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A single injection of phenelzine 100 mg kg-l given 18 h before, decreased the analgesia and 
hypothermia induced by morphine, but potentiated the analgesic and hypothermic effects 
of pethidine, when the analgesics were administered either intraperitoneally or intra- 
cerebroventricularly. The modification of pethidine analgesia and hypothermia, but not 
morphine analgesia, was antagonized by methysergide (10 mg kg-l, s.c.). The LD50 of 
pethidine, but not that of morphine, was 3040% lower in mice treated with phenelzine 
tranylcypromine or iproniazid 6 h before the test. The increased lethality of a single dose of 
pethidine induced by phenelzine was also prevented by methysergide. Pretreatment of mice 
with 100 mg kg-l phenelzine was followed by a significant rise in both brain tryptophan and 
5-hydroxytryptamine (5-HT) concentrations which lasted for 24 h. Therefore, the changes 
in pethidine effects could have been due to raised brain tryptophan and 5-HT concentrations. 

The occurrence of a toxic interaction during the 
concurrent administration of pethidine and mono- 
amine oxidase inhibitor drugs (MAOIs) is well 
established (Taylor, 1962). Such a dramatic inter- 
action does not seem to occur between MAOIs and 
morphine however. It would thus appear that the 
actions of pethidine and morphine are affected 
differently by MAOIs and this supposition has been 
investigated experimentally. 

Jounela & Mattila (1968) reported that in mice 
pethidine analgesia was increased and morphine 
analgesia decreased by prior injection of the MA01 
phenelzine, and similarly the LD50 of pethidine, but 
not that of morphine, was reduced by this MA01 
(Jounela, 1970). Further, Penn & Rogers (1971) 
showed that pethidine, but not morphine, produced 
hyperpyrexia in rabbits pretreated with pargyline. 
Conversely, Rogers & Thornton (1969) described an 
increase in toxicity to both pethidine and morphine 
in mice pretreated with either tranylcypromine 
or iproniazid. Mustala & Jounela in 1966 had 
reported a similar finding in mice pretreated with 
pargyline. 

The following investigation was initiated to estab- 
lish whether the actions of both morphine and pethi- 
dine in mice would be similarly affected by previous 
administrationof MAOIs and whether the interaction 
could be attributed to interference with the meta- 
bolism of the analgesics as suggested by Yeh & 
Mitchell (1971) or rather to alteration in meta- 
bolism of brain 5-hydroxytryptamine. 

METHODS 

Male albino mice (CPLF strain, Anglia Laboratories) 
16-28 g were given monoamine oxidase inhibito$ 
subcutaneously and narcotic analgesic drugs in- 
peritoneally or intracerebroventricularly. In all - 
an equivalent volume of saline was injected into the 
control group. 
Analgesia 
Analgesia was assessed by placing the mice on a hot 
plate maintained at 56" and measuring the time takQ 
for animals to lick their paws (Janssen & Jageneau, 
1957). Groups of eight mice per dose level of anal- 
gesic were used and the reaction time measured tQ 

the nearest 0.5 s. Phenelzine (100mg kg-I) wag 
administered 18 h before the analgesic test. Reaction 
time was measured 10min before and at time of 
maximum analgesia (20 min after i.p. administration 
of 6, 12 or 24 mg kg-I pethidine or morphine and 
5 min after i.c.v. injections of 0.25, 0.5 or 1 mg kg' 
pethidine or 0.025, 0.05 or 0.1 mg kg-l morphine). 
The reaction times measured in this way showed 
wide day to day variations so comparisons werS 
made only on concurrently tested groups of 
Drugs were administered in 0.1 ml saline per 101 
body weight intraperitoneally and in a volume Of 
10 pl of saline intracerebroventricularly (method of 
Haley & McCormick, 1957). The distribution Of 
solutions after intracerebroventricular injection 
checked by section of the brain after administration 
of indian ink. 

