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ABSTRACT

The fate of [14C]—Pre1udin in man, Tamarin monkey, rat and guinea pig has
been studied.

Synthesis of [14C]—Pre1udin by two methods, as well as synthesis of the lactam
metabolite and attempted syntheses of other possible metabolites was carried
out. _ -

Three men, dosed orally with 25 mg (about 0. 35 mg/kg) excreted about 93%
of the 14C in the urine over 4-5 days. About 71% of the 14C was excreted in
the first day of which approximately 26% was unchanged drug, 27% a lactam.

‘metabolite, 16% as a phenolic metabolite, 11% as a glucuronide conjugate of
. the phenol, and 7% as an unidentified metabolite.

In two Tamarin monkeys dosed intramuscularly (0. 28 mg/kg), the metabolites
excreted in 24 hours were similar to those in man except that more unchanged
drug was excreted.

The metabolites in rats receiving 20 mg/kg orally were similar to those found
in man except that the major metabolite was the phenolic one and far less
of the lactam metabolite was excreted.

The guinea pig receiving 20 mg/kg orally, excreted about 55% of the 14C as
the lactam metabolite and no phenolic metabolite could be detected.

Metabolites were isolated from the urine and in vitro liver preparations in
the case of the rat and guinea pig, and their identity was confirmed using
a number of physical methods.

Pharmacological investigations on the effect of the lactam metabolite on
hexobarbitone sleeping-time and gpontaneous activity of mice were carried out.

The glucuronide of the phenolic metabolite in rat bile after permethylation
was identified by means of a combined g.1.c. /m. s. system.

The possible role of the metabolites in the production of the biza.rre eﬁects
Seen on excessive dosage in man is discussed.

The fate of 4Cl-(+ ~-(+)-norephedrine administered mtramuscularly (0. 3 mg/kg)
to two Tamarin monkeys was mvestlgaied Over 85% of the 14C was excreted
in the first 24 hours and of this approximately 75% was unchanged norephedrine.

The metabolism of [14C]—(_—_!-)—amphetamine in two Tamarin monkeys dosed
intramuscularly (0. 3 mg/ke) was studied. Approximately 75% of the
administered 14C was accounted for in the first 24 hour urine of which 58%

was unchanged amphetamine and 3% was the metabolite, 4-hydroxyamphetamine,



FOREWORD

Species variations in drug metabolism are now widely accepted as an
important aspect of the toxicological spectrum of a2 potential drug. Within this
laboratory this dfference in metabolism has been used fo investigate some drugs
of abuse such as amphetamine, methamphe tamine and the closely related compound,
norephedrine. These studies have now been extended to include the amphet};\;niﬁe-
like drug, Prelﬁdin and furthermore some observations have been made concerning
the metabolic fate of [14C]-(_-_l-_)—amphetamine and [1401-@) -norephedrine in the
Tamarin monkey, a species of New World monkey which has not been extensively

used for drug metabolism studies. oo
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General Introduction

Metabolic studies on amphetamines have been carried out by many workers
in order to gain knowledge of different routes of metabolism exhibited by
different species, and also to ascertain general patterns of drug metabolism
within the particular group of drugs being examined. -

The phenomena of tolerance and dependence, as illustrated by the drugs
of abuse such as the amphetamines, may prove to have a metabolic origin, thus
emphasising the importance o% metabolic studies, and identification of metabolites.
The discovery that a metabolite of amphetamine, 4-hydroxynorephedrine, might
act as a 'false' transmitter within the central nervous system and be responsible
for the tolerance exhibited on repeated exposure to the drug was a step forward |
(Costa and Gropetti, 1970; Lewander, 1971a,b). Although this metabolite has
not provided all the answers to the problem of tolerance, it has illustrated that
drug metabolism may play a prominant rdle in the pharmacological effects of
the amphetamines,

By studying the metabolism of Preludin, see Fig. 1.1, it was hoped to find:
i) whether the amphetamine-like drug Preludin (ﬁhenmetrazine hydrochloride)
underwent similar metabolic transformations to amphetamine itself and cogeners
such as methamphetamine and norephedrine and ii) to identify'the metabolites |
of freludin va.nd c;)mpare them with that” of amﬁﬁetamine with the idea that the

amphetamine-like actions of Preludin may in some way be associated with its

metabolism.,



H H O-CH,— CH
|+ H |2 |2
C~-C-N C~ CH - NH
Lo Mg o
H CHjg | H CHg
Amphetamine Phenmetrazine
Fig. 1.1 - -

‘The intreduction has included _a short general review on the abﬁse of the
amphetamines and their effects on catecholamines in order to demonstrate the |
similarity of Preludin to other classical amphetamine derivatives such as
amphetamine itself and methamphetamine. Further data on the pharmacology

of Preludin and amphetamine may be found in Chapters 2 and 3 respectively.

Abuse of Amphetamines

Clinically, amphetamine was found to be of use in the freatment of
narcolepsy (Prinzmetal and Bloomberg, 1935)1, Parkinson's Disease (Solomon_
et al., 1937), and depression (Myerson, 1936). The anorexigenic effects of
amphetamine derivatives were described by Nathanson in 1937 and since then
many amphetamine-like drugs have been synthesised which have retained or
emphasised the anorexigenic effect but abolished or attenuated the central
stimulant effect.

The powerful central stimulant effect of the amphetamines had not stayed
unnoticed amongst those people who sought solace with reality-distorting drugs,
and as early as 1937, the Journal of the American Medical Association warned
of abuse and subsequent dependence.

Unfortunately, human nature has always shown unusual ingenuity and

perseverance in discovering new and perverse ways of psychological stimulation



by drugs, in spite of any hazards associated With such‘practices. Such abuse
is by no means restricted to any particular group, society or class of individual
indeed such notable personalities as DeQuincy, Baudelaire and Freud have openly
induiged in drug abuse (Mason, 1968). Mason, in 1968, attempted to classify
drug addiction by social class. Thus, "the lower socio-economic clitsses, o
deprived of education, housing and jobs, discriminated against on racial or on
an ethnic basis (the Negroes and Puerto Ricans in the U.S.A., the Indians,
Pakistanis and West Indians in'the United Kingdom) seek solace m oéiates and
marijuana®. He claims that there is a _"higher socio-economic group where-diet
pills (amphetamines ) and sleeping pills are used frequently and indiscrizﬁinanﬂy,
leading to misuse, abuse and eventual addiction". Mason's last and highest "class"
consists of "intellectual circles". Amongst these persons, "the use of marijuana
or LSD (lysergic acid diethylamide) apl;ears fairly common, not only because of
.the alleged intellectual and spiritual benefits, but also because it is the "in" thing
to do". Phenmetrazine hydrochloridé (Preludin) has often beven used as. a
substitute for the classical amphetamine derivatives (Van Praag, 1968) that is,
amphetamine, dextro-amphetamine and methamphetamine, especiéily when these
0 \

- are in short supply. Phenmetrazine abuse was reported by Van Praag in 1968
to be "little less than a national problem in Sweden". - |

As well as the euphoriant and spiritual uplifting effects of the amphetamines,
use has been made of the fact that the amphetamines can delay the onset of fatigue.
Thus some students, in preparation for examinations, use the amphetamines.
Sportsiocen too have tended to abuse the amphetaminés, as well as thé anabolic
steroids, in.spite of medical warnings on continued use of either cl\ass of drug.

Although amphetamine abuse has been noted in all forms of sport, it would appear

that the drug is most beneficial in endurance sports such as cycle and cross-



country races (Ostyn, 1972). But, as Ostyn has pointed out, it is precisely
these endurance sports which create the hazard for the amnhetamine—takers
since the feeling of extreme fatigue goes unheeded and normal limits of exertion
are exceeded with the possible result of complete exhaustion or death. |

-‘The origin of dependence can be iatrogenic and in 1968, Maeon pointed out , B
that drugs that were 11ab1e to induce dependence should onl;r be prescnbed when
necessary for a 11m1ted time, that is, long enough to produce the desu'ed therapeutlc _ “
effect and onl;r in suff101ent quantlty for the length of t1me needed for therapeutxc drug
:{jactlon. In 1972, Van Praag drew attentlon to the anomaly between the\ dangers of
amphetamine s and the readiness with which they were prescrlbed. In the Umted
Kingdom, the Councif of the British Medical Association set up a Working Party in
1967 to investigate the efficacy of amphetaminee and ampheta.rnine—like compounds.
The Working Party, in 1968, recommended that "amphetamine and amphetamine~
like compounds should only be prescribed for those conditions for which no reasonable
nlternative exiets". Also, that "doctors should Voluntarﬂtyr take the same precautions
and keep the same records as they already do for those drugs covered by Part 1 of
the Schedule of the Dangerous Drugs Act, 1965". Replacement of this Act with the
1973 Misuse of Drugs Act and Misuse of Drugs Regulations has placed further
controls on the prescribing of amphetamines, including the proper presentation of
prescriptions and legally recording the dispensing of such a compound. Similarly
in Canada, amphetamines, phenmetrazine and phendimetrezine may now only be
prescribed for six specified conditions (in humans), with special notification
regulations to be observed by prescribers. These new regulations ailow a doctor
to prescribe a thirty~day supply of amphetamines for the conditions of narcolepsy,

hyperkinetic disorders in children, mental retardation associated with minimal

brain dysfunction, epilepsy, Parkinson's disease and hypotensive states associated
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~ with anaesthesia. On supplying the amphetamines, the doctor must inform the
Federal Health Department of the patient's name and details of the therapy.
If the amphetamines are required for more than thirty days, then another doctor

is required to confirm the original diagnosis (Pharmaceutical Journal, 1973).

Abuse of phenmetrazine leading to its subsequent dependehee has been _
enlarged upon in Chapter 2, Introduction, under the heading of Dependence on and
abuse of Preludin. The drug was: mthdrawn from use in the Umted Iﬁngdomla,te

in 1973 probably for two reasons, one being thel steady rise in the ﬂlegal use of

.

- the drug and secondly, from the fact that other anorexigenic drugs had a much IGWer'

incidence of tolerance and dependence.

Metabolic Pathways and Comparative Metabolism of Some Amphetamines

The structure of amphetamine and some amphetamine-like compounds may

be depicted as shown below (Fig. 1. 2).

R+ CHg

| 9

? - CH -~ NHR

H
C d 1 2
~ompouna R R°
Amphetamine H H |
Methamphetamine H CHg
Ephedrine oH . CHg
Norephedrine CH H

Fig, 1.2

Routes of metabolism which have been demonstrated so far are:

i) aromatfic hydroxylation
ii) B-hydroxylation
iii) deamination

iv) N-oxidation



11.

Unchanged drug

The quantity of drug excreted unchanged appears to bé correlated with
lipid solubilities (Williams et al., 1973), since the hydrophilic compounds
ephedrine and norephedrine were readjly'excrefed in man (80 and 90% of the
dose, respectively; Beckett and Wilkinson, 1965). The more ]ipoplﬁ]ic drugs,
amphetamine and methamphetamine were less readily excreted (20 and 30% of
the dose, respectively; Dring et al., 1970; Caldwell et al., 1972a). In the
A rat less norephedrine, ephedrine, amphetamine and methamphetami;}c_e .wére.
excreted unchanged (40, 50, 10 and 20% of the dose; respectively).» i However,
the correlation between lipid solubility and excretion of unchanged drug fails
to predict that the rabbit extensively metabolised all the aforementioned drugs, o
leaving less than 5% to be excreted unchanged.

i) Aromatic hydroxylation

Amphetamine is hydroxylated in the 4-position of the aromatic ring to
give 4-hydroxyamphetamine. Administration of amphetamine to the rat
resulted in extensive 4~hydroxylation (60%; Dring et al., 1970). For
methamphetamine the value was 53% (Caldwell et a_l.’, 1972a), for norephedrlne,'
35% (Sinsheimer et al., 1973) and for ephedrine 19% (Bralet et al., 1968) was
accounted for as 4-hydroxy metabolites. | -In man, this ring hydroxylatioﬁ is much |
reduced, only between 1 and 5% for amphetamine and 18% fdr'methampiletamine. ‘
~ The guinea pig and rabbit show very little inclination to hydroxylate amphetamine,
producing only between 0 -~ 5% of the dose as the 4-hydroxy metabolite. |

ii)  Beta-hydroxylation

This reaction is an important step in the biosynthesis of noradrenaline,
beta-hydroxylation of dopamine by dopamine~g-hydroxylase occurring to give

noradrenaline (see Role of Catecholamines in this Chapter). Such a reaction may
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occur within the amphetamine group of compounds in vivo and in vifro (Goldstein
and Anagnoste, 1965; Goldstein et al., 1964), to give derivatives.-of norephedrine.
Thus with - methamphetamine, 4% of the dose was accounted for as the g-hydroxylated
compound norephedrine in man (Caldwell et al., 1972a), 16% as norephedrine in the
rat and the degree of formation in the guinea pig was found to very b'ettveen 1 and'lg%, ‘
depending upon the dose (Caldwell et al. 1972a). Sever and co-—workens (1973_)have :
reported the p-hydroxylation of ampheta.m:ne in man, in both normal and dependent . .
-subjects and foun 2 to 3% was. excreted in the urine durmg the ﬁ:cst 24 hours. The
aromatic ring'hydroxylation product,’ 4-hydroxyamphetamine (Paredﬁne) , has also
been reported to be a substrate for dopamine~B-hydroxylase (Crevehng et al., 1962;
Sjoerdsma and Von Studnitz, 1963; Kopin et al., 1965) and also in vivo by Sever
and co-workers (1973),the product being 4-hydroxynorephedrine. Thisis a
compound of particular interest since it may be implicated in the induction of
~tolerance t_q some of the actiens of the amphetamines_ (see under ﬁAmph_et_amine -
Phenmetnazine and Norephedrine: Effects on catecholamines and false transmitter
theory).
iii) Deamination

The pathway of deamination is favoured by the gujnea' pig and the rabbit and
accounts for between 50 and 90% of the metabolism of amphetamine, methemphetamine
and norephedrine (Williams, et al., 1973).
iv) N-Oxidation

This pathway is in no way a new biotransformation route, aromatic N-
hydroxylation having been demonstrated ky many workers (see review by Weisburger
and Weisburger, 1973). The N-oxidation of many seeondary and tertiary amines,
both in vivo and in vitro has been reported {see Bickel, 1969 and Jenner, 1971, for

reviews) and the more recent studies of Beckett (1971) indicated that some primary
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aliphatic amines may also be metabolised by N-oxidation. Beckett aﬁd Al-Sarraj
(1973) have reported the identification, properties and analysis of N-hydroxy-
amphetamine which they reported to be a major metabolite of amphetamine

(see also McMahon et al., 1972; Lindeke et al., 1973). N-Hydroxy-4-methoxy-
amphetamine has been claimed as a metabolite of 4-methoxyamphetamine (Beckett
et al., 1973a). The N-hydroxy derivative of fenfluramine as an in vitro metabolite
has been reported by B'eckeﬁ':k and co-workers (1973a), althqugh thé major isolation

product was the nitrone (see Fig. 1.3).

FqC
3 ?H 3
CH2~CH-NHCI‘120H3
Fenfluramine
F3C CHy OH
I /
CHZ-CH—N'
AN
CHZCH3
N-Hydroxyfenfluramine Nitrone

Fig. 1.3

The N-hydroxylated compound could not be detected as a metabolite in vivo
(Beckett and Brookes, 1967). The N~hydroxy metabolite of phenmetrazine was
identi.fi-ed by Beckett and Salami (1972) in iiver preparation‘s and also in the whole
animal (Beckett and Al-Sarraj, 1972). "I:Ising rabbit liver microsomes, Lindeke
and co-workers (1973) have shown the hydroxylamines of phenylethylamine,
phentermine and 4-chlorphentermine to be the major volatile metabolites using
combined gas-liquid chromatography (g.1.c.) and mass spectrometry (m.s.) as

well as nuclear magnetic resonance (n.m.r.) spectroscopy.
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The Role of Catecholamines in Amphetamine Pharmacology

The effects of the amphétamines have been shown by many workers to closely
resemble those seen on the stimulation of sympathetic nerves, thus involving tﬁe
release of the chemical transmitter noradrenaline. .The importance of this
reaction is further amplified in the section entitled "Amphetamine, Phenmetrazine
and Norephedrine: Effects on catecholamines and false 'transmitter theori. The
amphetamines have been called sympathomimetic agents because their effects
so closely resemble those of noradrenaline. Therefore it is propdséd fo present
 a very brief résumé - on the neurchumor noradrenaline and also on 1;s precursor

dopamine since they are thought to be vital for the effects of the amphetamines.

- Discovery, biosynthesis and rate-limiting step of noradrenaline formation |

Although Langley (1901) showed that the effects of an extract of adrenal
medulla resembled the responses resulting from stimulafion of sympathetic nexrves,
it was Barger and Dale (1910) who first pointed out that this stimulation was mimicked
much better by noradrenaline than adrenaline. But it was much latei' when Cannon
and Rosenblueth in 1933 reiterated Bargers and Dale's conclusions but termed their
substance "sympathin". It was left to von Euler in 1946 to show that noradrenaline -
and only a little adrenaline was present in sympathetically iglervated tissues and that
"sympathin" was identical to noradrenaﬁne. In 1949, Pearxt cénclusiveh.r showed that
- noradrenaline was released from 'splenic nerves in the cat by post—ganélionic
stimula’cion, and in spite of some objectidns (Tainter and Luduena, 1950) noradrgnalil}e
was accepted as the only transmitter substance in adrenergic nerves in mammals
(von Euler, 1959).

Shortly ‘after the discovery of the enzyme, L-dihydroxyphenylaianine (L-Dopa)

decarboxylase (Holtz et al., 1938), Blaschko (1939) proposed his biosynthetic
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scheme for the formation of adrenaline (Fig. 1.4). Recent research has suggested
that this scheme may not provide the complete story. Laduron and Belpaire (1968)
reported that tyrosine hydroxylase was not contained within catecholamine granules
(see under Storage and uptake of noradrenaline and dopamine) as claimed by Na.ge-ttsu

and co~workers (1964) and Udenfriend (1966). Thus it was proposed that

hydroxylation of tyrosine and decarbc?xylaﬁon of Dopa occurred outside the granules

and then the dopamine was taken up again into the granule for conversion to noradrenalin

by dopamine-B-hydroxylase. Some noradrenaline, when coming out 6f the granules,

was _N_-méthylated into adrenaline and finally 'retumec'l- to the gran‘uleﬂs‘:t-:o be s.i:ored..

Laduron (197-2) ;:,onsidered this translocation too complex and reported that in the

- adrenal medulla, dopamine could be converted to epinine in vitro. ~Considering
dopamine to bé a neurotransmitter within the brain, Laduron reported that dopamine
was converted to epinine in the rat brain but that the methyl donor was 5-methyl-

“tetrahydrofolic acid (Fig. 1.5) instead of the usual S-adenosylmethionine. Thus
Laduron (1973) concluded that both in vitro and in vivo, epinine rather than

noradrenaline was the immediate prccursor in the adrenal medulla.

Dopamine + 5-methyltetrahydrofolic acid

N-methyltransferase
4

Epinine -+ tetrahydrofolic acid

Fig. 1.5

. The formation of Dopa is a relatively slow process-and Dopa does not
accumulate in the tissues but is rapidly converted to dopamine and since dopamine
is found in the urine it may indicate that excess is always formed. ﬁowever, evidence
suggests (Levitt et al., 1965) that the rate~limiting step for noradrenaline biosynthesis

is the conversion of tyrosine to Dopa, carried out by tyrosine hydroxylase. The
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inhibition of tyrosine hydroxylase activity by a high concentration of noradrenaline
may represent a mechanism for the positive feedback control of noradrenaline
synthesis in vivo (Udenfriend, 1966; Wurtman and-Axelrod, 1966).

Release of noradrenaline

‘Noradrenaline is released from most post-ganglionic sympathetie» nerve __
endings. The primary event that leads to transmitter release is a depolarisation
of the presynaptic terminal during the action potential of a neﬁe impulse. It has
been suggested (Katz, 1962) that this depolarisation may be fellowed by an increaee
" in the number of attachment sites on the inner surfaee of the presynaptic fibre for
the pre;formed storage vesicles, these vesicles then attaching to the sites before
‘emmding their contents into the synaptic cleft, calcium being an essential co-factor in
the latter stages. This release of transmitter may take place by several mechanisms

(De Potter, 1973), the last of the three being by far the most important.

)

1) releé.se.from vesicles inte the cﬁosel and eu'bSequent‘di.Efﬁéion'out of tlie
cell,
ii) expulsion of whole vesicles,
and 111) exocytosis.

: Two main mechanisms have been put forward to explain local feedback_
regulation of the release of noradrena]ine from nerve Vterminals. The first is that
initiated by Hedgvist in 1970 who proposed that tﬁe prostaglandins PGEy and PGEy
mediate this feedback inhibition of noradrenaline reIease and the second is that
noradrenaline itself, as well as sympathomimetic drugs, depress the secretion of
noradrenaijhe by an action on @-receptors (Starke, 1972). Starke aﬁd Montel
(1973) devised an experiment to determine the relative contribution of each mechanism

and concluded that the two mechanisms were independent, but worked in parallel.
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Thus there is the "prostaglandin loop" consisting of noradrenaline release — stimulation
by noradrenaline of az-receptive sites - liberation of prostaglandins - action of
prostaglandins on the nerve endings ~ inhibition of noradrenaline release. Then there |
is the "direct loop" consisting of noradrena]ine release - stimulation by noradrenaline
of (possibly prejunctional) a-receptive sites - inhibition of noradrenaline re}_ease.

Inactivation of noradrenaline and dopamine

The action of noradrenaline on effector cells is terminated when the
concentration is reduced below a critical level. This level may be reached by
(a) enzymatic action or(b) re-uptake mechanisms. |
(a) The enzyme system principally concerned with deactivation.is monoamine
oxidase (MAQ), discovered by Hare in 1928 and named MAO by Zeller in 1951 to
distinguish it from the enzyme responsible for the oxidation of histamine and other
diamines. It is possible that MAO is made up of several iso-enzymes (Sandler
and Youdim, 1972). The enzymatic degradation of noradrenaline and dopamine may -
be found in Fig. 1.6. They are both oxidatively deaminated in the brain by MAO

to their corresponding aldehyde metabolites.

RCHp-NH, + Op + Hy0 — RCHO + HyOp + NHz.

The noradrenaline -in the brain is metabolised primaril& to the corresponding alcohol
by an NADPH~-dependent aldehyde reductase (Erwin, 1973) and dopamme is converted
by brain tissue to an acid metabolite by an NAD~dependent aldehyde dehydrogenase
(b) Stroémblad and Nickerson (1961) suggested that re-uptake of catecholamines into
neurones might represent an important mechanism for their inactivation. This
uptake has been shown to proceed against a considerable concentration gradient
(Axelrod et al., 1959; Whitby et al., 1961) and some authors (for example, Iversen,
1963) suggested that this uptake was mediated by a saturable membrane-transport

process. This neuronal uptake showing structural and stereo-chemical specificity



Fig. 1.6. Main Pathways of Noradrenaline Breakdown

(After Axelrod, 1966)
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has been termed "Uptake 1" (see Iversen, 1967). Some post-synaptic tissues,
for example, cardiac muscle, may take up catecholamines by a dif_fer_ent
mechanism, termed "Uptake o" by Iversen (1967) whic;h is not so stereo-

specific but may be important for inactivating circulating catecholamines (Iversen,
- 1973).

Storage and uptake of noradrenaline and dopamine

Catecholamine—containing granules were separated from the adrenal
medulla by Blaschko and Welch (1953) and Hillarp and co-workers (1953) by
“density gradient centrifugation. Noradrenaline storage particles from the
terminals of sympathetic nerves in the central nervous system have been
isolated (Michaelson et al., 1964; Snyder et al., 1964) and found to resemble
those of the adrenal medulla apart from size and density (Stjirne, 1964). Since
the concentration of catecholamines is so high in the granules, it has been suggested
thai: the éminés fofm é ‘st(.)ra—ge compiex with adenosine fripildsﬁhéte (ATP) within
the granule (Hillarp et al., 1958, 1959, 1960).

Administration of reserpine has beeﬁ shown by many workers to deplete -
stores of noradrenaline, but on the administration of an indirectly-acting
sympathomimetic amine, the action which the drug may cause is not grossly
attenuated until the total noradrenaline content is veiy Iow indeed. ThlS led
" Crout and his fellow-workers, in 1962, to postulate two pools of noradrenaline
» in‘ sympathetic nerves. One store of "bOm}d" nqradfenaljne which contai'qed most
of the noradrenaline and was capable of being depleted by reserpine and a second
"avajlable" pool of noradrenaline which may not be depleted by resei'pine but which
eventually emptied in the presence of reserpine when the reservoir of bound
noradrenaline {from which the "available'' pool was replenished) had been completely

depleted. Recently pools containing newly synthesised catecholamines and "older"
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catecholamines have been postulated to explain the actions of some drugs, for
example, the amphetamines (Fixe and Ungerstedt, 1970), the newly synthesised
catecholamines being stored in the reserpine-resistant pool. Besson;and co-

workers (1969) and Glowinski (1970) have demonstrated that amphetamine released

newly synthesised dopamine from the corpus striatum.

The processes of storage and uptake are very different (Slotkin et al., 1971;
Slotkin and Kirshner, 1971) and using data from a variety of sources, Slotkin (1973)
has been able to construct a hypothetical model of catecholamine transport in

adrenal medullary storage vesicles. This may well be extended to cover the =

processes in neurcnes. The model is illustrated in Fig. 1.7.

Amphetamine, Phenmetrazine and Norephedrine: Effects on Catecholamines and

False Transmitter Theory

In 1954, Vogt suggested that the pharmacological effects of amphetamine
were mediated by noradrenaline, a conclus;on also reachgd by Moore and Lariviere
in 1963 and also by Quinton and Halliwell in the same year. Stein in 1964 claimed_‘
that amphetamine :exerted an indirect effect, that is, by causing the release of

\
noradrenaline, as against a direct action with noradrené]jne receptors as claimed
by Van Rossum and_ co-workers (1962).

On studying the effect of amphetamine on noradrenaline, Axelrod et al., (1961)
found that the drug initially increased plasma levels of the catecholamine but decreased
the uptake of noradrenaline in the cat hea;'t, spleen, adrenal gla.na and liver, but not
skeletal muscle. Using 3H-tyrosine and 3-H-Dopa, Lewander (1970) found that
phenmetrazine and, to a minor extent, amphetamine reduced the disappearance. of
brain dopamine, but not brain noradrenaline. Lewander claimed that it might

have been caused by neuronal feed-back inhibition of the impulse flow in the dopamine

neurone (see also Bunney and Aghajanian (1973). Lewander (1970) also found pennetrz’
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to decrease the incorporation of 14C-noradrenaline (produced in vivo from 140-
ty:osine) intb the brain which he thought due to either (i) interference with
dopamine—ﬁ—hydromlas_e, or (ii) the uptake of newly synthesised 14¢-noradrenaline
into the storage granules. Since there is a small increase in the incorporation of
14C-dopamine after phenmetrazine treatment, the former alternativg (i) was
favoured.

Injection of @-methyl-para-tyrosine (to inhibit catecholamine biosynthesis) in
reserpinised rats, followed by an injection of phenmetrazine has been shown
(nge and Ungerstedt, 1970) to deplete amines from the noradreﬁalir;e nerve
terminals in the septal area of the brain and, to a lesser extent, to cause a
depletion at the dopamine nerve terminals, Cerebral dopamine has been cited by
Randrup. and Munkvad (1968) to be mainly responsible for the stereotyped
behaviour (sniffing, licking, biting) seen after the administration of amphetamine.
Exténsive .experimeﬁtatio‘rl by 'Scheel—lKn"lge‘r (1971) using both reserﬁiné and
a-methyl-para-tyrosine has shown that the locomotor stimulation and stereo-
typed behaviour produced by amphetamine,phenmetrazine and methamphetaminé\
in rats pretreated mtn a high dose of reserpine, was correlated with the influence
of these drugs on dopamine and its metabolism.

Many studies have indicated (Goldman et al., 1971; Berger et gl.. , 1971,
‘Holtzman and Jewett, 1971)_thai;‘ catecholamines, especially noradrenaline, are -
mediators for the anorexigenic effect of amphetamine. _S.le’;ten _a.nd co—workers_ _
in 1967, found that administration of chlorpromazine {(which is a blocker of |
noradrenaline and dopamine receptors; Carlsson and Lindqvist, 1963; Corrodi et
al., 1967; Andén et al., 1967) prevented the anorexigenic effects of phenmetrazine

(Preludin) and chlorphentermine. Fenfluramine and 4-chloroamphetamine are also
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anorexigenic compounds which have a strong effect on the metabolism of
5-hydroxytryptamine (Fuller et al., 1965; Opitz, 1967) and recently Frey and
Schulz (1973) have suggested that noradrenaline, dopamine and 5-hydroxytryptamine
are all involved in the anorexigenic effect of 4-chloroé.mphetamine.

The central actions of norephedrine and its effect on catecholamines have been
less well documented than thee of amphetamine or phenmetrazine. The general
pharmacology of norephedrine may be found in Chapter 4. Burgen and Iversen
(1965;reported that ‘t1_1e (+)-form of norephedrine had a relatively lovg‘l‘xptake
affinity for the site of noradrenaline uptake, about five times less effective than
(+)-amphetamine. The 4-hydroxylated derivative, 4-hydroxynorephedrine, has
recently become important because of its pdssible involvement in the induction of
tolerance to some of the effects of amphetamine which occurs in animals {Tormey
and Lasagna, 1960) and in man (Rosenberg et al., 1963). (+)-Amphetamine has
been shovsfn to form 4:-hydvroxynorepﬁed'rii1e in the rat heart (éoldstein é.nd Anagn;)ste,
1965; Brodie et al., 1970) and spleen (Thoenen et al., 1966) gnd also in central
adrenergic neurones (Groppetti and Costa, 1969, 1970; Brodie et al., 1970;
Lewander, 1970). . It has also been found in the urine of human subjects
(Caldwell et al., 1972b; Sever et al., 19733)dosed with amphetamine. Tolerance
develops to the anorexigenic and hyperthermic effects of amphétamine on chronic
administration (Harrison et al., 1952; Kosman and Unna, 1967) together with a
decline in the stores of noradrenaline (Brodie et al., 1969). But the prolonged
depletion of noradrenaline far exceeded the half-life of amphetamine in the body and
was related.to the amount of 4-hydroxynorephedrine formed as a metébolite (Costa
and Groppetti, 1970). The metabolite, 4-hydroxynorephedrine was taken up by
sympathetic nerve endings (Carlsson and Waldeck, 1964} and liberated by

subsequent nerve stimulation (Thoenen et al., 1966). Further, it was released



by (+)-amphetamine preferentially with respect to noradrenaline (Brodie et al.,

1970). Howevei', this apparent 'false' transmitter, 4-hydroxynorephedrine only
produced tolerance to the peripheral effects of amphetamine such as the

increased urinary exc:?etion of noradrenaline, lipolysis and cardiovascular effects
(Lewander, 1971b) and hypérthermia (Gessa et al., 1969). Central effects such as
anorexia, central excitation or increased urinary excretion of adrenaline (Lewahder,
1971]_5_) to which tolerance develops, were not a.ffeé’ced by 4-hydroxynorephedrine;

Other central effects such ag - increased motor activity and stereotyped behaviour:

——

“to which tolerance does not develop was also wmaffected by tﬁe 'fav.lse': transmitter,
implying that different mechanisms were involved in the induction of tolerance to
the central effects.

| Further evidence that 4-hydroxynorephedrine éa.nnot totally explain tolerance
to some of the actions of amphetamine may be found in the fact that the {-)-antipode
of‘ émphetamiﬁe fails tb fofm tﬁe 'false'- tra.ﬁsmittef (Goidétein énd Ané.gnosté ,H v1965)
and yet noradrenaline is released by (-)~amphetamine from various tissues and
elicits peripheral and central effects similar to the (+)-isomer. The depletion of
noradrenaline after administration of (+)-amphetamine to rats has been shown to
be greater tha:; in guinea pigs (Costa and Gropetti, 1970). This was supposedly
due to the fact that whereas the rat was capable of both B—hydroxylaﬁon and
extensive ring hydroxylation, the guinea pig extensively deaminated the amphetamine
(Williams, et al., 1973) thus implying that hardly any 4—hydroxynorephedﬁne
would be formed in the guinea pig and thérefore the guinea pig should not become
tolerant to the peripheral effects of amphetamine. However, it ha;s, been
demonstrated in our 1éboratory (Sever, 1973 - unpublished results) that not oniy
does the guinea pig producn -hydroxyporephedrme from (+)—-amnhetam1ne but it

does so in the same amount as in the rat s1m11ar1y dosed (approx. 3%). Further,



tolerance has been demonstrated to the hyperthermic effect of amphetamine, a

peripheral effect supposedly mediated by noradrenaline.

