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Studies on the peripheral pharmacology of
fenazoxine, a potential antidepressant drug
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N.S.W., Australia

1. The action of fenazoxine, a cyclized analogue of orphenadrine, has been
studied on peripheral tissues innervated by adrenergic and cholinergic nerves.
The hypothesis that cyclization of the alkyl amino chain of orphenadrine results
in a molecule which retains the noradrenaline sensitizing action of orphenadrine
but lacks the antimuscarinic activity has been investigated.

2. The antimuscarinic activity of fenazoxine, on guinea pig ileum, was approxi-
mately 1/30 that of orphenadrine.

3. Fenazoxine, desmethylimipramine and cocaine potentiated the response to
noradrenaline and sympathetic nerve stimulation on the cat nictitating mem-
brane, isolated rabbit ear artery and isolated driven atrial strip preparations.

4. On the driven atrial strip preparation, fenazoxine at concentrations of
5x107M and 1x10~°M produced a small potentiation of the inotropic
response to isoprenaline. At 5x107°M and 5 x 10~°M fenazoxine antagonized
the inotropic response to tyramine.

5. Chronic denervation of the cat nictitating membrane abolished the poten-
tiating action of fenazoxine.

6. The results presented suggest that fenazoxine inhibits the uptake of
catecholamines in a manner similar to that reported for desmethylimipramine
and cocaine.

7. [Evidence is also presented which suggests that fenazoxine, like desmethyl-
imipramine, possesses anti-noradrenaline activity at higher concentrations.

Fenazoxine, 1-phenyl-5-methyl-1, 3, 4, 6 tetrahydro 5-H-benzo (f)-2, 5-oxazocine
hydrochloride (Klohs, M. W., Draper, M. D. & Petracek, F. J. ; unpublished), may
be considered as a cyclized analogue of the anti-parkinsonian agent orphenadrine
(Fig. 1).

* Present address: School of Biological Sciences, Macquarie University, Eastwood, N.S.W.,
Australia.

1 Present address: Department of Physiology, Monash University, Clayton, Victoria, Australia.
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Orphenadrine has been shown to possess a number of pharmacological properties.
Bijlsma, Harms, Funcke, Tersteege & Nauta (1956) have demonstrated that or-
phenadrine has antimuscarinic and antihistaminic activity. More recently, Bassett,
Story & Cairncross (1968) showed that orphenadrine potentiated the positive
inotropic actions of a number of sympathomimetic amines on the isolated guinea-
pig atria preparation. These authors suggested that orphenadrine inhibited the
neuronal uptake of certain sympathomimetic amines. In support of this hypothesis,
Story & Story (1969) demonstrated that orphenadrine reduced the uptake of tritiated
(+)-noradrenaline by isolated guinea-pig atria. It was of interest to note that
orphenadrine has been used clinically for the treatment of depression (Bojanovksy
& Chloupkovd, 1961 ; Sedivec & Viénd, 1961). The antidepressant effect of or-
phenadrine may possibly be related to its ability to inhibit the uptake of noradrena-
line at certain synaptic sites.

Carlsson (1966) and Hillarp, Fuxe & Dahlstrom (1966) suggested that the anti-
depressants desmethylimipramine and protriptyline act at least partly by blocking
the membrane transport of monoamines in neurones of the central nervous system.
Glowinski & Axelrod (1966) also postulated that imipramine and other antidepres-
sant drugs exert their effect by preventing the re-uptake of noradrenaline liberated
from central neurones, thus increasing its availability. Imipramine and other
tricyclic antidepressant agents also possess distinct atropine-like activity (Domenjoz
& Theobald, 1959 ; Cairncross, Gershon & Gust, 1963 ; Rathbun & Slater, 1963).

The possibility was considered that altering the molecular configuration of or-
phenadrine through cyclization of the alkyl amino side chain would result in a
molecule with reduced antimuscarinic activity while still retaining the noradrenaline
sensitizing properties of the parent compound. Should this be the case, then fena-
zoxine could be a clinically useful antidepressant agent without the atropine-like side-
effects associated with the tricyclic antidepressants (Jarvik, 1966).