Rectal temperature 
Rectal temperatures were recorded on a galvano- * Correspondence. 
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means of a probe inserted to approximately 
""ge temperatures of mice treated with phenel- 
&@ (1mmg kg-', s.c.) 18 h before and either 
e d i n e  zfrre (24mg kg-l and 100mg kg-l, i.p.) or 

hine (6 mg kg-', i.p.), were compared with the 
raorp atmes of mice given the analgesics alone. 

were recorded before and up to 90 
after the administration of the analgesic. aaia 

Tapatures w@F 

Ambient temperature was 22". 

Acrrte toxicity 
me ~ ~ 5 0  concentrations (95 % confidence limits) 
M e  determined by the method of Lichfield & 
wgcoxon (1949) on groups of 8 mice observed for 
,,I, at 22". Phenelzine (100 mg-l kg), tranylcypro- ,'. - loiDe (15 mg kg-l) and iproniazid (500 mg kg-I) were 
d n i s t e r e d  subcutaneously 6 h before the intra- 
d t o n e a l  administration of the analgesic. 

m e  effect of methysergide on pethidine lethality 
after phenelzine was measured on a single dose of the 
d g e s i c  (1 15 mg kg-3. 

Meuurernent of brain 5-HT and tryptophan 
were killed by cervical dislocation. The brains 
removed and immediately frozen on solid 

mbon dioxide and stored at -20". Each brain was 
w y e d  for 5-HT by the method of Curzon & Green 
(1970) and for tryptophan in the aqueous phase 
produced by the HCI-iso-octane extraction essen- 
Mly using the fluorimetric method of Denckla & 
Dewey (1967). Determinations of 5-HT and trypto- 
phan were made up to 24 h after subcutaneous 
administration of phenelzine (100 mg kg-I). Drugs 
used. phenelzine base (Warner), morphine sulphate 
(Macfarlane Smith Limited), pethidine hydrochloride 
(Roche), tranylcypromine sulphate (SKF), iproniazid 
phosphate (Sigma), methysergide maleate (Sandoz) 
5-hydroxytryptamine creatine sulphate (May and 
Baker Limited) and L-tryptophan (Sigma). 

R E S U L T S  
Analgesia 
When pethidine and morphine were administered 
hape r i t  oneally or intracerebroventricularly to mice 
Which had been given 100 mg kg-I phenelzine 18 h 
Wiously, the analgesic effect of pethidine was 
b s e d  and that of morphine reduced (Figs 1 and 

The administration of methysergide 10 mg kg-l 
% min before intracerebroventricular injection of the 
Wgesics, prevented the potentiation of the pethi- * effect but did not affect the reduction of mor- 
B b e  analgesia (Table 1). Neither phenelzine nor 
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FIG. 1. Potentiation of pethidine (mg kg-l) analgesia 
by phenelzine 100 mg kg-', subcutaneously given 18 h 
before. Pethidine (i.p.) (A); pethidine (i.p.) after 
phenelzine (A); pethidine (i.c.v.) (0); pethidine (i.c.v.) 
after phenelzine (0). Ordinate: Analgesia equivalent 
to reaction time (s). Each point is a mean of 8 deter- 
minations, vertical bars show the standard error. 
* Significant at P < 0.05. 

Morph ine  (mg kg-l) 

FIG. 2. Inhibition of morphine (mg kg-l) analgesia by 
phenelzine 100 mg kg-l, subcutaneously given 18 h 
before. Morphine (i.p.) (A);  morphine (i.p.) after 
phenelzine (A); morphine (i.c.v.) (0); morphine (i.c.v.) 
after phenelzine (0). Ordinate: Analgesia equivalent 
to reaction time (s). Each point is a mean of 8 deter- 
minations, vertical bars show the standard error. 
* Significant at P < 0.05. 

methysergide alone altered reaction time compared 
with control values. 

Rectal temperature 
Treatment with phenelzine (100 mg kg-l) potentiated 
the hypothermia caused by pethidine and reversed 
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Table 1. The effect of methysergide (10 mg kg-l) on 
change in analgesia to morphine andpethidineproduced 
by pretreatment of mice withphenelzine (100 mg kg-l). 

