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Reversal by 3-funaltrexamine of the antinociceptive
effect of opioid agonists in the rat
Ann G. Hayes, Malcolm Skingle & Michael B. Tyers
Department of Neuropharmacology, Glaxo Group Research Ltd, Ware, Hertfordshire SG12 ODJ

1 The effect of the irreversible opioid receptor antagonist, P-funaltrexamine (fi-FNA), on antin-
ociception produced by p- and K-receptor agonists was studied in the rat.
2 P-FNA, 20 to 80 mg kg- , s.c., given 24 h before testing, produced a dose-related antagonism of the
effects ofmorphine in the paw pressure, hotplate and tail-flick tests. Following the 80mg kg-' dose, the
degree ofantagonism ofmorphine was stable for up to 48 h after dosing, but was reduced by 5 days and
had disappeared by 8 days.
3 In the paw pressure test, P-FNA, 40 mg kg ', s.c., antagonized the effects of fentanyl, buprenor-
phine, tifluadom, ethylketocyclazocine and proxorphan; it was without effect against the highly
selective K-agonist, U-50,488.
4 In light ofthese results, the possible opioid receptor selectivities ofboth the agonists and P-FNA are
reassessed.

Introduction

The existence of at least three distinct types of opioid
receptor, l, K and 6, has been suggested from a variety
of in vitro and in vivo experiments (Martin et al., 1976;
Lord et al., 1977; Kosterlitz et al., 1981). However,
determination of the functional correlates of these
receptor types has advanced slowly, largely because of
the lack of selective opioid antagonists. Naloxone does
not distinguish adequately between the different
opioid receptor types (Sawynok et al., 1979). Recently,
it has been suggested that the non-equilibrium
antagonist P-funaltrexamine (i-FNA) is selective for
j-receptors (Ward et al., 1982a); although studies in
the mouse and hamster isolated vas deferens have
shown that P-FNA also possesses non-competitive
antagonist actions at 6-receptors (Corbett et al., 1985;
Hayes et al., 1985a).

Studies with selective opioid agonists have shown
that antinociception can be mediated via both Il- and
K-receptors (Tyers, 1980; Upton et al., 1983); the role
of 6-receptors is more controversial (Ronai et al.,
1981; Chaillet et al., 1984; Galligan et al., 1984).
Further evidence for a role of p- and K-receptors in
antinociception has been obtained from antagonist
studies. Thus, Ward & Takemori (1983) and Tyers
(1983) obtained different pA2 values for the antagon-
ism by naloxone of the effects of gL- and K-agonists in
the mouse writhing test. Furthermore, Ward et al.
(1982b), investigating the effects of P-FNA in the
mouse, demonstrated antagonism of the antinocicep-

tive effect of the p-agonist morphine, but no antagon-
ism of the K-agonist nalorphine.
The purpose of the present study was to investigate

further the opioid receptors involved in antinocicep-
tion in the rat, by studying the interaction of P-FNA
with a wider range of opioid agonists, including
several p- and K-selective agents.

Methods

Male PVG rats, weighing 35-70g, were used. The
animals were injected subcutaneously, 1,2,5 or 8 days
before testing, with eitherP-FNA or saline. On the day
of test, agonist drugs were administered subcutan-
eously and 30 min later nociceptive thresholds were
determined as described below. Individual tests were
carried out using dose-groups of 6 rats. Data for
calculation of dose-ratios were accumulated from 2 or
3 individual tests carried out on different days, such
that final dose-groups comprised 12 or 18 animals.
Each dose-group was randomized between cages and
rats, and labels of drug solutions were colour coded
such that the operators were unaware of which
treatment the animals were receiving.
For plotting of dose-response curves, median and

interquartile ranges were calculated. Relative poten-
cies were estimated according to the methods of
Finney (1978), by use ofa parallel line assay technique.
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Antinociceptive testing

Paw pressure test Nociceptive pressure thresholds
were determined for the left hind paw with an
'Analgesymeter' (Ugo Basile, Milan). On obtaining
the nociceptive response, which was a vocalization or
paw withdrawal, the pressure being applied to the paw
was released.

Hotplate test Reaction times of rats placed on a
copper plate heated to 55 ± 0.20C were determined. A
'front paw lick' was taken as the nociceptive response
at which time the animal was rapidly removed from
the hot plate. The maximum reaction time was taken
as 60 s.

Tailflick test A beam of light was focused onto the
rat's tail at a point midway along the dorsal surface
and the latency for the animal to flick its tail out of the
beam was measured automatically; 10 s was taken as
the maximum reaction time.

