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Abstract .

Meptazinoi, di-m (3 efhylhexahydro—1-methyl-1H-azepin-3—y1)
phenol hydrochloridé is a néw analgesic agent,»which from animal
studies appears to have a low addiction liability. By contrastAhowever,

the desmethyl derivative, although still a potent analgesic  was shown

to have a much greater addiction potential.

Metabolic studies using a novel dual labelling approach showed
no evidence for the fofmation of normeptazinol in animals or man. The
major metabolic pa%hway seen in all the species so far investigated
involvgs rapid conjugation with gluguronic acid. . A minor metabolite
fouﬁd only in the urine of monkeys and man has been tentatively identified
as 6-ethyl-6{n hydroxyphenyl)-1-methylhexahydro-azepin-(2H)-2-one

This metabolite was shown to.be biologically'inactive.

‘ 'Pharmacological studies showed meptazinol to be considerably less
potent after oral as compared to parenteral administration. A good corre-
lation between the intensity of the drug's biological effects and plasma
levels of the compound was démonstrated in ratsxgﬁa‘moﬁkéys. Oral
administration of the drug was shown to produce much lower plasma levels of
the free drug than parenteral dosage. This did not appear to be due to
incomplete absorption since-the d?ug was efficiently absorbed in all these
species.  However the rate of absorption was conside;ablj slower in monkeys
and man,. an effect which was shown to cause mo%e extensi&e first pass
conjugation of the drug in these species. This slower absorption was at
least partly due to the longer gastric emptying time in these species. In
addition, studies in the monkey showed the drug to have a marked retarding
action on stomach emptying, an effect not seen in the rat.

Rectal’administration of the drug has been shown to provide a
means of circumventing the problem of extensive first pass metabolism and
effectively increasiﬁg the drug's potency. In man plasma levels of the drug
resulting from rectal désage were five to ten timeé higher than when the

same dose was given orally.
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In recent years with the increésing-availability of radio-
tracers and more:éophisticéted analytical equipment, drug metabolism
studies have béén able to make an increésingiy greater contribution
to the development éf new therapeutic agents. Using radio-tagged
drugs, the elucidation of the metabolic and pharmacokinetic-profile of
a new drug can now be performed sufficiently répidly to enable these
results to be used-in the design §f future pharmacological and

toxicological studies.

For example the selection of the most appropriate animal
species fof extended pharmacologica} and toxicological studies is now
beginning to be based on the results of comparative metabolic studies
in animals and man. The use of a species in which the kinetics and
metabolism of the drug are similar to man will enable a safer extra-

polation of animal toxicity data to man.

‘Absorption studies on a compound intended for oral administra-
tion are obviously necesséry for,in the event of inéomplete absorption,
blood levels and probably therefore biological response, may be erratic.
furthermore the drug mugt be shown to be well absorbed in the species

chosen for toxicity testing otherwise any absence of toxic effect could

~—

be ascribéd to poor absorption. In the field of drug formulation the
demonstration of good in vivo, as well as, in vitro bioavailability is
obviously very worthwhile before undertaking costly long term stability

vstudies on the formulatioﬁ.

Studies on the tissue distribution of a new drug may lend some
insight into the reasons for a toxicological response in a particular
organ. In teratological studies too, tissue distribution studies in

the pregnant animal should establish that the compound actually reaches

the foetus.



Stﬁdies on thewroutes'and>rates of excretion of a new drué
are also important. A«drug having a very long half life may require
several weeks of daily administration before a steady state body level
of the drug is échieved, cleafly a decided diéadvantage. Furthérmore
any unexpected toxic reaction to such a drug is likely to persist for
a relatively long time. By contrast a drug having a very short half
life may need to be given in relatively high doses in order to prolong
the dosggeAinterval. If such a compound has a poor_therapeutic index
toxic effects may become apparent when the drug is given in this way.
This iliustrates the significance of excretion studies which

should reveal whether the drug has an acceptable half life.