Reaction time (s f s.e.m.) 
Pethidine Morphine 
1 mg kg-l, 0.1 mg kg-', 

Treatment I.C.V. I.C.V. 
Analgesic only 19.4 1.9 30.1 =t 3.6 
Methysergide + 

analgesic 17.8 f 2.3 29.1 f 2.2 
Phenelzine + 

analgesic 26.8 + 1*7* 19.3 f 3.0* 
Phenelzine + 

methysergide + 
analgesic 15.4 f 3.6 20.4 & 4.3 

* Significant P < 0.05 8 mice per group. 

that produced by morphine (Fig. 3). The administra- 
tion of methysergide (10 mg kg-I) 60 min before 
injection of pethidine (i.p.), prevented the potentia- 
tion of the pethidine effect (Fig. 4). 

Acute toxicity 
The LD50 of pethidine was reduced by 30-40% in 
mice predosed with phenelzine (100 mg kg-l), 
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FIG. 3. Potentiation and inhibition of pethidine and 
morphine hypothermia by phenelzine 100 mg kg-l, 
subcutaneously administered 18 h before. Pethidine 
24 mg kg-l (i.p.) (0); phenelzine and pethidine 24 mg 
kg-l (i.p.) (a); morphine 6 mg kg-l (i.p.) (0); phenel- 
zine and morphine 6 mg kg-' (i.p.) (E). Each point is a 
mean of 8 determinations. Change in rectal temperature 
("C) was obtained by taking the difference between test 
values and the mean of 8 control mice injected with 
saline. Vertical bars show the standard error. Abscissa: 
Time after administration of analgesic. Phenelzine on its 
own did not alter body temperature. Phenelzine treat- 
ment produced a significant difference in the hypother- 
mia induced by the analgesics (P < 0.05). The hypo- 
thermia caused by morphine and phenelzine at 60 min 
was significantly different from saline-treated animals 
(P < 0.05). 

AND OTHERS 

tranylcypromine (1 5 m g  kg-I) or iproniazid s. 
mg kg-I) 6 h before. However, the LD5O of morphhe 
was not altered by pretreatment with these mono, 
amine oxidase inhibitors (Table 2). Administration 
of methysergide (10mg kg-l, s.c.) 60 min before 
pethidine (1 15 mg kg-l) after phenelzine treatment, 
protected the mice (deaths 0/5) from the effects of 
this previously lethal drug combination (deaths 5/51, 
There were no deaths after pethidine alone. 

Brain 5-HT and tryptophan concentrations afep 
injection of phenelzine 
Brain 5-HT concentrations increased after injection 
of phenelzine, reaching a maximum in 6 h. Tryto. 
phan concentrations also rose, the m a x i m u  
occurring 2 h after phenelzine. The brain concentra. 
tions of both tryptophan and 5-HT were stiU 
significantly raised above normal 18 h after phenel. 
zine (Fig. 5). 

DISCUSSION 
The confusion in  published reports on the inter. 
actions between narcotic analgesics and MAOIs can 
be attributed in part t o  the variable effects of 
different dosing schedules and also to  different 
effects of pethidine and morphine. Thus in our mice, 

FIG. 4. Reversal of the potentiation of pethidine hype 
thermia with phenelzine 100 mg kg-l, subcutaneous!Y 
by methysergide 10 mg kg, (i.v.) administered 60 rm0 
before. Saline 10.0 ml kg-l (i.p.) (x) ;  pethidine 100 mB 
kg-' (ip.) (0); phenelzine and pethidine 100 mg kg-' 
(i.p.) (a); phenelzine and methysergide (A); phenel- 
zine, methysergide and pethidine 100 mg kg-l (i,P.) 
(A). Each point is a mean of 5 determinations, v e r d  
bars show the standard error. Abscissa: Time aftg 
adminstration of analgesic. Ordinate: Change in 
rectal temperature ("Q. 
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2. ~D50 (95% confidence limits) of analgesic 
in mice pretreated with monoamine oXida,ye 

Arugs 
2jbitor.Y. 