Drugs

All drugs were dissolved in saline and administered in
a dose volume of 0.4 ml 100 g-' body weight. Doses
given for salts refer to the parent compound. The
following drugs were used: morphine hydrochlo-
ride (MacFarlan Smith); U-50,488 (trans-( ± )-3,4
dichloro-N-methyl-N- [2- (1-pyrrolidinyl) cyclohexyl]
benzeneacetamide methane sulphonate) (Upjohn);
proxorphan tartrate (Bristol); ethylketocyclazocine
methane sulphonate (Sterling-Winthrop); tifluadom
hydrochloride (Sandoz); fentanyl citrate (Janssen);
buprenorphine hydrochloride (Reckitt and Colman);
P-funaltrexamine hydrochloride (f-FNA) (synth-
esized by Dr C. Meerholz and Dr A. McElroy,
Chemical Research Dept., Glaxo Group Research
Ltd., Ware).

Results

0-Funaltrexamine (P-FNA), 40 mg kg-', s.c., had no
significant effect on nociceptive pressure thresholds
either acutely (threshold at 30min after dosing =

188 ± 9.6 g for saline pretreated rats and 218 ± 13.2 g
for P-FNA pretreated rats; P> 0.05, n = 10), or

chronically, at 1-8 days after dosing.
P-Funaltrexamine, 20-40mg kg-1, s.c., given 24 h

before testing, produced progressive rightwards shifts
of the morphine dose-response curves in the paw
pressure, hotplate and tail-flick tests (Figure 1). A
higher dose of P-FNA, 80mgkg-', s.c., produced
further shifts of the morphine dose-response curves in
all three tests. In the rat paw pressure test the
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Figure 1 Effect ofP-funaltrexamine (P-FNA), given 24 h
before testing, on morphine-induced antinociception in
the paw pressure (a), hotplate (b) and tail-flick (c) tests.
Values are medians shown by the filled symbols, and
interquartile ranges, shown by the open symbols (n = 12).
The circles represent values for saline pretreated rats, the
squares for rats pretreated with p-FNA 20 mg kg-', s.c.,

and the triangles for rats pretreated with P-FNA
40 mg kg-', s.c. The dotted lines represent values for
controls.

morphine dose-response curve was shifted in a parallel
fashion, but in the hotplate and tail-flick tests, no

antinociceptive effect was obtained with morphine at
dose-levels up to 80 mg kg- ', s.c. (Table 1). At
80mg kg-' P-FNA, approximately one third of the
animals died within 1-2 h of dosing, possibly due to
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Table 1 Antagonism of morphine-induced antinociception in the paw pressure, hotplate and tail-flick tests by P-
funaltrexamine

Dose ofP-FNA
(mgkg', s.c.)

20
40
80

Paw pressure

2.2(1.4-3.5)
4.7(3.0-7.5)
11.6(5.9-27.2)

Antagonism of morphine
Dose-ratio (Confidence limits)

(n = 12)
Hotplate

3.5(2.3-5.3)
12.2(8.7-17.2)

>31

Tail-flick

6.3(3.9-10.6)
19.5(14.3-29.3)

>27

the opioid agonist effects of the drug (Ward et al.,
1982b).
The degree of antagonism of morphine-induced

antinociception by P-FNA, 80mg kg-' s.c., was
similar at 24 and 48 h after dosing (Table 2), but was
reduced by 5 days and was virtually non-existent by 8
days.

Based on these studies with morphine, a standard
dose-level of P-FNA of 40 mg kg- ', s.c., given 24 h
before testing, was used to study its interaction with a
number of other opioid drugs in the paw pressure test.
The results are shown in Figure 2. In these studies, the
dose-response curve for U-50,488 was not significantly
shifted by ,-FNA (dose-ratio = 1.7, confidence limits
1.0-2.7; n = 18). But, the antinociceptive effects of all
the other opioid agonists tested, fentanyl, buprenor-
phine, tifluadom, ethylketocyclazocine (EKC) and
proxorphan were significantly reduced by P-FNA.
Parallel rightward shifts of the fentanyl and tifluadom
dose-response curves were obtained (dose-ratio for
fentanyl = 7.2, confidence limits 4.9-10.4, n = 12;
dose-ratio for tifluadom = 4.0, confidence limits
2.6-6.0, n = 12). The EKC dose-response curve was
shifted significantly to the right after P-FNA pretreat-
ment but a dose-ratio could not be calculated as the
dose-response curves were not parallel. The buprenor-
phine and proxorphan dose-response curves showed a
decreased slope and depression of maximum effect.

