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The analgesic action of morphine-N-oxide
M. R. FENNESSY
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1. The analgesic activity of morphine-N-oxide in mice and rats has been
investigated and compared with that of morphine.
2. Both morphine and morphine-N-oxide were more active when given sub-
cutaneously than when given intraperitoneally.
3. Given subcutaneously, morphine was 11-22 times more potent than
morphine-N-oxide and when given intraperitoneally it was 39-89 times more
potent. The potencies depended on the test situation and the species of animal
used.
4. In animals pretreated with amiphenazole or tacrine, the analgesic activities
of morphine and morphine-N-oxide were increased. The potencies of these
analgesic drugs given intraperitoneally were increased to a greater extent than
were the potencies obtained by subcutaneous administration.
5. A possible explanation for the increase in analgesic potency of morphine-N-
oxide produced by pretreatment with amiphenazole or tacrine may be that
morphine-N-oxide is rapidly inactivated in the liver and this inactivation is
impaired by amiphenazole and tacrine.

Morphine-N-oxide has been reported to possess little or no analgesic activity
(Freund & Speyer, 1910; Rosenthaler, 1933; Keil, Schmidt & Gunther, 1933;
Anton, Theiss & Weissig, 1935). It is difficult, however, to evaluate these reports
for they contain insufficient information concerning the species and numbers of
animals used, the routes of administration and whether morphine-N-oxide was given
as a solid, suspension or solution. Braenden, Eddy & Halbach (1955) predicted
only a weak analgesic activity for morphine-N-oxide. They suggested that the
tertiary nitrogen of morphine cannot be made quaternary, as in the formation of
morphine-N-oxide, without a great diminution in analgesic activity. On the other
hand Polonowsky, Nayrac & Tiprez (1930) reported that when administered sub-
cutaneously, morphine-N-oxide possessed considerable analgesic activity.

In dogs, amiphenazole (2,4-diamino-5-phenylthiazole) and tacrine (1,2,3,4-tetra-
hydro-9-aminoacridine, THA) reversed morphine-induced sleep (Shaw & Bentley,
1952; Shaw, Gershon-& Bentley, 1957). In man they have been found to reverse
or prevent narcosis produced by morphine while analgesia has been maintained
or even increased (Shaw & Shulman, 1955; Holmes, 1956; McKeogh & Shaw,
1956; Christie, Gershon, Gray, Shaw, McCance & Bruce, 1958; Stone, Moon &
Shaw, 1961). McKenzie (1960) has reported that amiphenazole potentiated
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morphine-induced analgesia in mice. It was suggested that amiphenazole combined
with morphine to produce an intermediate complex which was analgesic but non-
addicting (Gershon, Bruce, Orchard & Shaw, 1958). Bruce (1964) has shown that
amiphenazole may be of use in the treatment of morphine and opium addiction.
Since then, chromatographic studies of urine from patients treated with morphine
and amiphenazole, and morphine and tacrine have revealed a substance distinct
from these three drugs. This substance was identified as morphine-N-oxide, and it
was suggested that this compound may be an intermediate product in the con-
version of morphine to normorphine in the liver. Morphine-N-oxide has not been
detected as a metabolite of morphine in normal circumstances; this may be due to
rapid breakdown by microsomal enzymes. Amiphenazole and tacrine may act by
inhibiting an enzyme responsible for the conversion of morphine-N-oxide to
normorphine with a consequent accumulation of morphine-N-oxide (Woo, Gaff &
Fennessy, 1968).

This paper describes the analgesic actions of morphine and morphine-N-oxide
and the effects of amiphenazole or tacrine on their actions.

Methods

The analgesic potencies and the duration of action of morphine and morphine-N-
oxide given by the subcutaneous and intraperitoneal routes were compared in mice
with the hot plate method and in rats with the tail pinch method. The potency and
duration of action of these analgesics were also compared in animals treated with
amiphenazole and tacrine.

Hot plate method

The method of Eddy & Leimbach (1953) was used. The criterion of analgesia
was the absence of hind paw licking within 30 sec after placing the mouse on the hot
plate. Reaction times were recorded 30 min before drug administration and at
30, 60, 90, 120, 180 and 240 min after injection. The ED50 for analgesia was
determined from the reaction times recorded 30 min after drug administration.
The experimental animals were white Swiss mice (Commonwealth Serum Labora-
tories) of both sexes and weighing between 20 and 25 g. A group of ten was used
for each dose level.