26.
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INTRODUCTION

Phenmetrazine hydrochloride (Preludin), (+)-threo~2-phenyi~3-methyl~ .
morpholine was first marketed in 1954;‘ as an anorexigenic compound, and like
nearly all of the successful anorexigenic drugs, it was based on the amphetamine
nucleus and hence liable for abﬁse as a central nervous stimulant. V_an Praag
(1968) has, in a review, qtioted many relevant German reports concerning the
demonstration of the central effects of Preludin, both in animals and man,

althouoh its action was seven to ten times weaker than amphetamme. More

et L e

detailed information concerning the pharmacology and abuse of the drug will be
discussed later in the relevant sections, but primarily it is necessary to clarify

the chemistry of the drug.

Chemical aspects of Preludin

There are two asymmetric carbons in the phenmetrazine molecule, namely

N

those at positions 2 and 3 in the ring structure. There are therefore four isomers

and these are shown below.
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In structures I and IT1, the protons H, and Hy, are cis- to one another, that

is on the saine side of the ring structure, and thus represent the cis-
configuration. In structure II and IV, the protons H, and Hy, are on opposite
sides of the ring structure, that is in the trans-configuration. Furthermore,
structures I and II have the erythro-configuration and structures II and IV in the
threo-configuration. Each of these configurations may exist in a differént

conformation, for example:~

Conformer A cis -

Ha

Conformer C trans- .~ Conformer D trans-

Synthesis of the N-methyl analogue of phenmetrazine, phendimetrazine (for
structure see below) was carried out in 1962, utilizing the acid-catalysed cyclization

of N-(2-hydroxyethyl)-(-)-ephedrine (Dvornik and Schilling, 1965).

CHy CH3
cH=CH —_— CH— CH
L i‘"‘3*"3

— CH CH
HOCHZCH?_

N~(2-Hydroxyethyl)-(-)-ephedrine (+)-3, 4-Dimethvl-2-phenylmorpholine

(phendimetrazine)
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Dvornik and Schilling (1965) established a threo-configuration for the cyclized
product and also assigned the absolute configurations around carbons 2 and 3,
namely 28:3S (Cahn et al., 1956) for the threo-configuration and 2R:38 for the

erythro-configuration. Clarke in 1962 also showed a threo-configuration for

phenmetrazine but to obtain this form he used the _I}I_-(Z-hydroxyethﬁ) derivatives
of racemic norephedrine and pseudo-norephedrine (for the configurations of
norephedrine and pseudo-norephedrine see Zimmerman and English, 1954).
A point worthy of comment, is that concerning a change in configuration
‘When cyclization fakes place in an acid medium., Thus, in the synthes;is of
phendimetrazine, a change is seen in the opiical rotation of the E-(z-;hydroxyethyl)
derivative from -30. 5° (erythro-configuration) to +132. 0° for phendimetrazine in

the threo-configuration. This is due to a Walden inversion at position 2 in the

ring structure (Foltz and Wilkop, 1957).

Preludin is the racemic threo-form of phenmetrazine and Clarke (1962) has
4

stated that optically active cyclized products would be obtained if the norephedrines

were first resolved. Clarke also synthesised the erythro-and threo-forms of the.t '
} >

lactam derivatives of phenmetrazine. More will be said concerning the complex

stereochemistry of phenmetrazine in the Discussion, in relation to the structural

possibilities of the metabolites.

Pharmacology

The' pha,rmé,cological effects of Preludin may be subdivided into
cardicrascular, central and anorexigenic efficacy of Preludin.

a) Cardiovascular effects

Like amphetamine, Thom4 and Wick (1954) found that Preludin was a pressor
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agent, although its action was approximately one thousand times less than that
of adrenaline., During a study of the effects of Preludin in human cardiovascular
disease, Fletcher (1961) administered the drug intravenously to normotensive:
and hypertensive patients. In both cases, he noted a rise in systolic and
diastolic arterial pressures which fell to their previous levels appro;?mately,
an hour later. Administration of the drug every thirty minutes resulted in
a stepwise increase in both systolic and diastolic pressures. The increase
in blood pressure was proporﬁoné]ly higher in the hypertensive patients. He
observed no effect on the pulse rate. an

However, Ehrlich (1962) experimenting with dogs dosed with approximately
clinical doses of Preludin exhibited a slowing of the pulse and an increased blood
pressure at rest. - Martin and co-workers (1971) found a dose-related increase
in blood pressure of human subjects dosed subcutaneously with Preludin and the
blood pressure changes were more characteristic of those produced by noradrenaline
than by adrepaline. Martin also reported that a tachycardia was produced but
there proved to be an overall negative correlation between pulse rate (which incre-ALSed)
and blocd pressure. In their studies, Thom# and Wick (1954) indit;ated that the o
pressor action of Preludin was due to a direct action since not only its pressor
action but also its effect on cat nictitating membrane were enhanced rather than
antagonised by cocaine. This fact tends ’;o link with the idea that noradrenaline
does not mediate all the central actions of the drug (see later upder_ (b) Central
Actions).

Recent cardiovascular studies have been concerned with the poésible link
between anorexigenic drugs and progressive pulmonary hypertension. Blumberger
and Lorenz (1971), using the guinea pig isolated heart, defined the cardiotoxicity

of some anorexigenic drugs by the occurrence of a negative inotropic effect, as
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shown by the decrease in the maximum speed of increase in pressure measured

in the left ventricle. They produced a list of anorexigenic compounds in increasing

order of cardiotoxicity:~ amphetamine, aminorex, phenmetrazine, diethylpropion,

phentermine, chlorphentermine and fenfluramine. They also measured the
incre'a.se in coronary blood flow and heart rate and found lower Values_with the
above anorexigenic drugs than they did with noradrenaline, adrenaline, ephedrine
and tyramine. They concluded that a connection between possible pulmonary
hypertension and cardiotoxicity was unlikely with the anorexigenic drugs tested.

A similar conclusion was reached by Engelhardt and co-—workers (1971)
during acute and chronic toxicify testing in dogs. From the results of the a.cﬁte
tests they were able to divide the anorexigenic compounds tested into three
subdivisions.

i) Those drugs which had a parallel effect on aortic and pulmonary arterial
pressure, for example amphetamine, methamphetamine, phenmetrazine.

ii) Those drugs showing a relatively stronger pressor effeét on pulmonary
arterial pressure than on aortic pressure, for example fenfluramine,
aminorex, chlorphentermine. Aminorex ga.vé the largest rise in pulmonary
arterial pressure. (Gurtner et al., 1968, have been reported by Seiler
and Wasserman, 1973, aé having demonstrated that aminoréx giveé rise to
severe pulmonary hypertension in manj.

iii) Thc;se drugs which showed no effect on either pulmonary, arterial or aortic
circulation, for example, prolintane.

On examining the mechanism involved in drug-induced pulmona;.ry hypertension,
Seiler and Wasserman (1973) found a correlation between the increase of
7 5-hydroxytryptamine (5-HT) concentration in the lungs and the degree of pulmonary

hypertension. Besides affecting the liberation and accumulation of 5-HT, some
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anorexigenic drugs seemed to influence the metabolic breakdown of the amine.
Therefore, using aminorex, chlorphentermine, phentermine and phenmetrazine
(Preludin) they determined the monoamine oxidase activity of these compounds
in vitro. They concluded that since Preludin did not inhibit the monoamine
oxidase activity of rat liver mitochondria, but did increase the excretion of
5~hydroxyindol-3-acetic acid, there must be another mechanism by which 5-HT

biosynthesis was stimulated (Seiler and Wasserman, 1973).

b) Central actions

The central actions of phenmetrazine are very similar to those of amphetamine,
that is, motor stimulation, hyperactivity and stereotyped behaviour. It is
generally accepted that the catecholamines dopamine and noradrenaline act
as neurotransmitters in the central nervous system and it has also become
increasingly clear that the central stimulant effects of amphetamine and its closely
related congeners such as Preludin rely on an interaction with the brain
catecholamines for some of their actions. A more detailed discussion of the
interaction of amphetamine and phenmetrazine (Preludin) with the catecholamines
is to be found elsewhere in this thesis (see unde'r ”Amphetamine, Phenmetrazine
and Norephedrine: Effects on catecholamines and false transmitter theory").
Pharmacological evidence for such an indirect action has accumulated using
a-methyl-para-tyrosine to inhibit the biosynthesis of the catecholamines (Hanson,
1967; Randrup and Munkvad, 1966; Weissman and Koe, 1965; Weissman etal.,
1966), as well as using dopamine-B-hydroxylase inhibitors such as diethyldithio-
carbamate {Jonsson and Lewander, 1973). Van Rossum and co-workers, in 1962,
proposed that the central action of minimal effective doses of (+)-amphetamine .

did not involve a release of brain noradrenaline, a result also reported by Smith
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(1963, 1965). This result was extended to incorporate Preludin (as well as
aminorex and 4-chloroamphetamine) by Costa and co;\vorkers (1971). Whilst
many researchers still attempt to resolve which of the catecholamines is
responsible for psychomotor sﬁmulaﬁon, the production of the syndrome known

as stereotyped behaviour appears to be brought about by an action of the drugs'

on dopamine in the corpus striatum of the brain (Fog et al., 1970, 1971; Jonas
and Scheel—Krﬂger, 1969; Scheel—Krﬁger, 1971, 1972). In its extreme form
stereotyped activity consists of continuous repetition of several tyﬁeg}_ of
behaviour. In rats fér example, dosed with amphetamine, loqomoﬁon, rearing
and sniffing are increased. Grooming may decrease, and after approximately

one hour, locomotion and rearing disappeai'. Sniffing at the bottom of the lcage,
together with movement of the head and forelegs remain. The sniffing may then
become associated with licking and biting cage wires (Randrup and Munkv:id, 1972).
This stereotyped activity has been shown to occur in many species when dosed with
amphetamine and closely reléi:ed compounds such as Preludin. This drug has
been shown to be capable of inducing stereotyped behaviour in rats, cats and

dogs by Wallach et al., (1973), corroborating the data of Fog (1569) and
Scheel-Kruger (1971) who found stex"ectyped behaviour in rats. This behaviour
has also been observed in humans and hé,s been termed "punding® in Sweden

(Rylander, 1971).

c) | Ahdfeﬁgenic efﬁcady of Preludin

Western Society has recognised that the disease of obesity can affect
general health as well as life insurance policies. Chesity has been shown to
induce cardiovascular complaints, diabetes mellitus and ischaemic heaxt disease

(Court, 1972). Eastern culture has reached no such frightening conclusion since
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in India, for example, the girth of one's wife (or wives) is directly proportional
to one's social status. However, in the West, whether for reasons of health
or vaiﬁty, much research has gone on in the field of anorexigenic compounds.
The aetiology of obesity is not relevant here but the site of action of Preludin
is probably within the hypothalamus. Stark and Totty, in 1967, carried out
experiments using rats with chronically implanted electrodes in the lé.feral B
hypothalamus and they measured thé current intensity necessary to elicit eating |
after the rats had been fed. /’1“113y then administered Preludin by the intra-
peritoneal route at several dose levels and found that the current intéhsity had to
be increased to elicit feeding. Kabak and Nikitina (1966) used rats Whose A
ventromedial nucleus (important in the termination of feedix;g) had been destroyed.
Over a period of 1.5 to 2. 0 months, obesity in the rats could be controlled by giving
daily doses of Preludin ranging from 2 to 15 mg. Kabak and Nikitina also reported
on the induction of tolerance to the anorexigenic effect of Preludin. . Preiudin has
been shown to decrease food consumption in rats (Spengler and Waéer, 1959; Varela
and Moreiras-Varela, 1964; Carpi and Giaroli, 1966; Hoffman, _1966) and in mice
(Friedman, 1962; Cullen and Swartz, 1964; Arney and Swartz, 1965) and Mercier
and Dessaigne (1968) have shown a depressed voracity in the Praying Mantis given
a dose of 100-1000 pg/g of Preludin. Fa.rnef, (1961) using rats, found that the
appetite depressant effect of Preludin was greater in older rats than in younger ones.
Investigations in humans have shown phenmetrazine to be an effective appetite
supressant (Léuﬁaﬁ, 1968; Miting, 1957; Scﬁefﬂer, 1956). Wéill énd |
Bernfeld (1957) claimed a cure for infantile obesity with Preludin on obese
two to fifteen year old children. In diabetic patients, an increase in body
weight not only affects the heart and circulation, but the whole metabolism

(Mtnrting, 1957). Thus, an overweight diabetic tends to exercise less and -
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therefore reduce carbohydrate metabolism. Mﬁting successfully reduced the
weight of a group of obese diabetics using Preludin., - Furthermore, in four
out of seven diabetics having insulin, after treatment with Preludin it was found

tilai: the dose of insulin could be reduced.

Biochemistry of Preludin

The biochemical effects of Preiudjn have been studied mainly in experiments
concerning obese patients. Data has been accumulated from both normal and
obese subjects, given‘a single dose, or series of doses of Preludin and parameters
measured have included blood glucose, free fatty acid (FFA) levels and insulin
(bound and free).

The relationship of the sympathetic nervous system to fat mobilization
(reviewed by Havel in 1965) suggested that the metabolic effect of anorexigenic
compounds in raising FFA levels was due to the sympathomimetic activity of
the compounds. In experiments carried out by Laurian, (1968) using Preludin
on obese and norm:? patients, he found that the levels of serum FFA in cbese
patients were increased to those levels found in normal patients. But this effect
of correcting the FFA levels m}as only maintained during drug therapy and the
levels returned to their original state once the drug was withdrawn. Conti‘ary
to these results, both Penick and Hinkle (1963) and Gaut and co-workers (1969)
failed to detect any significant difference in serum FFA levels in obese patients
treated with Pi‘eiudin. Amphétamine and' ampiwtamine—]ike compouﬁds ca;.n
stimulate fat mobilization but appear to have no direct lipolytic action (Finger et al.,
1966; Finger and Feller, 1966; Mahlbachova et al., 1964). They therefore
appear to act via some indirect mechanism (Opitz, 1970) which is not fully
understood but may involve endogenous catécholamine release (Pinter and Pattee,

1970).
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In normal persons, the most important cal;bohydrate metabolism pathway
is the glycolytic pathway, but in obese persons there occurs an increase in the
activity of the pentose phosphate pathway. The level of this pafticular pathway
was found to be high in the erythrocytes of overweight women. Sonka and co-
workers (1963) proceeded to show that treatment with the dextrorotatory isomer
of phenmetrazine inhibited changes in thé reduction of the pentose phosphate
pathway due to diet and muscular exercise, thus implying that (+) -phenmei:razine
did not exert an anorexigenic effect via the pentose phosphate pathvx}ay.

Balaz (1963)v has been reported as concluding that Preludin has a normalising
effect on some biochemical parameters since he demonstrated a higher blood-
glucose level for sixty minutes after a dose of Preludin in obese subjects. No
appreciable changes in blood glucose levels have been found in normal subjects
receiving Preludin (Thoma and Wick, 1954; Finebérg, 1962; Howard, 1964).

On treating mice with Preludin, Chnesorgeu and Khan (1961) showed a high level of
oxygen consumption in the mice, possibly demonstrating that the giucose being
taken up by the tissues was metabolised and not synthesised into lipids or storéc-i:m ‘

Investigations have been carried out on free and bound insulin levels in
human plasma. Dascalu and co-workers (1965) have .been reported as haying
treated obese patients with Préludin and found that it appeared to noimaﬁse the plasma
level of free insulin, whilst that value in untreated obese patients was approximately
50% greater. The plasma-bound insulin activity api)eared not to be affected by
obesity or Preludin. A similar conclusion has been reported by Pora in 1965, using
rats. He is also reported to have found that intravenous administré.tion of glucose
to untreated rats liberated almost all the plasma-bound insulin, but the effect was
less marked when given to rats treated with Preludin.

Preludin has been reported to decrease high blood-cholesterol levels and
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increase the level of blood phospholipids. D'Agata and co-~worker (1958) were
reported as having found improved anaesthesia with frequent decrease of f
appetite in patients. chronically dosed with Preludin. A similar situation has been
reported recently by Johnston and co~workers (1972) whereby chronic ingestion

of (H-amphetamine led to a lower halothane requirement in dogs for a;qaesthes_ia,
although this was not so for an acute dose of the drug. The suggested explanation
for this was that whilst an acute dose of the drug released catecholamines froﬁl
adrenergic nerve terminals in the central nervous system as well as‘ peripherally,

chronic administration caused a depletion of central nervous system catecholamines.

Dependence on and abuse of Preludin

The amphetamine-like anorexigenic drugs have been prescribed for long
periods and due to the rapidly developing tolerance to their anorexigenic effecf,
it was tempting for both the patient and the doctor to increase the dose for the
required effect, thus increasing the risk of dependence. Reports on dependence
on Preludin began to appear from 1956 and Van Praag (1968), in a review, has
collected together nearly ail the early reports of dependence to the drug. Initiaily
there was some uncertainty és to whether Preludin w?._s» really a drug of dependence,
or whether its abuse relied upon habituation or tolerémce. Although it was
demonstrated that a patient could have an overwhelming craving or the drug and
become xﬁenta]ly dependent on it, (Oswald and Thacore, 1963), the occurrence
of a withdrawal syndrome was refuted. However, it was later reported (Van Praag,
1968) that the effects of withdrawal were largely psychological, for example, |
lethargy. The physical symptoms were far less prominant than with other major
drugs, for example, the opiates. However, in 1963, Oswald and Thacore
demonstrated that physical dependence can occur, by showing that rapid eye

movement (REM) sleep showed a marked increase when Preludin was
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discontinued, and vanished abruptly when Preludin was resumed.

Prior to 1960, major abuse of the amphetamines as well as Preludin was
by the oral route, but by 1963-1964, Preludin was being injected intraveno;lsly.
The addicts would inject 1000-2000 mg of Preludin in twenty-four hours, this
being approximately four times the therapeutic dosage of 50~75 mg per day taken
orally (Rylander, 1971). After such a massive dose, self-confidence is increased
and associations of ideas are hastened. Perceptions of all senses are sharpened
and partially changed, for exaj:nplé, the addicts cannot stand spAiced‘ {o_od of
aleohol for it stings the tongue and burns the throat. Changes iﬁ ﬁearing and sight
may be of importance in the development of ideas | of refe:rence, pf i]iusionsl and of
hallucinations leading to psychotic reactions (Rylander, 1972). Strong sexual
stimulation can occur with such large doses of Preiudin. Rylander (1971, 1972),
has classified stereotyped behaviour in Preludin addicts as consisting of tWo types
of behaviour:-

i) "Punding” (a term originally coined by addicts). This type of movement

denotes a sense of purpose organised and directed, but totally meanjnglesé; N

Such activities may be considered as analagous to the stereotyped behaviour

seen in animals,
if)  Athetotic-like movements (the jerking syndrome). These movements coﬁsist

of meaningless, automatic, unwilied movements.

"Punding” movements may manifest themselves in activities such as
polishing nails (even until the& bleed, which does not pi‘event the addict continuing),
dismantling clocks and motors, Wanderﬁlg the streets aimiessly, co.mbing the hair,
tidying up things, or driving a car until it runs out of petrol. Some addicts indulge
in artistic "punding”, for example, drawing, painting, writing or playing an
instrument. Generally, the addict is doing something he i‘s uééd to, or likes to do

when he "punds". The majority of addicts have reported the onset of their "punding®
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one to two hours éfter the Preludin injecti;)n, and this state may go on for hours

or dé.ys. It appears that "punding® is not broken off voluntarily and addicts may

_become severely agitated if fqrced-’éo.remm},t9_thei£e,v_e}yday_.li-fe- ‘There is

very little anxiety associated with "puﬁding" and wﬁlSﬁ in this state addicts do

not eat or drink and may postpone defaecation and micturition. _ -

- ~S_qm_e addicts de scxwlbed ;crewing or Wnstmgmmremem:b of the body and some
facial grimaces, chewing and/or grinding of teeth and constant biting of the tongué,
,.(Rylander., 1972). Odd finger and arm movements ma;y bécome appaq;'\éﬁt, aﬁd the |
addicts may stare at their fiﬁger tips and claim to have animals on them Whilst
walking, the addict may tend to lift his legs very high.

Chronic abuse of Preludin can lead to psychoses (Quadbeék and Schmitf, 1966),
although the smallest single dose known to be followed by a psychosis was 50 mg
(see Van Praag, 1968). Preludin psychoses have wide and vé.ryingvfon.ms. These
may be conveniently sub-divided thus:

i) Deleriant syndromes in which motor unrest ocecurs. Mainly visual
hallucinations and delqsions of an anorexigenic effect occur. Thinking maj'f
become muddled.

ii) Schizophrenic syndr_omes in which papanoid thoughi_:s are developed. The

| 'a'adict bec;;)mes resﬂeés and a;gitated; has a sense of being threatened and
hears voices which confirm ﬁs suspicions.

iii) Organic brain syndromes. The Japanese have reported (see Van Praag, 1968)
that in chronic abuse of amphetamine derivatives approximately 10% of cases
have histo-pathologically demonstrable brain lesions leading to_é form of
deinentia.

iv) Neurological effects. Bartholomew and Marley, (1959) studied twelve cases

of Preludin intoxication. They found that physical signs included mydriasis,
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impaired pupillary response to light, impaired reactibn to accdmmodéﬁon/

convergence, tremor of the tongue and upper limbs together with augmeﬁted
| tendon reﬂexes,faclaltmtchmgsa;}d excessive small movements of the
hvénds_,v as well as vmo-od changes mcludlng _depjl;c_assioz_l_.‘ Parahoid ideas |
were presént in mmy'AMﬁ&s as well as aﬁditéry hallucinai:iohs_, impairéd
attention, jcbﬁégntratipn and dis"c)'ri"e_;i}tg.‘t‘i_c_)_n:; Psychoses to central stlmulant '
" drugs are also discussed by Rylander (1972). |
- Van Praag (1968) discussed Sweden's djlemmé, fhe number ofjfreludjn a
‘addicts in 1966 being approximately 4000. Thé black market pricé fér one
tablet then was appro:dmétély 20p and according to Van Praag (1968), .some 15
million Prelp.din tablets weré being annually smuggled into thé couhtry. ﬁé
also reported that the Swedish Medical Association had requested that the
manufacturer cease production of Preludin. In fact what happened was the
introduction of "Preludin compositum" a preparation containing 15 mg Preludin
and 5. mg of»»a laxaﬁve, 3, 3_-bié-@-acefoxypﬁegy1)-2;-indo]jnone (Bienert and
Uberla; 1967). This proved no solution to the problem and late in 1966 the
drug was banned in Sweden. This was no deterrent to the drug sinugglers as a
recent{ report in a daily newspaper indiqaﬁed. ‘ Abou:t £5 m_illion Wortb of Preludin
was seized in Germany prior to its ﬂlegél shiément to Scandinav;i; by lorry |

(The Times, 1972).
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‘ Materials and Methods» .

Compounds
@;)—Norepbedrme hydrochlonde m.p. 190-—-192°C saccharo—l 4-1actone
NAD NADP (sodmm salt), D—glucose—ﬁ-phosphate (dlsodmm salt) glucose—-

~6~phosphate dehydrogenase (ex. Baker's Yeast) were all purchased from the.

E _S1gma Chermcal Company Ltd London U K 4—Ammoant1pynne m p. 107 5—- ’

\

) 109°C (B,alph N. Emanuel Ltd Wembley, MlddX U. K )s (_)—4-hydroxy-
‘norephedrme m.p. 198°C (Aldnch Chemlcal Co Mllwaukee Wls U S A)),
'm—chloroperbenzolc acid, m. p. 92-94°C (decomp ), ethyl chloroacetate 20* 1. 4226-
(B.D.H. Chemicals Ltd:, Poole, Dorset, U.K.), ethylene chlorhydrin, n%o* 1.4419,
N-benzylethanolamine, nlz)0= 1. 5434 (Koch-Light Ltd. , Colnbrook, Bucks., U.K.),

: Q-);methamphetamjne hydrochloride, ‘m.p.‘132-134°c-_(K & K Laboratories Inc.,
Plainview, New York, U.S.A.) were purchased.

The following compounds were obtained as gifts: Preludin, m.p. 177°C,
(phenmetrazine hydfochloridé, (*)-trans-2-phenyl-3-methyl morpholine hydr;o-
chloﬁdé); CH Boehﬁnger éohn, | 6:50-7 Ihge‘lﬁehiﬂi'am Rlllein., Wést.Germany;
Fenmetramide, m.p. 141-142°C ((;F)-c_i_§_-2-pheny1—3-methy1—5—morpholinone),

. McNeil Laboratories Inc. , Fort Wés_hington, fa. , U.S.A.; (+)-amphetamine
sulphate, m.p. 30'2“’C (decomp.), S.K. &F Laboratoﬁes, Philadelphia, Pa.',
U.S.A.; (+)-phendimetrazine bitartrate, ((i—)—_t_}_g_l:_eg-z-phenyl-S,4-diméthy1—

. morpholine), mp 204-206°C, Ayerst Laboratories, Caﬁada. _

All melting points are uncorrected.

(+)-trans-2-Phenyl- [24140]—3—meth3'1morpholine hydrochioride. [140]—Phemnetrazine

The synthesis of [14C]—Pre1udin was carried out by two methods. The first
method was basically that ?f Engelhardt and co~workers (1958) and the second

followed essentially the method of Klosa (1963).



Method 1.
The sequence of reactions may be illustrated as follows (see Fig. 2.1).

1400, + CHyCH,MgBr ——) CH4CH,'4COOH

Benzene/AlCls -

- CH3A
=
4o cn
Il
0o -
Brz
s benzylethanolam s
, - N-benzylethanolamine
4ﬁ-CH = 14¢_cuBr
AN
o N-CH . . -0
/
HOCH,CHy |
(i) Hy/Pd

(i) 18M H,SC,

» CH3 | | S A
14CH——(I1H | -
. / \ﬁ.ﬁ
Ny o

Phenmetrazine
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’ 1car56§2~14G]—Propionié:a;cid LT

‘Ethyl magnesium bromide (I) Magnesium turnings (2. 4g) and one crystal

h of1od1newere ﬁaced imr‘1>t.heA bottom of 500 ml i‘bundjbpttbmgd ﬂask andNa—dned

diothyl othor (60 ml) was added. The susponsion was confimuously stirred mnd

ethyl bromide (7 ;51 ml), previougly pipetted into a dropping funnél containing -

-dry diethyl ether (40 ml) was allowed to drip onto the ether /Mg suspensmn ‘and slight
heat was apphed (approx. 35°C). _ After about two mmutes the straw—colour of the |
1odme dxsappeared and the reaction mlxture beca.me g'rey and cloudy Wthst the _

| m;lxbu.re was reﬂuxed the ethereal soluhon of ethyl bromlde was added dropw.lse (aﬁpro:;.
18 drops per minute) a.ndfthéﬂ' mixture became cloudier. After the reaction had

ceased, more dry ether was added in order to obtain a 0.5M solution of the Gmgnard
The exact molarity was determined by titration (Calvin et al., 1949).

Carbonation of th'e'Grignard; (I)* ©  The apparatus for the incorporation of the

14 from 14C0, (prepared by the action of 18M HySO, on Bal%COy) into the Grignard,

ethyl magnesiuin bromidé was essenﬁa]ly as described by' Calvin and ¢o~workers (1949) .

18M H,50,
(De=gassed) - To Mercury Manometer
B o @ , J}g To Vacuum
BaMCOs | o | Reaction vessel
+ ' ' containing
Grignard reagent
Ba.CO3 '

Fig. 2.2. Schematic Representation of Carbonation Apparat_us

The Grignard solution was frozen with liquid Ny, the pressure within the
apparatus reduced to 0.1 Torr and the temperature of the Grignard raised to -20°C

using a mixture of acetone and solid COy. The Ba14C03 (100 mg; 10.3 pCi/mg;
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The Radiochemical Centre, Amérsham, Bucks., U.K.) ivas triturated with

BaCO3 (3 4 g) and the Whole treai:ed dropwzse w1th 25 ml 18M H2804, prevmu.sly

_‘ de_—gasseq._ The 14GO2 was admltted mto the Gmgnard soluhon when the latter

was mobile enough to be stirred. fIfhé B_aCO3/H2804 mix'tu;_:e‘ was heated near the "
close of the reaction in order to obtain quantitative yields_. On completion of the
-reactlon saturated ammonium chloride was added to the reaction mixture in order

to deco.inpose excess Gmgnard reageni: and the solutlon was allowed to stand over—
night. The ac1dlc solunon was contmuously extracted ﬁnth dlethyl ether for six hours
to extract the [ 4C]—propum.m a01d however the acxd was not aetually 1solated but
was kept in ethereal solﬁtien for the next stage in the synthesis.

[14C]~Propiony1. chloride (]I[) )

To the ethereal extract from the above synthesis, benzoyl chloride (10.65 g)
was added. Subsequent heating and distillation gave [14—C]~propiony1'0hlofide',
b.p. 78°C (Brown, 1938).

1-Oxo-1-phenyl L+ Clpropane (I 40]-—propmphenone) )

The Fnedel-Craft reaction (Read, 1922) was carried out as fo]lo&s. 'VI‘o»'
the [14C]-propiony1 chloride (1.28 g) was added anhydrous benzene (2.0 ml).
This solution was allowed to drop onto a suspension of aluminium chloxjde (2.5 g)
in anhydrous benzene (3.0 ml), the.temperature during the addition being kept
below 20°C. Aftef the addition, the solution was refluxed for two hours at 50°C,
allowed to cool and poured into a separating funnel containing ice~cold water. The
benzene layer was further washed with 2M NaOH (2 x 10. 0 ml) and finally with\ water
(2x10.0 ml). The benzene was dried over anhydrous NagSOy and finally subjected
to fractional distillation at 80°C under reduced pressure (7.0 Torr) to give

[14‘C]-propiophenone {1. 88 g).
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2—Bromo-=1—-oxo—1-,—pheny1[1_-:14.~Clprop_ane N N

Anhydrous benzepe (10 0 ml) was added to the [140]-prnp10phenone (1 88 g)
and the temperature ralsed to 70°C vnth shrrmg Bromme (1.79 g) in anhydrous
benzene (10. 0 ml) was added dropvuse a]lomng the soluhon to decolourise before '
the addltlon of the next drop. . After the addition was complete, the solut:ton was
reﬂuxed for a further hour at 80°C, cooled Washed with water (2 x2.0 ml) and the
" benzene dried over anhydrous N32S04.

(#)-1-Oxo~1-phenyl- [1-14C]-Z-N-b enzylethanolammopropane (VD) -

To the benzene solution containing the brominated prop1ophenone N—benzyl--
ethanolamine (4. 08 g) in anhydrous benzene (5.0 ml) was added with stirring. The
temperature was raised to 80°C and refluxing was maintained for four hours after which
the liquid was allowed to stand overnight. The resulting viscous material was
washed with water (2 x 5.0 ml) to remove any N-benzylethanolamine hydrobromide
and the benzene was evaporated under reduced pressure on a rotary film evaporator
to leave an amber oil. ] This oil was dried ma vacuum dessicefor over P265 and
treated with ethanoiic hydrogen chloride (7.5M) to yield erysfals of the h;&\drochionide
salt (m.p. 180°C; Enge]ha.rdt_e_tgl_. , 1958, give 180°C; yield 3.0 é).