The purpose of the present investigation was to evaluate the noradrenaline poten-
tiating activity and the antimuscarinic activity of fenazoxine. The antimuscarinic
_ activity was examined using the isolated guinea-pig ileum. The ability of fenazoxine

to sensitize the action of noradrenaline and nerve stimulation was studied on three
sympathetically innervated tissues. These preparations were the cat nictitating
membrane, the guinea-pig atrial strip and the isolated rabbit ear artery ; the activity
of fenazoxine was compared with that of cocaine and desmethylimipramine, two
drugs known to block the neuronal uptake of noradrenaline (Iversen, 1965).
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FIG. 1. Structure of fenazoxine and orphenadrine.
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Methods
Guinea-pig ileum

Antimuscarinic activity was determined by the method of Schild (1947) using a
2 min contact time.

Nictitating membrane of the cat

Cats of either sex, weighing 2-:3-4:0 kg, were anaesthetized by the intraperitoneal
administration of pentobarbitone, 35 mg/kg. The trachea and left femoral vein
were cannulated. Drugs were injected via the femoral vein. Contractions of the
nictitating membrane were recorded by an isotonic strain gauge transducer coupled
to a Beckman Dynograph recorder, Parameters measured were the contraction
amplitude and the recovery time of contraction. The recovery time, #1, was
measured as the time taken for the contraction to decay to half its peak amplitude.

Contractions of the nictitating membrane were elicited by either preganglionic
stimulation of the cervical sympathetic nerve or injection of noradrenaline via the
femoral vein. Stimuli of 0-5 msec duration were applied to the preganglionic nerve
with bipolar platinum electrodes at a frequency of 5 pulses/sec for 10 sec. The
stimulus voltage was adjusted to elicit submaximal responses. The interval between
responses was sufficient to allow the membrane to return to its normal resting level.
Five constant submaximal responses to nerve stimulation or injected noradrenaline
were obtained before and after injection of cocaine, desmethylimipramine (DMI),
or fenazoxine. The dose of noradrenaline varied between 69 and 19-0 pg/kg in
normal animals and 28 and 170 ng/kg in denervated animals.

The nictitating membranes of four cats were denervated by removal of the left
superior cervical and nodose ganglia at least 3 weeks before conducting the experi-
ment. The operation was carried out under aseptic conditions using pentobarbitone
anaesthesia, 35 mg/kg intravenously, with atropine sulphate premedication, 300
pg/kg intravenously.

Electrically driven guinea-pig atrial strip

The technique used was similar to that described by Blinks (1966). Triangular
strips, approximately 5 mm wide at the base and 7 mm in length, were cut from the
left atrium. The base of the strip was clamped in the electrode assembly and the
apex was connected to an isotonic strain gauge transducer. The tissue was immersed
in Krebs-Henseleit solution maintained at 32:5° C and gassed with oxygen contain-
ing 5% carbon dioxide.

Driving stimuli of 1 msec duration were delivered with a punctate platinum elec-
trode at a frequency of 1 pulse/sec. The voltage used, 1'5 to 3 V, was just suffi-
cient to elicit contractions. Contraction amplitude was recorded on a Brush MK 240
recorder. To overcome any slight inotropic action of the test compound affecting
the results the difference between the resting and maximum amplitudes of contrac-
tion was measured.

Log. dose-response curves were established by the cumulative method for nor-
adrenaline, isoprenaline or tyramine before and during the presence of cocaine,
DMI or fenazoxine. Regression lines were fitted to linear portions of the curves by
the method of least squares. Fach pair of lines was tested statistically for co-
incidence and parallelism and the potency ratio was calculated.
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Isolated central artery of the rabbit ear

Segments of the central ear artery 2 cm in length were double-cannulated and
perfused at a constant flow rate (4—6 ml./min) with Krebs-Henseleit solution main-
tained at 37° C, according to Method 1 described by de la Lande, Cannell &
Waterson (1966). Perfusion pressure was measured with a Statham P23Db pressure
transducer coupled to a potentiometric recorder, calibrated 0-200 mm Hg. Peri-
arterial nerve stimulation was delivered by concentric bipolar platinum electrodes.
Stimulus parameters were: 2 or 5 pulses/sec, 0-5 msec duration, delivered for 10
sec. The stimulus voltage was supramaximal.

The constrictor responses to exogenous noradrenaline were elicited by leaving
the drug in the extraluminal bathing solution until a maximal rise in perfusion
pressure was attained. This period varied from 2 to 5 min. Noradrenaline log.
dose-response curves were fitted by eye to the responses recorded in triplicate at
three dose levels given in latin square sequence.