Tail clip method

The method was that of Bianchi & Franceschini (1954). A large artery clip, with
its jaws covered by thin silicone rubber tubing, was applied to the base of the tail
of a rat. Only animals which made repeated attempts to remove the clip within
15 sec were used. The criterion of analgesia was the absence of any attempt to
remove the clip within 30 sec. The determination of the ED50 for analgesia and
the duration of action was the same as that used in mice with the hot plate method.
Albino Wistar rats of both sexes weighing between 200 and 250 g were used. A
group of eight was used for each dose level.
The doses producing analgesia (at the criterion levels adopted) in 50% of animals

(ED50) together with the 95% confidence limits were determined according to the
method of Lichfield & Wilcoxon (1949).
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Drugs

The drugs used were morphine sulphate (D.H.A.), morphine-N-oxide, amiphena-
zole hydrochloride (Nicholas Pty. Ltd.) and tacrine (H. W. Woods Pty. Ltd.). The
concentration of amiphenazole has been expressed in terms of the salt, and those of
morphine, morphine-N-oxide and tacrine in terms of base. Morphine-N-oxide was
prepared according to the method of Freund & Speyer (1910). Solutions for injec-
tions were made by dissolving it in 0.1 N-HCI with adjustment to pH5 with NaOH;
they were freshly prepared on the day of each experiment.

Results
Morphine analgesia

In both rats and mice, morphine was approximately 1.5 times more potent in pro-
ducing analgesia when given subcutaneously than when given intraperitoneally
(Fig. 1). This small difference was not statistically significant (P30.05). At the
ED50, maximum reaction times were observed 30 min after the injection of morphine
and, at this dose level, the duration of analgesia was approximately 2 hr by either
route.
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FIG. 1. Analgesic activity of morphine administered intraperitoneally or subcutaneously in rats
and mice, and the effects of pretreatment with amiphenazole (20 mg/kg) or tacrine (1.5 mg/kg),
injected intraperitoneally 30 min before the morphine. Analgesia was tested 30 min after
administration of morphine, and the ED50 was calculated from the proportions of animals
exhibiting analgesia at the criterion level in each dose group. The vertical lines represent
the 95% confidence limits. Open columns, morphine; closed columns, morphine+amiphena-
zole; hatched columns, morphine+tacrine.
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Intraperitoneal injections of amiphenazole (20 mg/kg) or tacrine (1.5 mg/kg)
were without analgesic effect when given alone, but significantly increased the
analgesic potency of intraperitoneally administered morphine (P c 0.05). There was
little change in the analgesic activity of subcutaneously injected morphine. In
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FIG. 2. Analgesic activity of morphine-N-oxide as affected by various factors: for details see
legend to Fig. 1. Open columns, morphine-N-oxide; closed columns, morphine-N-oxide +
amiphenazole; hatched columns, morphine-N-oxide+ tacrine.
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FIG. 3. Analgesic activities of morphine (circles) and morphine-N-oxide (triangles) (MNO) in
mice 30 min after subcutaneous (closed symbols) or intraperitoneal (open symbols) injection.
Abscissa: dose in mg/kg on log scale. Ordinate: percentage of mice in each group exhibiting
analgesia on a provisional probit scale. The figures in parentheses refer to the number of
mice used for determining each point.
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animals pretreated with amiphenazole or tacrine there was virtually no difference in
the potency of morphine when given intraperitoneally or given subcutaneously-that
is, the EDSO values for subcutaneously and intraperitoneally administered morphine
were the same (Fig. 1). The duration of analgesia in the pretreated animals was
extended by about 1 hr. Amiphenazole and tacrine were just as effective in increas-
ing analgesia and prolonging duration of action when they were given 0.5, 18 or
24 hr before morphine.