Studies on the biotransformation of the compound may reveal
the existence of pharmacologically active metab&lites. Such metabolites
may have an improved profile of action over the parent drug. For -
example, oxazepam, a metabolite of the anxiolytic agent diazepam, was
- found to retain the tranéuillizing properties of the parent drug but
produced less sedation. | Similarly, oxyphenbutazone, a metabolite of the
anti-rheumatic agent, phenylbutazbne retained the pharmacological activity

of the parent drug but was found to have fewer side effects.

The demonstration of a correlation between biological activity
and plasma levels of éithef the parent drug or a metabolite has considerable
importance. With some psychiatric conditions it is not easy to quantify
patient response to a drug and it may therefore be difficult to establish
the most appropriate dosage regimen. Knowledge of the existence of a
correlatién between intensity of the drug's effects and its plasma

concentration, and of the drug's kinetic behaviour in man should enable

a suitable dosage regimen to be designed.

Thus from a study of the absorption, distribution biotrans-

formation and excretion of new drug candidates, a better understanding of

the factors controlling the drug's actions should be obtained. From



this understanding it may‘be possible to beneficially modify the drug's
behaviour. | Suitable @odifications to the drué formulation or drug
structure may enable improvements to be made in the absorption, distribu-
tion and excretion of the compound. | The following thesis is infeﬁded
to demonstrate the utilify of such metabolié studies in® the development

of a new analgesic drug.
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"Every experiment'is like a weépon
which must be used iﬁ a particular
way - a spear to thrust, a club to
~s£rike esecs according to need and

fashion."

Paracelsus
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GENERAL INTRODUCTION
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Somé historical background'to the emergence of morphine as a
major pain killiqg drug is pfesented. - In the light of the:drug's
undeéirable side effects the need for a mew potent ndn—addiétivej‘
~analgesic is‘discussed. Some of the more widély used’screening'pro+-
" cedures used to identify such compounds are described together with an
appraisal of their limitations. The current biochemical theories on

the mechanism by which analgesics elicit theif effects are reviewed.

Thevchronological devélopment of drug structures which eventually led to the
synthesis of the meptazinol series is described. = In view of the observation
that normeptazinol (a potential metabolite of the drﬁg) has a higherraddicti#e
liability than meptazinol itself, the importance of metaboliclstudies to
determine the extent of normeptazinol formation in various species is.
discussed. Species differences and dosage route dependent differences in

: the'dfug's biological’poténcy are described together with some;comment on

the usefulness of drug metabolism studies in attempting to understand these

observations.
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Historical Background

Althougﬂ pain is a universal eiperience of mankind it defies
definition. Tts subjective nature means that we can only make state-
‘ments about what features arevassociated with it fathér than whaé is_
actuaily meant byvthé pain;experience. Thus having said thét it is
different from other sensations that it is the opposite of pieasure,
what kinds there are (sharp, dull, pricking; cutting, burning) and what
stimuli cause it (extreme heat, coid, pressure, electric shock etc.)
we have still failed to satisfactorily define what is meant by the pain
sehsation. Nevértheless nobody would deny that painfis real and its

relief is probably one of the most important of all medical goals.

In some cases it is possible to remove the cause of the pain
and thereby remove the pain sensation. In many'other_instances relief
from pain may be all that can be provided. In all cases, rapid sympto-
matic relief from pain is wanted and drugs which can provide it - called
analgesics from the Greek meaning wifhout pain - are amongst the most

sought after medicines.

The ability of the dried exﬁdate of the opiﬁm poppy, Papaver
éomniferium, to relieve pain had been discovered by the time of the
earliest written records; Barly physicians formed a regard amounting
to véneratién for opium's almost miraculous power to "ull all pain

and anger and bring relief to every sorrow".

