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interaction of selective inhibitors of monoamine oxidase 

with pethidine in rabbits 

Pethidine can cause serious reactions in patients trcatcd 
with mnnoaminc oxidase (MAO) inhibitors [1]. Similar 
tosic ircactions can bc produced to rabbits and aggregated 
mlcc. and biogenlc amines may play the main role in its 
mechanism. Both 5-hydrox!tryptamine (5HT) and norad- 
renolinc (NA) have been suggested to be involved [2.3]. 
WC have provided indirect evidence to suggest that phenyl- 
cthylaminc (PEA). a mctabolite of phenylalanine. and a 
substrate for MAO. could contribute to initiating the toxic 
interaction in rabbits 131. 

Tvro forms of MAO-have heen demonstrated in the 
m;tmmah;tn brain both irl rirro and in r+o F4. 51. 5HT and 
NA arc the prcfcrrcd substrates of MAO- type A. being 
ssnsitibc to sclcctike inhibition by clorgyline. PEA is the 
prcfcrrcd substrate of MAO type B which is sensitive to 
sclectivc Inhibition bq dcprenyl in the rat brain [6. 71 but 
not in the rabbit hrain [Xl. Phenelline appears to inhibit 
both types [q]. 

in rabbits. cncitation. hypcrthrmmia and hypertension . . 
result from the combined ~tdnlinistration of non-selective 
MAO inhibitor nhcnelzine and nethidinc 131. Althourrh 
dcprenvl may not be a selective MAO type-B inhihit& 
111 rabbits, rt did not cause the toxic interaction with pethi- 
dint. WC thcrcforc t&cd both clorgyline and deprenyl in 
this rcspcct. 

Rabbits of either sex weighing 3.3-3.0 kg received food 
and water UC/ lib. until the experiments. Behaviour of the 
animals war observed in plastic cages. one animal in each. 
Rectal tcml~cr~~t~lre was measured with the therrnocoLlp1~. 
Clorgyiinc hydrochloride (May & Baker. D~~~c~~h~~rn). 
I-dcprcn~l hydrochloride (Chinoin. Budapest). pethidine 
hydrochloride. and phenelzine hydrogen sulphate (Leo AB. 
HXlsingborg) were freshly dissolved in sterile saline. the 
do<c.s used refcrrlng to the base. Pretreatment drugs were 
illjccted subcutaneously whereas pethidine was given into 
the marqnal ear win. 

E‘ontcnts of 5HT and of 5-hydroxylndole acetic acid 
(5HIAA) were assayed according to Ashcroft and Shnr- 
man [9]. and the NA content of the right hacmispherc 
according to Short B Olin [IO]. The recovery of added 
NA in the latter method was low hut the results obtained 
were about similar to those wc have previously found with 
:I more accurate Dowex column method [I I]. The statistl- 
cal significance of the differences between two means was 
dctcrmincd hi Student‘s l-test. 

Pt~nwiritrc~ cd /)~,~~?;[~jt~~,. Pethidinc ( 1.25 mg, kg i.v.) 
exerted no behavioural effects hut slightly lowered rcctnl 
temperature when compared to saline trcatcd controls. 
Prctrcatment with phenelzine (5 or 20 mg,:kg s.c.) IO hr prc- 
viously to pethidinc rendered the animals alart hut the! 
still were easy to handle. As seen in Table I, pretreatment 
with phenelzme 5 mgikg elevated hypothalamic 5HT and 
the SHT:SHIAA ratio, and lowered hypoth~llamic 5HIA.4. 
thus demonstr~~tin~ a strong MAO inhib~tioil. The NA 
levels in ~~~iemisphere after pcthidiile alone w‘crc 
554 & 31 ng’g whereas higher levels (831 i: 9np;g) wcrc 
mensurcd in two animals pretreated with phencl7inc. 

In phenelzine-treated rabbits pethidine caused zxci- 
tation. tremor and nodding being the most prominent 
symptoms. Rectal temperature rose by 0.5 and by 2.X 
in these two pretreated groups, respectively (Fig. I. Icft). 
Thcsc rises were clearest at 60 min after pethidinc. Two 
out of five rabbits died after pethidine injected to rahhits 
pretreated with tOmg:kg of phenelzine. Just bcforc the 
death the rises in rectal tempcr~~ture were 3.4 and 1.1 
rcspcctivcly. 

Clorqriin~ (I& pc~thitlir~~. Pretreatment with clorf>linc 
(1.5 or 2Omg,‘kg KC.) IOhr before pethidine had no 
observable behavioural or temperature effects. Pethidinc 
(I.25 mg;kg i.v.) caused no excitation or hyperthcrmia 111 
these animals (Fig. I. right). As seen in Table I, clorgylinc 
proved less potent MAO inhibitor towards 5HT than 

Table 1. Hypothalamic SHT and SHIAA after different MAO inhibitors 

Treatment mgikg II 

!HT and SHIAA le\eis in hypothalamus ng;g. 
mean :t SE 

.5HlAA 
5H7 

HIAA ratlo 

IO hr after the injection of MAO inhibitors the rabbits were given I.25 mg;kg I.C. 
of pethidine and the animals were killed 2 hr later. Number of rabbits in parcnthcses. 