Morphine-N-oxide analgesia

In both rats and mice, morphine-N-oxide given subcutaneously was about 5.5
times more powerful in producing analgesia than when given intraperitoneally (Fig.
2). The differences were statistically significant (P= 0.05). The duration of
analgesia induced by the ED5O of morphine-N-oxide was similar to that of the
ED5O of morphine, being approximately 2 hr. Pretreatment of animals with ami-
phenazole or tacrine significantly decreased the analgesic ED5O values for morphine-
N-oxide and increased the duration of action by about 1 hr after subcutaneous or
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FIG. 4. Analgesic activities of morphine (circles) and morphine-N-oxide (triangles) in rats 30
min after subcutaneous (filled symbols) or intraperitoneal (open symbols) injection. Abscissa:
dose in mg/kg on log scale. Ordinate: percentage of rats in each group exhibiting analgesia
on a provisional probit scale. The figures in parentheses refer to the number of rats used at
each dose level.

TABLE 1. Ratio of the analgesic activities in mice and rats of morphine and morphine-N-oxide, given
alone and after pretreatment with amiphenazole or tacrine injected intraperitoneally 30 min previously

Mouse Rat
(Hot plate) (Tail clip)

Pretreatment Subcutaneous Intraperitoneal Subcutaneous Intraperitoneal
None 10.7 39.0 22-0 88.9
Amiphenazole (20 mglkg) 3-3 3.3 14.4 14-1
Tacrine (15 mglkg) 6.5 6.8 18.3 18X9

ED5O morphine
Ratio of analgesic potency:

ED5O morphine-N-oxide
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intraperitoneal injection (Fig. 2). As with morphine, the ED5O values for sub-
cutaneously and intraperitoneally administered morphine-N-oxide were almost
identical in the presence of amiphenazole and tacrine when these drugs were given
0.5, 18 or 24 hr before morphine-N-oxide. Amiphenazole was more effective than
tacrine in lowering this ED50.

Linear relationships were observed between the logarithm of the dose and the
probits corresponding to the proportion of animals exhibiting analgesia at each dose
level for both morphine and morphine-N-oxide, as shown for mice in Fig. 3 and for
rats in Fig. 4. The slopes of the lines do not differ from parallelism (P=0.05).
These graphs also show the relative potencies of morphine and morphine-N-oxide
given subcutaneously and intraperitoneally. Table 1 shows that morphine was 11
to 89 times more potent than morphine-N-oxide depending on the species used and
the route of administration. Both amiphenazole and tacrine reduced the difference
in potency between morphine and morphine-N-oxide, amiphenazole being the more
effective.

Discussion

Morphine-N-oxide has been found to possess analgesic activity. Depending on the
test situation and the species used, morphine was 39-89 times more potent than
morphine-N-oxide when given intraperitoneally, but only 11-22 times more potent
when given subcutaneously. The analgesic activity of morphine was greater when
it was injected subcutaneously than when injected intraperitoneally, confirming a
previous report by Bianchi & Franceschini (1954). It has been shown that the
liver rapidly destroys analgesic drugs (Sung & Way, 1950; Bonnycastle & Delia,
1950). It has been suggested that morphine may be partly N-demethylated to
normorphine in liver and brain of several species (March & Elliot, 1954; Axelrod,
1956; Mellet & Woods, 1961; Misra, Mule & Woods, 1961; Milthers, 1962a, b).
Glucuronide formation in the liver is, however, probably the most significant factor
in the termination of the actions of morphine (Way & Adler, 1961). The fact that
morphine is metabolized in the liver explains the difference in activity with different
routes of administration. When morphine is injected intraperitoneally, it is absorbed
into blood vessels that join the portal system and the morphine passes directly to
the liver where it is presumably partly destroyed. On the other hand morphine
absorbed from a subcutaneous injection reaches the brain without first passing
through the liver.

Morphine-N-oxide was 5.5 times more effective when given subcutaneously than
when given intraperitoneally, indicating that it is rapidly inactivated by the liver.
It has been suggested that morphine-N-oxide is an unstable intermediate product
of morphine metabolism (Woo, Gaff & Fennessy, 1968) and the reductive demethyl-
ation of morphine-N-oxide to normorphine may be due to an enzymatic step.