F

However it was not until 1803 that Friedrich SertlUrner first
described the isolation of\the active principlehof opium, morphine, so
named after Morpheus, the god of sleep. This subseqﬁently became
generally available in pure form to the medicai profession ag a result
of the work of William Gfegoryf‘ In 1925 Robinson & Gulland reported

that they had elucidated the chemical structure of morphine.

“gaf /0/)114«- ;ﬂﬁe/z . (/74‘5} .
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Although morphine still holds first place in the world as a
major painkiller, it has many undesirable side effects. With daily.
»a&ministration tolerance to the analgesic actions of morphine quickly
. develops and the dose needs to be prpgressively incréased to produce
the reqﬁired effect. Tolerance is closely associated with addiction
which is the most serious limitation to the clinical ﬁse of morphine.
Addiction involves both physical and psychological dependence on the |
‘drug. It is in this sense that the term narcotic is used to describe
such analgesics. Respifator& depression is‘another undesirable effect
of morphine. In man respiration is depressed by doses which are below
the narcotic threshold and this respiratory depressant effect with high

doses is the major cause of death. Morphine has a retarding actionv
upon the digestive system and small doses produce constipétion. Its
effect on the uriﬁary bladder gives rise to urinary urgency but urination
is more difficult. Urine retention is observed even with therapeutic
doseé. Morphine also frequently gives rise to nausea and vomiting.

The absorpﬁion of the drug.from the gastro-inteétinai\éréct is reputedly

poor being ascribed to its relatively high pKa value, and the respective

aqueous and lipid solubilities of the ionized and nonionized forms.

~

Thus over the last forty years an intensive search has been
made for a new analgesic devoid of these undesired side effects of
morphine. More recently it has been observed that some compounds will
antagonize the effects of morphine, i.e. they will precipitate abstinence
symptoms in addicts réceiving morphine, and yet these compounds may

themselves possess analgesic activity. In addition this antagonistic



effect seems to be indicative of a lack of addictiveness of these
compounds. A number of compounds haye been shown to be potent narcotic
antagonists but with one or two.exceptions noﬁe have been found to be
useful analgesics. The classical narcotic éntagonist nalorphige
produces hallucogenic symptoms in man making it unsuitable for clinical
use -as an analgesic. Nevertheless the search for narcotic antagonists

possessing analgesic activity continues.

Pharmacologicai screening procedures for potential analgesics

The synthesis of new potential analgesibsvmust be accompanied
by their pharmacological appraisal so that only those that are effective
pain killers, free of addictive properties and relatively non-toxic are

selected for further study in humans.

Animals can be made to give a response to certain stimuli
which are known to produce painful sensations in humans. Such stimuli
inclﬁde the application of heat, pressure, electric shocks or the
" administration of substances such as acetyl choline, bradykinin or
phenylquinone. The animals response usually takes the form of a flight
reaction or a squeak which may be interpreted as indicating tﬂat the

animal is suffering pain.

The multiplicity of test procedures described in the literature

—

suggest that no ideal test has yet been found. One of the most important
facets of any method is its predictive value in man._  The majority of
.. screening procedures currently employed appear to be insensitive towards

the narcotic antagonist analgesics which, because of their potentially

low addictive liability, are probably the most sought after compounds.
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Analgesic scréening tests using a thermal stimulus

Inifialiy the widely used rat tail flick test (in which the
response time for a rat to flick its tail away from a noxious stimulus
such as heat is measured) was generally highly predictive of clinical
analgesic activity but failed to select the narcofic antagonists which
are also capable of relieving pain in man. In 1969 Gray et al
succeeded in refining this teést such that the analgesic action of the
non-narcotic pentozocine could be detected. The originalrfailure of the
- method was apparently due to the usebof a stimulus intensity which was
too severe. However, even modified as described fhebmethod still appears

to lack general utility for the detection of the analgesic action of

narcotic antagonists.

Another widely used séreening proceduré for potential analgesic
drugs is the hot plate test in which the response of an animal placed on

a plate heated to approximately 500 is observed.