(:_!- —1-Pheny1—[1—140]-2-ethanolammopropan-1—ol hydrochloride (Vﬂ)

The compound (VI) (3.0 g) was dlssolved in methanol (20.0 ml) To this
was added 5% Palladium on charcoal catalyst (7.74 g; B.D.H., Poole, Dorset, U.K.)
and the mixture hydrogenated at 210 kPa (30 lbinnz) for 48 hours, - On the release of
pressure, the smell of toluene was apparent from the reaction vessel. The solution
was filtered (Whatman No. 44) and evaporated under reduced pressure on a rotary film
evaporator to give an oil which on treatment with acetone (2. 0 mil) gave crystals
of (1) -l-phenyl-[1-140]-2-ethanolaminopropan-—1-ol hydrochloride (m.p. 158°C;

Engelhardt et al,, 1958, give 164°C). Several recrystallisations from methanol and



49,

acetone raised the m.p. to 161°C.

. (+)-trans-2-Phenyl~[2-14C]-3-methylmorpholine hydrochloride (VIL) - . - . . . .

To the hydrochloride of VI (1.0 g) was added 18M H9SOy (2. 0 ml) and the
resultihg derk greeh solutionr left in a stoppered tuhe 1n the dark for 48 hours at
room temperature. The solution was then poured onto crushed ice in e separating
funnel, ‘made basic with 10M NaOH (5.0 ml) and extracted with d1ethy1 ether Bx 15 ml). |
The ether was dned over anhydrous NaZSO4 and evapora.ted under reduced pressure
on a rotary'film evaporator, to leave a pale amber oil. = The hydroch%onde_ salt _
was prepared by adding an ethereal solution of hydrogen chloride ahd recrystallieed
from ethanol and diethyli et/her to give [14C]—phenmetrazine hydrochloride (m. P.
177°C; Stark et al., 1961, give 182°C; specific radioactivity 0. 25 pCi/mg).

Purity was determined by reverse isotope dilution analysis carried out by

. diesolving 2.0 mg of [14CJ-phenmetrazine hydrochloride in water (100 ml).
Authentlc Prelud.m (200 0 mg) was dlssolved in 50 0 m1 of the radloactwe solutlon.

‘This solution was made basic w1th 2M NaOH, the free base extracted with d1ethy1

ether (3 x 100 m!), and dried over anhydrous NaZSQ4. The hydrochlonde salt
was prepared and recrystallised as above, to constant specific radioactivity.
_ Usmg this method and chromai:ography, the [14(_;‘]—_Pre1udin was ehowl_lito be

greater than 99% pure. Yield 302.0 mg. _

Method 2.
The (+)-[-4C]-norephedrine hydrochloride ((+)-2-amino-1-phenyl-[-1%c]-
propan-1-ol hydrochloride) used for this synthesis was synthesised in this

laboratory (for details see Sinsheimer et al., 1973).
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(+)-1~-Phenyl- [1-140]-2~ethanolamjnopropan—1-ol hydrochloride (VI)

To the (:_l-)—[lfj‘._(}]-fnorephedrine hydrochloride (;llA,B,_mg; 2. 54 $4Ci/mg) was

added (1)-norephedrine hydrochloride (188. 2 mg). The two solids were mixed,

 dssolved in water and the pH adjusted to between 12 and 13 with 10M NaOH.

The solution was saturated with NaCl and extracted with ethyl acetatéu(3 x 100. 0 ml)
Whlch was pooled and dned over anhydrous Na2804. The ethyl acetate Was evaporated

in a stoppered 50 ml tube and redistilled ethylene chlorhydrm (2 5 ml) added and

the nuxl:ure was heated for 10 hours on a water bath at between 85 a.nd 95°C On
cooling, diethyl ether (15. 0 ml) was added which caused the precipitation of the

hydrochlorides present. These were filtered and recrystallised from ethanol

© (99.8% v/v) m.p. 159°C (Klosa, 1967, gives 163-168°C); Yield, 172 mg. QFurther ‘

recrystallisation from acetone and methanol yielded white crystals of @)-—[1—1401-

" =N-(2-hydroxyethyl)-norephedrine hydrochloride (1-phenyl—[1—14C]-1v-oxy-2-¢
-ethanolaminopropane hydrochloride, m.p. 7163—16}4°C). Yicld, 166 mg.

(_-_l-)-trans~2—Pheny1—[2~14C] 3~methy1morpholme hydrochlonde (V]Il)

Compound VII was cychzed in the same way as Method 1 to give
[14C]-phemnetrazine hydrochloride (m.p. 175-176°C; 78.3 mg). Yield with
| re spect to the (1)- [14¢j~norephcdﬁne hydrochloride was 39%. )

Comparison of the (-_P)—[140]-_1j—(2—hydroxyethy1) —norephedririe (V) 'obtéined
from th'c two syntheses showed the compounds to have identical infra-red G.r.), .
mass spectra and chromatographic properties, implying that the products for the-
two synthetic routes were identical'. | Inf'ra-re-d spectra and graphical repreéeﬁfaﬁons.
of mass spectra for authentic Preludin, [14C]~Pre1udin and (_-_P)r—_g-(z-hydroxyethyl)-

norephedrine may be found in the Appendix.
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(+)-cis-2-Phenyl-3-methyl-5-morpholinone.({ +)-cis-5~-methyl~6-phenyl -3~

__ zmoxpholinone). .. {Clarke,1962).-(IX) _. s e e e U

(+)-Norephedrine base (12.0 g) was dissolved in dry benzene (1.2 1) and
added to a stirred suspension of sodium hydride (2.0 g) (Koch-Light Laboratories
Ltd., Colnbrook, Bucks., U.K.) in dry beuzene (30.0 mi) g‘lvinga pale yellojv .
suspension. The reaction was aHoWed to proceed for 2 hours when Hé was
still being evolved, thus the suspeusion was heated to 50°Con a Water bath until
the evolution of Hy had ceased (3 hours) The mixture was then cooled onice
to apprommately 10°C and redistilled ethyl chloroacetate (10 0g) Wa; added
dropwise over 15 minutes. Initially the yellow colour turned red, but eventually
the yellow colour returned. The mixture was stirred for 15 minutes and |
refluxed for 2 hours and left to stand for 48 hours when the solution was washed
with 2M HCl to remove unchanged norephedrine, then with water (20.0 ml) before

finally being dried over anhydrous Na2804. ' The solvent was evaporated at
' reduced pressure on a rotary fJ.lm evaporato.r to give a yellow 011 Pa_rtlal
cx ystalhsation occurred overmght and was completed by the addition of boﬂ.mg
cyclohexane. Recxystallisations from benzene/ cyclohexane gave a white powder
m.p; 138-140°C. (Clarke, 1962, gives 142-144°C). Yield 2 g.

| VThe lactam -ran‘ as a. single ‘spot in several solvent systems on both r)aper
and t.1. e. (see Table 2) and both the silylated and underivatised compounds
gave a single peak on g.1.c. (see Table 1). A methanolic solution of 'the lactam
showed no optical rotation. Infra-red, n.m.r. and the mass spectrum of this
compound were all consistent with the proposed structure (see Appendix).

An authentic sample of the () —gi;s-2~phenyl—§—methyl-5-morpho]j_none
(Fenmetramide) was obtained at a later date. The m.p. was identical to the above
synthetic compound and showed no deﬁression on a mixture of the two compounds.

Using t.1. c. the Ry values of the two compounds were found to be the same as were
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the infra-red spectra.

(+)-2-Phenyl-3-methyl-6-moxpholinone,({+)-5-methyl-6-phenyl -2-morpholinone) (X)

- -

(+)-N-(2-Carboxymethyl)norephedrine (XI)

(+)-Norephedrine base (28.0 g) was dissolved in redistilled ethyl
chloroacetate (150. 0 ml) and hea;ted on a water bath between 85 and 95°C. A
white precipitatg was formed some minutes later and heating was conﬁnﬁed for d
a further 2.5 hours, after which time diéfhyl ethe_r (350 ml) was adde.d causing
a furthei' precipitation of the impure (+)-N-(2-carboxymethyl)norephedrine ethyl

“ester hydrééi:l;)ﬁdé; The .so.l‘id was filte;ed o-ff , wasﬁea w1th d1ethy1 éthér and
dried in a vacuum dessicator over PyOg; mp 155-177°C. Further purification
by recrystallisation from ethanol/ diethyl ether and ethanol faile_d to yield a pure
product. This material (12.5 g) was dissolved in water (95 ml) and 2M NaOH
(95 rml) added. ﬁe mixture Was ﬁeated to 4-0°"C, 1éft to stand for one hour aﬁd
then extracted with ethyl acetéte (100 ml) fo remove aﬁy unchanged norephedrine.
The pH of the 'rema‘ining‘aqueoﬁs phase was adjusted to 6 with 10-_1\£ HCL and left |

" to stand ..overm'ght. ‘The resﬁiting () —_11—(5—carboxvmethjl)norephédrine"Was '

filtered off, washed with a little water and recrystallised from ethanol

to give white crystals, m.p. 229°C (decomp.). Yield 2.6 g.

Found: C, 62.7; H, 7.1; N, 6.9%

Cq1H15NO; requires C, -63.1; H, 7.2; N, 6.7%-

(+)-2-Phenyl-3-methyl-6-morpholinone (X)

(+)-N-(2-Carboxymethyl)norephedrine (1.0 g) was dissolved in M HCl
(20. 0 ml) and .reﬂuxed for 15 minutes. The solution was then evapofated. to dryness
under reduced pressure. To remove excess acid, a further volume of water (10.0 mi)
was added and the solution again evaporated to dryness under reduced pressure. .
This proceeduré was repeated twice. The remaining white solid was diésolved in

ethanol (5.0 m] and dry diethyl ether added until no further precipitation of an oil
. 1}
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occurred. The o_l soon crysta]hsed and the solid was filtered off and re~

’ "crystalhsed tmce from acetone/ethanol to gwe Wh:d:e crystals of (_)-2—pheny1—

3-methyl-6-morpholinone hydrochloride, m.p. 159-161°C; Yield 0.6 g.

The-compounds X and XI were \fuﬁher examined by i.r. and mass
spectrometry and by n. m. r. spectroscopy as well. Infra-red, n. m r. and
the maés .spectra of the compounds were all consisteﬁtvwith tile prt;posed :

'7 structures . | | :
The Ry values m 'sﬂé“\;eral solvent systems are to be found in Téble 2.
A methanolic solution of the lactone (X) was found to exhibit no optica.l

rotation of a beam of polarised light.

N-Hydroxyphenmetrazine

i). This synthesis wés attempfed ona ﬁ_umber of océééidﬁs following exactly

| fl;e steps quéted by ABeckAe;:t and Salami ‘(19772),-ﬁame1y _li-oiddaﬁon with s
m-~chloroperbenzoic acid, but undei' no conditions could a solid bé obtained that had
the properﬁves quoted by thé authors or that was capablé of beihg récrysta]lised. '
Isolation of the suspected product was aftempte‘d.lby preparative thin layer
chromatography but_ the gompound cbnsistantly brok.e‘dowp to give other .
components.

ii) A.nothér_ synthetic route to the _l\l-hydr,oxy cdmpou_nd was ‘a'.t_t'emptec'i and is

represented below (Fig. 2. 3).

H



54,

-

0 ~ CHy=CHCN

b4

HgC \N
CHyCH,CN

P

, ol . -
Elimination .
: AN
() Q CHp
\ P/
H—~CH~-CN

Fig. 2.3.

This reaction Sequencé was based on experimenté carried’ojlt on thé '
N-hydroxylation of proline, pipecolic acid and sarcosine by Nagasawa
and co-workers (1972). The reaction was carried out on a small scale for
Preludin and it became apparent that on this scale of synthesis, separation and
puriﬁcé.ﬁon of the intermediates providéd a major draﬁsfoack and time precluded

a more thorough investigation of the synthesis.

Attempted synthesis of (+)-3-methylhydroxy-2-phenylmorpholine

An attempt to synthesise this compound was initiated since it represented

a possible metabolite. The sequence of reactions anticipated for the reaction

\

may be seen below (Fig. 2.4).

o
S
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Fig. 2.4.

" Thus, (+)-phenylserine (m.p. 192-194°C; Koch-Light Laboratories Lid. ,

Colnbrook, Bucks., U.K.) (20.0 g) was heated in a stoppered flask with .
‘redisﬁll_ed ethylene chlorhydrin (70 ml; 50 ml initially and a further 20 ml added
10 hours later) on a water bath between 85 and 95°C for 13.5 hours. The mixture
turne\d »slowi‘y brown and a stroﬁg‘ sinéll .o'f benzaidehyde was aﬁparent. The cooled
solution was treated with diethyl ether (400 ml) when a compound precipitated. The
solid was filtered_ off, dissolved in boiling methanql, filtered and recrystallised to
give white crystals, m.p.. 238°C (decomp.). Further recrysta]ﬁsaﬁon frpm
ethanol /water gave white crystals, m.p. 238°C. |

(+)-Phenylserine hydrochloride was prepared by dissolving some (+)-phenyl-
serine in ethanolic hydrogen chloride (4.9M) and evaporating the solution to dryness
in vacuo on the rotary evaporator. A wlﬁte solid remained, m.p. 148°C (decomp.).

The material was not recrystallised.
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Cyclization of the supposed compound N-(2-hydroxyethyl)-phenylserine
(X1II) was carried out py disselving (Xﬂl) (0.6 g) m 18M HyS0O, (6. 0 ml) and leaving
in a stoppered tube in the dark for 24 hours after which the mixture was poured
onto crushed ice in a 5'0 ml tube and the pH adjﬁsted to 6 with 10M NaOH. Some
precipitation did occur over a period of 48 hours. The whole mixture was t;all{en_
down to dryness Q vacuo leaving a w'hite/yellow solid, m.p. 284°C (decomp..).
- which when recrystallised from ethanol/water gave an m.p. of 238°C and an i.r.
spectrum similar to the uncy’clized material.. Thin layer chromé.togr_aphy‘
(Aluminium-backed plates; Si]iea gel 60 Fogg 0. 22 mm thickness; I; Merck A.G., :
Darmstadt, West Germany) in chloroform - methanol 9:1 v/v and benzene -
methanol ~ diethylamine, 70:15:15, by vol., showed no difference between cyclized
and uncyclized material. The i.r. spectrum showed a notable absence of peaks
in the aromatic portion of the spectrum, thus it was posﬁﬂaied that they compound
had broken down on reacting with the ethylene chlorhydrin to give benzaldehyde
and glycine. ~ The physical characteristics of authentic glycine were determined
and found to resemble exactly the synthesised compound.

An alternative synthesis ef () -2-phenyl-3 f(mej:hylhydroxy)morpholine
using the selective brominating agent pyridinium bromide perbromide (see
Fieser and Fieser, 1967) was attempted but the isolated product appeared to be

non-aromatic ;-although mass spectrometry indicated a bromo-compound. (See

Fig. 2.5 for proposed synthetic scheme).
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Attempts were made to synthesise (a) 2- (4'—hydroxypheny1) 3—methy1—
b-morphohne and (b) 2- (4'—methoxypheny1) —3—methy1morphohne by the followmg -A
reaction schemes (see Figs. 2.6 and 2. 7 respectively).

Compourids XIV, XV and XVI were successfully éynthesi’sed and characterised
by the methods of Dring et al. , 1970 but compounds XVII, XVIII and XIX could not

be satisfactoﬁly isolated or identified.
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In this synthesis, compounds XXI and XXII could not be positively identified
by the physical methods used, that is chromatography, infra-red spectroscopy

- or mass spectrometry.

Enzyme hydrolyses

' To determine the presence of sulphate and/or glucuronide conjugates,
| a portion (0.1-0.25 ml) of the urine was incubated at 37f¢ with an equal volume
of either a p-glucuronidase enzyme prepéraﬁon (K.e-in:odaée, Wﬂﬁaﬁ R Warner
& Co. Itd., Eastleigh, Hants., U.K.) or 500 units of sulphatase (Type H-2,
Sigma Chemical Co., London, U.K.) plus an equal volume of pH 5 acetate buffer
0.2M for 48 hours. Controls containing boiied enzyme or saccharo-1,4-lactone
were incubated at the same time, |
Direct chromatography of urines hydrolysed with Ketodase was possible,

however, in order to obtain satisfactory chromatograms from sulphatase incubations
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methanol (10. ¢ ml) was added to precipitate the protein and the suspension
centrifuged. The supernatant was kept to one side whilst the protein mass was
re-extracted with methanol a further three times. The pooled supernatants were
evaporated to dryness under reduced pressure, the residue taken up in methanol

(0.2 ml) and chromatographed. -

Metaholism of Preludin using microsomes from rat and guinea pig liver

The animals used in these experiments were female Wistar albino rats

(200 + 10 g) and female guinea pigs of the Dunkin-Hartley strain (1 kg + 20 g).

Preparation of 10,000 x g supernatant and microsomes from ré.t and guinea pig liver
The animals were stunned by a sharp blow on the head and killed by cervical
dislocaﬁon. The livers were quickly dissected out, rinsed in ice-cold 1.15%
w/v KCl, blotted dry on filter paper and weighed. These ﬁvers were homogenised
in ice-cold 1.15% w/v KCl using an Ultra Turrax homogeniser {(Janke and Kunkel
K. G.v','Staﬁfe'n i. Breisgau, W Germaﬁy) ‘such that 1 g '('_Wét vs:ré'ight) of liver was - - -
homogenised in 2 volumes of 1.15% w/v KCl. The homogenates were then
cenf:ﬁf‘uged.atnlo,_ogonx g in an MSE .'1_7000': cgnfc;fifgfg‘g‘ fox; 30 nqinutes‘at 4°C to give
10,000 x g supernatant. - A portion of the 10,000 x g supernatant was centrifuged
in an MSE 'Superspeed 40' centrifﬁge at 105,000 x‘g for 60 minutes at 4°C. The
supernatant was decanted, the microsomal pellet re-suspended in 1.15% w/v KCL
and re-centrifuged at 105,000 x g for a further hour. Removal of the supernatant
left a2 microsomal pellet which was re-suspended in 1.15% w/v KCl such that the
final concentration was 500 mg wet liver equivalent/mi. Microsomal protein was
estimated by the method of Lowry and co-workers (1951) using Bovine Serum Albumin
as the standard. For the rat 100 mg of liver was equivalent to 6 mg of microsomal
protein and for the guinea pig 100 mg of liver was equivalent to 8 mg of microsomal

protein.
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Incubations
Incubation mixtures contained either 2.0 ml of whole liver homogenate or

10,000 x g supernatant, or the microsomal suspension plus 0.2 ml 0.1M MgCl,,
1.0 ml of a NADPH, generation mixture (glucose-6-phosphate, 10 mg, NAD,
0.5 mg, NADP 1.0 mg, glucose-6-phosphate dehydrogenase, 2 units)_and 1.0
ml Preludin ( =1 mg) with [14C]—Pre1udin as a marker. The final volume was-
adjusted to 6.4 ml with 0, 1M NaHyPO/NagPOy buffer, p 7.4, Control
'~ incubations were oonducf.ed using either aniline (1 pi) or 4-amixioahﬁpyﬁne (1 mg) |
and semicarbazide hydrochloride (5 mg). These were added as aqueous solutions |

made up in 0. 1M phosphate buffer, pH 7.4. Incubations were carried out in
duplicate for 1 hour at 37°C in a Dubnoff metabolic shaker. Appropriate control
flasks containing boiled liver fractions were run simultanecusly. Viability of these -
liver fractions was tested by monitoring the 4-hydroxylation of aniline and the
‘ formaldehyde released by the N—dealkylatxon of 4- ammoantlpyrme.

Detechon of A-anunophenol formed from am]me

This was determined by the method of Darby (1971), modified as follows. ' A
portion (2.5 ml) of the incubation mixture was poured into 2.5 ml of 15% w/ v trichloro-"
acetic ac1d and the precipitated protein filtered off. To 2.5 ml of the ﬁltrate was
added 1% w/v phenol in 0.5M NaCH (1. 0 ml) followed by 2M Na2003 (2.0 ml).

The solution was allowed to stand at 37°C for 30 minutes. Investigations by

Chabra and co-workers (1972) have shown that this method of detection of 4- ammophenol
may be sufficiently accurate for quantification when using the mlcrosomal fraction,

but may be inaccurate for whole-liver homogenates and 10,000 x g determinai:ions

for which purpose they recommend the 'ether-extraction' technique of Kato and Gilleite
(1965). However, since only a qualitative estimation was required for the present

experiments, the trichloroacetic acid precipitation method was used (Imai et al., 1966).
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If required, the resulting blue colour could have been estimated at 630 nm.

Detection of formaldehyde from the N-demethylafion of 4-aminoantipyrine

_The incubation mixtures were poured into 15% w/v zinc sulphate solution
(2. 0 ml) and the protein further precipitated by the addition of saturated barium -
hydroxide solution (2.0 ml), followed by thorough mixing on a vortex mixer and
and centrifugation. To the supernatant (5. 0 ml) was added Nash reagent (2; 0 ml)
(Nash, 1953; 1 ml redistilled acetylacetone in 250 ml of 30% w/v ammohium acetate
Vsolul:ion). The tubes were allowed to stand in a water batﬁ at 60°C f'o;' 15 minutes
when a yellow colour was formed. Since quantitation of the formaidehyde was not
attempted, the soluiiéns were not read at 412 nm.

Isolation of metabolites of Preludin

Methanol (15.0 ml) was added to the incubations to stop the reaction and also
precipitate the proteins. The methanolic solutions were then centrifuged,
_ the supernatants removed and taken down to dry_ness under reduc_ed pressure on-
- a rofaiy film evaporatc;r. The protein mass v#as re—éxtracted:with ;a. furfhér
portion of methanol (15.0 ml) which was added to the former extracts and again |
taken down to dryness under feduced pressure. Methanol (0.5 ml) was added and
the extract chromatographed on thin-layer plates (Silica gel G HFg54; 0.8 mm
thickness, pre-eluted with methanol). Radioactiviiy on the plates was detected |
on the radiochromatogram scanner. The areas of radioactivity on the plates were
eluted with ethyl acetate which was filtered (sintered glass) before being taken down
to dryness under reduced pressﬁre. The residual compouhd was redissolved in a
small portion of methanol and examined by gas-liquid chromatograph& (g.1.c.) and
combined g.1. c. /mass spectrometry (m.s.). A portioﬁ of each of the extracts
from the rat liver fractions was acetylated (acetic anhydride/pyridine) and a portion
" of each of the fractions from guinea pig liver was silylated (bis-trimethylsilyl- |

acetamide).
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Biliary excretion of Prelﬁdin in rat bile

Female Wistar albino rats (190 +10 g, Allington Farm, Porton, Wilts. U.K.)
were anaesthetised with thiopentone sodium (70 mg/kg, mtrapeﬁtonéa]ly; Intraval
sodium, May and Baker Ltd., Dagenham, Essex, U.K.). The bile ducf of each
animal was exposed and cannulated with polyethylene tubing (i. d. 0;43nm, o.d.

0.8 mm; Portex Plastics, Hythe, Kent,LU. K.) and after sufficient time had elapsed
for the bile flow to become regular, the animals were dosed with eithér Preludin

" or [14C]-Preludin dissolved in normal saline (20 mg/kg, ihti‘apériﬁoneaJIY) .

Bile samples were collected at hourly intervals for six hours and finally

after 24 hours. Portions (0 1 ml) of the first two hour bile samples were subjected

to paper chromatograpy and radiochromatogram scanning.

Permethylation of rat bile containing=Pre1udin metabolites

Permethylatmn was carrled out w1th methyl iodide usmg the methyl—

sxﬂﬁnylmethlde (XX[Il) (see F1g 2 8) carbamon as a catalyst (see Corey and

Chaykovsky, 1962).

This was prepared in a manner similar to that of Corey and Chaykovsky
(1962) by suspending powdered sodium hydride (48 mg) in dry dimethylsulphoxide
(DMSO; 76°C/15 Torr). The suspension was heated at 65-70°C for one hour until

rapid evolution of Hp had ceased (Leclerq and Desiderio, 1971).
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Initially, phenylglucuronide (Sigma Chemical Co., London, U.K.) was used to
test the efficiency of the permethylation. Permethylation was accomplished
essentially according to the method of Thompson and co-workers (1973) as follows.

)
Phenylglucuronide (50 pg) was dissolved in dry DMSO (0. 25 ml) and the tube was

flushed with No. The DMSOe carbanion catalyst (0.1 ml) was added, followed

15 minutes later by methyl iodide (0.05 ml). The reaction mixture was left at
room temperéture for 1.5 hours when water (1. 0 ml) was added to .stop the reaction
“and the whole extracted with chloroform (2.0 ml). This extract was washed with
water (2 x 1. 0 ml), followed by evaporation to dryness under a stréan: of No. The
residue was taken up in methanol (25 pl) for g.l.c. and mass spectrometry
(Thompson et g_l_f ., 1973).

Phenyl glucuronide or Preludin were added to control bile (100 pl), permethylated
and analysed as above. Bile from an animal dosed with Preludin was also
-perg;ethylated- as w«asa'-_sample of contpp_l-bi_le. o Under ﬂ_;e se pircums.'tances;Athe blie
was évaporated to dryﬁess under N, and then taken up in 0. 25 ml of DMSO as béfoi'e,;.

Combined g.1.c. /m. s. was carried out on a Varian 1700 gas chromatograph
- equipped with a 1. 52 m (5 ft) column ¢i.d. 3 mm)-packed with 3% OV-101 on Ce]ite
AW-DMCS (100-200 mesh) in conjunction with a Varian MAT CH5 mass spectrometer.

" (see Table 1 for retention times and column temperatures). d

Pharmacological activity of Preludin and 2-phenyl-3-methyl-5-morpholinone

A useful measure of the action of a chmpound on the central nervous system is
the observation of the movements of an animal after administration of that compound
(Jacobsen, . 1964). A number of methods using this principle have been devised and
one of the most recent is an activity meter capable of recording both fine and gross

movements of an animal through changes in capacitance.

Fine and gross movements after the administration of Preludin to rats and
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2-phenyl-3-methyl-5-morpholinone to mice were observed as follows.

Effect of Preludin

Ten female Wistar albino rats (200 + 15 g) were used, the movements of each
rat being recorded individuallyi" Thus the timetable for each rat was as follows:
Day 1. The rat was dosed qra]ly at 13. 30 hours with water (1.0 ml) and placed in
activity apparatué (Stoelting electronic activity monitor, Chicago, Hl., U.S.A.) for
4 hours and both fine and gross body movements were recorded ovér 16 minute
inervals. After 4 hours the rat was returned to its original cage. ' B |
Day 2. The samé rat was dosed orally with Preludin in water (20 ﬁg/kg; 1.0 ml)
at 13. 30 hours and placed m the act/ivity apparatus for 4 hours. . At the end of this

} N
period, the rat was returned to its original éage.
Day 3. The same rat was dosed orally with water (1.0 ml) at 13. 30 hours and
placed in the activity apparatus for 4 hours. | |
~ The procedure for day 3 was carried out to investigate whether the animal
displayed any indications of hypermotility 24 hours after dosing.

The results from each rat were subjected to statistical analysis.

The Effect of 24j§heny1—3—méthj1¥5-ﬁa61;phoﬁlioﬁé

Ten male mice (Thielers Original strain) were used for the study.

" Day 1. All ten animals were placed in the same cage and left in the room where

the activity monitoring apparatus was housed from 09. 30 hours at a room temperature
)

of 23°C. At 14. 00 hours the mice were all injected intraperitoneally with 0.2 ml of a

mixture of 1% w/v carboxymethylcellulose (0.1 ml) and 0.1% v/v Tween'80 (0.1 ml),

The gross and fine movements of the mice were recorded for 6 hours, when the‘mice

were returned to the animal room for the night.

Day 2. The following morning at 09.30 hours the same mice were again brought into

the same room as the activity apparatus at an ambient temperature 6f 23-24°C., At
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14. 00 hours the mice were weighed and dosed intraperitoneally (approx. 0.2 ml)

with a suspension of 2-phenyl—3—methy1—5—-moi'pho]inone in 1% w/v. carboxymethyl—
cellulose and 0.1% v/v Tween 80: according to weight, such that each mouse -received
a dose of 100 mg/kg. Fine and gross movements were again recorded for 6 hours

and statistieally compared with the control results obtained 24 hours earlier.

Effect of 2-phenyl-3-methyl-5-morpholinone on hexobarbitone-sleeping time.

A further-method available for the assessment of a potential psychotropic

compdtmd‘ is the effect of this compound on the hexobarbitone-sleeping time.

[

Forty male mice (Thielers Original strain) (24 +2 g) were _kept»'at i)etween
20 and 23°C for-at least 24 hours before being randomly divided into f&ur groups
of ten mice.

Hexobarbitone-sodium, freshly prepared from hexobarbituric adid (43. 03 mg),
M NaOH (0.194 ml) was diluted with water to a final volume of 5.0 ml.

- Two dosg levels of 2-phenyl-3-methyl-5-morpholinone were-chosen, that is’

10 mg/kg and 100 mg/kg intraperitoneally. - The compound itself was triturated with
1% w/v carboxymethylcellulose to a thick paste and diluting the suspension with 0.1%
v/v Neen'so'to give a mobile mixture capable of being drawn up easilsr into a syﬁnge.»

The method employed for this experiment approximately followed that described ‘
by Jacoi)sen (1964). Thus, the mice were dosed as follows. One group ;v:‘:ls' dosed
with the drug at the lower dose level and another group at the highei’ dose level and the -
two other groups acted as controls and were injected intraperitoneally with approximately
0.1 ml of a mixture of equal proportions of 1% w/v carboxymethylcellulose and 0.1%
v/v Tween'80', according to weight. After exactly 30 minutes each mouse was |
injected with hexobarbitone sodium (100 mg/kg) in a volume of 0.20 ml per 20 g
mouse. After 6 minutes the anaesthetised mice were turned onto their backs and the

time noted at which the righting reflex returned to the animal (approx. 90 minutes)..
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The times for each group were subjected to statistical a.nalysis to determine

AN

whether any alteration of sleeping time had occurred.

Animals for metabolic studies

Female Wistar albino rats (200 + 20 g), female Dunkin-Hartley guinea pigs
(300 + 70 g) and male Tamarin monkeys (500 | + 20 g) were used. Both Prelu&ipr‘lﬂ ’
and [140]—Pre1udin were dissolved in water and administered by stomach tube
to rats and guinea pigs. The [14C]—Pre1udin given intramuscularly to the Tamarin
monkeys was in 0.9% w/v sodium chloride and was steri]ised in an autéclave
maintained at 121-123°C, for 15 minutes at 0. 70 kg/cm2 (15 Ib/'mz); Human
subjects took [140]-Preludin dissolved in water.

The animals were individually housed in cages suitable for the co]lecﬁor} of

urine and faeces. They were allowed free access to water but were given no food

for 24 hous after dosing to avoid contamination of the urine.

A@aratus

Spectrometry

Infra-red (i.r.) spectra were recorded on a Perkin-Elmer Infracord spéctrométer
and calibrated at 6.24 my with a polystyrene standard.

Ultra~-violet (u.v.) spectra were recorded on a Pye-Unicam Recordjﬁg u.v.
spectrometer (SP 1800).

Mass spectra of compounds from direct insertion techniques and via the gas-
liquid chromaiography were recorded on a Varian MAT CH5 mass spectrometer.

Nuclear magnetic resonance (ﬁ. m.r.) spectra of protons were récorded on
a Bruker HFX 90 spgctrometer with Fourier transform (Bruker Magnetics,
Burlington, Ma., U.S.A.) at King's College, University of London, and also on a-
Perkin Elmer R12 spectrometer with Fourier transform at the School of Pharmacy,

University of London.
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Polarimetry

Optical rotations of compounds were measured in methanol in a Perkin-
Elme;',Polarimeter Model 141 at both sodium and mercury wavelengths. The cell
pathlength was 1 cm.

Measurement of pH

——

For determination of pH, a Pye~Unicam Model 291 pH meter was used. All
. pH measurements were recorded at room temperature.

Chromat ography

For gas-liquid chromatography a Hewlett-Packard F & M Model ~402 apparatus:

(Hewlett-Packard Inc., Pasadena, Calif., U.S.A.) with flame ionization detector

!
was used. The glass column [1.83 m (6 ft.), internal diameter 3 mm] was \packed
with Chromosorb G AW-DMCS coated with 3% w/w SE-30.

A list of retention times at particular column temperatures may be found in
. Table1.

For combined gas-liquid chromatography and mass spectrometry (g.l c. /m.s.),
a Varian Aerograph 1700 gas chromatograph in conjunction with a Varian MAT CH5
mass spectrometer was used.  (For details of g.lc column, see under Permethylation
of rat hile).

