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1 The opioid antagonists, naloxone, GPA 2163, levallorphan and Mr-2266 reduced the latency
of the jumping reaction of mice in the hot plate test. The (+)-isomers of levallorphan and Mr-2266
which are devoid of antagonistic activity did not increase this latency.

2 In the same nociceptive reaction test, the enhancing effect of naloxone progressed in a dose-range
similar to that required for the antagonism by naloxone of the depressive action of morphine.

3 The facilitatory effect of naloxone was not blocked by the previous administration of morphine
or etorphine but it was prevented by pretreatment with a high dose of buprenorphine.

4 The antagonism by naloxone of morphine and of buprenorphine did not follow the same pattern.
5 The factors which are or may be involved in the efficacy of naloxone in enhancing nociceptive

reactions are discussed.

6 The enhancing effect of naloxone may be due to an antagonism of endogenous ligands for
the opiate receptor. If so, these ligands would be involved in reaction to but not in perception
of nociceptive stimuli which need not be harmful ones.

Introduction

Endogenous ligands for the opiate receptor were first
discovered by Terenius & Wahlstrom (1974) and by
Hughes (1975). These ligands were further character-
ized by several workers (Cox, Opheim, Teschemacher
& Goldstein, 1975; Hughes, Smith, Kosterlitz, Foth-
ergil, Morgan & Morris, 1975; Terenius &
Wabhlstrom, 1975; Pasternak, Goodman & Snyder,
1975; Bradbury, Smyth, Snell, Birdsall & Hulme,
1976; Graf, Ronai, Bajusz, Cseh & Szekely, 1976;
Guillemin, Ling & Burgus, 1976; Li & Chung, 1976).
The administration of specific opioid antagonists to
non-dependent animals may help to elucidate the
functions of endogenous ligands for the opiate recep-
tor. It has been shown that naloxone enhances noci-
ceptive reaction (licking and jumping) of mice and
rats in the hot plate test, which suggests that these
reactions may be normally limited by the release of
endogenous ligands (Jacob, Tremblay & Colombel,
1974). This observation has been confirmed by several
workers (Frederickson, Nickander, Smithwick, Schu-
man & Norris, 1976; Pomeranz & Chiu, 1976; Gre-
vert & Goldstein, 1977b) and extended to two other
opioid antagonists, naltrexone and diprenorphine
(Tremblay, Colombel & Jacob, 1976).

Naloxone also enhances various spinal reflexes in
spinal cats (Goldfarb & Hu, 1976; Bell & Martin,

1977). In the tail-flick test, the effect of naloxone
varies according to the investigator; Tulunay, Sparber
Takemori (1975), Pert & Walter (1976) and Yaksh,
Yeung & Rudy. (1976) found naloxone ineffective,
whereas King, Hughey, Massareno, Codd & Byrne
(1977) and Berntson & Walker (1977) reported a de-
crease in reaction time induced by naloxone. How-
ever, naloxone does not affect other nociceptive reac-
tions such as escape from foot-shock in trained rats
(Goldstein, Pryor, Otis & Larsen, 1976), escape from
tail-pinch (Berntson & Walker, 1977), writhing in
mice (Elliott, Spieghler & Navarro, 1976) or pain rat-
ing in humans (Sobky, Dostrovsky & Wall, 1976;
Grevert & Goldstein, 1977a).

Endogenous ligands may be involved in analgesia
produced by stress (Akil, Madden, Patrick & Barchas,
1976; Madden, Akil, Patrick & Barchas, 1977), percu-
taneous electrical stimulation (Woolf, Barrett, Mit-
chell & Myers, 1977) or acupuncture (Pomeranz,
Cheng & Law, 1977; Mayer, Price & Rafii, 1977) but
not by hypnosis (Goldstein & Hilgard, 1975). The
results obtained in stimulation-produced analgesia
vary from author to author (Pert & Walter, 1976;
Yaksh et al., 1976; Akil, Mayer & Liebeskind, 1976;
Oliveras, Hosobuchi, Redjemi, Guilbaud & Besson,
1977).
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In this paper, we demonstrate that the enhance-
ment of the nociceptive reaction by opioid antagon-
ists results from an action on stereospecific receptors
and analyze some possible factors which are or may
be involved in the efficacy of these drugs in the used
and related tests. Possible roles of the endogenous
ligands are discussed.

Methods

Male Swiss mice (18 to 28 g, obtained from the CNRS
and IFFA CREDO) were maintained in a constant
environment with free access to commercial food
(Extralabo) and water. At least one week was allowed
for acclimatization to the new environment before the
mice were used in the experiments.