Cocaine, DMI or fenazoxine was added to the extraluminal bathing fluid and
after 15 min equilibration with the tissue the log. dose-response curve was redeter-
mined. The distance between the two curves was measured graphically to give the
potency ratio.

Krebs-Henseleit solution

The atrial strip preparation was bathed with physiological solution having the
following composition: NaCl, 118 mm ; KCl, 47 mMm ; NaHCO,, 25:0 mMm ; MgSO,,
0-45 mMm ; KH,PO,, 1:-03 mMm ; CaCl,, 2-5 mM ; and D (+) glucose, 111 mMm. The
isolated ear artery was bathed with a solution of similar composition with the
following differences: MgSO,, 053 mm and KH,PO,, 1-18 mm.

Drugs used

Atropine sulphate (Knoll), cocaine hydrochloride (Macfarlan Smith), desmethyl-
imipramine hydrochloride (Pertofran; Geigy), (+) fenazoxine hydrochloride
(Riker), (+) isoprenaline hydrochloride (Isuprel; Winthrop), (-) noradrenaline
hydrochloride (Sigma) or bitartrate (Levophed ; Winthrop), (+) orphenadrine citrate
(Riker) and tyramine hydrochloride (Sigma). Doses quoted in g/kg refer to the
base.

Results
Guinea-pig ileum preparation
The mean pA, values (+S.E.) for the acetylcholine response were found to be:
fenazoxine, 5-5 +0-2 ; orphenadrine, 696 +0-09 ; atropine, 8:70 + 0-08.
Cat nictitating membrane preparation

Effects of cocaine, desmethylimipramine and fenazoxine on contractions elicited
by preganglionic nerve stimulation. Cocaine, DMI and fenazoxine potentiated the
recovery time, and the amplitude of contractions elicited by preganglionic nerve
stimulation. The mean percentage increases (+standard error) of the two para-
meters are shown in Table 1.
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Cocaine potentiated both the recovery time and the contraction amplitude over
the entire concentration range studied. In contrast, with DMI or fenazoxine, as the
injected dose was increased from 1-5 to 4-5 p-moles/kg, the potentiation of the
contraction amplitude was reduced, although the potentiation of the recovery time
was further increased.

Experiments with alternate stimulation of the pre- and post-ganglionic cervical
sympathetic nerve showed that there was no difference between the actions of fena-
zoxine on the nictitating membrane contractions elicited by the two methods of
stimulation. Similar findings were reported by Haefely, Hiirlimann & Thoenen
(1964) for the action of cocaine.

Effect of fenazoxine on contractions elicited by noradrenaline in normal and
denervated animals. Responses elicited by injection of noradrenaline into normal
animals were potentiated by fenazoxine. This potentiation was greater than that
observed when contraction was elicited by nerve stimulation (compare Tables 1
and 2).

Denervation completely abolished the potentiation of the contraction amplitude
produced by fenazoxine, and greatly reduced the potentiation of recovery time
(Table 2). The sensitivity of the membrane to injected noradrenaline was markedly
enhanced by denervation (110-470 fold). This is comparable with the enhanced
sensitivity reported by Haefely et al. (1964).

Electrically driven guinea-pig atrial strip preparation

Effects of cocaine, desmethylimipramine and fenazoxine om the noradrenaline
dose-response relationship. Cocaine, DMI and fenazoxine potentiated the inotropic

TABLE 1. Effect of cocaine, desmethylimipramine and fenazoxine on the responses of the cat nictitating
membrane to preganglionic nerve stimulation

Mean (+S.E.) %

Mean (&S.E.) % increase in
Dose increase in contraction

Drug p-mole/kg recovery time ¢4 amplitude
Cocaine (2) 0-15 13+ 4 8+3
1- 86411 3342
45 206437 5914
Desmethylimipramine (3) 0-15 19+ 1 T+1
15 1574+ 7 18+2
45 259421 4414
Fenazoxine (3) 0-15 11+ 1 842
1-5 1214+ 3 3414
4-5 209+ 9 2945

Numbers in brackets indicate the number of experiments.