Conditions for the Hewlett-Packard g. 1. c. were either injection poﬁ temperature
240°C and oven temperature, 155°C, or injection port temperature 310°C and oven
temperature 240°C. Nitrogen (carrier gas), air and Hy pressures were 275, 165 and
140 kPa (40, 24 and 20 lb/inz) respectively. For the g.1. c. in conjunction with the
mass spectrometer, the injection port temperature was 230°C; oven femperature 155°C;
the interface, 240°C; the Biemann-Watson type molecular separator 220°C; the line-

of-sight inlet line, 190°C; the source 180°C. The electron beam energy was 70 eV

and the helium carrier gas flow rate was 32 ml/min at 275 kPa (40 lb/inz).
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Silylation was carried out foy dissolving or suspending the compound (3 mg)
in benzene (0.4 ml) and bis-(trimethylsilyl)acetamide (0.1 ml) was added. The
solutions, in a stoppered tube, were heated at 50°C for 30 minutes and the product
(1 pl) was injected onto the column. |

Acetylation was carried out according to the 1.;echnique to be found under the

heading 'Gas—liquid chromatographic assay for Preludin’.

Gas-liquid chromatographic assay for Preludin

'Although isotope dilution procedures remain one of the most efficient and
reliable methods of estimating radioactive substances, they are t\ime consuming and
tedious. Thus, in order to quantitate unchanged phenm\etrazine excreted in the urine
of rat, guinea pig and Tamarin monkey, by a method other than isotope dilution, a
g.1l.c. assay was developed, using méthamphetanﬁne as an internal standard. A
~calibration curve was constructed and acetylation was carried out as follows: To
é.n aqueoﬁs éolution of Preludin (0.2 mg/ml - 12 mg/ml, calculated as free baée)
was added a solution of methamphetamine (1.0 ml of a 1 mg/ml soluticn, calculated
as free base) and the mixture diluted to 10. 0 ml with water.. The pH was adjusted
to 14 with 10M NaOH (0. 2 ml) and the aqueous phase satﬁrated with solid NaCl
before extracting with diethyl ether (2 x 20.0 ml). The diethyl ether'vs}as dried
over anhydrous NasSOy4 and reduced almost to dryness under reduced pressure on a
rotary film evaporator. Pyridine (0.5 ml) and acetic anhydride (0. 5 ml) were added and
the solution left overnight in a stoppered ;mbe, after which time thfa contents of the tube
were evaporated to dryness in vacuo and ethyl acetate (0.5 ml) added. Portions (1 ul)
were then injected onto the SE-30 column at a temperature of 190°C (see Table 1 for
retention time (Tg) values). The corresponding acetylated methamphetamine and
phenmetrazine peaks were cut out from the recorder chart paper and a graph plotted

>

of weight of acetylated phenmetrazine peak/weight of acetylated methamphetamine peak



Table 1. Retention Times (TR) of Phenmetrazine and Related Compounds

Column

Oven temperature (°C)

N.D. =not detected. See text for temp\emmrr"—, of injection port and pressure of carrier gas,

Compound Retention time (TR) (min)
Phenmetrazine SE-30 155 5.0
Phenmetrazine (acetylated) SE=-30 155 9.2
Phenmetrazine (silylated) SE-30 . 155 12.25
Phenmetrazine (acetylated) SE-30 T 2.0
Phenmetrazine (acetylated) SE-30 190 7.5
Methamphetamine (acetylated) SE-30 190 3.3
Phendimetrazine ‘ SE-—?)O 155 6.2
2-Phenyl-3-methyl-5-morpholinone SE-30 155 20.5
2-Pheny1—3—methy1-—5—mofpholinone (silylated) SE;-30 155 | 16.0
2-Phenyl-3-methyl-5-morpholinone SE-30 240 0.9

| 2-Phenyl-3-methyl-5-morpholinone (écetylated) SE-30 240 - 0.9
2-Phenyl-3-methyl-6-morpholinone SE-30 155, 240 N.D.
2-Phenyl-3-methyl-g-morpholinone (silylated) SE-30 155 31.0
Rat major metabolite (acetylated) ' SE-30 240 7.2
Guinea pig major metabolite SE-30 165 20.5
Permethylated phenmetrazine ovV-101 . 200 1.0
Permethylated phenylglucuronide ) Ov-101 200 \ 4.5 =
Permethylated bile from rat dosed with Preludin’ ov-101 250 | 7.5 |
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against weight of phenmetrazine (ug). A linear relationship was found to hold ‘
between 0. 2-12. 0 ug of phenmetrazine.
The assay was then applied to the complete urine sample of either a rat,

guinea pig or Tamarin monkey which had been dosed 24 hours previously with Preludin.

Paper and thin-layer chromatography

Ry values on both descending paper (Whatman 3 mm) and thin-layer chromatograph

as well as colour reactions of the compounds.are given in Table 2. The following

—~——

solvent systems were used:

A. Butan-1-ol : formic acid (98-100%) : water (12:2:4, by vol.)
B, Propan-1-ol : NHg aq. (;p. gr. 0.88) (7:3, v/v)

C. Butan-1-ol saturated with 1. 5M ammonia - ammonium carbonate buffer

(Fewster and Hall, 1951).

- D.  3-Methylbutan-1-ol : 2-methylbutan-2-ol : water.: formic acid (5:5:10:2, by vol.)
(Alleva, 1963).

Thin-layer chromatography was carried out on Silica Gel HF9gy (E. Merck
A.G., Darmstadt, Germany) plates of thickness 1.0 mm activated for 30 mimtes at
110°C. All plates were pre-eluted with methanol. Aluminium-backed silica gel
plates (Silica Gel 60 Fogy, 0.2 mm thickness (E. Merck A. G.) were also used.
Solvent systems used were as follows: |
E. Chloroform : methanol (5:1, v/v)

F. | Benzene : methanol : diethylamine (70:15:15, by vol.)

G. Chloroform : methanol (9:1, v/v)

The compounds were visualised with the following reagents:

1. Sodium nitroprusside spray

Sodium nitroprusside (5 g) was dissolved in 10% aqueous acetaldehyde. An
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equal volume of 2% Na2003 solution was added jgst before use., Secondary amines
| show up aé p‘alellvavl‘ue éﬁo’cs '(Mavc.ek et | al, , 1956).
2, Iodine spray

Iodine (2 g) dissolved in methanol (100 ml). Most organic compounds were
detected by this spray. ’ —

3. Potassium iodide and starch spray

Sodium hypochlorite solution (B.D. H., Poole 3 Dorset, U.K.; cqntaiping 10-14%
available Clo) was diluted 1:1 with wﬁter. The chromatograni was »spllayéd witH _
the diluted solution and dried in an oven in the presence of acetic acid vapour. The
dry chromatograms were <spi"ayed with potassium iodide/starch solution (approximately 1%
w/v potassium iodide in saturated starch solution). Amides were detected #S dark
brown spots on a pale yellow background.

Diazotised 4-nitroaniline spray

The chromatograms were sprayed with diazotised 4-nitroaniline as described
by Wickstrdm and Salvesen (1952). Phenols gave strong purple spots which were not

permanent.

Radiochemical techniques

The radioﬁcﬁvity in urine was estimated directly by counting an aliquot in a
Packard Tri-Carb Scintillation Spectrometer, Model 3320 using Bray's scintillator
(Bray, 1960). 143 in faeces was estimated by one of two methods, either (i) the faeces
were thoroughly frozen, ground in a mortar and a known weight of this powder was
combusted in a Packard Tri-Carb Sample Oxidiser Model 320 and counted in the
scintillation spectrometer, or (ii) the faeces were homogenised in water using a
Waring Blendor and diluted to a known volume. Portions (0.3 ml) in 10M NaOH were

left overnight to effect solution and then treated with HoOs (100 vol., 6 drops), warmed



' Table 2 Ry Values and Colour Reactions of Phenmetrazine and Related Corﬁ';;oﬁndé

Compound Paper chromatography on 3MM paper Thin layer chromatography
Solvent, ... A b c b kE r G Colour with spray:
Glass Aluminium . Glass Aluminium Glass Aluminjum 1 ‘ 2 3
plate . plate plate plate p}ate plate ' ’
Phenmetrazine 0.71 0.87 0,93 0.49 0.29 0.32 0.51 0 55 0,21 0.32 blue bhrown grey
Norephedrine 0.61 0,85 0.82 0.39 0.24 0.23 0.35 0.33 0.21 0.16 \_.":)‘;‘ie brown K
Phendimetrazine 0.76. 0,89 0.96 » 0. 52 0.51 0.5 0.G0 0. 68 . 0,44 0, 50 N. D hrown N DL
1-Hydroxynorephedrine 0.4 0.72 0.64 0,17 0,21 0.15 0,30 0.23 0.02 6.02 \}flggw brown N.D.
2-Phenyl-3-methyl-5-morpholinone 0,87 0,71 0,82  0.81 0.59 0. 59 0.61 0,62 0,48 - 0,57 N. b, hrown brown
2-Phenyl=3-methyl-6-morpholinone 0,69 0,64 0,21 0.32 0,05 0, 0(? 0.16 0.16 ' 0,07 ' 0.08 ‘ )i‘&f hrown lg:]‘(‘s
N-(2-Hydroxycthylnorephedrine 0.71 0.88 0,81 0,46 0.19 0.20 0. 41 0. 40 0,11 0,15 N. D, brown N.D.
ﬁ—(Carbnxymcthyl)norvphcdrinc 0.68 0,66 0,01 0.41 0,01 0. 01. 0,02 . 0.01 0.00 4, 00 N. D, brown N.D.
Amphetamine 0,77 0.92 0.88 0.51 0.02 0.05 0. 64 0.33 . 0.02 0,05 N.D. hrown brown
Benzole acld 0.8% 0,21 0,43 0,93 0,60 0. 50 0,37 0.31 0. 55 0, 44 N, D, straw N. D
Hippuric acid 0,85 0,1 0,30 0,83 0.15 0.23 0.15 0.19 ) - 0,42 0,16 N. D, straw brown
Unidentified metabolite 0.88 0.57 0.10 0.95 0,47 0. 50 0.51 0. 52 ‘ 0. 46 0.-16 N. D, iu-o\vn N, D,
Phenolie metabolite 0.6 0,79 0,18 0,59 0,11 0.47 0.16 0,47 0. 30 0.0 Purple colour with dinzotised
: . -l-ll\llrn:milim- )
N.D. = Not detected
i
\\

‘€4
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carefully to control the effervescence and the pH adjusted to 7 by the dropwise
addition of 10M HCL. On cooling, Bray's scintillator was added and the mixture
counted as for (i). A comparison of the two methods showed them to be equally
efficient.

Scanning of paper chromatograms and thin-layer plates was carried out using
a Packard Radiochromatogram Scanner (model 7200). In order to detect minor
peaks, chromatograms were cut into 1 cm strips, counted in .the liquid scintillation -

counter and histograms plotted.

Isotope dilution

Isotope dilution procedures were carﬁed out on portions of urine (10.9 ml)
obtained from rats and guinea pigs dosed with [14C]—Pre1udin. Compounds searched
for in this way were 4-hydroxynorephedrine (2-amino-1 —(4'—hydroxyphenyl)propan—l—ol) ,
hippuric and benzoic acids. Procedures for the former two compounds were
according to the metﬁod of Dring and co-workers (1970) and estimation of total
[140]—benzoic acid was carried out by refluxing the urine (10.0 ml) with an equal amount
of 10M NaCH for 3 hours (Baldwin, 1961) and then adding carrier Ibel,nzoic acid, |
acidified with 10M HCI before extfacting with diethyl ether (3 x 100 ml) and evaporai:iné;.
This isolated benZoic acid was recrystallised to. constant specific rédioactivity (see

Dring et al. , 1970).

Results

The results for the three rats dosed with [14C}—Preludin may be found in Tables
3and 4, Of the 85% of 14q recovered, nearly 70% was accounted for in the first 24 hour

urine. Thus it was the 24 hour urine which was examined for the presence of metabolite
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Isolation and identification of metabolites

The urine was safurated with NaCl and continuously extracted at pH 8-9 with
diethyl ether when it was found that about 90% of the radioactivity was extracted into
the organic phase, The diethyl ether was dried over anhydrous NagSOy, reduced
in volume in vacuo and chroﬁa:tographed on Whatman 3mm paper in systems A, B,
Cand D. On subsequent radiochromatographic scanning, the chromatograms showed
the same pattern as the radiochromatograms of the original urine (see Appendix
for radiochromatogram scans,, and histograms of the 24 hour urine).

Enzyme hydrolysis with Ketodase followed by subsequent chrdma;‘.ography A
in system A showed that a peak at Ry 0. 28 had disappeared and that one at Ry
0. 68 had become more pronounced. It was inferred that the peak at Rf 0. 68 might
be the aglycone of a glucuronide conjugate of the metabolite at Ry 0.28. These
two compounds accoﬁnted for approximately 40% and 28% respectively of the 4o
éxéretéd in 24 hours (approximately 28% and 19% of the dése, i‘especiively).

In order to identify the metabolite, eleven rats were dosed orally with Preludin
(20 mg/kg) and a twelfth rat was dosed orally with [14C]—Pre1udin (20 mg/kg). The
urines were collected for 24 hours and that from the rat dosed with [14C]—Pre1udin
was mixed with the urine of the other animals. The pH of the urine was adjusted to
8-9 with. 2M NaOH, saturated with NaCl and continuously extracted with.diethyl ether.
The diethyl ether was dried over anhydrous NagSOy, reduced in vo:];me under reduced
pressure and chromatographed in system A on Whatman 3 mm paper, the 14¢ being

detected by radiochromatogram scanning. The area of 14C representing the

aglycone of the glucuronide (R 0.68) was cut out from several chromatograms and

» {
-~ b 3
LI Lo d et

eluted with methanol over a period of 2 days. The methanol was reduced mvolume
oy

in vacuo and chromatographed on Whatman 3 mm paper in system B where the metabolite

had an Ry of 0.79. This area was cut out and eluted with methanol over two days,
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o L

reduced in volﬁmei’f“as before and subjected to preparative thin-layer chromatography
(t.1.c.) in system E on Silica Gel HF9z4 plates (20 x20x0.1cm thick). The area
of 14¢ (RF 0. 44) was detected by radiochromatogram scanning of a suitable plate

(5 x 20 x 0.1 cm thick) and also under u.v. light (254 ﬁm, Hanovia Chromatolite Lid. ,
Slough, Bucks., U.K.) where it was found that the metabolite quenched the
fluorescence of the plateé. The required area of radioactivity was scraped off and
eluted with ﬁ;eilnla?r;ol overnight. The silica gel was filtered (glass sinter), the
rﬁetha.ndl réducéd in volﬁme undef reduéed pressﬁre aﬁd subjected a.gam to preparative
t.l.c, run in system F. One distinct area of radioactivity was detected on the
radiochromatogram scanﬁerr at Ry 0. 46 and was eluted off with methanol as before.
Further t.1. c. in system G showed one distinct area of radioactivity at Ry 0“. 30
which when sprayed with diazotised 4-nitroaniline gave a strong purple colour,
indicative of a phenol. The u.v. spectrum in ethanol (see Appendix) showed a

single peék with a Apyax of 277 nm -WhiCh. shéx;ved a bathochromic shiff; té 294 nm on

- adding one drop of 0.1M NaOCH. (A similar shift was seen using 4-hydroxyamphetamine,
Amax 274 nm which eﬂﬁbited a bathochromic shift in the presence of 0. 1M NaOH; -
Amax 291 nm). The visible spectrum of the diazotised metabolite was also recorded-
and gave a Ay, . at 520.nm. Similar treatment of Preludin gave nd such peak at

this wavelength. A mass spectrum of the metabolite (see Appendix) by the direct

- ingertion technique, gave a parent ion at m/e 193. The sample was then

methylated using diazomethane (Vogel, 1961) resulting in a shift of the parent ion

to m/e 207, corresponding to the addition of 14 mass units, that is a methylene

group., Treatment of phenmetrazine (free base) with diazomethane fa.ﬁed to give

a parent ion plus 14 mass units, A further sample of the metabolite was acetylated

(see 'G.1. c. assay of Preludin' for method) to form the N, O-diacetylated derivative

which had a retention time of 7.2 minutes on the g.1.c. (see Table 1). Nuclear
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magnetic resonance spectroscopy showed a pseudo-AB coupling system in the region
of the aromatic nucleus (Jopriho 8 Hz) which was characteristic of a para-substituted
benzene ring. All this evidence indicated that the major metabolite in the rat was
2-(4 '> -hydroxyphenyl) -3-methyl morpholine.

Bile from a rat dosed with Preludin and permethylated (see Materials and
Methods) showed an extra peak not present on the gas chromatogram of the control
bile. The mass spectra of this peak indicated a small parent ion at m/e 439 (see
Appendix for graphical representation of mass speétrum and proposed\fragmentaﬁon»
pattern) which corresponded to the structure represented ]5elow (Fig. 2. 9).

COOCH3

e “@”f

6]
\C'fﬁz
H CH,
Ny o~

H,CO N
OCH HgC l
H3 CH,
Fig. 2.9

The most important ions necessary for the idertification of a permethylated
glucuronidé, according to Thompson and co-workers (1978) are 1) the m/e 101 and
201 ions, 2) the M?* of the derivatised glucuronide and 3) the ion due to the aglycone,
formed by glycosidic bond cleavage. Of the above criteria, certainly the ions of |
m/e 101 and 201 appeared to be present, having an intensity of 44% and 100%
respectively. The parent ion was ﬁresent at m/e 439, but with an intensity of only
2%. Cleavage of the glycosidic bond would be expected to give a fragment at m/e 206.
This ion appeared to be present although only to the extent of 7%. The ion at m/e 408
represented a loss of 31 mass units from the parent ion whi¢h was probably -CH30".
The large ion at m/e 329 corresponded to a loss of 110 mass units from the parent

structure or 79 mass units from m/e 408. The ion at m/e 408 could have lost
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-OOCHZ,. to give m/e 361 and then lost a neutral molecule of CH3OH to give m/e
329 in a manner similar to that described by Thompson and co-workers (1973).
Unfortunately no metastable ions were present in the spectrum and so an accurate
fragmentation pattern was not possible, but a theoretical one may be fou.nd in the

Appendix. Thus the results indicated an Q—\glucuronide in the bile. ‘

Paper chromatography of the bﬂe on Whatman 3min paper in sys;:ems Aand B
and subsequent radiochromatographic scanning showed the presence of 3 éreas of
radioactivity (System A: Ryps 0.09, 0.29, 0.68; System B: Rys 0.07, 0.34, 0.79).
Those areas at Ry 0.29 and 0. 65 in system A corresponded to the glu;;ronide
and aglycone respectively, found in the urine, as did those areas at Ry 0. 34 and 0. 79
in system B. The radioactivity associated with Ry 0.09 in systelﬁ A and RF 0. 07
in system B was not present in the 24 hour urine. The chromatograms were sprayed
with visualising agents, 1, 2 and diazotised 4-nitroaniline which gave a positive
purple colour, indicative of a phenol, af Rps 0.68 and 0. 79 in systems A and B
corresponding in Ry to the aglycone. The 14C found in the two systems used gave
brown areas on spraying with 2, and a light blue colouration on spraying with reagent
1, indicating a secondary amino group.

Unchanged drug in the first 24 hour urine was estimated by the method
described in the Materials and Methods section, under the heading 'Gas-ﬁéﬁd
chromatographic assay for Preludin'.

In an attempt to isolate the metabolite at RF 0. 88 in system A, six rats were
fed with Preludin and the labelled material in the same manner as for the isolation
of the metabolite at Ry 0. 68 (subsequently identified as a phenol). The urine was
contimiously extracted, chromatographed in system A and elited with methanol

(peak Ry 0. 78) again as before. The volume of methanol was reduced in vacuo

and chromatographed in system B. In this system two areas of radioactivity were
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detected at Rps 0.57 and 0.71. The areas of 140 were eluted (no attempt was made
to elute the areas independently) with methanol and subjected to thin-layer
chromatography in system E on Silica gel HF954 plates (20 x 20 x 0.1 cm) previously
‘eluted with methanol. Radioactivity was detected on a suitable plate (5 x 20 x 0.1 cm)
and showed two areas of radioactivity at Rys 0.47 and 0. 59, the latter being the major.
Again the metabolites were detectable by virtue of their ability to quen;h the
fluorescence of the silica gel at 254 nm Elution of both areas together from the
plates, as above, and chromatography in system F gave two areas of radioactivity

at Rps 0.51 and 0. 61, clearly distinguishable as two bands under i, v. light (254 nm).
Elution of these areas independently with methanol and fuirther chromatography in
system G gave Rps at 0.46 and 0.48 respectively. The areas of 14¢ activity were
eluted from the individual plates and subjected to mass spectrometry and also
combined g.1.c. /mass spectrometry, The spectra may be found in the Appendix

and the retention times in Table 1. Thus it appeared that the compound isolated in
the greater amount corresponded to the lactam, 2-phenyl-3-methyl-5-morpholinone.
This was proved by comparison with the synthetic compound on paper chromatography,
t.l.c., g.1.c. and mass spectroscopy. Too little of the »other metabolite was

isolated to give 2 meaningful trace on the g.1.c. but mass spectrometry by direct
inserﬁoh jndicated a compound very similar to the 2-phenyl-3 -methsrl—s;xﬁofpholjﬁone,
but with a slightly different fragmentation pattern and different base peak (see Appehm
for graphical representations of the unidentified metabolite).

Quantitation of metabolites

Unchanged drug in the 24 hour urine was found to constitute approximately 10%
of the dose. Metabolites in the urine were, (i) the‘phenolic metabolite , 2-(4'-hydroxy-
phenyl) -3-methylmorpholine, 28% of the dose, and (ii) the glucuronide conjugate of

the phenol which accounted for 19% of the dose. The lactam metabolite, 2-phenyl-
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-3-methyl-5-morpholinone was found to account for approximately 5% of the dose,
and the unidentified metabolite also constituted 5% of the dose. Of the 68% of the
radioactivity excreted in the urine over the 24 hOui period, 67% of the dose was
accounted for by the metabolites identified above.

Chemical oxidation of Preludin

—

The in vitro investigation of the metabolism of Preludin using the Udenfriend
oxidation system (Udenfriend et al., 1954) proved to be unhelpful since paper
chromatography, thin-layer chromatography and gas-liquid chromatagraphy coupled
with mass spectrometry all showed an excessive breakdown of the compound. None

of the components could be identified.

Guinea pig

Excretion data for the three guinea pigs dosed with [14C]—Pre1udin may be
found in Tables 3 and.4. The total 14C recovered was 97% and of that approximately
80% was found in the urine in the ﬁfst 24 hours.

Isolation and identification of metabalites

A portion of the 24 hour urine (0.2-0.3 ml) was applied to Whatman 3 mm aaper
and chromatographed in systems A, B, Cand D. Radiochromatogram scans and
histograms may be found in the Appendix. The best separation of metabolites was
obtained in system B where significant peaks occurred at Rgs 0.57, 0.71 and 0. 87.

In order to obtain the metabolites in a quantity large enough to carry out
identification techniques, six guinea pigs were dosed orally with Preludin (20 mg/kg),
one animal receiving [14C]—Pre1udin. The urine was collected for 24 hours and the
radioactive urine mixed with the urine of the other animalis. The pH was adjusted

to 8, saturated with NaCl and continuously extracted with diethyl ether which was dried

over anhydrous NagSQy,, reduced in volume in vacuo and chromatographed in system B.
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Areas of radioactivity were located by scanning the paper on the radiochromatogram
scanner. Important observations on comparing the scans fo those obtained for the
rat (see Appendix) were that there was much more of the metabolite at Ry 0.71
excreted in the guinea pig, less unchanged drug and no indication of the phenolic
metabolite at Ry 0. 79 which was so prominant in the rat. The areas of radioactivity
on the chromatograms run in system B were cut out, eluted with meth;nol as before,
axid further purified by chromatogr'aphy in thin-layer systems E, F and G before
finally being examined by g.1.c. and g.1. c./mass spectromeffy. It was shown that.
the major metabolite in the 24 hour urine of the gtﬁn;aa pig was the lac\t'am, 2-~phenyl-
-3-methyl-5-morpholinone-(about 50% of the dose) the next most abundant metabolite
was the unidentified metabolite (L0% of the dose) followed by unchanged material
(6% of the dose) which was estimated by the g.1. c. method (see Materials and Methods).
Incubation of a portion of guinea pig urine with the enzymes f-glucuronidase (Ketodase)
‘and sulphatase gave equivocal results and although there was definitely a decrease
in radioactivity at approximafely Ry 0.2-0.4, reinforcement of the peaks corresponding
toile métabolites mentioned above could not be detected. The unknown compo@d(s)
corresponded to more than 10% of the dose a.l;d it was thought that these might be
the result of N-oxidation of Preludin,
Metabolism of Preludin by in vitro liver preparations

Incubation of [14C]-Preludin with whole liver homogenate, 10,000 x g
supernatant, and microsomal fraction from rat liver as described in Materials and
Methods showed that although the fractions were capable of N-demethylating
4-aminoantipyrine and hydroxylating aniline, they could not metabolize the [1401—
Preludin. ’i‘his was shown by extensive paper and thin-layer chromatography which
in each case showed only one peak of radioactivity which corresponded to unchanged

Preludin. The significance of this result is further expanded upon in the Discussion.
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However, similar fractions o’f guinea pig liver showed metabolism of Preludin

to have occurred. Thin-layer chromatography in systems E and G showed three
areas of fadioactivity. Practically, it was found that running the extract of the
fraction first in system E, separately eluting the areas of 14C and then cé,rrying out
further chromatography of the three areas in system G, gave a good seParation.
Further purification and examination of these areas by g.1.c. and g.1.¢. /mass
spectrometry showed the metabolites to be the same as those found in the 24 hour
urine of the guinea pig, namely the lactam, 2-phenyl-3-methyl-5-morpholinone,
unchanged Preludin and the unidentified metabolite. The lactam and ul;identiﬁed
metabolite were present ih/appro:dmai:ely the same proportioﬁ as found in the urine
(see Table 4). There was more unchanged Preludin present but this may bé
explained by the fact that the liver fraction was 'saturated' with Preludin a‘s

compared with the in vivo situation.

Tamarin monkey

From the excretion data, it may be seen that of the total a.mounf of 14C
recovered (average 97%), approximately 70% was located in the first 24 hour urine.
A portion of the urine (0.1 ml) was chromatographed in systems A, B, C and D and
the resulting radiochromatogram scans and histograms may be found in the Appendix.
Comparison between the radiochromatogram scans from the rat, guinea pig and
Tamarin monkey urines in system B (see Appendix) showed that the lactam, phenolic
metabolite and its glucuronide conjugate, unchanged drug and the unidentified metabolite
were all present, but the majority of the radioactivity was associated with unchanged
Preludin.

Identification of metabolites

The 24 hour urine and cage washings from one Tamarin monkey were adjusted

to pH 8, saturated with solid NaCl and extracted with diethyl ether as for the rat and
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guinea pig. The extract was chromatographed in system B and the areas of
radioactivity detected on the radiochromatogram scanner, The 14¢ areas on
the chromatogram were eluted with methanol and run in systems E, F and G on
aluminium-backed plates at the same time as standard compounds and a sample
of the phenolic metabolite obtained from the rat. Thus the presence of the
lactam, phenol, ﬁnchanged drug and unidentified metabolite was shown. A
quantitative estimation of the metabolites was made by cutting up a chromatogram
- scan of the urine from both animals in system B and estimating the 14? in the
scintillation counter, The unchanged Preludin was further quantitated by using
a sample of Tamarin moﬁkéy urine and using the g.1. c. method as explained in the
section 'G.1. ¢, assay of Preludin' in the Materials and methods section.
Incubation of a portion of the urine with ﬁ—glucuronida;e showed the presence
of a glucuronide conjugate, the aglycone of which corresponded to that found and
idenﬁﬁed in raJ: urine as the phenolic xﬁetabolite. )
A comparison between the excretion data and composition of the 24 hour
urine for the rat, guinea pig and Tamarin monkey may be found in Tables 3 and 4 -

Quantitation of the metabolites

From the 24 hour Tamarin urine, it was found that unchanged drug accounted
for approximately 34% of the dose, the lactam, 2-phenyl-3-methyl-5-morpholinone,
12% of the dose, the phenol, 2-(4'-hydroxyphenyl)-3-methylmorpholine, 12% of the
dose and its glucuronide conjugate, 3% of the dose. The unidentified metabolite
corresponded to approximately 11% of the dose, thus leaving approximately 15% of

the dose unaccounted for. This may be the result of N~oxidation of the material.
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Man

The results of the e;;creﬁon data from three men each given 25 mg [14C]—Pre1udj_n
orally may be found in Table 5. Of the ¢ excreted, most occurs (ébout 70%)
in the first 24 hour urine.

Identification of metabolites ' . , _

Chromatography in systems A and B were carried out on portions of the 24 hour
urine voided by the three subjects. Radioé.ctivity was detected on the radiochromatogram
scanner (see radiochromatogram s and histograms in Appendix). The pattern of
metabolite excretion was similar to that found in thé rat and Tamarin monkey,
namely the presence of the lactam, the phenolic metabolite and its glucuronide,
unchanged drug and the unidentified metabolite. For more complete identifi‘cation,

a portion of the urine (800 ml) was adjusted to pH 8, saturated with solid NaCl and
extracted with diethyl ether as before. A portion of the extract was subjected to
thin—laye‘r chromatography at the same time as standard compounds and run on both
glass-backed and aluminium-backed Silica gel 60 Fg54 thin-layer plates in systems |
E, Fand G. The plates were visualised using spray reagents 1, 2 z;nd 3 (see Té.bie
2 for colour reactions). A further portion was examined by g.1. c. using an OV-1
column (3%%0V-1 on Chromosorb G AW-DMCS. Conditions used were injection port
temperature 260°C; Ny, air and Hp pressures were 275, 165 and 140 kPa [40, 24 |
and 20 lb/inz] with a column temperature of 207°C). Unchanged phenmetrazine was
detected (TR 1.7 minutes) and so too was the lactam (TR 5.0 minutes).

Incubation of a portion of the urine with the B-glucuronikse enzyme preparation
(Ketodase) followed by paper chromatography in system A indicated a élucuronide
conjugate of the phenolic metabolite.

Quantitative estimation of the metabolites was made by cutting up chromatograms

of the urines run in systems A and B into 1 cm strips and estimating the radioactivity



Table 3, Excretion of Radioactivity by Various Species Receiving [14C]-Pre1udin

Values are expressed as % of 140 administered (averages with individual fig‘ur'es in parentheses)

Species ~ Rat
Dose and route 20 mg/kg
of administration orally
Number of animals 3
Dose of 14C (uCi/animal) 1,94

Urine Day 1 68 (77, 65, 63)

2 ' 6 (5, 6, 7)
3 24, 2, 2
4 2@, 2,9
5 1,1, 1)
Total 140 excreted 79
Faeces Day 1 2, 2,8
2 2, 2,2
3 £1 (0.4, 1.1, 1.0)
4 <1 (0.4, 1,0, 0.3)
5 2 (0.2, 3.0, 3.2)
Total 140 excreted 6
Grand Total 85

Guinea Pig Tamarin Monkey
20 mg/kg 0.28 mg/kg
orally intramuscular injection
3 2
1,23 1,93

1 2

82 (85, 78, 83) 74 69

5 (5, 4, 6) 17 17

1,1, 2 4 6

41 (0.2, 0.8, 0.4) - -

90 97 94
34, 3, 2)
2, 3, 2

.2 (2’ 1, 2) 1 2

, \
7 1 2
o7 ‘ 98 | 96

‘68



Table 4. Metabolites of §14C]—Pre1udin in the 24 hour urine of various species

Doses and animals were as in Table 3. Unchanged phenmetrazine was determined by the g.1.c. assay (see text). Other metabolites
were determined by radiochromatogram scanning followed by cufting up the chromatogram into 1 cm strips and determining the
radioactivity of each strip. Values are expressed as a % of the dose (averages with individual figures in parentheses).