The sensitivity of this mefhod for narcotic analgesics cbmpares
favourably with the tail flick test but again the test is insensitive
towards the non-narcotics. Indeed the analgesic activity of
"aspirin given to rats at 20% LD50 value could not be demonétrated using
this technique (Lim & Guzman,1968).

Analgesic screening tests using an electrical stimulus

The use of electrical shock for producing pain in mén and
nociceptive responses in animals has given rise to many difficulties
and inconsistencies. Beecher (1957) has reviewed these critically and
‘he concludes that while electrical shock is easy to apply, it is most
difficult to control for even if voltage and amperage are known, bio-

logical tissuss offer impedance which cannot be controlled.
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In 1964,Weiss & Laties,described a shock titration procedure
for evaluating potential analgesics in the monkey. The animals were’
trained to press a lever to step down a constantly and regularly
increasing shock-intensity which they would then maintain at a
relatively constant level. This tolerated level is réised by morphine
and other agents. Furthermore the potent narcotic antagonist cycla-
zocine was active in this test and its potency relative to morphinei
péralleled that seen in man. However.the classical narcotic antagonist
. nalophiﬁe was appa;ently deveid of activity in this‘test. As ‘a general scréening
procedure the technique has a number of disadvantagés not least pf which
is the time taken in training animals and the possibility that they may
become'drug dependent as a result of testing potentially addictive
analgesics.

Analgesic screening tests using chemical agents as the stimuli

The writhing response produced by intraperitoneal injection
.of agents such as phenyl p benzoquinone, bradykinin, or acetyl choline
‘forms'the basis of a screening procedure capable of detecting
the non-narcotic analgesics. Iim and colleagues in 1964 using brady- .
kinin-induced visceral pain in dogs demonstrated the activity of the non-
narcotic analgesic pentazocine in this test. Later, Blane, (1967)
reported that the algesic' effects of intra~arterially administered
bradykinin'to the raf couid be blocked by nalorphineibr pentazocine.
However the test is not without its critics and Archerv& Pierson (1966)
have suggested that it is more indicative of central muscle relaxant

activity than analgesic action.

Limitations of experimentally induced pain for evaluating analgesics in man

The varipus test procedures discussed above are just.some of
the more widely used techniques for evaluating potential analgesics.
Most of them have also been applied, with suitable modification to the
assessment of analgesicé in man. However it is questionable whether any

© of the noxious stimuli used in these tests produces anything resembling



pathological pain in human beingé; the relief of.which is the object

of the investigation. ~Furthermore these experimental situations lack
the psychological or anxiety componént seen in pathological pain in man.
For example if'péin were merely a response to-a stimulus from a wound
one might éxpect that a severe wound would always'produce pain and that
the intensity of the pain would be related to the severity of the
stimulus which caused it. Beecher (1946 & 1956) has shown that in men
wounded in-battle, this was not the.case.. He found that 75% of the

- seriously wounded did not need medication or even refused it when offered.
( : :

The degree of pain was not related to the severity of the wound. A

similar blocking of pain perception has often been seen in athletes

suffering injurieé during the excitement of competition.

On the other hana, poét-operative patients with incisions
similar to those of the Qoundéd soldiers usually complain of severe pain
and need analgesic medication. Though the conditions of the wounded
Atissue may be similarAin'the two cases, the response to the stimulus is

altered by the psychic state.

The influence of the psychological or anxiety component has
also been shown in experiental situations illustrated by the now classical
studies of Hill and his colleagues (1952). They were able to show a
significantly greater response to an electrical.stimulus_when administered
to volunteers under an anxiety generating situation compared to when the

3 . 3 3 3 ' - 2
same stimulus was given in a anxiety allaying environment..

Thus in view of the significance of the anxiety component of
pain many investigators believe that meaningful assessment of potential

analgesics can only be made in patients suffering from pathological pain.