Discussion

It has been suggested from in vitro studies that P-FNA
irreversibly antagonizes p-opioid receptors, whilst
having no antagonist effect on K-receptors (Ward et
al., 1982a). In the experiments described here, P-FNA
prevented the antinociceptive effects of the jt-agonists
morphine and fentanyl, confirming its p-antagonist
activity in vivo. Thus, after 24 h pretreatment, P-FNA
produced a dose-related antagonism of the effects of
morphine in the paw pressure, hotplate and tail-flick
antinociceptive tests in the rat. The antagonism was
still present at 5 days after dosing, confirming that the

binding ofP-FNA is irreversible. The size of the shifts
obtained with P-FNA in the rat were comparable to
those reported by other authors in the mouse (Ward et
al., 1982b; Hynes et al., 1984). It is interesting to note
that larger shifts of the morphine dose-response curve
were obtained in the heat nociceptive tests as com-
pared to the paw pressure test. The reason for this is
not clear. The shifts obtained in all three tests were
parallel for P-FNA doses up to 40 mg kg- ', s.c., and so
the dose-ratios should have been similar in all three
tests. The fact that they were not, may suggest that the
pressure and heat tests have different sites of action,
with different accessibility to P-FNA. Despite the
smaller dose-ratios obtained using the pressure
nociceptive stimulus, this test was chosen for further
interaction studies as heat tests are insensitive to
certain types of opioid agonist (Harris & Rosenberg,
1967; Tyers, 1980).

It has been suggested that, although P-FNA lacks K-
antagonist properties, it produces an acute agonist
effect via K-receptors (Ward et al., 1982a). Thus, P-
FNA has short-lasting reversible agonist actions both
in vitro, in guinea-pig ileum (Ward et al., 1982a) and
rabbit vas deferens (Hayes & Kelly, 1985), and in vivo,
in the mouse writhing test (Ward et al., 1982b), and
these effects do appear to be mediated predominantly
via K-opioid receptors. However, unlike other K-agon-

Table 2 Timecourse of the antagonism of mor-
phine-induced antinociception by P-funaltrexamine
80 mg kg-', s.c.

Antagonism of morphine
Dose-ratio (Confidence limits)

(n = 6)

Pretreatment time
24 h
48 h

5 days
8 days

Paw pressure
11.6(5.9-27.2)
13.7(8.6-22.5)
3.4(2.6-4.4)
1.7(1.1-2.6)

Hotplate
>31

23.8(12.3-42.2)
7.4(5.0-10.7)



870 A.G. HAYES et al.

520

440 .

360 -

Buprenorphine

2801

0.01 0.1 1 0.001

520 r

a

0 0

0.01 0.1 1

Tifluadom

0
440 F
360

280

200

1 10 100

0

0

10 100

Ethylketocyclazocine

0

0
a

A
A~~~~

Dose (mg kg-', s.c.)

Figure 2 Effects of P-funaltrexamine (fi-FNA), 40 mg kg- ', s.c., given 24 h before testing, on the antinociceptive
effects of some opioid agonists in the rat paw pressure test. Values are medians shown by the filled symbols, and
interquartile ranges, shown by the open symbols (n = 12 or 18). The circles represent values for saline pretreated rats
and the triangles for P-FNA pretreated rats. The dotted lines represent values for controls.

ists, A-FNA produces an acute antidiuretic rather than
a diuretic effect in the rat (Zimmerman et al., 1984), an
action generally associated with n-receptor activation
(Huidobro, 1978). In the present experiments, P-FNA
did not produce an antinociceptive effect in the rat
either acutely or after 24 h, although it did show other

acute actions indicative of opioid agonist activity e.g.

hypothermia (unpublished observations).
The absence of K-antagonist activity with P-FNA

appeared to be confirmed by its lack of effect on the
antinociception produced by the selective K-agonist,
U-50,488 (Gillan et al., 1983; VonVoigtlander et al.,
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1983). However, it did antagonize the effects of
buprenorphine, EKC, tifluadom and proxorphan.
Inhibition of the effect of buprenorphine was not
unexpected as it has been suggested that this drug acts
predominantly on P-receptors (Martin et al., 1976;
Cowan et al., 1977), although definitive in vitro studies
on its opioid receptor selectivity have been difficult
because of its high lipophilicity. Buprenorphine binds
effectively to both p- and K-sites (Villiger, 1984), and in
antinociceptive tests, buprenorphine is much more
potent against pressure and chemical-induced
nociception than against heat stimuli, a profile which
is typical of both K-agonists and partial Li-agonists
(Tyers, 1980; Hayes et al., 1985b). However, bupren-
orphine produces only antidiuresis in the water-loaded
rat (Skingle et al., 1985), an effect which is typically p-
receptor mediated, so it seems most likely that, in the
rat, buprenorphine is also producing its antinocicep-
tive activity via the P-receptor. A depression of
maximum was obtained with buprenorphine after P-
FNA pretreatment, consistent with the view that this
compound is a partial L-agonist (Rance, 1979).
The reversal of the antinociceptive effects of EKC,

