described using the peak area ratio (y), and the
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concentration in ng/g (x), where y = .022x + .006 and y = .067x +
.0026 for Nz—Ach concentration in blood and liver, respectively.
After derivatization N°-AcPz and AcPH (IS) wvere chromatographically
well separated (Fig. 5-5) and on-column sensitivity was less than 5
pg for each compound. 4

Data in Table 5-1. indicate that Pz and N2-Ach were each
present in blood and liver obtained from rodents treated with Pz.
Peak 1levels of NZ—Ach were only approximately 5-10% of the maximum
concentration of Pz. Data in Table 5-1 also may suggest that the
elimination of Pz from blood or liver is more efficient than that of
N2-Ach. No chromatographic peak assignable to Nl—Ach was
observed in any tissue subsequent to treatment with Pz.

Data in Table 5-2. indicate the relative effects of Pz, N1Ach
and Nz—Ach on MAO enzymes. These data show that Pz and Nz—Ach
each produced 80% or greater inhibition at each dose level, 90 min
after drug treatment. N1-Ach, in comparison, produced 16% or
less inhibition, even at the highest dose tested (0.2 nnol.kg—1).

Data in Table 5-3. are consistent with observations made in the
MAO-inhibition studies described above. Thus, treatments with
either Pz or N°-AcPz at the 0.2 rrmol.kg_1 dose level each
resulted in increased brain levels of the neurotransmitter amines
(NE, DA and 5-HT). At the same dose level, N'-AcPz failed to
modify levels of these amines. The reduced effect of Nz—Ach on
biogenic amines at the 0.1 rnmol.kg_1 dose level is consistent with
previous observation that N°-AcPz was slightly less potent in vivo

than Pz as an inhibitor of MAO (cf. Table 5-2.).
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Gas chromatographic traces of derivatized extracts

of blood containing (A) 2 ug/mL acetylphenylhydrazine
(peak a) and (B) 2 pg/mL acetylphenylhydrazine (peak a)
plus 100 ng/mL Nz-acetylphenelzine (peak b).
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Ievels of Phenelzine and NZ-Ach in Rat Blood

and Liver After ip Administration of Phenelzine
(0.38 nmol.kg—1; ng/g + SEM; n=5).
Levels Measured in

Time Blood Liver
(min) Pz N2-AcPz Pz N2-AcPz
15 187+24 1442 22245 7+1
30 765412 25+2 327417 49+5
45 114443 59+3 958491 10348
60 1724415 36+4 336+42 82+6
120 108+15 20+2 15349 36+1
180 24+5 1041 46+7 28-+4
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Table 5-2. DPercentage Inhibition of Monoamine Oxidase Enzymes in
Brain 90 Min After ip Administration of Phenelzine,

N'-AcPz or N°-AcPz (mean + SEM; n=5).

Drug Dose MAO Type A MAO Type B
(_rrmol.kc_:;_1 )
Pz 0.1 9742 83+2
0.2 98+1 88+1
N'-AcPz 0.1 a+2 542
0.2 1642 1347
N°-AcPz 0.1 90+2 £0+8

0.2 97+1 93+3
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Data in Table 5-4. demonstrate that N'-AcPz and N>-AcPz were
each hydrolyzed in vivo and generated blood levels of Pz approxi-
mately 10% of those measured after treatment with an equimolar dose

(0.1 mnol.kg_l) of Pz itself.
Regardless of whether it was derived from the administration of

Pz or Nz—Ach, ratios of the mean levels of Pz in blood vs brain
were consistently between 1.1 and 2.2. In comparison, the ratio of
the mean levels of N°-AcPz in blood vs brain was greater than 7.0
after treatment with Nz-Ach. This suggests that entry of
N’-AcPz into brain may be restricted and that Pz in brain after
administation of N2-Ach may originate from hydrolysis in the

periphery.
5.4. DISCUSSION

The data now reported were collected to meet two primary
objectives. These were to confirm the previous obse.rvations7 that
N’-AcPz was a metabolite of Pz in rat and to determine whether this
metabolite might contribute to the overall response to Pz in that
species. The data do confirm the metabolic generation of N2 ~AcPz
in the rat and also indicate that this metabolite possesses pharma-
cological properties similar to those of Pz but with reduced potency.