Although it is desirable to study potential analgesics in
the clinical situation such investigations are-not without their
difficulties and problems. Firstly pain is a.subjective response
which makes its quantitative assessment in a comparative sense
difficult. Crossover studiesvof drug and placebo in patients sqffering
severe pain pose moral as well as practical probléms. In post-operative
and pﬁst—partum situations the intensity of pain’is continuélly dimini~-
sﬁing which presénts practical difficulties to carrying out multiple
. studies. For this reason patients suffering chronic pain such as cancer
patients are more suitable for the assessment of new analgesics. How-
ever such patients by thernature of their illness,Apresent furtherA
probléms arising from éossible renal or hepatic impairment and the -

consequential effects on drug elimination.

Importance and assessment of addictive lisbility of new anslgesics

‘By far the greatest limitation to the use of morphine and its
narcotic surrogates as analgesics is their high physical and psychological
dependence liability. Thus in the search for useful new analgesics an
asséssment of their addictive liability usually closely follows the

evaluation of their pain relieving properties.

The observation of a link between opioid antagonist activity
and low dependence liability has enabled the rapid determination of the
addiction potential of candidate analgesic drugs. | Thﬁé the precipitaticen
of morphine withdrawal symptoms following administration of a new .analgesic
. compound to morphine addicted animals is indicative of a low'addictive liability.
Since tolerance and addiction liability are also closely linked the
developmént of tolerance maylgive an indication of the drugs addictive
liability. Alleviation of such morphine withdrawal symptoms as weight

loss, increased defecation by a drug candidate would suggest. the

new compound to be potentially addictive.



N B AT
Useful though these tests may be, the design of reliable,
meaningful laBoratcry screening procedures both for identifying potential
analgesics and for assessing their addiction liability must be based on an

'

understanding of the biochemical mechanisms involved.

Theories on the mechanism of action of analgesic drugs

In 1952 Beckett pointed out that theories regardiﬁg'the mode
of action of the potent analgesics were highly speculative and that "a
clear picture .....s as yet a disfant goal despite the multitudinous
array of facts which have been collected."  Despite twenty years of

further research the mechanism of action of these drugs is still unclear.

The analgesic receptor site(s)

Potent analgesic drugé act centrally by reversible binding to
a 'receptor site'. An analgesic receptor may'be assumed -to be a con--
figuration of atoms .either in the cellular membrane or withinAthe cell,
and the analgesic drug is thought to. complement this structure. Some of
the physical and chemical properties which such a binding site might
possess have been postulafed by Beckett, (1956a and 1962) and Beckett et ai
(1956b & 1956c) These have been critically discﬁssed by éthers, more
fecently by Mellett & Woods (1963).  The receptor is presumed to be a
charged‘anionic’site with dimensions of the order of 6.5 x 8.5 R
sepafated from a‘flat surface by a cavity (See Fig. 1.3 The aromatic portion of the
drug molecule is postulated to be attracted to the fl?t surfaée by Van der
Waals' forces. The basic group of the drug is attracted to the anionic

site, while the cavity provides a third dimension for additional attraction.

Until very recently the exact anatomical localization of these
sites was unknown. However in the Spring of 1973,Peft & Snyder,announced
the Dbiochemical demonstration of a receptor in nervous tissue which binds
opiates with stereospecific selectivity and with affinities paralleling
their pharmacological potencies. Opiate receptor binding seems to be

restricted to membrane fractions in nervous tissue. In October 1973



Fig. 1.

Diagrammatic representation of the
predicted configuration of the
analgesic receptor surface.