Compound Species.... Rat - Guinea Pig Tamarin Monkey
' ' 1 ‘ 2
Phenmetrazine | 10 (14, 7, 10) 6 (7, 4, 6) 31 37
2-Phenyl-3-methyl-5-morpholinone 5 (6, 4, 4) ' 50 (51, 56, 43) 14 -9
2-(4'-Hydroxyphenyl)-3-methylmorpholine 28 (30, 29, 25) N.D, - 13 11
Glucuronide conjugate of 2-~(4'-Hydroxyphenyl)-3-methylmorpholine 19 (22, 20, 17) N.D. 3 3
Unidentified metabolite : 5 (5, 4, 5) 10 (9, 9, 12) 12 9
Sum of above metabolites ' : 67 (77, 64, 61) 66 (67, ‘69, 61)1' 73 69
14@ in 24 hour urine 68 (77, 65, 63) . 82 (85,.78, 83). 74 69

T Incubation of the urine with both a B-glucuronidase enzyme preparation and a sulphatase enzyme preparation followed by paper
chromatography and radiochromatogram scanning showed the disappearance of some areas of radiocactivity but there was no
obvious indication as to which areas of radicactivity had been reinforced., It was thought that these areas of radioactivity
might represent the products of N-oxidation o ,.

N.D. = not detected.

‘98
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Table 5. Excretion of Radioactivity in Man Receiving [14C]~Pre1udin QOrally -

Three subjects (Z.H.S., L.G.D. and R.B.F.) took orally 25 mg of [14C]~Pre1udin
in water. The dose of 14C was 3.12 uCi/subject. Average values are given with
ranges in parentheses. -

Day after dosing % of dose of 14¢ found in urine
1 ) 70 (62-82)
2 19 (17-21)
3 4 (2-6)
4 1.8, 1.21%
5 0.3, 0.2*
Total 14C excreted 94 (87-100)

*  Two subjects (Z2.H.S. and R.B. F.)



Table 6. _Metabolites of [14C]-Preludin in Human Urine

88.

Doses and subjects were as in Table 5. The urine analysed was the first 24 hour
sample after dosing. Metabolites were determined by radiochromatogram scanning

followed by cutting up the chromatograms into 1 cm strips and determining the

radioactivity of each strip. Average values with individual figures in parentheses.

Compound % of dose excreted in 24 hours as metabo]ite
Phenmetrazine 19 (21, 25, 11)

2-Phenyl-3-methyl-5-morpholinone
2-(4'-Hydroxyphenyl) -3-methylmorpholine

Glucuronide conjugate of
2-(4'-Hydroxyphenyl)-3-methylmorpholine

Unidentified metabolite
Sum of above metabolites

140 in 24 hour urine

19 (17, 21, 19)
12 (10, 14, 12)

10 (6, 9, 14)
5 (6, 7, 5)
65 (60, 76, 61)

70 (62, 82, 66)
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in the scintillation counfer. The composition of the 24 hour urine from the

three subjects may be found in Table 6, whereby it was found thai:-unqhanged drug
constituted approximately 19% of the dose and the lactam ne tabolite, 2—pheny1—3—methy1—a
morpholinone also 19% of the dose. The O-glucuronide accounted for 10% of the dose
and its aglycone, 2-(4'-hydroxyphenyl)-3-methylmorpholine, for 12% of the dose,’

The unidentified Iﬁetabo]ite was prevsent to the extent of 5% of the dose leaving‘
approximately 5% of the dose unaccounted for. This latter 5% may have been the

result of N-oxidaticn.

e~

Interpretation of mass spectra
Graphical representations of the mass spectra may be found in the Appendix.
The major ions have been numbered according to their m/e value. - Possible

structures associated with these ions may also be found in the Appendix.

Pharmacological investigations

@) Comparison of spontaneous activity in rat and guinea pig dosed orally with

Preludin (20 mg/ke).

Using the Stoelting activity apparatus, the fine and gross movements of
rats (10) and guinea pigs (10) were measured (see Materials and Methods section for
more details), The results from rats dosed orally with Preludin and *:he vséme rats
dosed with water were statistically compared using Students 't' test. A significant
difference (t = 4,2, p €0.01, & =8) was found between the fine movements (for
example, sniffing, twitching and head movements) of dosed and control rats, but
no statistical difference was found on comparing gross locomotor moveme.ts,
(see Appendix for graph), A similar comparison with guinea pigs at the same dose
level showed no significant difference between fine and gross movements as compared

with control values.
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(i) Investigation of the lactam metabolite of Preludin, 2-phenyl-3-methyl-5-

morpholinone on the spontaneous activity of mice

~Ten mice were dosed intraperitoneally on one day with 0. 9% v;r/v NaCl
solution in a suspension of 1% carbomniethylce]lulose and 0.1% v/v Tween 80'
and twenty four hours later the same mice were dosed intraperitoneally with an
aunthentic sample of the lactam metabolite at a dose level of 100 mg/kg. The
spontaneous activity was measured on the Stoelting activity apparatus and the data.
compared for control and dosed animals. No significant difference was found
for either fine or gross movements of dosed and control animals ﬁver six hours
(see Material and Methods section for more detail).

(iii) Effect of the lactam metabolite, 2-phenyl-3-methyl-5-morpholinone, on

hexobarbitone sleeping-time

The time of restoration of the righting reflex was measured at two dose
levels, 10 mg/kg and 100 mg/kg intraperitoneally, of authentic lactam. Confrol
animals were dosed with 1% w/v carboxymethyleellulose and 0.1% v/v Tween 80
(see Materials and Methods section for the exact procedure followed). Statistiéél
analysis of the results showed that there was no difference between control values
and those obtained in dosed mice at 10 mg/kg. However, | animals dosed at 100 mg/kg
showed a signiﬁcéntly longer sleeping-tiine than the control mice (t = 2. 29,
p £0.05, @ = 18) indicating the lactam might have mild tranquill ising properties.
Also, at this higher dose level, ptosis developed some five minutes after dosing

and lasted for approximately twenty minutes.
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Discussion

Since its introduction in 1954, relatively few reports on the distribution
and metabolism of Preludin have appeared. Engelhardt and co-wo*kers (1958)
studied the entero-hepatic circulation and distribution of [14C]—Pre1udin in mice
and rats and Quinn and co-workers (1267) followed the human plasma levels of
Preludin using an in vitro radioactive complex with [3H]-acetic anhydride. With
regards to the metabolism of Preludin, Vidic (1957) detected a metabolite in human
urine which gave a positive reaction with a ninhydrin spray, as well as unchanged
material, In the rat, Engelhardt and bis co-workers (1957) found two metabolites
in the urine and three in i:hé bile as well as unchanged drug in the urine of animals
dosed at 100 mg/kg subcutaneously. Other workers (Beckett et g_l_.' . 1967;‘
'Anggg.rd, 1970) have detected unchanged drug in human urine by chromatographic
and g.l.c. techniques and the binding of the drug to human plasma protein'was
reported by Franksson and Knggg,rd (1970).

From the data summarised in Tables 3, 4, 5 and 6, it may be seen that there
are species differences in the metabolism of Preludin, but it mﬁst be remembe're.db
that man and the Ta.marinAmonkey received much smaller doses than the rat and
guinea pig. Furthermore, Preludin was administered to the Tamarin monkeys
by intramuscular injection which may affect the pharmacokineties of drug absorption
and elimination. Thus, in the latter species, the finding of more unchanged drug
in the urine than in the other species where the dose was taken orally, may be
explained by the fact that an intramusculai' injection of the drug would result in an
absorprion into the systemic circulation and not necessarily into the i)ortal vein for
passage to the liver, thereby allowing more unchanged drug to be carried to the
kidneys. On oral ingestion, absorption from the stomach into the blood stream

ensures that the drug is presented to the liver very early in its systemic circulation. "
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Much of the drug may be metabolised by this 'first-pass' phenomenon and the
remaining unchanged drug and metabolites (unless they are excreted in the bile)
will then continue in the systemic circulation to the kidneys where e;:cretion or
reabsorption may occur.

Mapn and the Tamarin monkey appear to metabolise the drug in a similar
fashion, both species producing the phenolic metabolite, the lactam and the
unidentified metabolite. However, the Tamarin monkey excreted more unchanged
matenal than man, 30% a.nd 19% of the dose respectiyely, but man p1:oduced
more of the phenblic and lactam metabolites than the Tarharin n;onkéy, but
excreted less of the unknown metabolite. The composition of the 24 hour urine
of the rat and guinea pig differs considerabiy from man and the Tamarin monkey,
and also from one another. In the rat, the major metabolite is the phenol,
2-(4'-hydroxyphenyl)-3-methylmorpholine, together with its glucuronide conjugate
showing that the major route of metabolism is by aromatic hydroxylation and
N-dealkylation to the lactam is a minor route. In the gtﬁnea pig however, the
N-dealkylation is the major metabolic routé whilst aromatic hydroxylation could
not be detected by the techniques employed in this experiment, namely by cutting
up strips of the chromatograms and estimating the radioactivity m a sdnﬁuation
counter, as well as visual. comparison of the radiochromatogram ‘sca.nbs. |

A further species difference haé been noted using in vitro liver preparations
of rats and guinea pigs. By using whole-liver homogenate, 10,000 x g supernatant
and microsomal fractions of rat liver no metabolism of Preludin could be found.
Similarly, amphetamine cannot be metabolised in vitro by rat liver fnicrosomes
(Axelrod, 1955; Dingell and Bass, 1969; Fuller et al., 1973) although metabolism
does occur in the isolated perfused rat liver (Dingell and Bass, 1969) and rabbit

liver microsomes (Daly et al., 1967; Parli et al., 1971). By using 130,-labelling



94.

techniques Parli and co-workers have shown using rabbit liver microsomes, the

production of benzylmethyl ketoxime and benzylmethyl ketone from amphetamine.

02* I;]HZ
CHg—?H-NHz —_— CH-C-H B
*
CHg _ i , OH
"f indicates 18o labelling 'Hzok
NH
1)
CHyp-C-CHg
(imine)
o,
*
NOH
O%* ]
i +Hp0 _C-
CH,-C-CH3 € CHp-C-CHy
Benzylmethyl ketone Benzylmethyl ketoxime

Fig. 2.10. In vitro metabolism of amphetamine by rabbit liver microsomes

(Parli et al., 1971).

Axelrod (1955) suggested that the amphetamine was not deaminated by rat
liver microsomes due to the presence of an inhibitory factor which is not present
in rabbit liver microsomes, and he showed that addition of rat microsomes to
rabbit microsomes inhibited the extent of deamination of amphetamine. Recently

Werringloer and Estabrook (1973) have reported evidence for an inhibitory complex
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of product and cytochrome P-450 generated during benzamphetamine metabolism
by rat liver microsomes. Thus it is possible that amphetamine may produce a
metabolite in the in vitro liver preparation which is inhibitory tr.; ful"ther amphetamine
metabolism. Franklin (1974a, b) has carried out some extensive studies on
complexes of metabolites of amphetamines with hepatic cytochrome P-450 and
suggests that the inhibitory intermediate might be a carbanion. Furthermore,
amphetamine has been shown to inhibit the metabolism of hexobarbital m rat liver
microsomes (Lal et al., 1970) and also to inhibit the démethylaﬁon gf 4-chloro-N-
methylaniline by 9, 000 x g supernatant of rat liver (Louis—Ferdinénd et al., 1972)
possibly illustrating that an inhibitory intermediate complex is formed during
amphetamine metabolism which may in some way interfere with the metabolism
of other substrates. Similarly, the action of phenmetrazine in vitro may resemble
that of amphetamine. However, incubation of Preludin with fractions of guinea pig
liver in vitro gave the lactam, the unknown metabolite and also some unchanged drug.
By using in vitro liver preparations Beckett and Salam;l (1972) claim to have isolated
the N-hydroxy derivative of phenmetrazine, but they failed to unequivocally subét;mtiate
its structure. Unfortunately, no indication is given as to what species were studied.
Previous studies on the metabolism of amphetamine itself (Dring e_t al., 1970),
. methamphetamine (Caldwell et al. , 19722a) and norephedrine (Sinsheimer et al., 1973)
have shown that these amphétamines undergo exte;asive aromatic hydroxylation in the
rat but not in the guinea pig. The present study shows this also to be the case for
Preludin (see Table 4). Similarly in the guinea pig, amphétamine and methamphetamin
are metabolised by transformation of the side chain and in Preludin, .Where the side-
chain is incorporated info a ring structure, the major route of metabolism is
N-dealkylation of the ring structure to give the lactam metabolite,

One of the reasons why the study of the metabolism of Preludin was initiated
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was to attempt to discover whether the compounds formed from Preludin by metabolism
may be in any way responsible either for the intense central nervous system
stimulation gained fx;'om a large dose of the drug or for the tolerance which quickly
develops (Van Praag, 1968) to the anorexigenic and central stimulant effects. The
compound 4-hydroxynorephedrine has been found to be a metabolite of amphetamine

in the rat (Dring et al., 1970; Gropetti and Cosia, 1969; Goldstein and Anagnoste,

1965; Lewander, 1970; 1971a,b; 1972) and to act as a putative 'false' transmitter at

adrenergic nerve endings. Lewander (1971b) has also proposed that this compound

might be involved in the tolerance to the peripheral but probably not to the central
effects of amphetamine, The discovery of 4-hydroxynorephedrine as a metaboﬁte

of Preludin would come as no great surprise since metabolism of Preludin to
amphetamine and hence to 4-hydroxynorephedrine is theoretically feasible. In fact
it might be easier to form 4-hydroxynorephedrine from Preludin since the molecule
is already substituted in the B-position, a reaction which, for amphetamine, is carried
out in vitro and in vivo (Goldstein et al. , 1964; Goldstein and Anagnoste, 1965;
respectiveiy) by dopamine-p-hydroxylase. The presence of 4-hydroxynorephedrine |
from Preludin would also help to explain the similarity of effects between Preludin
and other amphetamines. However, in the species most likely to form the largest
concentration of 4-hydroxynorephedrine,' namely the rat, no such compo@d may be
found, This has been checked additionally by reverse isotope dﬂuﬁon techni(iues

on the 24 hour urine. A similar result is inferred in a paper from Costa and
co-workers (1971) . They found normal levels of noradrenaliﬁe, dopamine and
5-hydroxytryptamine in various brain parts, heart and lmgs of rats i'eceiving
maximal tolerated doses of Preludin (5.6 pmol/kg, i,v,) whereas treatment with
amphetamine caused a long lasting decrease of tissue noradrenaline, associated with

the presence of 4-hydroxynorephedrine in the adrenergic neurones (Gropetti and
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Costa, 1969). Therefore they concluded that Preiudin must fail to form a
metabolite capable of binding to the adrenergic nerve terminals, However, before
the concept of 4—hydroxynorephedrine being a 'false' transmitter to ”explain some
of the effects of Preludin is abandoned, it is interesting to postulate whether the
major metabolite of Preludin in the rat, namely 2-(4'-hydroxyphenyl) -3-methyl-
morpholine, may itself act as a 'false' transmitter. By using structural models,
it may be seen in the photogfaphs (over) that the stereochemistry of phenmetrazine -
and ephedrine in this case, are exactly the same. Therefore, it is .perfectly _ |
feasible that the phenolic metabolite, 4-hydroxyphenmetrazine, may 1;e taken
up into adrenergic nerve terminals and produce similar pharmacological effects to
that of 4-hydroxynorephedrine. But further work is necessary to see whether
4-hydroxyphenmetrazine fulfils the criteria for a transmitter within the sympathetic
nervous system,

A further interesting find in this present study of Preludin metabolism is
the formation of the lactam metabolite, 2-phenyl-3-methyl-5-morpholinone,in the
four speci;es studied. In man, this compound represents 19% of the dose excreted
in 24 hours. This compound, also known as Fenmetramide, has been shown‘ to
exhibit muscle relaxant and tranquillising properties (Gannon and Poos, 1967) and
it is interesting to speculate whether this metabolite is responsible forx.~ aﬁy of
the effects of Preludin. For example, amphetamines including Preludin are
capable of producing psychogenic dependence (Oswald and Thacore, 1963) and typiecal
withdrawal symptoms are largely psychological and include fatigue, insomnia,
iassitude and depression (see Van Praag, 1968). As Van Praag poiﬁts out, these
symptoms may be typical of the withdrawal syndrome or thay may be a relapse of
the symptoms which led to thé abuse in the first place, but it may be conceivable that

on chronic ingestion of the drug there may be an accumulation of the lactam metabolite
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Photographs illustrating the similarity in stereochemistry between a) ephedrine

and b enmetrazine
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which may then begin to exert its own therapeutic efiect, an effect that may become
more prominant on cessation or withdrawal of the drug. Further pharmacological
experimentation on, for example, the half-life of the lactam in plasina, or protein-
binding may be relevant here, It is therefore possible that the metabolism of
Preludin may form two 'active' metabolites, namely the phenolic metflbolite,‘
4-hydroxyphenmetrazine and also the lactam, 2-phenyl-3-methyl-5-morpholinone.

.In all four species examined, one unidentified metabolite constantly recurs.
Initally it was thought thai:‘this might be the lactone, that is 2—pheny1—3—methy1-6—’
morpholinone, however, synthesis of the lactone and comparison 6’1‘ RF values in
several chromatographic systems as well as mass spectra of the unknown and
lactone showed them to be dissimilar. Comparison of t}.na unknown mefabolite w1th
N-(2-hydroxyethyl)-norephedrine, a pre-cursor in the synthesis of Preludin, also
proved unsuccessful using chromatography and mass spectrometry. The graphical
representation of the mass spectrum of the unidentified product (to be found in the
Appendix) shows the highest mass value at m/e 191; this may not in fact represent
the parent ion because there are a limited number of compounds which can have ‘
their parent ion at this mass ion value, and also expect to exhibit a fragmentation
pattern similar th the lactam metébolite. These alternatives are:-

STy

i) the lactone, 2-phenyl-3-methyl-6 Qmorpholizié

i

ii) N-methylated phenmetrazine, that is, phendimetrazine, and
bL ‘
iii) the lactam, 2-phenyl-3-methyl-5-morpholine.
-
As stated above, the identity of the unknown metabolite appears not to agree with

the properties of the lactone, although a lactone metabolite of a morphoiine compound

(see Fig. 2.11) has recently been reported (Tanayama, 1974).
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3 ' -N=CH-CN
L.
HN_C-NCOOCH,CH &

Molsidomine Lactone metabolite
Fig. 2.11 -

The mass spectrum of the unknown i,:s different to that of the lactam aild neither
compound exhibits similar Ry values in all the chromatography systems used.
This leaves phendimetrazine as the last alternative. Q—Methylaﬁoﬂby a non-
specific methylase is possible and occurs m the case of normeperidine going to
meperidine and pyridine being converted to N-methylpyridine (Parke, 1968).
Comparison of the mass spectra shows that there is very little in éommon between
the two compounds except the mass ion m/e 191, Thin-Iayer chromatography in
systems E, F and G Vshowed phendimetrazine and the unknown metabolite to have not
too dissimilar Ry values, buf paper chromatograi)hy, especia]l;Ir in systems B, C
and D showed their resﬁective Ry values to be very different. If the m/e 191 is
not the parent ion, other possibilities as to the identity of the metabolite can be

forwarded, for example, the compound shown below:~

O
—er” ew,

/CH\N COCH
HyC -H .
l
H

m.w. 195
It may be remembered that earlier on in the discussion it was mentioned that
Vidic, in 1957, found a metabolite in human urine which gave a positive reaction

‘with ninhydrin, Certainly the above compound would be expected to show a colour with



100.

ninhydrin, perhaps not as intense as for an a-amino acid but certainly a colouration
due to the primary aim‘.ne function. A similar compound has been isolated from the
urine:of rabbits dosed with prolintane (Yoshihara and Yoshimura, 1;)72) and the

authors postulated that the amino acid derivative might be an obligatory intermediate

in the formation of the major metabolite, the lactam (see Fig. 2.12.)

CHy~CH-CHy-CHy-CHg CH,~CH~-CH,-CH,-CHj
| .
N
A
\_\ p //

/

] , ’/
‘y

CHy~CH~CH,~CHy~CHy

2
coo®

(After Yoshihara and Yoshimura, 1972)
Fig. 2.12
Examination of the mass spectrum of the unknown compound fails to give an
‘m/e 60 which would be indicative of the rearrangement ion found in carboxylic acids
(Williams and Fleming, 1973), but even so; this amino acid cannot be entirely
excluded. Another bossible metabolite is the lactam phenol as represented by

the structure below:-

Qﬂ/\cﬁz

ch/ \/

l
H

m,w, 207
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It is possible that such a 6ompmmd would not give a parent ion at m/e 207
but may show one at (M? - 18) mass units, that is m/e 189. This ion does not
appear to be present in the mass spectrum of the unknown metabolite. Studying
the metabolism of prolintane in rabbits, Yoshihara and Yoshimura (1972) have
identified the lactam phenol by chromatography, i.r., u.v. and n. m.r. -specgoscopy.
They also found the lactam alcohol as well as the free alcohol; the equivalent structures

in the phenmetrazine nucleus being shown below:-

5 _
;[ IO | HOH,,C
HOH,C 1:1 | 2

[

H H
m,w. 207 - m.w. 193
Lactam alcohol of phenmetrazine Alcohol of phenmetrazine

" One other likely metabolite is that suggested by Beckett and Salami (1972),
namely the N-hydroxy compound. As stated previously, the authors found no
parent ion in the mass spectrum at m/e 193. Beckett and co-workers (1973b o'nn
fheir studies of the identification of N-oxygenated producté have obtained the
N-hydroxy derivatives of some secondary amphetamines, for example,r N-methy1-,
N-ethyl-, _bl—propyl- and N-butyl- amphetamine. Under the conditions used two.
decomposition products were identified, namely the corresponding primary amine
~and the nitrone. A nitrone was also found to be a metabolite of Fenfluramine in
vitro using guinea pig and rat liver preparations (Beckett et al,, 1973a). They
conclude that the nitrone may arise from N and -C metabolic oxidation of
Fenfluramine to form a dihydroxy compound which dehydrates to form the nitrone..
Alternatively the hydro_xyla.mine metabolite undergoes oxidation on the a~-C atom

followed by dehydration. Thus, the nitrone may be considered to be a non-enzymic
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product. For phenmetrazme, the nitrone may have two possible structures.

Oy Ofr

H
2 CH @ __CH
B,C SN~ H,C Kzix/c
!
S o® _ -
m.w. 191 - - m,w, 191

Referring back to the work of Beckett et al., (1973a), a mass spectrum of the

nitrone of Fenfluramine prc;duced an ion at (M-15)+. If this were to apply to Preludin

the (M-15)" would be m/e 1"%6; this mass ion is indeed bpresent in the mass spectrum

of the unknown metabolite. Furthermore, the mass ion at m/e 69 in the méss spectrum

of the unknown metabolite in keeping with the fragmentation pattern of Preludin may

correspond to (CH2=CH—NH—CH=CH2+). Final elucidation of the structure of the
unknown metabolite will probably be brought about in two ways:

i) by obtaining a sufficient amount of the metabolite from biological sources, of
which the use of in vitro guinea pig liver preparations may be the method' of‘ o
choice, or

ii) by chemical synthesis. Attempts at preparing the N-hydroxy derivatiye of
Preludin by fhe direct action of m~chloroperbenzoic acid and also via a
cyanoethyl deiivative have both been shown to have their respective problems,
however refinement of one or both Aof these methods may yet prove successful
for obtaining the desired hydroxylamine (see Beckett et al., 1973c). From thence,
the conversion to the nitrone could be cé,rried out (Beckett et al. ', 19733).

The evidence thus far would tentatively support a nitrone structure for the unknown
metabolite. There are however two points to consider. The first is that so far no

nitrones of amphetamine-like compounds have been found in the urine and the second
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is that this nitrogen oxidation product accounts for a fairly large propoxrtion of the
dose in the 24 hour urine in all the species studied, that is, 5% in rat and man,
10% in guinea pig and 11% in Tamarin monkey.

It may be recalled that in the Introduction to Preludin under the heading of
"Chemical aspects of Preludin", the different configurations of the phenmetrazine
molecule were illustrated. One of the reasons for this may be exzplajned now.

The authentic Preludin obtained from Boehringer and the E'4C]—Preludin synthesised

by two different methods for this present study all belonged to the threo-or trans-
configuration. The erythro-or cis-conformer has been synthesised by Clarke (1962)‘
and found to have a different i.r. spectrum and approximately a 30f¢ difference
in melting point (trans - 180-181°C; cis- 152-154°C). The lactam metabolite
synthesised for comparison with that found in thé urine of rat, guinea pig, Tamarin
monkey and man was the (+)-cis-conformer prepared by Clarke (1962), who also
synthesised the (+):irans-conformer. Unfortunately time precluded the synthesis
of the (+)-trans-conformer but it may be that both the cis-and the trans-forms share
identical chromatographic properties and give identical mass spectra, Certainlly‘
they would not give similar n.m.r. spectra. Thus, although the lactam has been
obtaihe_d as a metabolite of Preludin in all species studied, the comparison has béen
with the cis-lactam. This implies that the phenmetfrazine molecule has Achanged its
configuration from trans-to cis-and the only way that this could be explained is by the
morpholine ring opening and re-forming in a different configuration, which would be
less dynamically stable, at least before further oxidation at position 5.

The dextrorotatory isomer of Preludin has beén synthesised using the laevo- '
rotatory antipode N-(2-hydroxyethyl)-norephedrine (Stark et al., 1961) and has been
claimed to be therapeutically more efficacious than the racemate (Preludin) or the

laevorotatory isomer(Stark et al., 1961). Although the toxicity is the same, this
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dextrorotatory compound has been claimed to have a far more powerful psycho-
stimulant effect than the racemate, md also not to cause a rise in blood pressure.
However, no mention is made of its anorexigenic effect compared wifh_the racemate. -

The antipodes of amphetamine exhibit different pharmacological activity and also
show a difference in the extent of their metabolism in various species (Dring et al.,
1970).  No such metabolic studies appear to have been carried out for the antipodes
of phenmetrazine, but it is feasible that, like amphetamine, a difference in the extent
of metabolism occurs with this compound too. _

. Some of the—éffects of dextrorotatory phenmetrazine (dexphenmetrazine) have
been studied in humans, by: ﬁartak and Skranc (1972) who measured oxygen intake,
ventilation, heart rate and lactic acid levels in students at rest and on a bicyde
ergometer, and by Bohdanecky/and co-workers (1972) who studied the effect of
(+)-phenmetrazine on rat reticular unit activity.

In conclusion, it would appear that Preludin is metabolised in much the same
way as other amphetamines, and there is a species variation. Aromatic ring-
.hydroxylarion predominates in the rat, side-chain oxidation in the guinea pig a.nd‘a‘
combinat'lon of both pathways in man and Tamarin monkey. Two vof the hitherto
unidentified metabolites have been isolated and characterised, namely the'phenol
,, and the lactam. These compounds may Warrant further ﬁharnﬁacological investiga.tion
to see if théy are in any way Vre,s;.)onsible for some of the adverse reactions seen on
the prolonged administration of Preludin. It would aléo be most useful to investigate
the metabolism of the individual antipodes and to see whether this relates in any way to
their pharmacology. The identity of the unknown metabolite is at pfesent not

certain, however, the data so far collected would indicate that it is most probably

a nitrone.
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INTRODUCTION .

Amphetamine, (+)-2-amino-1-phenylpropane, was first prepa_red by
Edeleano in 1887. There are a number of methods of synthesis (see Hider, 1969,
'for a review) including the incorporation of tritium, 14-carbon and deuterium
into the molecule. The amphetamine molecule contains one asymmetric ceﬁgre ,.
namely the a~carbon atom. (see below in Fig. 3.1).

s |
CHy- CH - NH, o
B (a4
Alnphet?.mine
Fig. 3.1

There are two isomers of amphetamine and therefore three forms in all.
Namely (+)- or d- amphetamine, which has the 28 configuration (Cahn et al.,
1956), otherwise kmown as dextroamphetamine, (-)- or 1- amphetamine, which
has the 2R configuration, and (+)- or di- amphetamine. The racemic form was
resolved by Alles in'1939. In 1933, Alles obsérved that amphetamine produced
* an arousing action on animals under anaesthesig. Th1s prompted its use as
a respiratory stimulant in cases of barbiturate intoxication. Amphétam_ine, as
-free base or carbonate, was introduced under the mame Benzedrine as a glrug
suitable for administration by inhalation to produce shrinking of the nasal mucosa
in head colds and sinusitis (Krantz and Carr, 1965).

Amphetamine is a sympathomimetic agent with mainly indirect effe~ts on
adrenergic receptors. The (+)~antipode has a more potent ceﬁtral nervous system

stimulatory effect than the (~)-antipode, although this latter antipode is slightly

more potent in producing vascular effects such as an increase in both systolic and
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diastolic blood pressure and pulse pressure (Aboul-Enein, 1971). The
involvement of endogenous brain amines has been discussed under the heading
'Amphetamine, Phenmetrazine and Norephedrine: Effects on catecholamines
and false transmitter theory.’ Suffice it to say that the wide spectrum of effects
caused by amphetamine is not due to the Ainteraction with one particular amine,
but rather it is dependent on 5-hydroxytzyptamine (5-HT), noradrenaline and

dopamine, Indeed, treatment with the catecholamine-depleting agent reserpine

and the subsequent effects of amphetamine administration have led to equivocal

results, Some investigators found an increase in the effect of ampheta.mine following
reserpine treatment whilst others found no change and yet others found a decrease
(Van Rossum, 1972).‘ But treatment with a-methyl-pir_g-tyrosine‘ (which inhibits
the biosynthesis of catecholamines) in combination with reserpine completely
blocks the central effects of amphetamine (Van Rossum, 1972).

The toxic dose of amphetamine may vary considerably from one individual
to another but it is reasonably well tolerated in therapeutic doses. Acute toxicif:y
may manifest itself in a number of ways which may be conveniently“ subdivided into
(i) central effects, ii) cardiovascular effects and (iii) gastro-inféstinél effects.
(1) Central effects:~ These include agitation, disorientation, restlessness,
’ tremof, anorexia, insomnia, euphoria, confusion, delirium, ha]lﬁcinati;ns,
panic states, convuisions, fever and coma. Suicidal or homicidal tendencies may occur.
(ii) Cardiovascular effects:- These include effects such as headache and
palpitation. Particularly with high doses, the systolic and diastolic pressure may
be increased and tachycardia, anginal pzin or cardiac arrythmias maiy occur.
(iii) Gastro-intestinal effects. Amongst these effects are dryness of the mouth,
metallic taste, nausea, difficulty in micturation, constipation, vomiting, diarrhoea

" and abdominal cramps.
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Aplastic anaemia and panhaemocytopenia have occasionally occurred after

prolonged use. Chronic amphetamine toxicity produces symptoms similar to
those of aciite toxicity. However, weight loss may be severe and accompanied
by psychotic reactions and hallucinations.

Amphetamine has been administered for its anorexigenic effect inﬂ thé treatment
of obesity but its precise mode of action is not yet fully understood.. A role of
5-HT in the mediation of the effects of .‘qinore}dgenic drugs has been proposed by some
workers (Opitz, 1967; Jespersen and Scheel—Krﬁger, 1970; Goldman et al., 1971),
but the results of these authors héve been equivocél. Other studies h;;tve concluded
that catecholamines, especially noradrenaline, play an important effect in the
anorexigenic action of amphetamine (Goldman et al., 1971; Leibowitz, 1970;
Abdallah, 1971; Berger et al., 1971; Holtzmann and Jewett, 1971).  The
anorexigenic effect of (+)-amphetamine has been blocked by a:-methyl-para-tyrosine -
(Abdallah, 1971; Holtzmann and Jewett, 1971; Frey and Schulz, 1973) and also
by disulfiram, an inhibitor of dopamine-B-hydroxylase (Frey and Schulz, 1973).
Further explanations for the anorexigenic action of amphetamine have included a ‘
reduction in smell and taste thresholds for food, decreased gastric motility and
an inhibitory effect of elevated concentrations of plasma free fatty acids (produced

"~ by amphetamine) on the 'feeding centres' or ;hlmger centres' in the hypotilalamus
(’l‘urnér, 1969). Amﬁhetamine does not significantly increase basal metabolism
or nitrogen excretion and Modell (1960) thought that the anorexia may be due to
elation, enabling the patient to adhere more readily to a restricted diet.