Pethidine Morphine 
LD50 LD50 

/ 

pretreatment mg kg-I mg kg-l 

7 

Doses of analgesics expressed as mg base. 

a single administration of phenelzine potentiated the 
@algesia and hypothermia produced by pethidine, 

the effects of morphine were uniformly 
@tagonized by treatment with phenelzine. 

The discrimination by phenelzine between the 
actions of pethidine and morphine might be due to 
haeased metabolism of morphine subsequent to 
induction of hepatic enzymes. Yeh & Mitchell (1971) 
suggested that induction of glucuronyl transferase 
occurred on treatment with some MAOIs, and that 
this explained the reversal of morphine analgesia in 
animals so treated. This is unlikely to be the explana- 
tion in the present experiments since intracere- 
broventricular injections of morphine and pethidine 
produced analgesic effects within 5 min which were 
also reversed (morphine) or potentiated (pethidine) 
by acute treatment with phenelzine. It is thus 
unlikely that an alteration in systemic metabolism of 
the analgesics after administration of phenelzine 
could account for the difference in effect of phenel- 
zine on the action of morphine or pethidine. 

a 

Time (h) 

FIG. 5.  Effect of phenelzine 100 mg kg-l, subcutaneously 
on brain a-5-HT (0 ; pg g-') and b-tryptophan ( X ; 
fig g-3 concentrations in mice. Each point is a mean of 
6 determinations, vertical bars show the standard error. 
41 determinations were greater than control levels 
( p  < 0.05). 

Methysergide (10 mg kg-l) administered before 
the narcotic analgesics, reversed the increase in 
pethidine analgesia and hypothermia but not the 
decrease in morphine analgesia. Assuming a selective 
action of methysergide on 5-HT receptors in the 
central nervous system, this indicates that a 5-HT 
mechanism might be responsible at least for the 
enhancement of the pethidine effect by phenelzine. 

The concentration of brain 5-HT and its precursor 
tryptophan was significantly raised above control 
values 18 h after a single dose of phenelzine. The 
potentiation of pethidine analgesia and hypothermia 
may indicate that pethidine is more dependent on the 
availability of 5-HT for its action than morphine. 
This is confirmed by the antagonism by methysergide 
of the potentiation of pethidine by phenelzine. 

Rogers & Thornton (1969) found that the maxi- 
mum increase in acute toxicity to pethidine occurred 
4-6 h after a single dose of MAOI. They also 
showed that this correlated with the maximum 
increase in brain 5-HT concentrations. This was 
confirmed in our experiments where maximum 5-HT 
concentrations occurred (and pethidine toxicity was 
consistently altered) 6 h after administration of 
MAOIs. Nevertheless, unlike the previous workers 
we could not show a similar increase in morphine 
toxicity with any of the MAOIs studied. This is in 
accord with the results of Jounela (1970) who repor- 
ted an enhanced toxicity of pethidine but not of 
morphine in mice 10 h after phenelzine treatment. 
As with pethidine analgesia and hypothermia, 
methysergide abolished the increased lethality of 
pethidine induced by phenelzine. 

The maximum rise in tryptophan concentrations 
preceded the peak of 5-HT increase by at least 2 h. 
This may indicate that phenelzine raised the amine 
concentrations by another mechanism in addition to 
the inhibition of MAO. This other mechanism may 
involve raising brain tryptophan concentrations by 
displacement of tryptophan from its binding to 
plasma albumin (Hutson, unpublished). Rate of 
synthesis of brain 5-HT is probably dependent on the 
availability of free tryptophan from plasma (Curson, 
Joseph & Knott, 1972). 

These results indicate that pethidine and morphine 
may exert their analgesic and toxic effects by 
different mechanisms, and could explain the absence 
of clinical reports of a toxic interaction between 
morphine and MAOIs. Other factors which may 
contribute to the lack of toxicity of the morphine and 
MA01 combination is the wide margin between 
analgesic and toxic dose and the high analgesic 
potency of morphine. The margin between analgesic 



40 R.  BOTTING AND OTHERS 

and toxic dose of pethidine is much narrower and a 
single analgesic dose of pethidine in man is likely to 
be 10 x greater than that of morphine (Goodman & 
Gilman 1975). 
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