The technique used in this study has been described
previously (Jacob et al, 1974). The apparatus con-
sisted of a hot plate on which was placed a restraining
glass cylinder (height 17 cm; diameter 13 cm). Unless
otherwise stated, the temperature of the hot plate was
64.5 + 0.5°C. The latency of the jumping reaction was
determined by an observer who was unaware of the
drug treatment. Animals which did not respond after
2 min were removed from the hot plate; in some ex-
periments this ‘cut-off’ time was prolonged up to
Smin. The hot plate tests were carried out between
14 h 00 min and 18 h 00 min.

Groups of 8 to 10 mice were used in each experi-
ment. Control groups received at appropriate times
0.9%, w/v NaCl solution (saline) or the respective sol-
vent. In general, naloxone, levallorphan, dextrallor-
phan, Mr-2266, Mr-2267 and GPA 2163, were in-
jected 10 min before hot plate testing. Morphine was
administered 0.5 or 1.5h, etorphine 1.5h and
buprenorphine 2h before naloxone. Buprenorphine
was also administered 5Smin after naloxone, the hot
plate test being performed 35min after naloxone.
When the effect of a drug on the action of naloxone
was studied, the following groups were used: (a) saline
plus saline, (b) modifying drug plus saline, (c) saline
or respective solvent plus naloxone, and (d) modifying
drug plus naloxone. Mice were exposed individually
to the hot plate and one mouse from each group was
tested alternately.

For the intracerebroventricular (i.c.v.) administra-
tion of naloxone, the technique of Haley & McCor-
mick (1957) was followed.

Drugs

Morphine hydrochloride (Francopia, France), leval-
lorphan tartrate and dextrallorphan hydrobromide
(Hoffmann La Roche, Switzerland), GPA 2163
((—)-B-2-propargyl-5-phenyl-9-methyl-2'-hydroxy-6,7-
benzomorphan) (Ciba-Geigy, France) were dis-

solved in saline. Buprenorphine hydrochloride and
etorphine (Reckitt & Colman), Mr-2266 and Mr-2267
((—)-5,9-a-diethyl-2-(3-furylmethyl)-2’'- hydroxy - 6,7-
benzomorphan and its (+)-isomers, respectively)
(Boehringer, West Germany) were dissolved in a few
drops of 0.1 N HCI and made up with distilled water.
All solutions were freshly prepared and administered
in a volume of 0.5ml/20 g (s.c.) or 0.02ml/20 g (i.c.v.).

Statistical analysis

The statistical significance was calculated by the rank-
correlation method of Wilcoxon (Wabeke & Van
Eeden, 1955). The results are expressed as percentage
of corresponding controls with standard error of the
mean. The absolute values for the latencies of the
control mice ranged from 62 to 99s at 55°C and 13
to S51s at 64.5°C.

Results
Reproducibility of the facilitatory effect

The facilitatory effect of naloxone on the jumping re-
sponse was highly reproducible. A significant reduc-
tion in the latency to jumping was obtained in all
16 groups of mice which received 10 mg/kg naloxone
(range: 54 to 75% of saline-treated mice). There was
a significant reduction in the latency to jumping in
56 out of 59 groups of mice which received 1 mg/kg
naloxone (range: 32 to 69% of saline-treated mice)
and in 8 out of 10 groups which received 0.1 mg/kg
naloxone (range: 29 to 519 of saline-treated mice).
Naloxone (1 mg/kg) produced a significant enhance-
ment even when the control latencies were as short
as 16s.

Stereospecificity of the facilitatory effect

Three opiate antagonists (levallorphan, Mr-2266 and
GPA 2163) and the inactive (+)-isomers of two of
them, dextrallorphan (Leimgruber, Mohacsi, Baruth
& Randall, 1974) and Mr-2267 (Merz, Langbein,
Stockhaus. Walther & Wick, 1974) were studied to
assess the specificity of the facilitatory effect. All three
antagonists shortened the reaction time (Figure 1),
although they were less active than naloxone in this
respect. Levallorphan, Mr-2266 and GPA 2163 are
also less potent than naloxone as antagonists of
opiate agonists (Merz et al., 1974; Clarke, Hill,
Saelens & Yokoyama, 1974). The facilitatory effect
of levallorphan and Mr-2266, like that of naloxone,
increased as the dose was increased (Figure 1). For
each drug, an optimal dose was reached whereupon
further increases in dose produced a smaller response.
Dextrallorphan and Mr-2267 did not facilitate the



Latency of response (control=100)

