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1 The LDsg of pethidine was determined in mice pretreated (4 h) either with the nonselective
monoamine oxidase (MAO) inhibitor, phenelzine or with clorgyline, a selective inhibitor of MAO A

or deprenyl, a selective inhibitor of MAO B.

2 Phenelzine or combined clorgyline plus deprenyl pretreatments decreased pethidine LDso.

3 Clorgyline or deprenyl alone did not affect pethidine toxicity.

4 Whole brain 5-hydroxytryptamine (5-HT) concentrations were measured in the pretreated
mice. 5-HT levels were approximately doubled (P<<0.001) after phenelzine or clorgyline plus
deprenyl treatment, but not after clorgyline or deprenyl given alone.

S These results indicate that both MAO A and MAO B need to be inhibited to increase pethidine
toxicity and brain 5-HT levels. They support the involvement of 5-HT in the toxic interaction

between pethidine and MAO inhibitors.

Introduction

Pethidine administered to patients already receiving
monoamine oxidase (MAO) inhibitors causes serious
toxic effects including excitement and hyperthermia
(Taylor, 1962; Goldberg, 1964). This toxic interac-
tion can also be produced in mice (Rogers & Thorn-
ton, 1969; Jounela, 1970; Botting etal., 1978) and in
rabbits (Loveless & Maxwell, 1965; Penn & Rogers,
1971; Fahim et al., 1972; Jounela et al., 1977). Both
the increased lethality of pethidine in mice and the
hyperthermia in rabbits have been attributed to an
increase in brain 5 hydroxytryptamine (5-HT) con-
centrations induced by the MAO inhibitors (Rogers
& Thornton, 1969; Jounela, 1970; Gong & Rogers,
1971; Fahim et al., 1972; Botting et al., 1978).

Two forms of MAO are present in mammalian
brain; MAO A for which the preferred substrates are
5-HT and noradrenaline (NA) and MAO B which
shows selectivity for phenylethylamine (Knoll et al.,
1965; Hall et al., 1969; Yang & Neff, 1974). Non-
selective inhibitors of both types of MAO such as
phenelzine, tranylcypromine or pargyline increased
the toxicity of pethidine (Loveless & Maxwell, 1965;
Rogers & Thornton, 1969; Jounela, 1970; Penn &
Rogers, 1971; Botting et al., 1978). Clorgyline, a
selective inhibitor for MAO A (Hall etal., 1969) and

deprenyl of MAO B (Knoll et al., 1965) have also
been tested. The toxic pethidine hyperthermia can be
seen in rabbits following pretreatment with clor-
gyline and deprenyl given together, but not with
either MAO inhibitor given alone (Jounela et al.,
1977). These two selective MAO inhibitors were
tested in this study for their effect on the toxicity of
pethidine in mice.

Methods
Toxicity measurements

LDsg values for pethidine were measured following
various pretreatments according to the method of
Litchfield & Wilcoxon (1949). CPLF mice of either
sex weighing 25-40 g were divided into groups of 10
animals. In any one test, the weight of the heaviest
mouse did not differ from the weight of the lightest by
more than 10 g. Between four and eight groups were
used in each test. Doses of pethidine between 50 and
150 mgkg™!, increasing by steps of 10 mgkg™!, were
given intraperitoneally to each group. Pretreatments
consisted of phenelzine (50 mgkg™!), clorgyline (20
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and 40mgkg™!), deprenyl (20 and 40 mgkg~?') or
combinations of clorgyline (2.5 mgkg™!) plus depre-
nyl (2.5mgkg™!) and clorgyline (10mgkg™!) plus
deprenyl (10 mgkg~!). Doses of inhibitors were ad-
ministered subcutaneously 4 h before the pethidine.
Ambient temperatures were between 25°C and
28°C. Percentage mortality was assessed for each
group 2 h after the pethidine injection.

Brain 5-hydroxytryptamine concentrations

To compare the effects of various pretreatments on
5-HT levels, brains were removed 4 h after treatment
with MAO inhibitors and immediately frozen in li-
quid nitrogen. 5-HT concentrations were measured
by the fluorimetric method of Curzon & Green
(1970).

Drugs

Pethidine hydrochloride (Roche), phenelzine hyd-
rogen sulphate (Warner), clorgyline (May and Baker
Ltd), deprenyl hydrochloride (Chinoin, Budapest)
and S-hydroxytryptamine hydrochloride (Sigma)
were used.

Results
Toxicity measurements

Pethidine LDso values are listed in Table 1. These
show that the LDsg dose of pethidine was markedly
reduced, by approximately 40% after pretreatment
of the mice with phenelzine (50 mgkg~!) and com-
bined clorgyline plus deprenyl pretreatments
(10 mgkg~! of each). Pretreatment with lower doses
of the selective inhibitors (2.5mgkg™! of each)
caused a real but slightly smaller increase in toxicity

(37%). Conversely, pretreatment with either clor-
gyline or deprenyl on their own did not increase
mortality even if doses of 40 mg kg~! were used.