tifluadom and proxorphan were unexpected in view of
the fact that P-FNA does not block the agonist effects
of these three compounds in vitro in guinea-pig ileum
(Hayes et al., 1985a). There are a number of potential
explanations for this result. It is unlikely that P-FNA is
blocking K-receptors in vivo at the dose-levels used, as
equivalent dose-levels of P-FNA did not inhibit the
effects of U-50,488 in these experiments, nor do they
block K-mediated diuresis in the rat (Zimmerman et
al., 1984; Skingle et al., 1985). Some K-receptor
antagonism occurs in vitro at high concentrations,
although experiments in guinea-pig ileum suggest that
its ;L:K selectivity is very high (Hayes et al., 1985a). An
alternative explanation is that EKC, tifluadom and
proxorphan are producing their effects in the rat via p-

receptors. Indeed, rat brain is known to contain a
much higher percentage of It- than K-receptors (Gillan
& Kosterlitz, 1982), so it is a species where the It-
agonist effects of a compound are more likely to
predominate. All three compounds are known to have
affinity for the P-receptor (Pircio & Buyniski, 1980;
Gillan & Kosterlitz, 1982; Carroll et al., 1984; James &
Goldstein, 1984). Furthermore, EKC shows poor jc:p
agonist selectivity in vivo (Leander, 1983a); although
tifluadom and proxorphan do show good agonist
selectivity for the K-receptor in a variety of systems
(Leander, 1983b; Goldstein & James, 1984; Sheehan et
al., 1985). However, it is possible that these com-
pounds are partial agonists at the p-receptor, with
sufficient efficacy to produce antinociception, but
insufficient efficacy to produce agonist effects via the
i-receptor in other systems.
Recent studies have suggested that P-FNA antagon-

izes 6-receptors in vitro at concentrations similar to
those that are effective in blocking L-receptors (Cor-
bett et al., 1985; Hayes et al., 1985a). However, it
seems unlikely that interaction at 6-receptors could
explain the anomalous results obtained here. There is
controversy as to whether 6-receptors are involved in
producing antinociception and, in any event, the
affinity of both EKC and tifluadom is considerably
lower at 6-sites than at either pl- or K-sites (Garzon et
al., 1984; James & Goldstein, 1984).

In conclusion, we have shown that P-FNA antagon-
izes the antinociceptive effects of It-receptor agonists
in the rat, and also those of certain agonists that are
generally considered to be K-selective. Several poten-
tial explanations for these results are proposed, but
further experiments are necessary to clarify the issue.

We would like to thank Mrs R. Sargent and Mr N. Hayward
for their excellent technical assistance.

References

CARROLL, J.A., MILLER, L., SHAW, J.S. & DOWNES, C.P.
(1984). Mu-receptor binding in physiological media:
comparison with isolated tissue data. Neuropeptides, 5,
89-92.

CHAILLET, P., COULAUD, A., ZAJAC, J.-M., FOURNIE-
ZALUSKI, M.-C., CONSTENTIN, J. & ROQUES, B.P. (1984).
The p rather than the 6-subtype of opioid receptors
appears to be involved in enkephalin-induced analgesia.
Eur. J. Pharmac., 101, 83-90.

CORBETT, A.D., KOSTERLITZ, H.W., McKNIGHT, A.T.,
PATERSON, S.J. & ROBSON, L.E. (1985). Pre-incubation
of guinea-pig myenteric plexus with fi-funaltrexamine:
discrepancy between binding assays and bioassays. Br. J.
Pharmac., 85, 665-673.

COWAN, A., DOXEY, J.C. & HARRY, E.J.R. (1977). The
animal pharmacology of buprenorphine, an oripavine
analgesic agent. Br. J. Pharmac., 60, 547-554.

FINNEY, D.J. (1978) Statistical Methods in Biological Assay
(Third Edn.) London: Charles Griffin & Co.

GALLIGAN, J.J., MOSBERG, H.I., HURST, R., HRUBY, R.H. &
BURKS, T.F. (1984). Cerebral delta opioid receptors
mediate analgesia but not the intestinal motility effects of
intracerebroventricularly administered opioids. J. Phar-
mac. exp. Ther., 229, 641-648.

GARZON, J., SANCHEZ-BLAZQUEZ, P. & LEE, N.M. (1984).
[3HJEthylketocyclazocine binding to mouse brain mem-
branes: evidence for kappa opioid receptor types. J.
Pharmac. exp. Ther., 231, 33-37.