L 1 1 1 1 Il 1
017" 1 3 10 30 100 300
Dose (mg/kg)
Figure 1 Stereospecificity of the facilitatory effect

of the opioid antagonists on the jumping response
of mice in the hot plate test at 55°C. Ordinate scale:
latency of the jumping reactions in percentage of
corresponding control mice (C). Abscissa scale:
doses of the antagonists in mg/kg (log scale). The
drugs were injected s.c. 10 min before test. Groups
of 10-20 mice were used; cut-off time, 2 min;
*P < 0.05; in fact, P was <0.01 or even 0.001
for some points but no distinction has been made
for sake of clarity. Vertical bars represent the stan-
dard error of the means. Hatched area, mean +
standard error of the means for the corresponding
control mice (C). (®) Naloxone; (A) levallorphan;
(A\) dextrallorphan; (0) GPA 2163; (Hll) Mr-2266;
() Mr-2267. Mr-2267 at a dose of 30 mg/kg pro-
duced convulsions, excessive salivation and hyper-
irritability. The maximum dose of GPA 2163 that
could be administered was 300 mg/kg.

nociceptive reaction indicating the stereospecificity of
the facilitatory effect.

Naloxone was also injected into the lateral cerebral
ventricles in mice to see if its effect was mediated
by a central action. It was found effective; jumping
times measured 30min after the injection were
58 + 139% for 0.3mg/kg (P < 0.05 and 63 + 11%
(P < 0.02) for 1 mg/kg of the corresponding times
obtained in controls injected with saline. Lower doses
were not effective. Thus, naloxone is not more active
by the intraventricular than by the subcutaneous
route. The low potency of naloxone when injected
intraventricularly may be due to its rapid egress from
the brain (Berkowitz, 1976). The procedure of intra-
cerebroventricular injection itself induced a depressive
state which may have obscured the effect of naloxone.

Effects of morphine, etorphine and buprenorphine in
naloxone facilitation

Morphine (10 mg/kg) given alone markedly increased
the latency to jumping (Figure 2a). When naloxone
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was administered after morphine the increase in
latency produced by morphine was reduced. The
antagonism of morphine by naloxone and the enhanc-
ing effect exerted by naloxone on the jumping reac-
tion in the absence of morphine increased in a similar
dose-range (Figure 2a).

When the dose of morphine was increased, there
was no evidence that the decrease in the latency of
the jumping reaction produced by naloxone was
blocked by the highest tolerated doses of morphine
(Figure 2b). The facilitatory effect of naloxone
1 mg/kg was still present, almost unchanged, after 10,
30 and 100mg/kg of morphine. The interaction
between morphine and a lower dose of naloxone
(0.1 mg/kg) was studied but even then it was not poss-
ible to ascertain whether the effect of naloxone had
been reduced by morphine since 100 mg/kg morphine
plus 0.1 mg/kg naloxone was much less effective in
increasing the latency of the jumping reaction (272%)
than morphine alone (451%). Antagonism of mor-
phine by naloxone is certainly involved in this differ-
ence to which the facilitatory effect of naloxone may
however also contribute. Similar results were
obtained with etorphine (Figure 2c). It was not poss-
ible to ascertain whether the facilitatory effect of
1 mg/kg naloxone was inhibited by 1 mg/kg etorphine
(Figure 2c). Higher doses of etorphine could not be
used because a profound depressive state was in-
duced. The influence of 1mg/kg etorphine on the
facilitatory effect of a smaller dose of naloxone
(0.1 mg/kg) could not be assessed because the laten-
cies after etorphine alone and after etorphine plus
naloxone were beyond the cut-off time (4 min).

Buprenorphine possesses mixed agonist-antagonist
properties and binds strongly to the opiate receptors
(Hambrook & Rance, 1976); it was therefore of inter-
est to determine whether it would block the enhanc-
ing effect of naloxone. Buprenorphine induced moder-
ate increases in the latency of the jumping reaction;
this antinociceptive effect was dose-related up to
1mg/kg. In doses up to 1mg/kg the effect of
buprenorphine was reduced by 1 mg/kg of naloxone
administered 2h after buprenorphine (Figure 3a).
When a higher dose of buprenorphine (10 mg/kg) was
used, its antinociceptive effect was less than that
observed for smaller doses and this residual effect was
not antagonized by naloxone. Under these circum-
stances naloxone had no facilitatory effect.