N-Approximately 7-5-8-5 A

@ - - -

4
Anionic site < i N At least 6-5 A
' A °
{
Focus _ ¢
of charge >4
Ca\'ify

Flat surface

Receptor Surface




- , . B S
, Kuhar, Pert & Snyder described detailed mapping of the concentration of

opiate binding sites in both hu@an and monkey brains. They discovered
striking regional variation in binding-to brain with receptor concentra-

tions varjing more than thirtyfold between highest and lowest areas. The
regions high in opiate binding éites all iie within the limbic system. Binding
is greatest within the anterior amygdala, uniformly high throughoﬁt the
hypothalamus and high in medial but not in lateral thalamus. Frontal

cortex areas show moderate binding of opiates, but little is found else-

where in the cerebrim.

Interaction between analgesics and their receptor sites

In 1956 Axelrod drew attentioﬁ to certain features common both
to the'enzymes in rat liver which N-demethylate analgesics and to the
receptor sites proposed for these drugs. They interact with the same
substrate; they show, in some cases, §imilar degrees of specificity and

they have actions that are inhibited by nalorphine.

In 1956, Beckett et _al advanced a hypothesis regarding the inter-
action of analgesié drugs énd their receptor sites in the central nervous
system. They postulated that formation of a drug-receptor complex by
itself does not produce an analgesic effect but oxidative dealkylation must
first occur on the receptor surface. Release of the N-dealkylated
derivative on the receptor surface then produces the analgésic response.

A number of observations would seem to suppd;t Beckett's
hypothesis, Firstly N-dealkylation in the liver, at least, has been shown

to occur with almost all narcotic analgesics studied (see Way & Adler 1960,
Way & Adler 1962 and Way 1968). Deuteration of the N methyl group of |
morphine causes a reduction in both analgesic potency and rate of in vitro
demethylation by liver prepafations (Elison et al 1961), a finding in accord
with, but not proving, a relationship between receptor site N-demethylation
and analgesic action. . Another interesting observation is that of Axelrod

(1956) who noted that chronic administration of morphine to rats results

in a profound reduction in the ability of liver enzyme preparations from




these animals to N-dealkylate morphine, nalorphine, hydromorphine and

! .
pethidine. These animals showed a diminution of analgesic response to

a test dose of morphine. Further, analgesic response and hepatic Ne-

demethylation showed parallel changes'during antagonism with nalorphine.

In reviewing the evidence for the involvement of Ne.demethylation
in the mechanism of analgesia,Way & Adler (1962) and‘ﬁVquy.(1968) appear
to have found a number of anomalies. Firstly nalérphine, a weaker
analgesic than morphine, is more rapidly N~demethylated to normorphine
than morphine itself. It should however be emphasized that thisvdata
relates to the liver and no similar studies have &et been reported using

-

receptor site Nedemethylase.

While the apparent anomaly of the lower analgesic potency of

desalkyl analgesics compared to their methylated congeners could conceivably
be explained by their relatively poor ability to enter thé CNS, it is
interesting that these compounds are more Egzig_(which is preéumably another
centrally mediated effect) than their methylated congeners. (Miller &

Anderson, 1954).

The early work of Axelrod (1956) in demonstrating a parallel
decrease in N~-demethylation and analgesic activity after chronic admini-
stration of morphine to rats was not substantiated by the work of Adler
(1967) in mice, who failed to find any decrease in N-~demethylating activity
in mice made tolerant to morphine. |

Thus the role of N-demethylation in analgesia is at present
equivocal basically due to the lack of information on N-demethylation at the
receptor site. However éirect proof for or against Beckett's hypothesis
may not be far away in view of the recent isolation of the opiate receptor

binding sites.
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Consequences of drug receptor interaction

Analgesic drugs have been shown to affect‘manj biochémical systems ‘
but the importanée of these actions ih actually eliciting the ahalgesic
response is not‘well understood. Thus.inhibition of cholinestefase, a
prominent property éf some morphine-like compounds and morphine antagonists
was at one time widely regarded‘as a possible biochemical basis for
analgesia, but numerous studies have failed to establish a relationship
between anticholinesterase activify and analgesia in a.variety of chemical

structures (Win{er et al 1969).