The contribution of metabolically-derived NZ-Ach to the
response to Pz by this species cannot be unequivocally established
from the present data. Levels of N2-Ach measured in blood after

administration of a high dose of Pz (0.38 nmol.kg'1) approximated
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to those measured after administration of a lower dose of Nz—Ach
(0.1 mmol.kg’l) which inhibited MAO enzymes but only slightly
increased brain levels of biogenic amines. On this basis it would
appear unlikely that the even lower levels of NzAch expected after
treatment with a low, but still effective, dose of Pz could
contribute in any pharmacologically significant way to the observed
MAO inhibition.

As reported p_reviously,m_17 N°-AcPz is less potent as an in
vivo inhibitor of MAO enzymes than is Pz. This fact has previously
been explained as a less than quantitative conversion to Pz. How-~
ever, since N1-Ach and NZ—AcPZ did not appear to differ in any
major way as sources of Pz in vivo, while only N2—Ach inhibited
brain MAO enzymes, it would appear that this effect was due to
Nz—Ach itself, and did not require its hydrolysis to Pz. In
addition, the data suggest that entry of N2-Ach into the brain is
reduced relative to that of Pz. Therefore, reduced efficacy of
N2—Ach as a MAO inhibitor may be a combination of reduced potency
and restric- ted entry into the brain. Whether Nz-Ach possesses
other pharmacological activities remains to be determined.

1-3,18-20 .ve reported conflicting results on

Various authors
the relationship between acetylator status and clinical outcome or
side effects after treatment with Pz. In a previous report9 it
has been observed that N°-AcPz induced a motor deficit in mice more
readily than did Pz, possibly suggesting an increased tendency

towards an unwanted effect with Nz—Ach. In contrast, others have
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suggested that acetylation of Pz and similar compounds might reduce
the frequency of adverse reactions such as systemic lupus erythe-
matosus21 or pyridoxine antagonism. 10,22,23 The possibility of
regional differences in the accumilation of N2—Ach within the
brain has also not been addressed and could dramatically alter inter-
pretation of the significance of metabolically- derived N2—Ach.

In conclusion, although metabolically-derived NZ—Ach might not
play a significant role in MAO inhibition after treatment with Pz,
further experiments are required to fully define the pharmacological

importance of this metabolite.



Table 5-3. Brain Levels of Biogenic Amines 90 min After ip

Treatment of Rats with Phenelzine, N1 -AcPz or

N°-AcPz (ng.g~1 + SEM, n=6).
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Drug Dose NE DA S5-HT
(mnr:)l.kc_:;_1 )
0 389+24 685+53 411426
* * *
Pz 0.1 516+28 882+56 1027+131
* * *
0.2 572427 940+56 1088+48
0 371419 634+25 428+18
N'-AcPz 0.1 375+10 610+25 436+15
0.2 370+13 627+24 476+39
0 352+14 639+36 405+19
N°-AcPz 0.1 397419 667+25 63668
0.2 462426 870+22" 902+28"

Asterisks indicate significant (p<0.05) increases over

respective controls.

followed by the Newman-Keuls test.

Results were analyzed by ANOVA



Table 5-4. Ilevels of Pz in Rat Blood and Brain 90 min After

a)

Treatment with Pz, N1 -AcPz or N‘2 -AcPz

(ng.qg "' + SEM;n=5).

Drug Dose Blood Brain
(tm\ol.kg—1 )

Pz 0.1 152+2 92+12
N'-AcPz 0.1 1544 <10
0.2 33+2 15+4

N2 a

-AcP2 0.1 18+2 1141
0.2 47+7 4443

Blood and brain levels of N°-AcPz 90 min after
treatment with N°-AcPz (0.1 mmol.kg™); 148+36

and 20.3+0.5 ng.g'q, respectively (n=4).
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GENERAL DISCUSSION AND CONCLUSICNS:

Beiiefs that Pz can undergo a metabolic acetylation and that
formation of this metabolite is clinically significant are common and
have contributed to a potential misunderstanding of the clinical
pharmacology of this important psychiatric tool. This concept has
never been proven by fact but has arisen through a series of
circumstantial observations. Thus, for exanple, close analogies
havé been drawn between Pz and other amine or hydrazine drugs (e.g.
isoniazid, hydralazine) already known to undergo biological acetyla-
tion. Furthermore, Pz has been shown to act as a substrate for
human and rabbit N-acetyltransferase enzymes in vitro and patients of
the slow acetylator phenotype have been reported to respond better to
Pz hbut to exibit somewhat greater tendencies towards side effects.
These latter two points have however been questioned and several
research groups have failed to demonstrate any consistent relation-
ship between acetylator status and clinical outcome.