Nelson and Forfar (1971) have reported that amphetamine causeé a low
incidence of teratogenic effects when administered to pregnant mothers. But
there was a definite increase in the number of congenital abnormalities in infants

born to mothers receiving amphetamine during pregnancy.
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The first clinical application of amphetamine was in the treatment of
narcolepsy (Prinzmetal and Bloomberg, 1935) and has been used for postencephalitic
Parkinsonism and in conjunction vﬁth phencharbitone and other agents in the treatment
of epilepsy. It has also been used in the treatment of mild depressive neuroses,
orthostatic hypotension s;nd as an adjuvant in the treatment of chronic alcoholism
and poisoning by depressant drugs. Amphetamine has been reported to stop
persistant hiccﬂp and to be of value in the treatment of urinary incontinence and

nocturnal enuresis (Martindale, 19728). However, the non-medical use of

amphetamine both with respect tb 'doping' in sport and drug abuse'by addicts

has fﬁr exceeded the therap‘eutic use of the drug. In the case of 'doping', suppression
of fatigue is the desired effect, whilst euphoria is the aim in addicts. At {rery high
dose levels (Oswald and Thacore, 1963, have reported the intravenous administration
of ten times the therapeutic dose of amphetamine), the phenomenon of stereotyped
behaviour may also be observed, involving such actions as continuous chewing or
teeth-grinding movements with rubbing of the tongue along the inside of the mouth

and lower lip often resuiting in ulcers of the tongue and lip (Ashcroft et al., 1965).

On repeated administration, tolerance to some of the effects of amphetamine may

occur, for example, tolerance to the central stimulation and anorexigenic effects.

. However, not all parts of the central nervous system become tolerant at the same

rate, so that when the doses are increased or become more frequent in order to
obtain the same effect as with previous doses, nervousness and insomnia may
persist as the dose is increased. Addicts dependent on amphetarﬂine are prone
to accidents, aggressive anti-social behaviour and, particularly aftef intravenous
administration, to psychotic episodes. The sudden withdrawal of amphetamine
does not cause physiological disruption or physical withdrawal symptoms, yet
fatigue, prolonged sleep and hyperphagia are observed (Kramer et al., 1967;

Kalant, 1966). Lewander (1971a, b; 1972) has suggested that 4-hydroxynorephedrine
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a metabolite of amphetamine, may be responsible for the induction of tolerance
to some of the effects of amphetamine in rats. This substance can deplete.
noradrenaline (Daly et al., 1966) and replace it in the neurosecretory stores,
suggesting that it may interfere with adrenergic neurone function by acfing as a
false transmitter. - Lewander concludes (1971b) that 4-hydroxynorephedrip_e i
might be involved in the tolerance de_veloped to peﬁphefal but p_robabi& not to
the central effects of amphetamine.

Absorption, Distribution, Metabblism and Excretion of Amphetamine

Amphetamine, when administered orally, is well absorbed’fron:; the
gastrointestinal tract and is distributed in most organ tissues. High levels may
be found in the brain and cerebrospinal fluid (Aboul-Enein, 1971). In man and
rat, the extent to which amphetamine is excreted unchanged is correlated with
its lipid solubility, some 20-30% of unchanged amphetamine appearing in the
urine of man (Williams et al., 1973).  An extensive study on the metabolism
of amphetamine in man and six other species has been reported by Dring and
co-workers (1970) and Fig. 3. 2 shows the major pathways of metabclism. The
nature and amounts of the metabolites were found to vary from one species to
another. Further details concerning the study may be found in the Discussion
- - where the results of the administration of amphetamine to the Tamarin lﬁc;nkeys
has been interpreted and compared to the results from the studies by Dring and
co-workers (1970) and Caldwell and co-workers (1972b).

Urinary excretion of amphetamine is greatly influenced by urinary pH.

In acidic urine 80% of tke drug is excreted unchanged, whilst under conditions
of alkalinity the drug is reabsorbed by the renal tubules and only 2-3% is excreted
(Beckett and Rowland, 1965; Rowland and Beckett, 1966). Advantage is taken

of this fact when dealing with cases of amphetamine poisoning, the urine being
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maintained at an acidic pH by the administration of ammonium chloride.
Rowland and Beckett (1966) further warned that care should be exercised

when amphetamines are given to patients on carbonic anhydrase inhibitors or to
other patients liable to have a high urine pH. Recently it has been reported
that a group of subjects receiving a balanced protein diet and producing an
acidic urine excreted much more unchanged amphetamine than a group receiving
a low protein diet and producing an alkaline urine (Wesley-Hadzija, 1971).

The stimulant effect of amphetamine might be prolonged and increasec"[' under
conditions of urine alkalinity (Smért and Turner, 1966). Cannabis mz;y also

enhance the stimulatory effect of amphetamine (Whyte, 1967).

Investigation of the Metabolic Fate of [14C]—@)—Amphetamine Sulphate in Tamarin

Monkey

The Tamarin monkey is a species of marmoset which has not been extensively
used for drug metabolism studies. By using this species for an investigation into
the metabolic fate of amphetamine, norephedrine and Preludin, it was hoped tha;
the metabolism would prove to be similar to that found in man and thereby justify
the further use of these animals in relation to human drug metabolism and toxicity
studies. This could eliminate the use of the rhesus monkey, the primate of
Lcrzrlvmicre, which is much larger, more expensive and more difficult to house

satisfactorily.

Materials and Methods

Compounds
[14C]—(_4;) -Amphetamine sulphate, ((+)-2-amino-1-phenyl{14Clpropane)
m.p. 302°C (decomp.), Paredrine, ((+)-2-amino-1-(4'-hydroxyphenyl)propane)

hydrobromide, m.p. 190-192°C were the gifts of S.K. & F. Laboratories,
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Philadelphia, Pa., U.S.A. (+)-4-Hydroxynorephedrine (2-amino-1-(4'-hydroxy-
phenyl)propan-1-ol) m.p. 198°C, was obtained from Aldrich Chemical Co.,
Milwaukee, Wis., U.S.A.

The [14C]—(i)-amphetamine sulphate (1. 96 pCi in Water for Injection (0. 5 ml).
was prepared by dissolving a known weight of compound (1. 64 mg) in Wa,ter for
Injection, and under sterile conditions, dividing the solution into ampoules and
sterilising them in an autoclave maintained at 121-123°C for 15 minutes at 0. 70 kPa.
Animals | |

Two male Tamarin monkeys (500 + 20 g), obtained from Aniﬁaléuppliers,
London, U.K., were housed individually in perspex metabolism cages of
dimensions (31 x 45 x 38)cms., The animals received no food for the 24 hours
immediately after dosing, but were allowed free accéss to water. Thereafter,

the monkeys were returned to their normal diet.

Classification of Tamarin monkey

~ Order: Primate; Sub-order: Anthropoidea; Family: Callitrichidae;
Genus: Saguinus; Species: Oedipus.

Radiochemical techniques

The counting of 14C in urine and the preparation and counting of
radiochromatograms and isotope dilution proéedu.fes were carried out as
described by Dring and co-workers (1970) and Caldwell and co-workers (19723),
except that in order to estimate the total [14C]—benzoic acid content, the urine
(1.0 ml) was refluxed with an eqﬁal amount of 10M NaOH for 3 hours (Baldwin,

1961) and then carrier benzoic acid added in the normal manner (Dring et al., 1970).

Radioactivity in the faeces was estimated by homogenising the faeces in
water (30 ml) in a Waring Blendor and diluting to 50 ml with washings from the

homogeniser. Portions (0.3 ml) were pipetted into scintillation vials, 10M NaOH
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(0.2 ml) was added to each vial and left overnight. Six drops of HyOg (100 vol.)
were added and the vials were carefully heated to control the effervescence.

The pH was adjusted to 7 with 10M HC1l. On cooling, the vials were filled with
scintillator fluid (Bray, 1960) and counted in either the Paékard Tri~-Carb
Scintillation Counter, Model No. 3214, or the Packard Tri-Carb Scintillatic::
Counter, Model No. 3320.

Chromatography

Descending paper chromatography was used on Whatman No. i‘paper.
The Ry values in the two solvent systems chosen, fogether with colour reactions
of amphetamine and other known metabolites with diazotised 4-nitroaniline are
listed in Table 7.

Jon Exchange Chromatography

A convincing separation of 4-hydroxyamphetamine and 4-hydroxynorephedrine
from the same biological source, for example urine, proved to be very difficult
by classical paper and thin layer chromatographic methods. Since 4-hydroxy-
norephedrine has been reported to be a metabolite of (+)~amphetamine in man
(Caldwell et al., 1972b), using a modified method of Lewander (1971a), the
urine from the Tamarin monkeys was examined for the presence of this compound
as well as 4-hydroxyamphetamine. To the 24 hour Tamarin urine (1.0 ml) was
added B-glucuronidase (1.0 ml; Ketodase, William R. Warner & Co. Litd.,
Eastleigh, U.K.) and the splution incubated at 37°C for 48 hours. At the end of
this period 2M NaCH (0.4 ml) was added to the incubate and the solution extracted
with toluene/isoamyl alcohol 16% v/v (10 ml) with continuous shaldné for 15 minutes.
The organic phase (containing the non-phenolic aromatic amines) was withdrawn and
put aside for further analysis. Radioactivity remaining in the aqueous phase

(containing 4-hydroxyamphetamine, 4-hydroxynorephedrine, hippuric and benzoic acids)
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was counted in the scintillation counter before being taken down to dryness under
reduced pressure on a rotary film evaporator. The remaining residue was extracted
with ethanol (5.0 ml), filtered, evaporated to dryness, and the remaining solid
taken up in water (2.0 ml), a portion (0.1 ml) being withdrawn for counting.
Carrier 4-hydroxyamphetamine and 4-—hydroxyn9rephedrine (100 pg oi_:‘_ reach) =
were added to the aqueous solution, the pH adjuéted to 4. 5 and the aqueous extract
placed on a cation exchange resin (Dowex 50-W 200-400 mesh Na@form; column
5 :; 0.5cmi.d.). The column was washed with water (5.0 ml), fhen 1M sodium
acetate buffer, pH 6, cbntaining 0.1% w/v ethylenediaminetetramiﬁe Aa:nd again
with water (10.0 ml). The amines .were elutéd from the column with 1M HCl
and collected in 2 ml fractions on a Central fraction collector (Aimer Products,
London, U.K.). The fluorescence of each fraction was measured on an
Aminco-Bowman spectrophotofluorimeter (American Instrument Co. Inc.,
Silver Spring, Maryland, U.S.A.) at an activating wavelength of 275 nm and
an emission wavelength of 320 nm. Calibration curves over the range 1-10 ‘ug/ml '
were constructed for 4-hydroxyamphetamine apd 4-hydroxynorephedrine in
1M HCl, Recoveries from the column for the two compounds were 80. 2% and.
97. 5% respectively. Portions (0.5 ml) of the 2ml eluates were counted in order to
estimate the radioactivity per tube to see if any 14¢ éctivity was associated with
“the fluorescent measurements of the two 4-hydroxylated amines. Paper chromato-
graphy was carried out on the remainder of the 2 ml eluates.

The organic phase separated earlier was back-extracted into 0. 1M HCl
(1.0 ml), evaporated to dryness, the residue taken up in ethanol (0.2 ml) and

chromatographed in system II,
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Table 7. Ry Values of Amphetamine and Possible Metabolites

Whatman No. 1 paper was used for descending chromatography using the
following solvents: I, Butan-1-ol saturated with 1. 5M ammonia-ammonium
carbonate buffer (Fewster and Hall, 1951); II, 3-Methylbutan-1-ol : 1,1-dimethyl-
propanol : water : formic acid (98-100%) 5:5:10:2 by volume, (Alleva, 1963).

stem Colour with

diazotised
Compound 1 o  4-nitroaniline
Amphetamine 0. 87 0.53 Purple/red
4-Hydroxyamphetamine 0.77 0.33 Purple
4-Hydroxynorephedrine 0.64 0.19 : Purple
Norephedrine v 0. 81 0.40 Purple/red
Hippuric acid ' 0.31 0.80 Red/brown
Benzoic acid 0. 42 0.91 Red/brown
Benzoyl glucuronide 0.07 0.60 None
4-Hydroxybenzoic acid 0.08 0.61 Brown

Preparation of diazotised 4-nitroaniline spray (after Wickstrom and Salvesen, 1952).

4-Nitroaniline (0. 25 g) was dissolved by gentle heating in M HCl (25 ml) and
this solution was diluted to 50 ml with ethanol and cooled. To a portion of this
solution (10. 0 ml) was added sodium nitrite (0.1 g). Immediately after the nitzliigé ~
had dissolved the chromatogram was sprayed with the solution. Five minutes
later the chromatogram was sprayed with a 0. 5M solution of NaOH in ethanol.

Amines and phenols appeared as coloured spots but were not permanent.
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Enzyme hydrolysis

Urine portions (0.5 ml) were mixed with an equal volume of a f-glucuronidase
enzyme (Ketodase) and incubated at 37°C for 48 hours. Controls containing
boiled enzyme and saccharo-1,4-lactone (Sigma Chemical Co., London, U. K.)
were incubated at the same time. Similarly, hydrolyses using a Sulphatase

enzyme (Type H-2, Sigma Chemical Co., London, U.K.) were set up using 500

units of enzyme per ml of urine.

Resulis

Identification of metabolites

By using paper chi;omatography and plotting histograms of the distribution
of radioactivity (see Appendix) it was apparent that the vast majority of
radioactivity excreted in the urine over 24 hours was the unchanged drug at Rps
0. 87 and 0. 53 in systems I and II respectively (53 and 58% of the dose). The
hydroxylated metaboiite, 4-hydroxyamphetamine was present at Rys 0. 77 and
0.33 in systems I and II respectively (4.7 and 6. 2% of the dose). Hippuric acid
: (RF 0.31in systemI; Ry 0 80 in system II) was also present (about 2% of the |
dose)b. Either incubations with the g-glucuronidase enzyme or hydrolysis of the
urine (0.5 ml) with 10M NaOH for three hours followedAby chroméfograﬁﬁy m .‘
system I, Showed a glucuroﬁidé to be present, the aglycone of.which produced
a radioactive péak at Ry ‘O. 42 in system I, corresponding fo benzoic acid. Thus,
the conjugate appeared to be benzoyl glucuronide.

Isotope dilutions carried out by the methods of Dring et al. (1970) confirmed
the presence of 4-hydroxyamphetamine and hippuric acid (see Table 8).

Discrepancies between isotope dilution figures and chromatographic figures



Table 8, Metabolites of [14C]~Amphetami.ne found in the 24 hour urine of three Primates

Species

Isomer of amphetamine

Dose and route
% Dose of [140] excreted
in 24 hour urine

% Dose excreted unchanged
in 24 hour urine

% Dose excreted as
benzoic acid (total)

% Dose excreted as

hippuric acid

% Dose excreted as
4-hydroxyamphetamine (total)

% Dose excreted as
4-hydroxynorephedrine (total)

Man Tamarin Monkey
** (o T (#)
0,29 mg/kg 0. 07 mg/kg 0.3 mg/kg
Oral Intramuscular injection
57, 64 61, 64, 73 72, 78
18, 20 35, 23, 32 50, 58
28, 27 24, 22, 17 | 5, 6
n.d. 19, 17, 14 5 (29, 3 (29
2, 4 1, 6, 2 6 (4h, 4 3H
0.3, 0.4 n.d, 0.2, 0,4

{

* Data from Caldwell et al., (1972b) T Data from Dring et al., (1970) * Isotope dilution values

i

Rhesus Monkey

()t (=7
0.7 mg/kg
Oral
57, 80 59, 82
3.8, 81 23, 34
38, 31 20, 27
20, 0 6, 8
0, 11 1, 6
n,d. n, d,

n.d. = not determined.

‘81T
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Table 9. Excretion of Radioactivity by Tamarin Monkey receiving

[14C ]-(#)-Amphetamine Sulphate

Each animal was dosed with [14C]—(1—)—Amphetamine sulphate (0. 3 mg/kg,

1. 9 pCi) intramuscularly. Values are expressed as a % 14C administered.

Tamarin Monkey

Time after N
dosing (hours) R _2
Urine 24 T s 78.1
48 | 11.8 12.5
72 2.4 2.1
96 0.8 0.7
Faeces 96 2.4 1.9

Total 14C 89.2 95.3
recovered (%) :
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Table 10. Metabolites of [14C]-(+)-Amphetamine sulphate in the 24 hour urine of

the Tamarin Monkey

Dose.; used was as in Table 8. Figures in parentheses indicate those values

obtained by reverse isotope dilution procedures (see text).

_Compound . | % dose in 24 hour urine

1 2
Ampbhetamine 50.4 58.0
4-Hydroxyamphetamine 5.7 (4.2) 4.7 (3.1)
4—Hydroxynorephedrine 0.2 0.4
Hippuric acid 4.5 (2.0) 2.9 (2.1)
Total benzoic acid 4.5 5.9
Unidentified 3.2 4.6
Sum of metabolites 68. 5- 76.5

% 14C excreted in 24 hour urine 71. 81 78.14



AMPHETAMINE

1.AQVnchanged 3 deamination and degrad’ativo‘n
/A 2.deamination 4. aromatic hydrbxylation
100
‘ K
1
50

sy

Tamarin

‘121

Comparison of Metabolic Pathways of Amphetamine as Hlustrated by the Compdsition of the 24 hour

Urine Samples of Four Species ’ (after Williams, 1974) .




UNITS

FLUORESCENT

14 ACTIVITY (dpm) X10

1

-norephedrine..
(a)
4 -hydroxy-
- -amphetamine.
5 10 - 15 | 20 TUBE NO.
Histograms of (a) fluorescent units vs. tube number containing 2.0 mls of eluate
obtained by treating 24 hour Tamarin mfnkey urine as in the text and passing
through a Dowex 50W 200-400 mesh Na~ form ion-exchange resin and (b)
radioactivity (dpm) vs. tube number.
Fig. 3.3
4—hydroxy'nore phedrine _4-hydr6 xXya mphetaminé

20 TUBE NO.




123.

may be due, in some part, to the small number of counts being dealt with in the
urine which was a result of the low specific radioactivity of the [14C]—amphetamine
sulphate.
. Excretion data for the two Tamarin monkeys, and the composition of the 24

hour urine from both animals may be found in Tables 9 and 10 respectively. - '

Ion-exchange chromatography further'substa.ntiated the i)resence of
4-hydroxyamphetamine to be approximately 3% of the dqse excreted in 24 lhours.
There was also some evidence for the presence of 4—hydroxynorephedgine,
accoui;ﬁng for 0.2 and 0. 4% of the dose.

No sulphaté coﬁjugafés were apparent by enzyme hydrolysis followed by

paper chromatography.

Discussion

From the results it may be seen that approximately 75% of the administered
radioactivity is excreted in the first 24 hours in the urine, and of this, approximately
55% in unchanged material. The significance of this may be examined by comparing
it with the figures obtained by Dring and co-workers (1970) and Caldwell and co-
Wofkers {(1972b) from their studies on man. By using tﬁe figures of Dring and
co-workers (1970) it may be seen (Table 8) that the percentage of imchanged
drug in the urine of man is greater than that found in the urine of the rhesus
monkey after oral dosing of either the (+)- or (-)-isomers of amphetamine,

The percentage of unchanged drug excreted in the urine in 24 hours by the
Tamarin monkeys appears to exceed that of man and rhesus monkey (see Table 8).

An evaluation of the degree of aromatic ring hydroxylation in man, Tamarin
monkey and rhesus monkey indicates that there is a close correlation in the amount

of 4-hydroxyamphetamine and 4-hydroxynorephedrine excreted in the 24 hour urine

| of these species (see Table 8).
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Further scrutiny of the data shows no further- similarity between tﬁe
amounts of metabolites formed by man and the Tamarin monkey. Although
man and Tamarin monkey both appear to form free benzoic acid and its glycine
conjugate, the amounts excreted by the two species differ widely (Table 8).

In conclusion, more unchanged amphetamine is excreted in the Ta.marm
monkey urine over a period of 24 hours than in that of man over the same period.
The aromatic ring hydroxylated metabolites, 4—hydroxyamj)hetamine and 4-hydroxy- -
norephedrine were produced in approximately the same amounts in tl_}é 24 hour |
urine of man and Tamarin monkey dosed with the (+)-antipode. Products of
the side-chain degradatibfh;)f amphetamine in Tamarin monkey urine were much
lower than that: found in the 24 hour urine of man and rhesus monkey (Table“ 8).

It is important to emphasise that the dose administered to the Tamarin
monkeys was injected by the intramuscular route, thereby possibly leading to a
difference in the pharmacokinetics of absorption, distribution and excretion of
unchanged drug and metabolites, whereas in man and rhesus monkey, the dose

was administered by the oral route.
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INTRODUCTION

Norephedrine, erythro-2-amino-1-phenylpropan-1-ol, (see Fig. 4.1)
has two asymmetric centres, namely the o and g carbons and there are therefore

four possible isomers. Those forms belonging to the erythro-series are known

OH CHj
|

|
H~CH-NHg
B «

Fig. 4.1

as the norephedrines, and those with the threo-configuration are knov;ﬁ as the
nor-pseudoephedrines. -The (+)-erythro-racemate was resolved by Jarowski and
Hartung in 1943. Ths erythro-racemate has been synthesised in this laboratory
with the incorporation of a 14¢1abel on the p-carbon atom (Sinsheimer et al., 1973).

Norephedrine is a sympathomimetic agent with a similar locus of action to
ephedrine (the N-methylated form of norephedrine), but it is somewhat more active
as a vasoconstrictor and less active as a central nervous system stimulant and
on responses mediated through p-receptors. Norephedrine is usually administered
orally for the symllatomatic treatment of allergic conditions such as bronchial asthma
or hay fever. It has also been given to reduce the appetite in obesity (Martindale,
1972b). Given intramuscularly or by slow intravenous infusion, norephedx;ine has
been used to raise the blood pressure in hypotensive states such as those occurring
in surgery or with spinal anaesthesia. A 1-3% solution or nasal jelly has been used
for nasal decongestion in rhinitis and sinusitis (Weisberg and Breslow, 1966). Toxic
effects have included aiffuse abdominal pain, throbbing headache, nausea, elevated
blood pressure, restlessness, incoherent speech and vomiting. Kane and Green
(1966) reported temporary acute psychotic episodes on using norephedrine as a nasal

decongestant. An enhancement of the effects of norephedrine when given in conjunction
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with tranylcypromine have heen reported by Cuthbert and co-workers (1969).

Absorption, Distribution, Metabolism and Excretion of Norephedrine

Norephedrine hydrochloride is readily' absorbed from the gastrointestinal
tract although the compound has poor lipid solubility. Axelrod (1953) studied
the metabolism of {-)-norephedrine in the dog and rabbit, and Beckett and -
Wilkinson (1965) carried out their stﬁdies in man. In 1973, Sinsheimer and
co-workers, using ' [14C1—@)—norephedrine, studied the metabolism in rabbit
and rat as well as man. (The results of these studies will be compared with the
results obtained from dosing Tamarin monkeys with the [14C]—(i) -norephedrine
and may be found in the 'Discussion').

The study of the metabolism of norephedrine has taken on a greater significance
since a metabolite of norephedrine, namely 4-hydroxynorephedrine has been cited
as a putative 'false' transmitter within the central nervous system (Costa and
Gropetti, 1970; Lewander, 1970). 4-Hydroxynorephedrine has been found as
a urinary metabolite of amphetamine in the rat (Lewander, 1971a,b),in man
(Caldwell et al. ,1972b), both in amphetamine-dependent and naive subjects
(Sever et al., 19’}32_1) and also in in vitro studies by Goldstein and Anagnoste (1965).

The compound has also been found as a urinary metabolite of 4-hydroxy-
amphetamine in man (Sever et al., 1973b; Sjoerdsma and Von Studnitz, 1963).
Lewander (1971a,b) has outlined a possible mechanism for the induction of tolérance
to some of the effects of amphetamine, invoking the 'false' transmitter properties
of 4-hydroxynorephedrine in his argument.

The study undertaken in the Tamarin monkey was initiated in order tc compare
the elimination of norephedrine and its metabolites primarily with that in man and

also with other species. Further, structural similarities exist between norephedrine

and Preludin and an examination of norephedrine in a species which has also been
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used to investigate Preludin might indicate any similarities between the metabolism

of the two drugs.

Investigation of the Metabolic Fate of {14C]—(-_F) -Norephedrine in Tamarin Monkeys

Materials and Methods ~ —

Compounds

(+)-Norephedrine hydrochloride (2—amino—1—phenylpropan—l—ol), m.p. 190-192°C
was obtained from Sigma Chemical Co., London, U.K.). (%) -4-Hydroxynorephedrine
(2-amino-1-(4'-hydroxyphenyl)propan-1-ol), m.p. 198°C was obtained from Aldrich
Chemical Co., Milwaukee, Wis., U.S.A.

The [14C]—(i~) -norephedrine hydrochloride was synthesised in this laboratory
by Sinsheimer and co-workers (1973), the final product having a specific activity
of 2.45 uCi/mg.

The [14C]—@:) -norephedrine hydrochloride was prepared for injection by
dissolving a known weight (1.2 mg) in Water for Injection (3.0 ml) and the solution
was sterilised by filtration through a Mﬂ]ipore filter. The filtrate was divided'» -
into 0.5 ml ampoules.

Animals
See amphetamine studies, Chapter 3.

Radiochemical techniques

See Chapters 2 and 3.

Chromatography

Descending paper chromatography was used on Whatman No. 1 chromatography
paper. The Ry values in the three solvent systems chosen, together with the
appropriate colour reactions with diazotised 4-nitroaniline for norephedrine and

other related compounds are listed in Table 11.
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Table 11, Ry Values of Norephedrine and Related Compounds

Whatman No. 1 paper was used for descending chromatography using the

following solvent systems: I, butan-1-ol saturated with 1. 5M ammonia -

ammonium carbonate buffer (Fewster and Hall, 1951); IV, 3-methylbutan-1-ol :
2-methylbutan-1-ol : water : formic acid (98-100%) 5:5:10:2 by volume (Alleva,
1963); V, butan-2-ol : formic acid (98-100%) : water 100:2:10 by volume

{Matsuda, 1971).

Compound

Norephedrine
4-Hydroxynorephedrine
4-Hydroxybenzoic acid
4-Hydroxyhippuric acid

Benzoic acid

Hippuric acid

1, 2-Dihydroxy-1-phenylpropane
1-Hydroxy-2-oxo-1-phenylpropane
1, 2-Dioxo-1-phenylpropane

Solvent system:

Colour with diazotised

il IV \'4 . 4-nitroaniline
0.64 0.81 0.3%7 ~ Purple/red
0.34 0.61 0.17 Purple
0.81 0.00 0.85 Brown
0.80 - 0.71 Purple ,
0.93 0.31 0.88 Red/brown
0.83 0.18 0.79 Red/brown
0.92 - 0.84 -

0.9%4 0.71 0. 80 -

- - 0.81 -
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Enzyme hydrolvsis

See Chapters 2 and 3.

Results

Identificati_on of metabolites

By chromatographic evidence in all systems, undoubtedly ‘the most abun?iaht
excretion product in the 24 hour urine of the Tamarin monkey was unchanged
norephedrine (Rys 0. 64, 0. 87 and 0. 37 in solvent systems III, IVand V respectifzely).
Chromatography solvent system V was less definitive than was hoped, the most
significant point being the lack of radioactivity in the area where 4—hydroxynorephedrine‘
was expected (Rp 0.17).

In system IV there appeared to be some benzoic acid Ry 0.31), some
hippuric acid (Ry 0.18) and some radioactivity associated with the‘orig‘in which
may have indicated either 4-hydroxybenzoic acid or benzoylglucuronide. The
enzyme hydrolysis vﬁth the B-glucuronidase preparation appeared to affect this
are;a, but exactly which peak was reinforced was difficult to elucidate, probably
because the peak at the origin was associated with so little radioactivity.

System III illustrated the presence of hippuric and benzoic acids Rps 0. 83,

0. 93 respectively). This is better illustrated on the histogram plot of the
chromatogram.

The presence of hippuric acid was confirmed by reverse isotope dilution. The
value obtained, namely 3% of the dose, compared very favourably with the value
estimated chromatographically. Unchanged norephedrine was estimated by cutting
up the chromatograms into 1 cm strips and estimating the radioactivity in the
scintillation counter. Figures of 75% and 78% were obtained for the two Tamarin

monkeys dosed.



Table 12. Excretion of Radioactivity by Tamarin Monkeys receiving

[14C]—(i-) ~Norephedrine Hydrochloride
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Each animal was dosed with [14C]—Q) -norephedrine hydrochloride (0. 3 mg/kg;

0.4 pCi) intramuscularly. Values are expressed as a % of 14¢ administered.

Time (hours)

after dosing
Urine 24
48

72
96

Faeces 96

Total 14C recovered (%)

Tamarin Monkey

86.0
7.8
0.7
0.3

1.3

96.1

88.7
5.9
0.9
0.1

2.1

97.7



Table 13. A Comparison of the Percentage of [1401—(1)—Norephedrine Metabolites found in the 24 hour Urine of Four Species of Animal

Species
Dose and route

% dose of [1401 excreted in 24 hour urine
% dose excreted unchanged in 24 hour urine

% dose excreted as hippuric acid

Ma.nT Tamarin monkey RabbitT
0.36 mg/kg 0.3 mg/kg 12 mg/kg
oral route intramuscular oral route
route
94 (92-96) 86, 88 89 (83~96)
36.3 (84. 4-88. 8)* 75.2, 78.4 8.4 (2.6-15.2)
2, 5% 3.17, 4.2 21, 1*

RatT

12 mg/kg
oral route

80 (78-81)

48.1 (44.0-54.7)

0. 2%

T Data from Sinsheimer et al, , 1973, For the data of Sinsheimer et al., 1973, mean values are given with ranges in parentheses

*  Tigures obtained by reverse isotope dilution

gl



NOREPHEDRINE

1 unchanged 3 deamination & degradation

% 2 dearnination 4 aromatic hydroxylation
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Comparison of Metabolic Pathways of Norephedrine as Illustrated by the Composition of the 24 hour

Urine Samples of Four Species ' ‘after Williams 1974
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A table of the excretion data obtained from the two Tamarin monkeys dosed

with [14C]-(+)norephedrine may be found in Table 12.

Discussion

To place these resulis obtained from the Tamarin monkeys in perspective,

e 7

they have been compared with the data of Sinsheimer and co-workers .~(1973) ;;vho
gave [1401—&) -norephedrine to the fat, rabbit and man. An important point to be
considered during this comparison is that Sinsheimer and co-workers administered
their doses orally, whereas the doses given to the Tamarin monkeys‘wére given
intramuscularly.

A table comparing the amount of 140 excreted in 24 hours in the urine and
the composition of urine has been constructed and is illustrated in Téble 13.

The excretion values for unchanged norephedrine and hippuric acid .are
similar in man and Tamarin monkey. However, the Tamarin monkeys appeared
to give two other biotransformation products, namely a glucuronide conjugate
(possibly benzoylglucuronide) which constituted 1. 7-1. 9% of the dqse and benzoic
acid, which constituted 2. 03-3. 2% of the dose hoth estimated chromatographically.
Sinsheimer and co-workers (1973) gave no figures for benzoic acid in the 24 hour
urine of man, but stated that 0.1% of the dose in the rat and 3. 8%'of the dose in
‘rabbit was benzoic acid.

4-Hydroxynorephedrine (0. 8% of the dose) was detected in the 24 hour urine of
man (Sinsheimer et al., 1973) but the true figure for the total biotransformation of
norephadrine to 4-hydroxynorephedrine may have been higher, due to the long half-
life of the latter metabolite in the body (Gropetti and Costa, 1969). In the urine
of the Tamarin monkeys there appeared to be none of the ring-hydroxylated material

when estimated chromatographically. The metabolite 4-hydroxynorephedrine is
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formed extensively in the rat, acmnﬁng for approximately 30% of the dose

in the 24 hour urine (Sinsheimer et al., 1973), vmore than half of this being
conjugated with glucuronic acid. Less aromatic ring hydroxylation of norephedrine
was found in the 24 hour urine of rabbit (1% of the dose) and this occurred in its
free form and not conjugated with either glucuronic or sulphuric acid. o

Sinsheimer and co-workers (1973) found the [14C]—(i-) -norephedrine to be
. extensively metabolised in the rabbit and reported the finding of three intermediate
compounds in the metabolism of the drug, namely 1, Z;dihydroxy—l ;?henylpropane,
found free and conjugated as a sulphate, 1—hydroxy—2—oxo—1—phen3;1propane, found
free and coﬁjugated as a giﬁcuronide and 1, 2-dioxo-1-phenylpropane. However,
none of these compounds appeared to be present in the 24 hour urine of man aﬁd
only the diol could be detected in the rat (0. 1% of the dose). None of these
compounds could be detected chromatographically in the 24 hour urine from the
Tamarin monkeys.