When buprenorphine was given before naloxone,
the reductions of the antinociceptive effect by nalox-
one of the lower doses (0.02, 0.04, 0.1 and 1mg/kg)
of buprenorphine did not follow the pattern observed
for morphine, since they were not significantly greater
than the facilitatory effect of naloxone even when the
dose of naloxone was increased from 1 to 10mg/kg
s.c. (Figure 3b).

However, when buprenorphine was given after
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Figure 2 Effects of morphine and etorphine on naloxone facilitation. The temperature of the hot plate
was 64.5°C + 0.5°C. Ordinate scale, vertical bars, C and hatched area as in Figure 1. (a) Increase in
the enhancing and antagonist actions with increasing dose of naloxone. Abscissae, dose of naloxone
s.c. (log scale). (O) Morphine alone; ((J) morphine plus naloxone; (®) naloxone alone. The dose of
morphine was constant (10 mg/kg s.c.); the time interval between the administration of morphine and
naloxone was 30 min. 14/20 mice which received morphine alone had not jumped by 2 min (cut-off
time). (b) Lack of antagonism of the facilitatory effect of a constant dose of naloxone (1 mg/kg s.c.)
by graded doses of morphine. Abscissae, graded doses of morphine in mg/kg s.c. (log scale). (O) Morphine
alone; () curve calculated by the algebraic summation of the antinociceptive effect of the opiate and
the facilitatory effect of naloxone; ((J) morphine plus naloxone; (®) naloxone alone. Pretreatment interval
between morphine and naloxone was 1.5 h. 2/10 (morphine 10 mg/kg), 7/10 (morphine 30 mg/kg) and
10/10 (morphine 100 mg/kg) mice had not jumped by 2 min. (c) Interaction between a constant dose of
naloxone (1 mg/kg) and graded doses of etorphine. Etorphine was less readily antagonized by naloxone
than morphine, but the maximum dose used was still antagonized (see text). Abscissae, dose of etorphine
in mg/kg s.c. (log scale). (O) Etorphine alone; (ll) as in (b); ((J) etorphine plus naloxone; (@) naloxone
alone. Pretreatment interval between etorphine and naloxone was 1.5h. 9/10 (etorphine 0.1 mg/kg) and
10/10 (etorphine 1 mg/kg) mice had not jumped by 2 min.

naloxone, the antagonism was similar to that

of the buprenorphine-receptor complex. Similar

observed with morphine. Thus, the antagonism of
buprenorphine by naloxone was greater than the faci-
litatory effect of naloxone; the latencies of the jump-
ing reaction were for buprenorphine alone (0.1 mg/kg)
200% of the saline controls and for naloxone
(1 mg/kg) plus buprenorphine (0.1 mg/kg) 40%, of the
saline controls; therefore, the antagonism was 160%,
i.e. greater than the enhancing effect of naloxone in
the absence of buprenorphine (50%).

These differences, depending on the time of admin-
istration, are probably linked to the slow dissociation

results were also observed by Cowan, Lewis & Mac-
farlane (1977). However, these authors did not
observe any effect when naloxone was given alone.

Discussion

The results obtained in this paper support the view
(Jacob et al., 1974) that the enhancing effect of opiate
antagonists on the jumping reaction in the hot plate
test is due to an interaction with specific opiate recep-
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Figure 3 Interactions between buprenorphine and
a subsequent dose of naloxone on the jumping re-
sponse in mice at 64.5 + 0.5°C. Ordinates, vertical
bars, C and hatched area as in Figure 1. The time
interval between the administration of buprenorphine
and naloxone was 2h. The enhancing effect of
naloxone was determined in corresponding groups
of mice but it has not been illustrated for the sake
of clarity. (a) Influence of a constant dose of nalox-
one (1 mg/kg s.c.) on the effect of graded doses
of buprenorphine. Abscissae, graded doses of
buprenorphine s.c. (log. scale). (O) Buprenorphine;
() buprenorphine plus naloxone; ( x) curve cal-
culated by the algebraic summation of the antinoci-
ceptive effect of the opiate and the facilitatory effect
of naloxone. The antinociceptive effects of
buprenorphine alone (0.02, 0.04, 0.1 and 1 mg/kg)
and the association of these doses with naloxone
(1 mg/kg) were significant: P < 0.05. (b) Influence
of increasing doses of naloxone on the effects of
various doses of buprenorphine (Bup). Abscissae,
doses of naloxone in mg/kg s.c. (log scale). Sym-
bols as in (a). :