The present study was therefore undertaken to determine firstly
the occurrence of an acetylated metabolite of Pz in tissues collected
from rodents treated with Pz and, secondly, whether this metabolite
could contribute significantly to a Pz response. This study there-
fore constitutes a detailed examination of the chemistry and pharma-
cology of each of the two possible monoacetylated metabolites of Pz.

Metabolic acetylation of Pz is complicated by the presence of two
basic nitrogen atoms in the molecule. Although acetylation at the

primary nitrogen would be predicted through analogy to other
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hydrazines, acetylation of secondary amines has been demonstrated and
this possibility with Pz cannot be excluded. This prospect could be
tested only after unambiguous synthesis of authentic samples of each
respective amide for use as a standard in a subsequent assay
protocol. |

Literature surveys revealed that the preferred site of chemical

acetylation of hydrazines varied with the reagent and that direct
reaction with acylation reagents resulted in mixtures consisiting
predominantly of the secondary amide. This present study further
demonstrates that the reaction of these aliphatic hydrazines with one
equivalent of an acylating reagent is also medium dependent and that
careful selection of the medium allows for the selective synthesis of
each amide. Taking advantage of this observation a variety of mono-
and diacylated analogues of Pz were prepared, characterised and
examined as potential inhibitors of MAO. Results of these experi-
ments indicate that each of the acetylated Pz could be distinguished
on the basis of chromatographic and spectroscopic differences.
Those observation were applied to study the metabolism of Pz in
microorganisms. Results of this study indicated that Nz-Ach, but
not N1 ~-AcPz is a metabolite of Pz. Although N -acetylation
largely eliminated MAOI activities, N2—acety1ation had an
attenuating effect on MAOI activities.

Examination of the nuclear magnetic resonance spectra of these
analogues indicated that each of the acylated hydrazines exhibited
rotational isomerism similar to that previously observed with other

amides. The role of rotational isomerism in MAO inhibition was not
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assessed.
Several analytical procedures suitable for the analysis of Pz, ar

related hydrazines, have been reported in the literature. Although
each of these assay systems was satisfactory for the researcher's
needs, they were often hampered by the generation of nilltiple
derivatives (N'- plus Nz-acylation) or by comparatively low
sensitivities. Gas chromatographic procedures were therefore
developed for the analysis of Pz and each of its two possible
monoacetylated amide. analogues. It was observed that reaction with
pentafluorcpropionic anhydride after an initial condensation with
pentafluorobenzaldehyde converted Pz into a single, mixed derivative
which could be assayed at low levels in rat tissue. The
applicability of this assay to the analysis of other similar
hydrazines in blood was also demonstrated. Similarly, each of the
two mono-acetylated amides was detected in spiked tissue after
extraction and acylation with pentafluorcbenzoyl chloride. Results
of these experiments indicate that, although NZ-Ach did occur as a
metabolite of Pz in the rat, levels were probably not sufficient to
contribute in any pharmacologically significant way to MAO-
inhibition.

Data collected during these experiments were also relevant to the
interpretation of previously reported observations. Thus for
exanple, in an examination of the properties of Nz-Ach and Nz-
ECPz, it was concluded that while the latter did possess prodrug
characteristics, the former possessed properties dissimilar from
those of Pz. This was interpreted to indicate that Nz—Ach acted

in its own right and that some simple amides of Pz might possess
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activities independent of hydrolysis to Pz. - The present data
support this conclusion since they confirm that deacetylation is only
a very minor route of N2-Ach metabolism in the rat.

Several aspects of the potential significance of Nz-Ach to P2
have not been addressed in this work but are none-the-less worthy of
consideration. Thus, it is possible that the distribution of
N2 ~-AcPz in brain may not parallel that of Pz or may exibit regional
differences. Significantly enhanced accumulation of this amide in
specific brain regions of fast acetylators may result in an increased
pharmacological effect. Secondly, these experiments have been
conducted in an animal model which may, or may not, reflect the
degree of acetylation to be expected in man. A more complete
understanding of the significance of biological acetylation in man
might therefore be anticipated to result from application of these
assay procedures to plasma samples collected from human patients

exposed to Pz.