Others have considered the possibility that morphine metabolites may play a

prominent part in mediating the analgesia produced by morphine administration.
Thus, Beckett, Casy & Harper (1956) related N-demethylation to analgesia and
suggested that normorphine mediated the analgesic responses. Although Axelrod
& Cochin (1957) indicated that N-demethylation is not of great significance in the
production of morphine analgesia, we suggest the individual steps in the conversion
of morphine to normorphine are of some consequence.
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A possible explanation for the increase in analgesic activities of morphine and
morphine-N-oxide produced by pretreatment with amiphenazole or tacrine may be
inhibition of an enzyme that converts morphine-N-oxide to normorphine: the accumu-
lation of morphine-N-oxide would then result in increased analgesic activity. Another
possibility is that the conversion of morphine to its N-oxide may constitute a minor
pathway of its metabolism while conjugation with glucuronic acid may be a major
pathway. If this major pathway is inhibited by amiphenazole or tacrine then the
minor pathway would become more important and have more morphine to deal
with, so that there could then be an accumulation of the N-oxide. A still further
possibility is that morphine-N-oxide is reduced to morphine. The low level of
activity of the N-oxide could then be due to an equilibrium between morphine-N-
oxide and morphine. This, however, does not explain why the N-oxide is much
more active subcutaneously than intraperitoneally.
The impairment by amiphenazole or tacrine of an enzymatic pathway that is

involved in the elimination of morphine-N-oxide (or of morphine) would explain
not only the increased analgesic activity of morphine and morphine-N-oxide in
animals but also the increase in analgesia reported by cancer patients treated with
a combination of morphine and amiphenazole (Gershon et al., 1958) or morphine
and tacrine (Shaw, 1960). The observations that morphine and morphine-N-oxide
(a) produced a greater degree of analgesia when given subcutaneously than when
given intraperitoneally, (b) possessed a similar duration of analgesic action and (c)
had parallel slopes when the probits corresponding to the proportion of animals
showing analgesia were plotted against the logarithm of the dose indicates that these
drugs may be acting on the same receptors and that their metabolic pathways may be
the same. An alternative explanation, however, is that morphine-N-oxide is con-
verted to morphine and that the same drug (morphine or its cation) is produced in
each case, under which conditions the same receptors are involved.

Thanks are due to H. W. Woods Pty. Ltd. and the Melbourne University Medical Research
Fund for financial support of the work. Thanks are also due to Miss S. Fleming for technical
asistance and to Professor M. J. Rand and Dr. C. Raper for their helpful criticism of the
manuscript.

REFERENCES
ANTON, G., THEIss, W. & WEISSIG, H. (1935). Ober die Frage de Gewohnung und der praktischen

Anwendung des Genomorphins als Narkotikum. Dt. med. Wschr., 61, 1195-1196.
AXELROD, J. (1956). The enzymatic N-demethylation of narcotic drugs. J. Pharmac. exp. Ther.,

117, 322-330.
AXELROD, J. & COCHiN, J. (1957). The inhibitory action of nalorphine on the enzymatic N-de-

methylation of narcotic drugs. J. Pharmac. exp. Thzer., 121, 107-112.
BECKETT, A., CASEY, A. & HARPER, N. (1956). Analgesics and their antagonists: some steric and

chemical considerations. Part III. The influence of the basic group on the biological response.
J. Pharm. Pharnac., 8, 874-883.

BIANCHI, C. & FRANCESCHIN, J. (1954). Experimental observations on Haffner's method for testing
analgesic drugs. Br. J. Pharmac. Chemother., 9, 280-284.

BONNYCASTLE, D. & DELIA, C. (1950). Effect of hepatectomy upon the analgesic action of metha-
done. Proc. Soc. exp. Biol. Med., 74, 589-591.

BRAENDEN, 0. J., EDDY, N. B. & HALBACH, H. (1955). Synthetic substances with morphine-like
effect. Relationship between chemical structure and analgesic action. Bull. Wld Hlth Org.,
13, 937-998.

BRUCE, D. W. (1964). Amiphenazole in the treatment of morphine and opium addiction. Lancet,
1010-1012.

CHRISTIE, G., GERSHON, S., GRAY, R., SHAW, F. H., MCCANCE, I. & BRUCE, D. W. (1958). Treat-
ment of certain side-effects of morphine. Br. med. J., 1, 675-680.