-

'

Biogenic amineé, including adrenaline, noradrenaline, dopamine
and 5 hydroxytryptamine have been widely studied as potential @ediators of
analgesia. Several authors have réported that énalgesia produvced by
sympathbmimetic amines and analgesic compounds affect brain levels of
catecholamines. Reserpiﬁe has been shown to inhibit the effects of
morphine, (Winter,1968.) This has been cited as evidence that morphine
analgesia is mediated by noradrenaline, since reserpine is known to deplete
brain noradrenaline. However Rudzik & Mennear (1965) found that other
amine depleting agents such és «-methyl-DOPA and a»methyl—mﬂrtyrosine

failed to affect morphine analgesia in mice.

Another possible mechanism to explain the action of potent
analgesics is suggested by the work of Kakunga et al (1966). = They found
that calcium ions injected in modest doses intraciste;nally or in larger
;doses subcutaneously or intraperitoneally markedly reduced the analgesic
effectiveness of morphine. The inhibition was equally pronounced whether
the Ca++ was given with the morphine or after the morphine effect was fully
established. Chelating agents such as EDTA reversed the ca*t effect
or if.given without Ca*t they enhanced the action of morphine. The

effect was specific. It was not shared by divalent ions other than

calcium. Some of these findings have been confirmed by Nutt(1968.



Several other biochemical systems are reported to be éffected

by analgesic drugs (see Clouet (1971) for a comprehensive review) but despite
this mu%%itudinous array of facts no clear pattern'inter—relating these

effects has yet emerged and the actual biochemical mechanism of analgesia

still remains unknown.

ATthough this incomplete understanding éf the biochemical
mechanism of analgesia has prevented the design of more sophisticated .
screening procedures, several useful analgesics have been discovered using

" the relatively crude procedures described earlier.

Sequence of events leading to the development of meptazinol

In the late 1930's a German chemist/pharmacologisf team, Eisleb
& Schaumann (1939) were looking for a spasmolytic substitute for atropine.

Among the compounds they studied was éthyl-l-methyl-l4-phenyl piperidine-l-

carboxylate later known as pethidine or meperidine. Although it was not a
successful spasmolytic agent, routine pharmacological screening revealed that
it had analgesic and other morphine like properties in spite of its seeming
chemical dissimilarity.Lf@échaumann (1940) drew attention to the phenyl
piperidine moiety in morphine and ' . .- stressed other featufes which
morphine and pethidine had in common.— a benzene nucleus, a quategnary

carbon attached and a tertiary amino group two aliphatic carbons removed.
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In potency pethidine was graded between codeine and morphine
(50 to 100 mg equivalent to 10 mg morphine in man, Lasagna & Beecher
(1954)) and hias been found to be useful for the management of mild to

moderate pain, especially in patients intolerant to opiates.

Originally pethidine was intrqduced into medical practice with
claims of non addictiveness but it is now appreciated that its addictive
Jiability is similar tolthat of morphine (doseslofv120 mg may substitute
for 50 mg morphine (Eady et al 1956)). Its thicitypis low but its action
somewhat shorter than that of morphine. At an equivalent dosage, pethi-
dine is at least §S'depressant as morphine upon respiration but while
morphine-like side effects such as nausea and vomiting frequently occur,

it produces little disturbance of urinary and bowel action.

In 194§'Jensen leF—o‘g; first reported that the 4 acyloxy

analogue of pethidine, the 'reversed gster', had considerably greater



analgesic acti¥ity than the parent compound. Extensive study of this
series of 4-phenylpiperidines by ‘Zleﬁvxafmvkee - (1947) led to the synthesis

| of the isomeric derivatives alphaprodine and betaprodine

‘xpCOCEHS . ’OCOCZHB
_-CH, _-H ~
A alphaprbdine //]:\\\\Cﬂs betaprodine
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’ Alphaprodine is approximately equal to morphiné in analgesic
potency, and betaprodine is about 3 times more active. Randall & Lehman
(1948).described the pharmacology of alpha and beta prodines and clinical
reports on the analgesic activity of alphaprodine appeared about the same
time (Eddy 1957). Alphaprodine has a brief durétion of action, even
shorter than that of morphine or pethidine, énd it has been used where such

a length of effect is desirable, e.g. endoscopies, supplementation of

‘analgesia and obstetrics. Side effects are less than those of morphine
and possibly less than with pethidine; its addiction liability is similar

to that of pethidine (Eddy, 1957).