TABLE 2. Effect of denervation on the action of fenazoxine on the responses of the cat nictitating
membrane elicited by exogenous noradrenaline

Dose of fenazoxine Mean* 9, increase in Mean* %, increase in
p-mole/kg recovery time 7% (4 S.E.) contraction amplitude (4 S.E.)
Al A
f N7 -~
Control Denervated P< Control Denervated P<
0-15 634+ 8 46+ 7 0-20 63+ 8 24 7 0-001
15 275429 50+ 7 0-001 195429 -1+ 8 0-001
45 461+90 101417 0-001 242437 3411 0-001

* Mean values derived from pooled results of four experiments.
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action of noradrenaline. The mean potency ratios obtained at several molar con-
centrations are shown in Fig. 2. At 5x107*m, only DMI showed significant
potentiation.

At 5 x 10~°M, however, both cocaine and fenazoxine were more potent than DMI.
At 5x107°M all three compounds exhibited a reduced noradrenaline potentiation
relative to that observed at 5 x 10~°M.

Effect of fenazoxine on the isoprenaline dose-response relationship. Fenazoxine
produced a small but significant potentiation of the isoprenaline response at con-
centrations of 5x10~'™M and 1x107°M. At 5x10~°M fenazoxine reduced the
isoprenaline response (see Fig. 2).

Effect of fenazoxine on the tyramine dose-response relationship. The inotropic
response of the atrial strip to tyramine was reduced by fenazoxine. At 5x 10~°M
fenazoxine, the potency ratio was 0-05+0-02. At 5 x 10~°M the potency ratio was
reduced to 0-020+0-005. The figures quoted are the means ( +standard error) of
the potency ratios obtained from three experiments.

Isolated central artery of the rabbit ear

Effect of cocaine, desmethylimipramine, and fenazoxine on the response elicited
by periarterial stimulation. Addition of cocaine, DMI or fenazoxine to the extra-
luminal bathing fluid at a concentration of 2 x 10~®M potentiated the increase in
perfusion pressure elicited by periarterial nerve stimulation.

At 2 x 10~*Mm, fenazoxine and DMI showed two actions dependent on the duration
of contact of the drug with the artery. A marked potentiation of the response to
nerve stimulation was seen 2 min after the addition of DMI or fenazoxine. This
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FIG. 2. Driven guinea-pig atrial strip preparation. The effect of various concentrations of
cocaine (A——2\), desmethylimipramine (O——(Q) and fenazoxine (+——+) on the nor-
adrenaline potency ratio and of fenazoxine on the isoprenaline potency ratio (x x).
Potency ratios <1 represent antagonism. Vertical bars denote standard errors.
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effect was transient, however, and after incubation for 10-20 min an antagonism
was produced. DMI exerted a greater antagonistic effect than fenazoxine. In
contrast, cocaine at 2 x 10~°m only potentiated the response.

Typical effects of fenazoxine at 2 x 10~*m and 2 x 10~°M are shown in Fig. 3.

Effects of cocaine, desmethylimipramine and fenazoxine on the responses elicited
by exogenous noradrenaline. The results of these experiments are illustrated in
Fig. 4.

Cocaine, DMI and fenazoxine potentiated the response to noradrenaline. DMI
and fenazoxine produced maximal potentiation at 1x 10~'M and 5 x 10~'M respec-
tively ; the potentiation was reduced in magnitude at higher concentrations. In con-
trast, the potentiation by cocaine of the noradrenaline response increased with
concentration over the entire concentration range investigated.

At concentrations of 2 x 10~°M and higher, DMI and fenazoxine produced two
distinct time-dependent actions on the noradrenaline response. These effects were
similar to those previously described for periarterial nerve stimulation.

Discussion
The antimuscarinic activity of fenazoxine was considerably less than that of
orphenadrine. It is probable that this reduction in antimuscarinic activity is due to

the additional steric constraint imposed on the nitrogen atom of the fenazoxine
molecule by ring closure.

Fenazoxine potentiated the responses to sympathetic nerve stimulation and exo-
genous noradrenaline on sympathetically innervated tissues. This action resembled
that of cocaine and DMI. Cocaine (Haefely et al., 1964 ; de la Lande, Frewin &
Waterson, 1967) and DMI (Callingham, 1967) potentiate the action of noradrenaline
on various peripheral tissues. Further, cocaine and DMI are potent inhibitors of
the uptake of labelled noradrenaline into isolated perfused rat heart (Iversen, 1965),
suggesting that these drugs potentiate the actions of noradrenaline by inhibiting its
uptake into adrenergic nerve endings.