Si~lli~callt differences from controls arc marked. *P < 0.05. I? c 0.001. 
For more details see text. 
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Fig. 1. Changes in rectal temperature after an iv. injection of pethidine to rabbits pretreated with 
saline (S). phenelzine (P). clorgyline (C), or deprenyl (D), alone or in combinations, Mean values i SE 

of 558 rabbits are given. For more details see text. 

phenelzinc was hut it significantly clcvated 5HT and low- 
&d SHIAA as compared with controls. The doses of 5 
or 20 mg/kg of clorgyline did not differ essentially from 
each other in this respect since their SHT,‘SHIAA ratios 
proved similar. The NA levels of brain hacmisphere 
(750 & 65 rig/g)) measured after 5 mgikg of clorgyline were 
higher than those found in controls. 

I)c~pr~r~~l a& petkidinr. Pretreatment with deprenyl (1.5 
or 20 mg/kg se.) 10 hr before pethidine had no constant 
b~havio~~ral effect. but some rabbits were alert after 5 or 
20 mg,!kg of dcprcnyl. As seen in Table 1. deprenyl 5 my/kg 
proved a moderate MAO inhibitor towards SHT. elevating 
the SHTISHIAA ratio about as 5 mgjkg of clorgylinc did. 
It showed a clearer effect in the SHIAA reduction than 
in the 5HT elevation. Contrary to the findings with phenei- 
zine and clorgyline, the NA levels in haemisphere 
(498 + 5Ong/g) measured in five rabbits remained similar 
to those measured in control rabbits. possibly due to the 
complex action of deprenyl on NA neurons [IL?]. 

Pethidine showed variable effects m these animals. As 
a rule, in those animals who were alerted after pretreat- 
ment with deprenyl (5 or 20mg;kg). pethidinc caused 
slight excitation and hyperthermia. The mean change in 
rectal temperature is illustrated in Fig. 1. If excitation and 
hyperthermia occurred. tbcy seemed to last shorter time 
interval than after phenelzine + pethidinc. In some ani- 
mals the response to pethidine was also tested 24. 4X and 
72 hr after the administration of deprenyl. and the rcsuits 
were similar to those seen after the IO-hr time interval. 

C~~~~~~~j~~ + ~~~~~~~~~~~ -t p~f~~~j~7~~. Combined pretreat- 
ment with clorgyhne (1 or 5 mgikg s.c.) together with 
dcprenyl (1 or 5 mg/kg s.c.) given 10 hr previously to pethi- 
dine, rendered the ammals alert without changing the rec- 
tal temperature, thus resembling the situation after pre- 
treatment with phenelLine. As seen in Table I, prctreat- 
ment with clorgylinc + deprenyl. 1 mg./kg each, inhibited 
MAO about to the same extent as 5 mg/kg of phenrlzine 
did. When using 5 mg/kg of clorgyline and deprenyl each, 
a complete inhibition of MAO towards 5HT was seen since 
5HT levels were hieh and SHIAA leveis fell to zero. The 
eti’ects of this com~nation on the hypothalamic ZHT and 

SHIAA were significantly (P i 0.05 to 0.001) superior to 
those seen after clorgyline or deprenyl alone or after their 
combination in low doses (I + I mg,‘kg). The haemisphere 
NA levels (61 1 ) 55 ng.g) measured after the combmation 
of 5 + 5mg/kg of drugs did not dilfer from the control 
values. 

Pethidine caused some restlessness and elevated rectal 
temperature (P < 0.01) in animals pretreated with I mg!kg 
of both MAO inhibitors (Fig. 1). In animals pretreated 
with 5 mg/kg of both clorgyline and dcprenyl pethidinc 
evoked a characteristic toxic reaction always seen in ani- 
mals after the injection of pethidinc to phenelzine-treated 
rabbits: nodding. restlessness. tremor. and sometimes 
jumping were evident in every animal, and marked 
hyperthermia with maximum at 30-90 min after pethidine 
followed. Three out of ten animals died. At death the mean 
elevation of temperature was 4.7 

The present data confirm the phenel~in~-indLlced elesa- 
tion of hypothalamic 5HT associated with the toxic intcr- 
action between phenelzine and pethidine [3,11]. Also clor- 
gyline, a selective inhibitor of MAO type A. moderately 
elevated the brain levels of 5HT and NA but the toxic 
effects after pethidine did not appear in these animals. 
Since substantial amounts of SHIAA still were formed even 
after 20mg/kg of clorgyline (Table I). the Inhibition of 
MAO obviously remained incomplete in spite of clcvated 
brain 5HT and of the documented high potency of clorgy- 
line previously found on the rabbit tissues I!$ ~irr~ [X] and 
on the rat brain ir7 t:itv 171. This finding agrees with the 
recent view that recommends caution when applying irr 
vitro data to irr &II conditions 1131. Actually. few data 
are available on the actions of selective MAO mhihitors 
in rabbits. 

Pretreatment of rabbits with non-selective deprenyl de- 
vated hypothalamic 5HT and lowered SHIAA without 
pethidine toxicity. Administration of both deprenyi and 
clorgyline even in low doses provided high levels of 5HT 
and low levels of SHIAA. and provoked toxic symptoms 
after pethidine. This combined effect is stronger than their 
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