Thus, in conclusion, both man and Tamarin monkey appeared to excrete the
vast majority of administered [14C]—(i-) -norephedrine unchanged (77% for the
Tamarin monkey, 86% for man) and both species formed approximately the
same amounts of hippuric acid (3.17% for the Tamarin monkey, 2.5% fér man),

Man appeared to have ring-hydroxylated 0. 8% of the dose (Sinsheimer et al., 1973)
which appeared conjugated in the urine. Although a conjugate was detected in the

24 hour urine of the Tamarin monkey, there appeared to be no 4-hydroxynorephedrine.
No free benzoic acid appears to have been found in the 24 hour urine of man whereas
approximately 2. 5% of the dose appeared in the Tamarin-monkey @e as. fiee
benzoic acid.

The finding that the majority of the drug was excreted unchanged in the first
24 hours is in agreement with human excretion data of Beckett and Wilkinson (1965);

Heimlich et al., (1961) and Sinsheimer et al., (1973).
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INTRODUCTION

Toxicity testing of a potentially new drug for use in humans is primarily
carried out in laboratory animals such as cats, dogs, mice, rabbits, rats and

monkeys, before being tested in man. Such a scheme of events implies that

e

the data obtained from these species may be directly extrapolated to man.
This optimistic approach may be e;qually counter—balanced.by the'ééssimistic
concept that man is unique in his response fo drugs (Brodie and Reid, 1967).

A given chemical may have a profound effect in one animal speci.es: but have
little or no effect in a-second species. These differences in drug action may
be the result of species differences in the rates of drug metabolism, pathways
of metabolism or in the response of the animal to the drug (Conney, 1967), but
the problem of species variation may be further exacerbated by other factors

such as strain, environment and sex.

The species of choice

Although there are approximately 1.5 million known species of animals |
and over 50,000 of these are vertebrates, rarely more than a few dozen of theze
are used in laboratories (Koelle, 1'967). There are very many factors to be
examined in deciding whether a certain species of animal is a suitable model from
which to extrapolate the results of toxicity-testing to Vmén. Initially, as well
as having a fairly large number of animals to work with, it is inadvisable to choose
an animal which has a peculiar characteristic. "The unusual qualities of an
animal are sometimes a surprise and often a nuisance" said Schmidt-Nielsen in
1967 and in his article he has quoted 'unusual' animals such as the fat sand rat
which has as its peculiar characteristic only long-looped nephrons. In its

natural sparse and highly saline habitat this rat manages to survive quite well,
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but when the animal was fed with a controlled protein diet it acquired diabetes
mellitus which often proved fatal. The diabetes mellitus was found to display

the full pathology of adult human diabetes. Further examples are the blowfish,
'fugu', which has in its spines the poison known as'tetrodotox‘m, a specific
inhibitor of sodium movement. The species chosen for comparative toxicology
should resemble man as closely as possible with regard to both its pharmacological
'response to the drug and also to the rate and extent;of biotransformation of the
compound. It is also advantageous to know facts about thé husbandry of the

animal since relaxed animals rather than stressed ones, are usuail;;r needed.

Carr (1967) has listed four aspects of research that are likely to reveal man

as fairly separate from other species. These are (i) his diseases, (ii) certain
‘of his adverse reactions to drugs, (iii) his highly developed central nervous

system and (iv) his unique ethical claims on the investigator. Concerning

point (i), Carr emphasised the point that drugs are developed for use in

abnormal rather than normal man and therefore prediction of the behaviour

of drugs in man is often best accomplished by studies in animals that have

model diseases rather than in healthy animals. Such a model disease is the
arthritic one, which is induced in rats by intra-dermal injections of tubercle bacilli
into, for example, the foot pad. This kind of model may be used in a écreening
test for antiinflammatory drugs. Morton and Chatfield (1970) have shown that such
'arthritic' rats display decreased drug metabolic activity as determined by the

in vitro metabolism of propoxyphene.

To illustrate some of man's adverse reactions to drugs, Carr (1967) quoted

the examples of drugs which cause a cholestatic reaction in man, such as
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chlorpromazine and anabolic stercids. However, although anabolic steroids
have been shown to affect hepatic canaliculi in rats, chlorpromazine-treated
rats do not show any hepatic lesions.

Having accepted the philosophy that it is better to test drugs on animals
before trying them out on humans, an ability to predict the routes of metabolism
of such drugs is desirable, However, a review of the literature, especially
the extensive reports of Williams (1964; 1967a,b; 1969) is enough to demonstrate
the diversity of metabolism between various species. For examplg , Synthesis
of glucuronides in the cat is at a lower level compared with other species,
although not entirely abSéht (Robinson and Williams, 1958) and this is due to a
deficiency of glucuronyl transferase (Dutton and Greig, 1957). The dog appears
unable to acetylate primary amines (Muenzm et al., 1926). The matter is further
complicated when a compound may be metabolised by more than one pathway and
the relative importance of one particular pathway can vary from one species to
another as for example with ephedrine (Axelrod, 1953) and a@phetamine (Axelrod
1954a,b; Dring et al., 1970). Further difficulties may also arise within a givéﬁ |
species, for example, in mice dosed with hexobarbital, a sevenfold difference
in range for the duration of action has been reported (Jay, 1955).

Brodie and Reid (1967) have commented on the fact that compounds with low
activity in animals are rarely selected for clinical trials in man; As evidence
against this method of screening, Brodie and Reid have given examples of drugs
that would not have been discovered by animal screening. For example,
phenylbutazone which showed a negligible antiinflammmatory action 1n animals and
had a very short half-life in the body, was shown to be potent in man when, quite
by chance, the drug was u.é.ed as a solubilising agent for the parenteral injection of -

aminoantipyrine (Gsell and Muller, 1950). Another example was imipramine which
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in rabbits and mice failed to accumulate appreciabie amounts of the active

metabolite, desimipramine (Brodie, 1965; Dingell et al., 1964).

General principles of drug metabolism

‘Metabolism of drugs and other chemicals is nécessary in order to terminate

or lower the toxicity of their actions in the body. During metabolism the gliemical
is cor_;verted to a more polar, lesé lipophilic compound which may be eliminated
from the body through, for example, the kidneys.

The general patterns of drug metabolism in all species of animal can be

illustrated as follows:-

PhaseI y Ooddflon  ppgem
Drug —————> reduction > Conjugation products
asynthetic and/or synthetic
reactions hydrolysis reactions
products

(After Williams, 1959).

Since the reactions of these two phases may be catalysed by e:izymes, it
is to be expected that these enzymes will vary from species to species in
amount and nature and thus provide variations in the rate and route of drug
metabolism between different species. Metabolism m the animal may fail
to reach completion and therefore the products of both Phase I and Phase II
metabolism may be found as well as the original compound. Also some
compounds which are hié:hly polar may not be metabolised at all (see Table 14).

Species variations in the metabolism of chemicals may be due to (i) variations
in the rate of transformation along a common route of metabolism ar (ii)
variations due to different routes of drug metabolism (Williams‘, 1964). The
rate of biotransformation may be due to (a) a variation in the amount of enzyme
within a species of animal, (b) the amount of natural inhibitor to the enzyme

may vary, (c) the amount of enzyme reversing a reacﬁoﬁ may vary and (d)
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Table 14. Polar Compounds which are not Metabolised

Arsanilic acid* HoN AsQ(CH)y

 5-5-Methylenedisalicylic acid* A HOOC - CHZ“ coou
' HO : » oH

Methylglyoxal-bis-guanylhydrazine* CH,C =N-NH-C(=NH)NH,
i | )

H C =N-NH-C(=NH)NH,

Methotrexate* N '
| cooH
R N7~ CHa N CONHCH
NH

2 - CHy
i
COOH
@ © ]
Hexamethonium salts* (CHg)gN(CHy) N(CHg)g - 2x
Saccharint _ 102
' n
O

*  After Williams, 1967a T After Ball et al., 1974.
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there may be a species variation in enzymic control (Williams, 1967b).

L

The use of Primates for drug metabolism studies

It is only comparatively recently that the metabolic fate of drugs in
subhuman primates has become of major interest, the premise unde;'lying
this interest beipg that drug metabolism patterns in man mé.y be better
predicted in a subhuman primate than in studies carried out in less closely
related species such as dogs and rats (Smith, 1967). SmithA (1966) cqncluded
that patterns of metabolism were more predictablé using monkeyé, thén by using
dogs (see Table 15). Scrutiny of different metabolic pathways within man,
monkey .and dog, showed a number of instances in which the dog exhibited
divergent metabolic pathways from those found in the other two species (see |
Table 16).

Smith (1967) also tabulated the data presented by Williams (1967a) to
illustrate the closer similarity of Old World monkeys to man and the apes
rather than New World monkeys and Prosimians (Table 17).

Williams (19672) has in his paper showed the extent of hydroxylation of
amphetamine in mammalia and compared the résults of .Dring and co-workers ‘
(1966) with that of Ellison and co—workeré (1966) (see Table 18).

Dring and co-workers (1970) have also published data concerning the metabolism
of the (+)- and (-)- antipodes of amphetamine in the Rhesus monkey and a
comparison with man indicates that the monkey appears to hydroxylate the
(+)-antipode to a greater extent than man, whilst the (-)-antipode, although not so
extensively hydroxjrlated, is also metabolised more extensively in the monkey.

Similarly, Williams (1967a) has quoted the N-hydroxylation and 7-hydroxylation

of N-2-fluorenylacetamide in man and Rhesus monkey (see Table 19).
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Table 15. Similarity of Metabolic Patterns in Dogs and Monkeys to Man

Deg'rée of similarity to human metabolic patterns

Good ‘ Fair - None
Dog 5 ' 1 4
Monkey 4 4 ' 1

Numbers refer to compounds tested. (After Smith, 1967).
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Table 16. Presence or absence of certain enzyme pathways

Enzyme pathway Man Rhesus Monkey Dog

Glutamine conjugation + + (uses glycine)
Acetylation of aromatic CE + R
amines and hydrazines

Mercapturic acid formation slow - or slow rapid
N-Methylation of amantadine - - - +
Phosphate conjugation of - - +
2-naphthylamine

Aromatisation of quinic acid + + -
Sulfadimethoxine glucuronide + + -
formation

(after Smith, 1967).



Table 17. Presence of Certain Metabolic Pathways in Primates

‘Man and Apes Old World New World

Monkey Monkey
Glutamine conjugation + + ?
Aromatisation of quinic acid + | + -
Glucuronide formation of + _ + +

sulfadimethoxine

Data from Williams, 1967a (After Smith, 1967).

146.

Prosimian
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Table 18. Extent of Hydroxylation of Amphetamine in Man and Squirrel Monkey

% dose hydroxylated found in urine

Order Species Dring et al. Ellison et al.

Anthropoidea Man 0.5-9 2-3
Squirrel monkey - 2-3

Table 19, Hydroxylation of N-2 -Fluorenylaceta.xﬁide in Various Species

COCHg
% dose
Order ecies N-Hydroxylated 7-Hydroxylated Carcinogenicity
Anthropoidea Man 4-14 25-30 ?

Rhesus monkey 2-3 9-18 ?
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Smith (1967) has collected data showing that the serum albumin of apes
and Old World monkeys have a closer similarity to human serum albumin compared
with New World monkeys, Prosimians and non-primates. A similar pattern
emerged with the carboxylic esterases and carbonic anhydrases of primate
erythrocytes. Smith's conclusion was that data from Old World monkeys,
especially the macaques, was the most similar to that obtained from man and
amongst the New World monkeys, onlythe owl monkey, Aotes, looked like 2
candidate for further attention. Whilst attempting to summarise data frﬁm a
symposium on comparative pharmacology, Koelle (1967) tried to answer the self-
imposed question, "do sp;cies patterns of drug metabolism exist?" He replied,
"the answer, unfortunately, is yes and again no! " His tentative conclusions
were that 1) orangutans and baboons more closely resemble man than the New
World monkeys, and 2) "the whole matter was probably irreparably confused
some 15,000 or 20,000 years ago by some visitor from the East who insisted on
taking along his pet owl monkey when he made the Grand Tour across the Bering
Strait and down to South America! " |

Brodie and Reid (1967) were not so optimistic about the comparison of data
from primates and man, since although the patterns of drug metabolism were
similar in man and monkey, the rates of metabolism were very different. | They

quoted as examples the compound ICI-33828 which was metabolised twenty times

CHy=CH. CH. NH. CS. NH. NH. CS. NH. CHg
CH,q

ICI 33828
more rapidly and aminoantipyrine, phenylbutazone, amidopyrine and oxyphenbutazone,

six to ten times more rapidly in Rhesus monkey than in man.
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Conclusions on the Validity of Use of the Tamarin Monkey in Metabolic Studies

The Tamarin monkey is a speciés of marmoset belonging to the Family,
Céllitrichidae. The Rhesus monkey (Macaca) belongs to a higher order,
Cercopithecidae and it is members of this Family that are usually used as the
final species in the investigation of drug action, toxicity and metabolism before
the drug is tested in human clinical trials. The mature Rhesus monkeys are
usually quite large (5-10 kg) and also expensive both to buy and to house
satisfactorily. The Tamarin monkeys, on the other hand, are co:iaparatively
small (300-510 g), cheaper to buy than the Rhesus monkeys and also easier to
accommodate. Therefoi:e it would appear, at first sight, to be advantageous -
to use Tamarin monkeys for toxicity testing prior to human use, providing that
this species exhibits a similar toxicological speétrum to man.

The metabolism of Preludin, amphetamine and norephedrine in the Tamarin
monkey has been investigated and compared with the data from other species.
For Preludin, this data may be found in Chapter 2, Tables 3, 4, 5 and 6, for
amphetamine in Chapter 3, Tables 8, 9 and 10 and for norephedrine in Chapter
4, Tables 12 and 13. A comparison of the amount of unchanged drug excreted
in the 24 hour urine of each species shows that for Preludin, more unchanged
material is to be found in the urine of fhe Tamarin monkfay than in that of man
(34% of the dose in the Tamarin monkey and 19% in man). For amphetamine a
similar conclusion may be drawn (approximately 54% of the dose in the Tamarin
monkey and between 19 and 30% in man). However, with norephedrine, more
compound is excreted unchanged in the 24 hour urine of man than m the Tamarin
monkey (approximately 86% of the dose in man and 76%_of the dose in Tamarin
monkey). Aromatic ring hydrokylation in both species after adminisfration of
Preludin has occurred to approximately the same extent (12% of the dose in man,

13% in the Tamarin monkey), although man forms more of the glucuronide conjugate
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than the Tamarin monkey (about 10% of the dose in man and 3% of the dose in the °
Tamarin monkey). Aromatic ring hydroxylation of amphetamine accounts for

3% of the dose in man and 4% of the dose in the Tamarin monkey. Very little

of the aromatic hydroxylated met?,bolite of nmephedﬁne , 4~hydroxynorephedrine,
appears to be found in the 24 hour urine of man dosed with norephedrine (Sinsixeimer
et al., 1973, give a value of 0. 8% of_the dose, calculated by reverse iwsotope
dilution), but none of this compound could be detected chromatographically in the
urine of the Tamarin monkeys. The lactam met?bolite of Preludin, 2-phenyl-3-
-methyl-5-morpholinone is found to the extent of approximately 19% of the dose in
man and 12% in the Tamarin monkey. Side-chain degradation of amphetamine in
both species shows it {o be far more extensive in man than in the Tamarin inonkey
for both benzoiq acid and its glycine conjugate. With norephedrine, however, the
amount of hippuric acid excreted in the 24 hour urine of both species is very
similar (approximately 3% of the dose for man and nearly 4% for the Tamarin
monkey}. Free benzoic acid in man after a dose of norephedrine has not been
recorded by Sinsheimer and co-workers (1973).

The results of this __present investigation using the Tamarin monkey compare
quite favourably with those obtained in man, except in the extent of the side-chain
degradation of amphetamine to benzoic and hippuric acids. It is most imx;ortant
to recall that in every case, the drug was administered to .the Tamarin monkey
by intramuscular injection whilst in man the compounds were presented orally
(as were the (+)- and (-)- antipodes of amphetamine to Rhesus monkeys, Dring
et al.; 1970). Such a difference in route of administration might result in a
difference in the pharmacokinetics of drug absorption, distribution and elimination.
To nullify this variable, oral dosing of the Tamarin monkeys was attempted
by injecting a solution of the drug into a rusk (a favourite delicacy

of the animal) and leaving it on a plate in the animal's cage. However, the
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Tamarin monkeys were most uncooperative and showed a marked suspicion of
the food, regardless of who presented it. After several attempts-at oral dosing,
it was decided to inject the drug in order to be certain of administering the
whole dose to the animal. As well as interfering with the pharmacokinetic
properties of the drug, administration of a drug by injection also subjects the -
animal to stréss. The restricted means of drug administration, together with
the difficulties in handling the Tamarin monkeys may prove to be factors against
the use of this species as the one ‘of choice over the Rhesus monkey. Although
the latter are no better fempered they can at least be dosed orally. However, as
mentioned previously, the Tamarin monkeys are cheaper to buy than Rhesus
monkeys (approximately £35 to £50 for a Tamarin monkey compared with
approximately £100 for a Rhesus monkey). Tamarin monkeys are smaller

in size and consequently less compound is needed fo dose them; also they are
easier to house than the Rhesus monkeys although they need an ambient

temperature of between 25-27°C.
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[14C]-(j) -norephedrine, run in systems IV, III and V.,
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Radiochromatogram scan and histogram of 24 hour urine from Tamarin monkey dosed
intramuscularly with [140]—Pre1udin (0. 28 mg/kg; 1.93 pCi) and chromatographed
on Whatman 3 mm pape. in system B.
O = Origin. SF = Solvent front

a = phenmetrazine, b = 4-hydroxyphenmetrazine, ¢ = 2-phenyl-3-methyl-5-

-morpholinone, d = unidentified metabolite.
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Radiochromatogram scan and histogram of 24 hour urine from Tamarin monkey
dosed intramuscularly with [4Cl-Preludin (0. 28 mg/kg; 1.93 pCi) and
chromatographed on Whatman 3 mm paper in solvent system B (see Chapter

2, Materials and Methods).

O = Origin. SF = Solvent front.

a = Unknown metabolite, b = 2-phenyl-3-methyl-5-morpholinone, "
¢ = 2-(4'-hydroxyphenyl)-3-methylmorpholine, d = phenmetrazine.
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Radiochromatogram scan and histogram of 24 hour urine from Tamarin monkey

dosed intramuscularly with [14C]-Pre1udin' (0.28 mg/kg; 1.93 uCi) and

chromatographed on Whatman 3 mm paper in solvent system C (see Chapter 2,

Materials and Methods).
O = Origin., SF. = Solvent front
a = phenmetrazine, b = 2-phenyl-3-methyl-5-morpholinone,

c = 2-(4f —hydroxyphenyl) -3-methylmorpholine.
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Radjochromatog'ram scans comparing the 24 hour urine samples obtained from

(2) Tamarin monkey, (b) guinea pig and (¢) rat, dosed with [14C]-Preludin

The Tamarin monkey was dosed intramuscularly with [14C]—Pre1udin (0. 28 mg/kg)
and the rat and guinea pig were dosed orally with [14C]—Pre1udin (20 mg/kg).
Chromatography was carried out on Whatman 3mm paper in solvent system B.

O = Origin. SF+= Solvent Front.
1 = unidentified metabolite, 2 = lactam metabolite, 3 = phenolic metabolite,

4 = phenmetrazine,
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Radiochromatogram scan of 24 hour urine from human subject (Z H. S.) given 25 mg Preludin orally (3.12 uCi). The urine was

chromatographed in Solvent system B on Whatman 3mm paper.

= QOrigin, SF = Solvent Front o
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I
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lactam metabolite, 2—pheny1-3—methyl—s—morﬁholinone, (2) = phenolic metabolite, 2-(4'—hydroxyphényl)—3-methy1morpholine >

phenmetrazine.
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Histogram of 24 hour urine from human subject (Z.H.S.) given 25 mg of [14C]-Preludin (3,12 uCi) subjéc’ced to paper chromatography on
Whatman 3 mm paper and chromatographed in sclvent system B (see Chapter 2, Materials and Methods).

0O = Oririn ST = Solvent front.
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Radiochromatogram scans of 24 hour urine from Tamarin monkey dosed
intramuscularly with [ C] (+)~amphetamine sulphate at 0.3 mg/kg (1.9 uCi)

and chromatographed on Whatman No. 1 paper in solvent systems I and I
(see Chapter 3, Materials and Methods).
O = Origin. SF = Solvent front.

a = benzoyl glucuronide, b =hippuric acid, ¢ = 4-hydroxyamphetamine

d = amphetamine e = benzoic acid
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Histograms from chromatograms of 24 hour urine from Tamarin monkey dosed
intramuscularly with [140]—@)—amphetamine at 0.3 mg/kg (1.9 uCi) and
chromatographed on Whatman No. 1 paper in Solvent systems, II (upper histogram)
and I (lower histogram) (see Chapter 3, Materials and Methods).

O = Origin. SF = Solvent front.
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Radiochromatogram scans of 24 hour urine from Tamarin monkey dosed

intramuscularly with [140]- (+)-norephedrine (0.3 mg/kg) and chromatographed

on Whatman No. 1 paper.

(a) Solvent system III

() Solvent system IV~ see Chapter 4, Materials and Methods |
(c) Solvent system V : :

o = norephedrine. B = hippuric acid. <y =benzoic acid.
The respective histograms of (a), (b) and (¢) may be found on the following page.

O = Origin. SF = Solvent Front.
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MASS SPECTRA AND POSSIBLE FRAGMENTATION PATTERNS
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Graphical Representation of Mass Spectra of (a) the Major Metabolite of Preludin

in 24 hour Rat Urine Namely the Phenolic Compound and (b) the Methylated Major
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@ <!:ﬁ \C'H?_ N @w—cac H
' Y~ ¢cH <¢h : ‘
R ) : .
H3C N m/e 115 (8)
B CH3 B / ) —
m/e 191 (20) J(
.*—
e//"‘ =
m/e 105(8)
m/e 91 (9) 7 c +
/ | [ 6" ]
m/e 77(10)
H T H +
~-C H-N(CH) CH=CH —CH-NH- .
[CHBCH N(CH) CH= 2} [CHZ_CH NH CHZ]
m/e 85 (59) _ m/e 57(68)
] //7 ]
: - o
t“’lH ) W
e e mec N [CH C=N H]+
[CHZ-CH-E~(?HTCH2] ;€= -
m/e 70(12) m/e 42(27)

Possible fragmentation pattern of phendimetrazine

Relative intensities ar« shown in parentheses. Arrows depict a possible
fragmentation pattern.
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NUCLEAR MAGENTIC RESONANCE (n.m.r.) SPECTRA AND PEAK ASSIGNMENT

Contents

-

1. N.m.r. spectrum of Preludin
2. Peak assignment of Preludin

3. N.m.r. spectrum of the phenolic metabolite obtained from
the 24 hour urine of rats dosed with [14C]—Pre1udin

4, N.m.r. spectrum of 2-phenyl-3-methyl-5-morpholinone
5.  Peak assignment fo;' 2-phenyl-3-methyl-5-morpholinone
6. - N.m.r, spectrum of 2-phenyl-3-methyl-6-morpholinone

7. Peak assignment for 2-phenyl-3-methyl-6-morpholinone
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1. Phenyl -

2. Benzylic proton

3.  O-CHy-
4.  CH-N(H)-CH,-

5. -CHj

The chemical shifts are shown for the protons underlined.

2 ~

CH

Hg

- .28
- 4.68
- 4,178
- 3.260

- 1.258

4
C CH
5 C/~KN/ 2

0\3

CHy

4

H

singlet -
doublet
multiplet
multiplet

doublet

Peak Assignment for Preludin
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NMR_SPECTUM OF MAJOR PHENOLIC _METABOLITE

OF PRELUDIN IN_THE RAT

67-7.34
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NMR_SPECTRUM OF

2= PHENYL=3-METHYL-5-MORPHOLINONE
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1
B 0Ny,
!
"1,c” N\ N Yo
H
1. Phenyl- - 7.28 singlet )
2. Benzylic proton - 4.78 doublet
3. CH3-CH-NH- - 3.58 multiplet
4. O-CH, - - 4.18 split quadruplet
5.  -CHg - - 1.38 doublet

The chemical shifts are shown for the protons underlined.

Peak Assignment for 2-Phenyl-3-methyl-5-morpholinone

187.
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NMR SPECTRUM OF ‘2-PHENYL- 3-METHYL- 6-MORPHOLINONE

7.39

J (ppm)
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1.
O
2. Y\
CH c#°
T
5. _C CH,,
Hsc/'ﬂg\ﬁ //’
H
1. Phenyl - - 7.28  singlet
2. Benzylic proton - 5.18  doublet
3. CH4-CH-NH- - - 3.580  multiplet
4. CO-CH,-NH - - 4.05 singlet
5. —C_I-_I3 - 1.38 doublet

The chemical shifts are shown for the protons underlined

Peak Assignment for 2-Phenyl-3-methyl-6-morpholinone
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APPENDIX 4.

INFRA-RED (i.r.) SPECTRA

Contents

1. Spectra of (a) synthesised Preludin and (b) a sample
of authentic Preludin

2. Spectra of (a) N-(2-carboxymethyl)-norephedrine and (b)
N-(2~-hydroxyethyl) ~norephedrine

3. Spectra of (a) 2-phenyl-3-methyl-5-morpholinone and
"7 (b) 2-phenyl-3-methyl-6-morpholinone.
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APPENDIX 5.

ULTRA-VIOLET (u.v.) SPECTRA

Contents ‘ Page
1. Spectra of Preludin and Preludin + 0. 1M NaOH 196
2. Spectra of (3) the phenolic metabolite obtained from 24 hour . 197

urine of a rat dosed with [14C]-Pre1udin and (b) the phenolic
metabolite + 0.1M NaOH, exhibiting a bathochromic shift.
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APPENDIX 6
PHARMACOLOGICAL DATA
Contents . Page
1. Graph illustrating the fine movements of rats dosed 199

orally with Preludin (20 mg/kg) o

2. Biliary excretion in cannulated rat dosed with F‘LC]—Preludin 200
(20 mg/kg, intraperitoneally).



Activity,
counts per
10 min.

150

Graphical representation of {i.e fine movements exhibited by rats dosed orally with Preludin (20 mg/kg).

Control animals were dosed orally with water. Each point represents the average of ten rats.
4
il
!

! f‘ —a— Control

—-e-—~ Dosed

N ,
~ »
~ - "
\V -0 \
\
\
\
\
'\
\Q
[ ]
\
\
\
\

\

\
. v \
h | )
‘/\ A

N

¥ ¥ | v v b A v 1

3

Time(hrs)

‘66T



ot | BILIARY EXCRETION IN CANNULATED |

OF bOSE

RAT DOSED WITH  [C- PRELUDIN AT

IZqu/Kg ip.

16 -
14
12

10

‘002




201.

REFERENCES

Abdallah, A.H. (1971) Arch. Int. Pharmacodyn. 192, 72-77,

Aboul-Enein, H, (1971) Amer. J. Pharm. 143, 161-164.

Alles, G.A. (1933) J. Pharmacol. Exp. Ther. 47, 339-354.

Alles, G.A. (1939) Univ. Calif. Publ. Pharmacol. 1, 129, per 'The Pharmaéologic
Principles of Medical Practice' by Krantz, J.C. & Carr, C.J. (1965) pp. 475~
476. E & S Livingstone, Edinburgh & London.

Alleva, J.J. (1963) J. Med. Chem. 6, 621-624.

~
Anden, N.-E., Corrodi, H., Fiixe, K. &Hgﬁelt, T. (1967) Eur. J. Pharmacol.
2, 59-64.

Angg;.rd, E. (1970) in 'Amphetamines and Related Compounds' (eds. E. Costa
& S. Garattini) pp. 191-203, Raven Press, New York.

Arney, D. & Swartz, H. (1965) J. Pharm. Sci. 54, 100-104.

Ashcroft, G.W., Eccleston, D. & Waddell, J.L. (1965) Brit. Med. J. 1, 57 (letter).
Axeirod, J. (1953) J. Pharmacol. Exp. Ther. 109, 62-73. |

Axelrod, J. (1954a) J. Pharmacol. Exp. Ther. 110, 2.

Axelrod, J. (1954h) J. Pharmacol. Exp. Ther. 110, 315-326.

Axelrod, J. (1955) J. Biol. Chem. 214, 753-763.

Axelrod, J., Weil-Malherbe, H. & Tomchick, R. (1959) J. Pharmacol. Exp. Ther.
127, 251-256.

Axelrod, J., Whitby, L.G. & Hertting, G. (1961) Science, 133, 383-384.
Axelrod, J. (1966) Pharmacol. Reviews 18, 95-118.

Balaz, V. (1363) Probl. Endokrinol. i. Gormonterap. 9, 50-55, per Chem. Abs.
1964, 60, 223le.

Baldwin, B.C. (1961) Ph.D. Thesis (University of London).
Ball, L.M., Renwick, A, G. & Williams, R.T. (1974) Biochem. Soc. Trans. (in press)
Barger, G. & Dale, H.H. (1910) J. Physiol. (Lond.) 41, 19-59.

Bartak, K. & Skranc, O. (1972) Int. Z. Angew. Physiol. 30, 95-104.



202.

Bartholomew, A.A. & Marley, E. (1959) Psychopharmacologia (Berl.) 1, 124-139.
Beckett, A.H. (1971) Xenobiotica, 1, 365-383.

Beckett, A.H. & Rowland, M. (1965) J. Pharm. Pharmacol. 17, 628-639.

Beckett, A.H. & Wilkinson, G.R. (1965) J. Pharm. Pharmacol. 17, 107s-108s.
Beckett, A.H. & Brookes, L.G. (1967) J. Pharm. Pharmacol. E’__ 42s5-49s.

Beckett, A.H., Tucker, G.T. & Moffat, A.C. (1967) J. Pharm. Pharmacol. 19,
273-294.

Beckett, A.H. & Al-Sarraj, S. (1972) J. Pharm. Pharmacol. 24, 916-917.
Becketf, A.H. & Salami, M.A. (1972) J. Pharm. Pharmacol. 24, 900-902,
Beckett, A.H. & Al-Sarraj, S. (1973) J. Pharm. Pharmacol. 25, 328-334.

Beckett, A.H., Coutis, R.T. & Ogunbona, F.A. (1973a) J. Pharm. Pharmacol.
25, 190-192.

Beckett, A.H., Coutts, R.T. & Ogunbona, F.A. (1973b) J. Pharm. Pharmacol.
25, 708- 717

Beckett, A.H., Coutts, R. T. & Ogunbona, F.A. (1973c) Tetrahedron 29, 4189-4193.

Berger, B.D., Wise, C.D. & Stein, L. (1971) Science, 172, 281-284.

Besson, M.J., Cheramy, A., Seltz, P. & Glowinski, J. (1969) Proec. Nat. Acad.
Sci. (Wash.) 62, 741-748, per Scheei-Kruger, J. (1972) Psychiat. Neurol:
Neurochir. (Amst.) 75, 179-192,

Bickel, M.H. (1269) Pharmacol. Rev. 21, 325-355.

Bienert, H.R. von & ﬂberla, K. (1967) Arzneimittel-Forsch. 17, 336-342.

Blaschko, H. (1939) J. Physiol. (Lond.) 96, 50P-51P.

Blaschko, H. & Welch, A.D. (1953) Naunyn-Schmeideberg's Arch. Exp. Path.
Pharmak. 219, 17-22.

Blumberger, W. & Lorenz, D. (1971) in 'Proceedings of the Society for the Study
of Drug Toxecity', 12, 101-109, Excerpta Medica, Amsterdam.