tors. We have shown, firstly, that levallorphan,
Mr-2266 and GPA 2163 decreased the latency of the
jumping reaction and that the potency of each drug
to produce this effect was similar to its opiate antag-
onist potency (Merz et al, 1974; Leimgruber et al.,
1974; Clarke et al, 1974). Secondly, dextrallorphan
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and Mr-2267, the inactive (+)-isomers of levallorphan
and Mr-2266, did not decrease the latency. Thirdly,
the decrease in the latency of the jumping reaction
and the antagonism of opiate agonists by naloxone
was evident over the same dose-range. Finally, the
facilitatory effect of naloxone was blocked by pre-
treatment with buprenorphine, a ligand of opiate
receptors with a slow dissociation rate (Hambrook
& Rance, 1976). However, to obtain this effect it was
necessary to use a high dose of buprenorphine which
by itself had almost no effect on the latency of the
jumping reaction. On the other hand, lower doses of
buprenorphine, which were antinociceptive, did not
reduce the facilitatory effect of naloxone. This finding
suggests that an almost complete occupancy of the
antagonist conformation of the opiate receptors is
needed for the blocking effect of buprenorphine.

The high reproducibility of the enhancing effect of
naloxone in our experiments seems to be dependent
on the doses used and may be related to the complex
nature of the jumping response (Jacob, 1966) and the
nature, intensity and duration of the superficial ther-
mal stimulus. It is also important to use naive ani-
mals. The doses of . the antagonists, administered
covered the whole dose-response curve which was U
shaped for naloxone, levallorphan and Mr-2266; such
a relationship was also obtained by Pert & Walter
(1976) for the antagonism by naloxone of the analge-
sia induced by central stimulation in rats. Effects of
antagonists might have been overlooked by authors
who used too few, too low or too high doses. The
falling-off of the enhancing effect with high doses may
be due to a toxic effect or of an opioid agonist effect
of the molecule itself or of a dealkylated metabolite.
There is evidence that even low doses of naloxone
might have ‘agonist’ actions (Jacob & Michaud, 1976).
The complexity of the response is not relevant as
effects of naloxone have been also observed with
simpler responses, such as monosynaptic and poly-
synaptic spinal reflexes in spinal animals (Goldfarb
& Hu, 1976; Bell & Martin, 1977), the tail flick test
in rats (Berntson & Walker, 1977; King et al., 1977)
and the licking response in mice (Jacob et al., 1974).
The licking response, however, is less influenced than
the jumping response by either naloxone (Jacob et
al., 1974; Grevert & Goldstein, 1977b) or morphine
(Jacob & Blozovski, 1961). In contrast to nociceptive
responses in animals, pain perception of humans is
not influenced by naloxone (Sobky et al., 1976), a dif-
ference observed some time ago for morphine (Hardy,
Wolf & Goodell, 1940; Beecher, 1957). Superficial
thermal nociception as used also by Berntson &
Walker (1977) and by Bell & Martin (1977) appears
to be more easily influenced than deep nociception
since naloxone has no effect on responses to pressure
on the skin of the tail (Berntson & Walker, 1977),
to chemical stimulation of the peritoneum (Elliott et
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al., 1977) and to ischaemic pain (Grevert & Goldstein,
1977a). However, deep nociception was used in a
study where naloxone was effective on the analgesia
produced by central stimulation in the cat (Oliveras
et al., 1977). High intensity stimulation is not necess-
ary and may even interfere since we have shown pre-
viously (Jacob et al., 1974) that the influence of nalox-
one on the latency of the paw lick response was
observed only when the temperature of the hot plate
was low. Similarly, effects of naloxone on spinal re-
flexes are relatively greater with electrical stimulation
of low frequency (Goldfarb & Hu, 1976). Naive ani-
mals were used because even a few re-exposures
reduce the latency of the jumping reaction consider-
ably (Jacob & Blozovski, 1961). The ineffectiveness
of naloxone on the escape threshold of trained rats
in the experiments of Goldstein et al. (1976) may have
been due to the fact that the training has already
reduced the reaction time to its minimum.

The simplest interpretation of the enhancing effect
of naloxone and related drugs is an antagonism of
endogenous ligands released by the nociceptive stimu-
lation. If this view is correct, the endogenous ligands
would modulate the response to, but not the percep-
tion of, the nociceptive stimuli. Another possibility
is that perception involves receptors with low affinity
for naloxone such as those described recently by
several authors (Lord, Waterfield, Hughes & Koster-
litz, 1976; Simantov & Snyder, 1976; Audigier, Mal-
froy-Camine & Schwartz, 1977; Terenius, 1977; Lord,
Waterfield, Hughes & Kosterlitz, 1977). Further, this
regulatory endorphin system would be triggered
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