In 1955 ethoheptazine, a congener of pethidine haviﬁg a seven
membered heterocyclic ring was submitteé to preliminary clinical trial..
This compound, 1—methylf4—pheny1~4—carboxy hexamethyleneimine, was developed
at Wyeth Laboratories in Philadelphia, U.S.A. The pharmacological

properties of this compound were reported by Seifter et al (1954).

]
C~-0-C 2H5

&u Ethoheptazine Wy 401
. 3 _ » :
_ The first clinical report appeared in 1951&&Eddy et al 1957).



Ethoheptazine was found to have a very low addictive liability
- being iess than tha£ of codéine. It did not produce respiratory
depression and did not seem to induce tolérance. However its ?otency
was only about one third that of pethidine. In humans, this drug was

orally effective against moderate pain in doses 50-100 mg (see Eddy et al

1957) «

: On balance ethoheptazine was found to be ffee of most of the

unwanted side effects of morphine but was a relatively weak analgesic.

It is presently marketed in combination with aspirin.-

Methyl sﬁbstitution in the 3 position of piperidine ring of
pethidine had been shown to be advantageous and had led to the potent
compouﬁds,alpha and beta.prodiné. Based on. this observation a more
potent successor to ethoheptazine was found at Wyeth Laboratories in the

form of Wy 535

\\ .
\\4—00002H5 hexahydro-1, 3-dimethyl ~l4=phenyl
‘CH3 azepin =hecarboxylic acid, ethyl ester
Wy 535
N ” .
l
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Analgesic testing in rats and monkeys indicated that Wy 535 had
anaigesic effectiveness greater than that of codeine or pethidine ana was
without many of the side effects of narcotic analgesics(Malis, 19620
However clinical studies showed the comﬁound to be convulsant in high

doses and consequently further investigation of the compound ceased.
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In the late 1950's Parke Davis & Co. had becéme iﬁterested in the
pyrrolidine analogue of the prodines. , A considerablé number of compounds
in this series were prepared and details of structure activity- relation-
ships were reported by Cavalla 23_21.(1961)° . This work culminaéea in the

discovery of prodilidine.

1, 2~dimethyl-3-phenyl-3-
propionyloxypyrrolidine hydrochloride

—~ prodilidine

Winder et al (1961), and Kissell and co workers (1961a; 1961b,)

" reported their detailed pharmacological investigations on the
compound. Its analgesic potency in rodents was generally similar to that
of codeine when given orally but was significantly less potent than codeine
when given parenterally. Prodilidine differed from other morphine-like
drugs in lacking antitussive action, a constipating action, respiratory
depression or significant cardiovascular effects except at high dosage.
Its acute toxicity was in the range of codeine. 'The_effects of prodilidene were
not antagonized by nalorphine and the drug did not support morphine physical
dependence in monkeys. While initial clinical trials looked quite promising,
(Cass & Frederick,1963), more extensive study showed the compound to be only
weakly active. In addition the same compound had been discovered indepen~
dently by Mead, Johnson & Co.Limited. This led to a dispute over patent
rights and eventually neither'company went ahead with it. In the meantime
Parke, Davis & Co. had extended their investigations into analogues of
prodilidene which evehtually culminated in the discovery of profadol,

m-(1-methyl-3-propyl-3-pyrrolidinyl)phenol.





















































































































































































































































































































































































































































































