Bonaccorsi & Hrdina (1967) found that cocaine and DMI inhibited the tyramine
pressor response of pithed rats. Cocaine also antagonized the tyramine response of
rabbit aorta and guinea-pig atria (Furchgott, Kirkepar, Rieker & Schwab, 1963).
The accumulation of “C-tyramine by mouse cortex slices was partially inhibited by
cocaine and DMI (Ross & Renyi, 1966). These findings are consistent with the
concept of tyramine acting * indirectly ” by release of noradrenaline from neuronal
stores (Fleckenstein & Burn, 1953 ; Burn & Rand, 1958). In the present studies,
fenazoxine inhibited the action of tyramine on the guinea-pig atrial strip preparation.

Since fenazoxine potentiates the action of noradrenaline and antagonizes the
action of tyramine, it is suggested that fenazoxine inhibits the neuronal uptake of
noradrenaline and tyramine in a manner similar to that reported for cocaine and
DMI.

Further evidence for the hypothesis that fenazoxine inhibits neuronal uptake of
noradrenaline is obtained from the chronically denervated cat nictitating membrane
experiments. Denervation abolished the potentiation of the contraction amplitude
observed with fenazoxine, demonstrating that the potentiating action of fenazoxine
is dependent on intact adrenergic nerve endings. Similar findings have been reported
for cocaine (Haefely et al., 1964).
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Fenazoxine produced a small, although statistically significant, potentiation of the
inotropic action of isoprenaline on the guinea-pig atrial strip. This potentiation is
probably brought about by inhibition of Uptake,, the process whereby isoprenaline is
taken up in small amounts by rat heart (Callingham & Burgen, 1966). This possible
action of fenazoxine would be in contrast to that of DMI. DMI affects the Uptake.
process only at high concentrations (Iversen, 1965).

The results from the three adrenergically innervated preparations suggest that
fenazoxine and DMI have an additional action not attributable to an inhibition of
catecholamine uptake. As the concentration of fenazoxine or DMI was increased
above a certain level, dependent on the tissue used, the noradrenaline potentiation
was reduced. This effect was more marked with DMI, high concentrations of
which antagonized the noradrenaline responses of the isolated artery. The inotropic
action of isoprenaline on the isolated atrial strip was also antagonized by high con-
centrations of fenazoxine. Callingham (1967) showed that DMI antagonized the
vasoconstrictor action of noradrenaline on the isolated rabbit ear. The suggestion
of Bonaccorsi & Hrdina (1967) that DMI may possess “ adrenolytic ” activity is
supported by the present data. These data also suggest that fenazoxine exhibits
similar but less potent antagonistic activity. However, the present experiments do
not give any indication of the specificity of this antagonism ; non-specific depressant
activity could account for the observed action. On the chronically denervated cat
nictitating membrane, the depressant action of fenazoxine would be expected to
antagonize the contraction amplitude. An antagonism was not observed, suggesting
that either the nictitating membrane was incompletely denervated or that there had
been partial regeneration of adrenergic nerve fibres. This suggestion is supported by
the observation that potentiation of contraction recovery time of the nictitating
membrane, although markedly diminished, was not abolished.

In the rabbit ear artery experiments, the potentiating and antagonistic actions of
fenazoxine and DMI followed different time courses. The potentiating action was
rapid in onset while the antagonism developed slowly.

The postulate that cyclization of the alkyl amino side-chain of orphenadrine
would result in a compound with reduced antimuscarinic activity and which retained
the noradrenaline sensitizing properties of orphenadrine has proved to be correct.
The antimuscarinic activity of fenazoxine was only 1/30 of that of orphenadrine,
whereas its ability to potentiate the actions of noradrenaline on peripheral tissues
was comparable with that of DMI and cocaine. The significance of these findings
in relation to the antidepressant activity of fenazoxine is being investigated.

We gratefully acknowledge the skilled technical assistance of Mr. R. I. Dunn and Miss
Lyndal Ritchie and wish to thank Mr. D. F. Story for his constructive criticism of this manu-
script. A preliminary report of this work was presented at the Australian Physiological and
Pharmacological Society meeting in Canberra in May, 1968.
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