Brain 5-hydroxytryptamine concentrations

The values for these are listed in Table 2. Following
treatment with phenelzine (50 mg kg~!) or combined
clorgyline plus deprenyl (10 mgkg~! of each), 5-HT
concentrations increased by 103% and 90% respec-
tively compared to saline-injected controls. After
clorgyline (20mgkg~!) on the other hand, 5-HT
concentrations increased by only 26% and after de-
prenyl (20 mg kg™!) hardly at all. Only the increases
produced by phenelzine or combined clorgyline plus
deprenyl treatments were significantly different from
saline-treated controls, (P < 0.001).

Discussion

The work of Rogers & Thornton (1969), Jounela
(1970), and Botting et al. (1978) indicated that the
increased toxicity of pethidine in mice after pretreat-
ment with nonselective MAO inhibitors was due to a
rise in brain 5-HT concentrations. Clorgyline has a
selective inhibitory effect on MAO A, the enzyme
which preferentially metabolizes 5-HT in the rat
brain (Yang & Neff, 1974). It seemed likely there-
fore that clorgyline would also increase the toxicity of
pethidine. This in fact did not happen even with high
doses of clorgyline. For the toxicity of pethidine to be
increased it was necessary to administer clorgyline
and deprenyl together and inhibit both MAO A and
MAO B. It was previously shown by Jounela et al.,
(1977) that pethidine hyperpyrexia in rabbits occur-
red only when both MAO A and MAO B were
inhibited by a combination of clorgyline and deprenyl
administered together, and not when clorgyline was

Table 1 Lethality of pethidine after pretreatment of mice with monoamine oxidase (MAO) inhibitors

Pretreatment (mgkg™!)
Saline

Phenelzine 50
Clorgyline

+ deprenyl 10+ 10
Clorgyline

+ deprenyl 25425
Clorgyline 20
Clorgyline 40
Deprenyl 20
Deprenyl 40

95% confidence limits are shown in parentheses.

LDsg pethidine % change in

(mgkg1) toxicity
127 (117-138)
75( 67— 84) +41
76( 67— 86) +40
80( 71~ 91) +37
125 (115 - 135) + 2
122 (114 - 130) + 4
132 (116 — 150) -4
120 (108 — 133) + 6

Pethidine was injected (i.p.) 4h after pretreatment with MAO inhibitor (s.c.) and mortality assessed 2h after
pethidine administration. Toxicity was increased by phenelzine and by combined treatments with clorgyline plus
deprenyl, but not by either selective inhibitor administered alone.
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Table 2 Brain 5-hydroxytryptamine (5-HT) concentrations after treatment with monoamine oxidase (MAO)

inhibitors

Treatment (mgkg™?) n
Controls (5)
Phenelzine 50 6)
Clorgyline

+ deprenyl 10+ 10 (6)
Clorgyline 20 (6)
Deprenyl 20 (6)

% increase
5-HT concentration (ugg™")  in5-HT concen-
(meants.e.) tration

0.59+0.03

1.20+0.04* 103
1.12+0.09* 90
0.74£0.07™s 26
0.61+0.02N 3

The mice were killed 4h after (s.c.) injection of MAO inhibitors. n, indicates number of animals. Significant
differences from controls were calculated by Student’s ttest for independent means and marked: *P < 0.001; NS not

significant (P> 0.05).

given alone. Another interaction which depends on
increased brain 5-HT concentrations is hyperactivity
produced in rats as a result of administration of a
MAO inhibitor and L-tryptophan. This could only be
seen after treatment with nonselective MAO in-
hibitors or both selective MA O inhibitors (clorgyline
and deprenyl) given together (Squires & Buus Las-
sen, 1975; Green & Youdim, 1976). It is therefore
possible that the metabolism of 5-HT can still pro-
ceed by means of MAO B if MAO A is inhibited by
the selective enzyme inhibitor. Green & Youdim
(1975) in fact suggested that in rat brain, MAO B can
oxidize 5-HT when MAO A is completely inhibited
by clorgyline. Also, Mitra & Guha (1980) showed
that even in brain homogenates of untreated rats,
MAO B was responsible for some of the S-HT oxida-
tion. This would necessitate inhibition of both MAO
A and B in order to achieve the largest increase in
5-HT concentrations.

This is supported in this study by measurements of
brain 5-HT concentrations after various MAO in-
hibitors, (Table 2). S-HT concentrations approxi-
mately doubled after phenelzine and clorgyline plus
deprenyl pretreatments. A large dose of clorgyline on
the other hand only raised the S-HT concentration
moderately, and it was only slightly altered by a large
dose of deprenyl. Neither of these increases was
significantly different from controls. The increased
toxicity of pethidine is also unlikely to be caused by a
decreased breakdown by the liver. Doses of deprenyl
greater than 10 mgkg~! nonselectively inhibit drug
metabolizing liver microsomal enzymes, (J. Knoll,
personal communication) yet doses of deprenyl grea-
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