344 M. R. Fennessy

EDDY, N. B. & LEIMBACH, D. (1953). Synthetic analgesics. ll. Dithienylbutenyl- and dithienyl
butylamines. J. Pharmac. exp. Ther., 107, 385-393.

FREUND, M. & SPEYER, E. (1910). Enwirkung von Wasserstoff superoxyd auf Thebain, Morphin
und dessen Ather. Ber. dtsch. chem. Ges., 43, 3310-3314.

GERSHON, S., BRUCE, D. W., ORCHARD, N. & SHAw, F. (1968). Amiphenazole and morphine in
production of analgesia. Br. med. J., 2, 366-368.

HOLMES, J. M. (1956). Amiphenazole in obstetric analgesia. Lancet, 2, 765.
KEIL, W., SCHMIDT, H. & GUNTHER, A. (1933). Ober das Genomorphin. Dt. med. Wschr., 59,

959-960.
LITCHFIELD, J. T. & WILCOXON, F. (1949). A simplified method of evaluating dose-effect experi-

ments. J. Pharmac. exp. Ther., 96, 99-113.
MARCH, C. H. & ELLIOT, H. W. (1954). Distribution and excretion of radioactivity after administra-

tion of morphine-N-methyl C14 to rats. Proc. Soc. exp. Biol. Med., 86, 494-497.
McKENZIE, J. S. (1960). The effect of amiphenazole on morphine-induced analgesia in mice. Aiist.

J. exp. Biol. med. Sci., 38, 47-59.
MCKEOGH, J. & SHAW, F. H. (1956). Further experience with amiphenazole and morphine in

intractable pain. Br. med. J., 1, 142-144.
MELLET, L. B. & WOODS, L. A. (1961). Excretion of urinary N-C14-methyl morphine and pulmonary

C1402 in the monkey and dog after subcutaneous injection of the labelled drug. Proc. Soc.
exp. Biol. Med., 106, 221-223.

MILTHERS, K. (1962a). The N-demethylation of morphine in rats. Quantitative determination of
normorphine and morphine in the urine and faeces of rats given subcutaneous morphine. Acta
pharmac. tox., 19, 149-155.

MILTHERS, K. (1962b). The in vivo transformation of morphine and nalorphine in the brain of rats.
Acta pharmac. tox., 19, 235-240.

MISRA, A. L., MULE, S. J. & WOODS, L. A. (1961). The preparations of tritium nuclear-labelled
morphine and evidence for its in vivo biotransformation to normorphine in the rat. J. Pharmac.
exp. Ther., 132, 317-322.

POLONOWSKY, M., NAYRAC, P. & TIPREZ, J. (1930). Le N-oxide de morphine en therapeutique.
Bull. Acad. Med., 103, 174-178.

ROSENTHALER, L. (1933). Bertrage zum Nachmers organischer Verbundungen XIV. Die Gen-
Alkaloide. Pharmaz. Zeit., 78, 926-929.

SHAw, F. H. (1960). The treatment of severe pain. Br. J. Clin. Prac., 14, 23-28.
SHAW, F. H. & BENTLEY, G. A. (1952). Morphine antagonism. Nature, Lond., 169, 712-713.
SHAW, F. H., GERSHON, S. & BENTLEY, G. A. (1957). Morphine antagonism. J. Pharm. Pharmac.,

9, 666-671.
SHAW, F. H. & SHULMAN, A. (1955). Treatment of intractable pain with large doses of morphine

and diaminophenylthiazole. Br. med. J., 1, 1367-1369.
STONE, V., MOON, W. & SHAW, F. H. (1961). Treatment of intractable pain with morphine and

tetrahydroaminacrine. Br. med. J., 1, 471-473.
SUNG, C. & WAY, E. (1950). The effect of the liver on the metabolism of d,l-methadone ini vitro

and in vivo. J. Pharmac. exp. Ther., 98, 72-76.
WAY, E. & ADLER, T. (1961). The biological disposition of morphine and its surrogates. Bull.

Wid Hlth Org., 25, 227-262.
Woo, J. T. C., GAFF, G. A. & FENNESSY, M. R. (1968). The appearance of morphine-N-oxide in

human urine following the administration of morphine in combination with either amiphenazole
or tacrine. J. Pharm. Pha,mnwc., in the Press.

(Received Mal 23, 1968)