Bohdanecky/, Z., Radil-Weiss, T. & Skvaril, J. (1971) Neuropharmacol. 11, 273-282
Bralet, J., Cohen, Y. & Valette, G. (1968) Biochem. Pharmacol. 17, 2319-2331.

Bray, S.A. (1960) Anal. Biochem. 1, 279-285.



203.

British Medical Association Working Party (1968) Brit. Med. J. 4, 572-573.

Brodie, B.B. (1965) in 'The Scientific Basis of Drug Therapy in Psychiatry’
(eds. J. Marks & C.M.B. Pare) pp. 127-146. Pergamon, New York.

Brodie, B.B. & Reid, W.D. (1967) Fed. Proc. 26, 1062-1070.

Brodie, B.B., Cho, A.K., Stefano, F.J.E. & Gessa, G.L. (1969) in 'Advances
in Bmchem;cal Psychopharmacology, 1, (eds. E. Costa & P. Greengard)
pp. 219-238, Raven Press, New York.

Brodie, B.B., Cho, A.K. & Gessa, G.L. (1970) in 'Amphetamine and Related
Compounds' (eds. E. Costa & 5. Garattini) pp. 217-230, Raven Press, New York.

Brown, H.C. (1938) J. Amer. Chem. Soc. 60, 1325-1328.
Bruce, R.B. & Maynard, W.R. (1968) J. Pharm. Sci. 57, 1173-1179.

Bunney, B.S. & Aghajanian, G.K. (1973) in 'Frontiers in Catecholamine Research'
3rd International Catecholamine Symposium, Strasbourg, France {(Abstrzois).

Burgen, A.S.V. & Iversen, L.L. (1965) Brit. J. Pharmacol. 25, 34-49.
Cahn, R.S., Ingold, C.K. & Prelog, V. (1956) Experentia 12, 81-94,
Caldweli, J., Dring, L.G. & Williams, R. T. "(19729 Biochem. J. 129, 11-22.
Caldwell, J., Dring, L.G. & Williams, R. T. (1972b) Biochem. J 129, 23-24.

Calvin, M., Heidelberger, C.H., Reid, J.C., Tolbert, B.M. & Yankwich, P.E.
(1949) in 'Isotopic Caxbon' pp. 178-179, John Wiley, New York.

Cannon, W.B. & Rosenblueth, A. (1933) Amer. J. Physiol. 104, 557-574.
Carlsson, A. & Lingvist, M. (1963) Acta Pharmacol. Toxicol. 20, 140-144.
Carlsson, A. & Waldeck, B. (1963) Acta Pharmacol. Toxicol. 20, 371-374.

Carpi, C. & Giaroli, M. (1966) Farmaco Ed. Prat. 21, 608-615, per Chem. Abs. 66
(1967) 45267 w.

Carr, E.A. (1967) Fed. Proc. 26, 1089-1096.

Chabra, R., Gram, T.E. & Fouts, J.R. (1972) Toxicol. Appl. Pharmacol. 22, 50-58.
Clarke, F.H. (1962) J. Org. Chem. 27, 3251-3253.

Conney, A.H. (1967) Fed. Proc. 26, 1027-1028.

Corey, E. & Chaykovsky, M. (1962) J. Amer. Chem. Soc. 84, 866-867.



204.

Corrodi, H., Fuxe, K. & Hokfelt, T. (1967) Life Sci. §, 767-774.

Costa, E. & Gropetti, A. (1970) in 'Amphetamines and Related Compounds'
{(eds. E. Costa & S. Garattini,) pp. 231-256. Raven Press, New York.

Costa, E., Naimzada, K.M. & Revuelta, A, (1971) Brit. J. Pharmacol. 43, 570-579.
Court, J.M. (1972) New Ethicals (Australia) October.

Creveling, C.R., Daly, J.W., Witkop, B. & Udenfriend, S. (1962) Biochim.
Biophys. Acta 64, 125-134.

Crout, J.R., Muskus, A.J. & Trendelenburg, U. (1962) Brit. J. Pharmacol.
18, 600-611.

Cullen, P.D. & Swartz, H.A. (1964) Can. Pharm. J. Sci. 97, 33-35.
Cuthbert, M. F., Greenberg, M.P. & Morley, S.W. (1969) Brit. Med. J. 1, 404-406.

D'Agata, A. & Cardillo, G. (1958) Boll. Soc. Med. Chir, Catania 26, 237-248,
per Chem. Abs. (1960) 54, 112881 :

Daly, J.W., Creveling, C.R. & Witkop, B. (1966) J. Med. Chem. 9, 273-284.

Daly, J.W., Guroff, G., Udenfriend, S. & Witkop, B. (1967) Arch. Biochem.
Blophvs 122, 218 233

Darby, F.d. (1971) Biochem. J. 122, 41-47.

Dasecalu, R., Gozariu, L., Florescu, O., Rosan, L. & Visinescu, I. (1965)
Studii Cercetari Endocrinol. 16, 279-284, per Chem. Abs. (1965) 63, 15421 f.

De Potter, N.P. (1973) in 'Frontiers in Catecholamines Research’, 3rd International
Catecholamine Symposium, Strasbourg, France, (Abstracts).

Dingell, J.V., Sulser, F. & Gillette, J.R. (1964) J. Pharmacol. Exp. Ther. 143, 14~
Dingell, J.V. & Bass, A.D. (1969) Biochem. Pharmacol. 18, 1535-1538.

Dring, L.G., Smith, R.L. & Williams, R.T. (1966) J. Pharm. Pharmacol 18,
402-404.

Dring, L.G., Smith, R.L. & Williams, R.T. (1970) Biochem. J. 116, 425-435.
Dutton, G.J. & Greig, C.G. (1957) Biochem. J. 66, 52P-53P.
Dvornik, D. & Schilling, G. (1965) J. Med. Chem. 8, 466-469.

Edeleano, L. (1887) Ber. Deutsch Chem. Ges. 20, 616-622.
i



205.

Ellison, T., Gutzait, L. & Van Loon, E.J. (1966) J. Pharmacol. Exp. Ther.
152, 383-387.

Engelhardt D., Jerchel, H., Weidmann, H. & Wick, H. (1957) Naunyn—Schmeldeberg s
~ Arch Exp. Path Pharmak 232, 326- 327

Engelhardt, A., Jerchel, D., Weidmann, H. &Wick, H. (1958) Naunyn-
Schmeldeberg s Arch Exp Path. Pharmak. 235, 10-18.

P

Engelhardt, A., Kroneberg, G., Stoepel, K & Stotzer, H. (1971) in 'Proceedmgs
of the Somety for the Study of Drug Toxicity', 12, 110-117, Excerpta Medica,
Amsterdam.

~
Ehrlich, V. & Frznkova, K. (1962) Arch. Int. Pharmacodyn. Ther. 136, 414-439.

Erwin, V.G. (1973) in 'Frontiers in Catecholamines Research', 3rd International
Catecholamine Symposium, Strasbourg, France (Abstracts).

Farner, D. (1961) Gerontologia 5, 35-44, per Chem. Abs. (1961) 55, 14698 c.
Fewster, M.E. & Hall, D.A, (1951) Nature (Lond.) 168, 78-79.

Fieser, L.F. & Fieser, M. (1967) in 'Reagents for Organic Synthesis', Vol. 1,
pp. 967-970, John Wiley, New York.

Fineberg, S.K. (1962) Jd. Amer. Med. Ass. 181, 862-865.

Finger, K. F. & Feller, D.R. (1966) J. Pharm. Sci. 55, 1051-1054.

Finger, K. F., Page, J.G. & Feller, D.IR. (1966) Riochem. Pharmacol. 15, 1023-1032.
Fletcher, L., Torosdag, S. & Bryant, J.M. (1961) Amer. J. Med. Sci. 241, 491-502.
Fog, R. (1969) Psychopharmacologia (Berl.) 14, 299—504.

i

Fog, R., Randrup, A. & Pakkenberg, H. (1970) Psychopharmacologia (Berl). 18
346-356.

Fog, R., Randrup, A. & Pakkenberg, H. (1971) Psychopharmacologia (Berl.) 19,
224-230.

Foltz, C.M. & Witkop, B. (1957) J. Amer. Chem. Soc. 79, 201-205.
Franklin, M.R. (1974a) Xenobiotica 4, 133-142.

Franklin, M.R. (1974b) Xencbiotica 4, 143-150.

Franksson, G. &}inggéfd, E. (1970) Acta Pharmacol. 28, 209-214.

Frey, H.-H. & Schulz, R. (1973) Biochem. Pharmacol. 22, 3041-3049,



206.

Friedman, G. (1962) Amer. J. Clin. Nutr. 10, 226-230.
Fuller, R.W., Hines, C.W. & Mills, J. (1965) Biochem. Pharmacol. 14, 483-488.

Fuller, R.W., Parli, C.J. & Molloy, B.B. (1973) Biochem. Pharmacol. 22,
2059-2061.

st

Fﬁxe, K. & Ungerstedt, U. (1970) in 'Amphetamines and Related Compounds'
(eds. E. Costa & S. Garattini) pp. 257-288, Raven Press, New York.

Gamnon, W.F. & Poos, G.1I. (1967) U.S. Patent 3,308,121,

Gaut, Z.N., Pocelinko, R. & Abrams, W.B. (1969) J. Clin. Pharmacol. J. New
Drugs 9, 315-320, per Chem. Abs. (1969) 71, 79676 x.

Gessa, G.L., Clay, G.A. & Brodie, B.B. (1969) Life Sci. 8, 135-141.

Glowinski, J. (1970) in 'Amphetamine and Related Compounds' (eds. E. Costa
& S. Garattini) pp. 301-316, Raven Press, New York.

Goldman, H.W., Lehr, D. & Friedman, E. (1971) Nature (Lond.) 231, 453-455.
Goldstein, M. & Contrera, J.F. (1962) J. Biol. Chem. 237, 1898-1902.

Goldstein, M., McKereghan, M.R. & Lauber, E. (1964) Biochim. Biophys. Acta
89, 191-193.

Goldstein, M. & Anagnoste, B. (1965) Biochim. Bicphys. Acta 107, 166-168.
Gropetti, S. & Costa, E. (1969) Life Sci. 8, 653-665.

Gsell, O. & Muller, W. (1950) Schweiz. Med. Woschr. 80, 310, per Brodie, B.B.
& Reid, W.D. (1967) Fed. Proc. 26, 1062-1070. .

Gurtner, H.P., Gertsch, H., Salzmamn, C., Scherrer, H., Stucki, P. & Wyss, F.
(1968) Schweiz. Med. Woschr. 98, 1579-1589 and 1695-1707, per Seiler, K. U.
®Wasserman, O. (1973) J. Pharm. Pharmacol. 25, 576-578,"

Hanson, L. C.F. (1967) Psychopharmacologia (Berl.) 10, 289-297.

Hare, M.L.C. (1928) Biochem. J. 22, 968-979.

Harrison, J.W. E., Ambrus, C.M. &Ambms, d.L. (1952) J. Amer. Pharm. Ass.
41, 539-541. ‘ '

Hartung, W.H. & Munch, J.C. (1931) J. Amer. Chem. Soc. 53, 1875-1879.

Havel, R. (1965) in 'Handbook of Physiology' Adipose tissue, Section 5, (eds. A.
Renold & G. Cahill) p. 575, Williams and Wilkins, Baltimore, U.S. A.



207.

Hedqvist, P. (1970) Acta Physiol. Scand. 78, Suppl 345, 1-40.

Heimlich, K.R., MacDonnell, D., Flanagan, T.L. & O'Brian, P.D. (1961)
J. Pharm. Sci. 50, 232-237.

Hider, C.L. (1969) Forensic Sci. Soc. J. 9, 75-79, per Chem. Abs. (1970) 72,
20139 s. ‘

Hillarp, N. -2. , Logerstedt, S. & Nilson, B. (1953) vActa Physiol. Scand. 29, 251-263.
Hillarp, N.-A. (1956) Acta Physiol. Scand. 42, 321-332.

 Hillarp, N.-A. (1959) Acta Physiol. Scand. 47, 271-279.

Hillarp, N.-A. (1960) Acta Physiol. Scand. 50, 8-22.

Hoffman, H. (1966) Arch. Int. Pharmacodyn. Ther. 160, 180-187.

Holtz, P., Heise, R. & Ludtke, K. (1938) Naunyn-Schmeideberg's Arch. Exp.
Path, Pharmak. 191, 87-118.

Holtzman, S.G. & Jewett, R.E. (1971) Psychopharmacologia (Berl.) 22, 151-161.
Howard, L.A. {1964) Curr. Ther. Res. 6, 696-699.

Imai, Y., Ito, A. & Sato, R. (1966) J. Biochem. (Tokyo) 60, 417-428.

Iversen, L. L. (1963) Brit. J. Pharmacol. 21, 523-537.

Iversen, L.L. (1967) in '"The Uptake and Storage of Noradrenaline in Sympathetlc
Nerves' pp. 158-159, Cambridge at the University Press.

Iversen, L.L. (1973) in 'Frontiers in Catecholamine Research', 3rd International
Catecholamine Symposium, Strasbourg, France, (Abstracts).

Jacobsen, E. (1964) in 'Evaluation of Drug Activities' (eds. D.R. Laurence & A. L.
Bacharach) Vol. 1, pp. 215-237, Academic Press, London and New York.

Jarowski, C. & Hartung, W.H. (1943) J. Org. Chem. 8, 564-571.

Jay, G.E. (1955) Proc. Soc. Exp. Biol. Med. 90, 378-380.

Jenner, P. (1971) Xenobiotica 1, 399-418.

Jespersen, S. & Scheel-Krﬁger, J. {1970) J. Pharm. Pharmacol. _2_2, 637-638.

Johnston, R.R., Way, W.L. & Miller, R.D. (1972) Anesthesiology, 36, 357-363.



208. .

Jonas, W. & Scheel-Krﬁger, J. (1969) Arch. Int. Pharmacodyn. Ther. 177, 379-389,
Jonsson, L.E. & Lewander, T. (1973) J. Pharm. Pharmacol. 25, 589-591.
J. Amer., Med. Ass.: (1937) Editorial, 108, 1973-1974.

Kabak, Y. M. & Nikitina, M. M. (1966) Byul. Eksperim. Biol.iMed. 61, 65-68, per
Chem. Abs. (1966) 64, 14807 d.

Kalant, O.J. (1966) in 'The Amphetamines: Toxmlty and Addiction', C.C. ﬁomas,
Springfield, I1. U.S.A.

Kane, F.d. & Green, B.Q. (1967) Amer. J. Psychiat. 123, 484-487,

Kato, R. & Gillette, J.R. (1965) J. Pharmacol. Exp, Ther. 150, 279-284,
Katz, B. (1962) Prpc. Royal Soc. 155, 455-477. |

Klosa, J. von. (1963) J. Prakt. Chem. 21, 12-17.

Koelle, G.B. (1967) Fed. Proc. 26, 1262-1265.

Kopin, 1.J., Fischer, J.E., Musacchio, J. M., Horst, W.D. & Weise, V.K. (1965)
J. Pharmacol. Exp. Ther. 147, 186-193.

Kosman, M. E. & Unna, K.R. (1967) Clin. Pharmacol. Therap. 9, 240-254.

Kramer, J.C., Fischman, V.S. & Littlefield, D. C. (1967) J. Amer. Med. Assoc.
201, 305-309.

Krantz, J.C. & Carr, C.J. (1965) in 'The Pharmacologic Principles of Medical |
Practice' p. 475, E & S Livingstone, Edinburgh and London.

Laduron, P. (1972) Arch. Int. Pharmacodyn. Ther. 195, 197-208.

Laduron, P. (1973) in 'Frontiers in Catecholamine Research', 3rd International
Catecholamine Symposium, Strasbourg, France, (Abstracts).

Laduron, P. & Belpaire, F. (1968) Biochem. Phermacol. 17, 1127-1140.

Lal, H., Puri, S.K. & Fuller, G.C. (1970) Psychopharmacologia (Berl.) 16, 395-398.
Langley, J.N. (1901) J. Physiol. (Lond.) 27, 237-256.

Laurian, L. (1968) Israel. J. Med. Sci. 4, 311-314.

Leclerq, P.A. & Desiderio, D. M. (1971) Anal. Lett 4, 305-316,

Levitt, M., Spector, S., Sjoerdsma, A. & Udenfriend, S. (1965) J. Pharmacol.
Exp. 'I'her 148, 1- 8



209.

Lewander, T. (1970) in 'Amphetamines and Related Compou.nds' (eds. E. Costa
& S. Garattini) pp. 317-331, Raven Press, New York.

Lewander, T. (1971a) Acta Pharmacol. et Toxicol. 29, 33-48.
Lewander, T. (1971b) Psychopharmacologia (Berl.) 21, 17-31.
Lewander, T. (1972) Psychiat. Neurol. Neurochir. (Amst.)} 75, 215-218.
Liebowitz, S.F. (1970) Nature (Lond.) 226, 963-964.

Lindeke, B., Cho, A.K., Thomas, T L. & M.lchelson, L. (1973) Acta Pharm.
Suec1ca 10, 493-506.

Lou.is—Ferdinand,.R. T., Fuller, G.C. & Lal, H. (1972) Clin. Toxicol. 5, 387-393.

~ Lowry, O.H., Rosebrough, N.J., Lewis-Farr, A. & Randall, R.J. (1951) J. Biol.
Chem. 193, 265-275.

Macek, K., Hacaperkovh, J. & Kaka@, B. (1956) Pharmazie 11, 533-538, per
'Dyeing Reagents for Thin Layer and Paper Chromatography' (1971) p. 89,
E. Merck, Darmstadt.

Martin, W.R., Sloan, J., Sapira, J. & Jasinski, A.R. (1971) Clin. Pharmacol..
Ther. 12, 245-258.

Martindale - The Extra Pharmacopia (19723) (ed. W. Blacow), 26th edn., 39-40,
The Pharmaceutical Press, London.

Martindale - The Extra Pharmacopia (1972b) (ed. W. Blacow) 26th edn., 106-109,
The Pharmaceutical Press, London.

Mason, P. (1968) Drug-Induced Diseases, 3, 271-280.
Matsuda, A., Baba, S. & Nagase, Y. (1971) Yakugaku Zassui, 91, 542-545,
McMzhon, R.E. & Parli, C.J. (1972) Drug Metab. Disposit. 1, 337-341.

Mercier, J. & Dessaigne, S. (1968) C.R. Soc. Biol. 162, 485-487, per Chem.
- Abs. (1969) 70, 1287 f.

Michaelson, L. A. , Richardson, K.C. Snyder S.H. & Titus, E.O. (1964) Life Sci.
3, 971-978.

Modell, W.d. (1960) J. Amer. Med. Ass. 173, 1131-1136, per 'Clinical Aspects
of Autonomic Pharmacology' by P. Turner, (1969) p. 31, Heinemann, London.

Moore, K.E. & Lariviere, E.W. (1963) Biochem. Pharmacol. 12, 1283-1288,

Morton, D. M. & Chatfield, D.H. (1970) Biochem. Pharmacol. 19, 473-481.



210.

Muenzen, J.B., Cerecedo, L.R. & Sherwin, C.P. (1926) J. Biol. Chem. 67, 469-476.

- s v -
Muhlbachova, E., Wenke, M., Schusterova, D., Krackova, D. & Elisova, K. (1964),
Int. J. Neuropharmacol. 3, 217-225, per Chem. Abs. (1964) 61, 16636 c.

Muting, D. (1957) Die Medizinische 31/32, 1128~ (translation)

Myerson, A. (1936) Arch. Neurol. Psychiat. 36, 816, per Van Praag, H. M. (1968)
Drug Induced Diseases, 3, 281-294. —

Nagasawa,-H.T.', Kohlhoff, J.G., Fraser, P.S. & Mikhail, A.A. (1972) J. Med.
Chem. 483-486.

Nagatsu, T., Levitt, M. & Udenfriend, S. (1964) J. Biol. Chem. 239, 2910-2917.

§

Napier, J.R. & Napier, P.H. (1967) in 'A Handbook of Living Primates', p. 5,
Academic Press, New York.

Nash, T. (1953) Biochem. J. 55, 416-421.

Nathanson, M.H. (1937) J. Amer. Med. Ass. 108, 528-531.

Nelson, M.M. & Forfar, J.A. (1971) Brit. Med. J. 1, 523-527.

Chnesorgeu, F.K.Von & Khan, A.L. (1961) Arzneimittel-Forsch.11, 793-795,
Oliver, G. & Schafer, E.A. (1894) J. Physiol. (Lond.) 18, 230-279.

Opitz, K. (1967) Naunyn-Schmeideberg's Arch. Exp. Path; Pharmak. 259, 56-55.

Opitz, K. (1970) in 'Amphetamines and Related Compounds' (eds. E. Costa & S.
Garattini), pp. 627-639, Raven Press, New York.

Ostyn, M. (1972) Psychiat, Neurol. Neurochir. (Amst.) 75, 231-234.
Oswald, I. & Thacore, V.R. (1963) Brit. Med. J. 2, 427-431.

Parke, D. V. (1968} in '"The Biochémistry of Foreign Compounds', pp. 84-85, Pergamor
Press, London.

Parli, C.J., Wang, M. & McMahon, R.E. (1971) Biochem. Biophys. Res. 44,
1204-1210.

Peart, W.S. (1949) J. Physiol. (Lond.) 108, 491-501.
Penick, S.B. & Hinkle, L.E. (1963) Amer. J. Clin. Nutr. 13, 110-114,
Pharmaceutical Journal (1973) 210, 311,

Pinter, E.J. & Pattee, C.J. (1970) in 'Amphetamines and Related Compounds'
(eds. E. Costa & S. Garattini) pp. 653-672, Raven Press, New York,



211.

Pora, E., Gozariu, L., Madar, I., Florescu, O. & Toma, V. (1965} Rev.
Roumaine Endocrinol. 2, 133-136, per Chem. Abs. (1966) 64, 11734 1.

Prinzmetal, M. & Bloomberg, W. (1935) J. Amer. Med. Ass. 105, 2051-2054.
Quadbeck, G. Von & Schmitt, W. (1966) Arzneimittel-Forsch. 16, 247-249.

Quinn, G.P., Cohn, M. M., Reid, M.B. & Greengard P, (1967) Clin. Pha.rmacol
Ther. 8 369-373. _ -

Quinton, R. M. &Halliwell, G. (1963) Nature (Lond.) 200, 178-179.
Randrup, A. & Munkvad, I. (1966) Nature (Lond.) 211, 540.

Randrup, A. & Munkvad, I. (1968) Pharmakopsychiat. Neuro-Psychopharmakol.
1, 18-26.

Randrup, A. & Munkvad, I (1972) Psychiat. Neurol. Neurochir. (Amst.) 75, 193-202.
Read, W.T. (1922) J. Amer. Chem. Soc. 44, 1746-1755.
Robinson, D. & Williams, R.T. (1958) Biochem. J. 68, 23P-24P.

Rosenberg, D.E., Wolbach, A.B., Miner, E.J. & Isbell, H. (1963) Psycho-
pharmacolog;.a (Berl.) 5, 1- 15

Rowland, M. & Beckett, A.H. (1966) Arzneimittel-Forsch. 16, 1369-1373.

Rylander, G. (1971) in 'Proceedings of the Society for the Study of Drug Toxxcny'
12, 28-31. Exzcerpta Medica, Amsterdam.

Rylander, G. (1972) Psychiat. Neurol. Neurochir. 75, 203-212.

Sandler, M. & Youdim, M.B.H. (1972) Pharmacol. Rev. 24, 331-348.
Scheel-Kruger, J. (1971) Eur. J. Pharmacol. 14, '47-59.

Scheel-Krﬁger, J. (1972) Psychiat. Neurol. Neurochir. (Amst.) 75, 179-192.

Scheffler, H. (1956) Deutsch. Med. Woschr. 81, 939-940, per Chem. Abs. (1957)
51, 6863 a.

Schmidt-Nielsen, K. (1967) Fed. Proc. 26, 981-986.

Schgnharting, M., Pfaender, P., Ricker, A. & Siebert, G. (1973) Hoppe-Seyler's
Z. Physiol. Chem, 354, 421-436.

Seiler, K.U. & Wasserman, O. (1973) J. Pharm. Pharmacol. 25, 576-578.

Sever, P.S., Caldwell, J., Dring, L.G. &Williams, R.T. (1973a) Eur. J. Clin.
Pharmacol. 6, 177-180. _



212,

Sever, P.S., Dring, L. G. & Williams, R.T. (1973b) Biochem. Soc. Trans.
1, 1158-1159.

Sinsheimer, J.E., Dring, L.G. & Williams, R.T. (1973) Biochem. J. 136, 763-771.
Sjoerdsma, A. & Von Studnitz, W. (1963) Brit. J. Pharmacol. 20, 278-284.

Sletten, I.W., Ognjanor, V., Menendez, S. Sundland D. & El-Toumi, A. (1967)
Curr. Ther Res. 9, 570 575.

Slotkin, T.A. (1973) Life Sci. 13, 675-683.

Slotkin, T.A., Ferris, R.M. & Kirshner, N. (1971) Molec. Pharmacol. 7, 308-316.
Slotkin, T.A. & Kirshner, N. (1971) Molec. Pharmacol. 7, 581-592.

Smart, J.V. & Turner, P. (1966) Brit. J. Pharmacol. 26, 468-472.

Smith, C.B. (1963) J. Pharmacol. Exp. Ther. 142, 343-349.

Smith, C.B. (1965) J. Pharmacol. Exp. Ther. 147, 96-107.

Smith, C.C. (1966) Conference on Non-Human Primate Toxicology, Warrenton,
Virginia, U.S.A., per Smith, C.C. (1967) Fed. Proc. 26, 1044-1046.

Smith, C.C. (1967) Fed. Proc. 26, 1044-1046.
Snyder, S.H., Michaelson, I. A. & Musacchio, J. (1964) Life Sci. 3, 965-970.

Solomon, P., Mitchell, R.S. & Prinzmetal, M. (1937) J. Amer. Med. Ass. 108,
1765- 1770

Sonka, J. von, Gregorova, . Slabochova Z., Rath, R. & Zb1rkova A. (1963)
Endocnnologle 45, 174~ 186

Spergler, J. & Waser, P. (1959) Naunyn-Schmeideberg's Arch. Exp. Path., Pharmak.
237, 171-185.

Stark, H.C., Siemer, H. & Doppstatt, A. (1961) British Patent, 883,220.
Stark, P. & Totty, C.W. (1967) J. Pharmacol. Exp. Ther. 158, 272-278.
Starke, K. (1972) Naunyn-Schmeideberg's Arch. Exp. Path. Pharmak. 275, 11-23.

Starke, K. & Montel H. (1973) Naunyn-Schmeldeberg s Arch. Exp. Path Pharmak.
278, 111-116.

‘Stein, L. (1964) Fed. Proc. 23, 836-850.
Stjarne, L. (1964) Acta Physiol. Scand, 62, Suppl. 228.

Stromblad, B.C.R. & Nickerson, M. (1961) J. Pharmacol. Exp. Ther. 134, 154-159.



213.

Tainter, M. L. & Luduena, ¥.P. (1950) Recent Progress in Hormone Research,
5, 3-35.

Tanayama, S., Nakai, Y., Fujita, T., Suzuoki, Z., Imashiro, Y. & Masuda, K.
(1974) Xencbiotica 4, 175-191.

Thoenen, H., Huerlimann, A., Gey, K. F. & Haefely, W. (1966) Life Sci. 5, 1715-
1722, .

Thoma, O. & Wick, H. (1954) Nammyn-Schmeideberg's Arch. Exp. Path. Phsrmak.
222, 540-554.

Thompson, R. M., Gerber, N., Seibert, R,A. & Desiderio, D, M. (1973) Drug
Metab. & Disposit, 1, 489-5065.

The Times (1972) 9th November,
Tormey, J. & Lasagna, L. (1960) J. Pha;'macol. Exp. Ther. 128, 201-209.

Turner, P, (1969) in "Clinical Aspects of Autonomic Pharmacology" p. 31,
Heinemann, London.

Udenfriend, S. (1966) Pharmacol. Rev. 18, 43-51.

Udenfriend, S., Clark, C.T., Axelrod, J. & Brodie, B.B. (1954) J. Biol. Chem.
208, 731-739,

Van Praag, H. M. (1968) Drug-Induced Diseases 3, 281-29%4.
Van Praag, H. M. (1972) Psychiat. Neurol. Neurochir. (Amst.) 75, 163-164.
Van Rossum, J. M. (1972) Psychiat. Neurol. Neurochir. {Amst.) 75, 165-178.

Van Rossum, J. M., van der Schoot, J.B. & Hurkmans, J.A.Th. M. (1962)
Experentia, 18, 229-235.

Varela, G. & Moreiras-Varela, O. (1964) Anales. Bromatol. 16, 461-473, per
Chem. Abs. (1965) 63, 2261 c.

Vidie, E. (1957) Arzneimittel-Forsch. 7, 314-319.

Vogel, A.I (1961) in 'A Textbook of Practical Organic Chemistry' pp. 969-970,
Longmans, London.

Vogt, M. (1954) J. Physiol. (Lond.) 123, 451-481.
Von Euler, U.S. (1946) Acta Physiol. Scand. 12, 73-97.

Von Euler, U.S. (1959) in 'Handbook of Physiology', 1, Section 1, Neurophysiology,
p. 215, Amer, Physiol. Soc. Washington, D. C.

Wallach, M.B., Rotrosen, J. & Gershon, S. (1973) Neuropharmacol. 12, 541-548,



214.

Weisberg, J. & Breslow, I. (1966) Arch. Otolaryng. 83, 477-479.

Weisburger, J.H., Grantham, P.H., Vanhorn, E., Steighbigel, N.H., Rall, D.P.
& Weisburger, E.K. (1964) Cancer Res. 24, 475-479, per Williams, R.T.
(19672) Fed. Proc. 26, 1029-1039.

Weisburger, J.H. & Weisburger, E.K. (1973) Pharmacol. Rev. 25, 1-66.

Weismann, A. & Koe, B.K. (1965) Life Sci. 4, 1037-1048.

Weismann, A., Koe, B.K. & Tenen, S.S. (1966) J. Pharmacol. Exp. Ther; 151,
339-352. :

Werringloer, J. & Estabrook, R.W. (1973) Life Sci. 13, 1319-1330.
Wesley-Hadzija, B. (1971) J. Pharm. Pharmacol. 23, 366-368.

Whitby, L. G., Axelrod, J. & Weil-Malherbe, H. (1961) J. Pharmacol. Exp. Ther.
132, 193-201.

Whyte, J.M. (1967) Australasian J. Pharm. 48, 804-807.
Wickstrom, A. & Salvesen, B. (1952) J. Pharm. Pharmacol. 4, 631-635.

Williams, D.H. & Fleming, I. (1973) in 'Spectroscopic Methods in Organic Chemistry!,
McGraw-Hill, Maidenhead, England.

Williams, R.T. (1959) in 'Detoxication Mechanisms', 2nd Edn. Chapman & Hall,
London.

Williams, R.T. (1964) in 'Some factors affecting drug toxicity', Vol. IV‘of
Proceedings of the European Society for the Study of Drug Toxicity, Excerpta
Medica, Amsterdam.

Williams, R.T. (19672) Fed. Proc. 26, 1029-1039.

Williams, R. T. (1967b) Ciba Foundation Symposium on Drug Responses in Man,
(eds. G.E.W. Wolstenholme & R. Porter) pp. 71-82, J. & A. Churchill, London.

Williams, R.T. (1969) Pure and Applied Chem. 18, 129-141.

Williams, R.T. (1974) Biochem. Soc. Trans. (1974) 2, 359-377.

Williams, R.T., Caldwell, J. & Dring, L. G. (1973) in 'Frontiers in Catecholamine
Research', 3rd International Catecl.olamine Symposium, Strasbourg, France,
. (Abstracts).

Wurtman, R.J. & Axelrod, J. (1966) J. Biol. Chem. 241, 2301-2305.

Yoshihara, S. & Yoshimura, H. (1972) Chem. Pharm. Bull. 20, 1906-1912.



215.

Zeller, E,A. (1951) in 'The Enzymes' (eds. J.B. Sumner & K. Kyrback) Volume 2,
Part 1, pp. 536-558, Academic Press, New York.

Zimmerman, H.E., & English, J, (1954) J. Amer. Chem. Soc. 76, 2291-2294.