GILLAN, M.G.C., JIN, W.-Q., KOSTERLITZ, H.W. & PATER-
SON, S.J. (1983). A highly selective ligand for the K-
binding site (U-50,488H). Br. J. Pharmac., 79, (suppl.),
275P.

GILLAN, M.G.C. & KOSTERLITZ, H.W. (1982). Spectrum of
the js-, 6- and c-binding sites in homogenates of rat brain.



872 A.G. HAYES et al.

Br. J. Pharmac., 77, 461-469.
GOLDSTEIN, A. &JAMES, I.F. (1984). Site-directed alkylation

of multiple opioid receptors. II. Pharmacological selec-
tivity. Molec. Pharmac., 25, 343-348.

HARRIS, L.S. & ROSENBERG, E.J. (1967). CNS effects of
pentazocine and other analgesic compounds. Arch. Biol.
Med. Exp., 4,136-143.

HAYES, A.G. & KELLY, A.J. (1985). Profile of activity of ic-
receptor agonists in the rabbit vas deferens. Eur. J.
Pharmac., 110, 317-322.

HAYES, A.G., SHEEHAN, M.J. & TYERS, M.B. (1985a).
Determination of the receptor selectivity of opioid agon-
ists in the guinea-pig ileum and mouse vas deferens using
PFNA. Br. J. Pharmac., 86, 899-904.

HAYES, A.G., SHEEHAN, M.J. & TYERS, M.B. (1985b).
Evaluation of p and ic opioid agonists in the guinea-pig
paw pressure test. Br. J. Pharmac., 86, 703P.

HUIDOBRO, F. (1978). Antidiuretic effect of morphine in
rats; tolerance and physical dependence. Br. J. Pharmac.,
64, 167-171.

HYNES, M.D., HENDERSON, J.K. & ZIMMERMAN, D.M.
(1984). Pretreatment with the opioid receptor antagonist
P-funaltrexamine (fl-FNA) markedly alters the analgesic
activity of opioid mixed agonist-antagonist analgesics.
Fedn. Proc., 43, 965.

JAMES, I.F. & GOLDSTEIN, A. (1984). Site-directed alkylation
of multiple opioid receptors I. binding selectivity. Molec.
Pharmac., 25, 337-342.

KOSTERLITZ, H.W., PATERSON, S.J. & ROBSON, L.E. (1981).
Characterisation of the K-subtype of the opiate receptor
in the guinea-pig brain. Br. J. Pharmac., 73, 939-950.

LEANDER, J.D. (1983a). A kappa opioid effect: increased
urination in the rat. J. Pharmac. exp. Ther., 227, 35-41.

LEANDER, J.D. (1983b). Further study of kappa opioids on
increased urination. J. Pharmac. exp. Ther., 227, 89-94.

LORD, J.A.H., WATERFIELD, A.A., HUGHES, J. & KOS-
TERLITZ, H.W. (1977). Endogenous opioid peptides:
multiple agonists and receptors. Nature, 267, 495-499.

MARTIN, W.R., EADES, C.G., THOMPSON, J.A., HUPPLER,
R.E. & GILBERT, P.E. (1976). The effects ofmorphine-and
nalorphine-like drugs in the nondependent and mor-
phine-dependent chronic spinal dog. J. Pharmac. exp.
Ther., 197, 517-532.

PIRCIO, A.W. & BUYNISKI, J.P. (1980). Proxorphan
(BL5572), a novel oxamorphinan mixed agonist/
antagonist analgesic agent. Pharmacologist, 22, 802.

RANCE, M.J. (1979). Animal and molecular pharmacology of
mixed agonist/antagonist analgesic drugs. Br. J. clin.
Pharmac., 7, 281-286s.

RONAI, A., BERZETEI, I.P., SZEKELY, J.I., MIGLECZ, E.,
KURGYIS, J. & BAJUSZ, S. (1981). Enkephalin-like
character and analgesia. Eur. J. Pharmac., 69, 263-271.

SAWYNOK, J., PINSKY, C. & LABELLA, F.S. (1979). Mini
review on the specificity of naloxone as an opiate
antagonist. Life Sci., 25, 1621- 1632.

SHEEHAN, M.J., HAYES, A.G. & TYERS, M.B. (1985). Irrever-
sible block of K receptors in the guinea-pig ileum. Br. J.
Pharmac., 84, 68P.

SKINGLE, M., HAYES, A.G. & TYERS, M.B. (1985). Effects of
opiates on urine output in the water-loaded rat and
reversal by P-funaltrexamine. Neuropeptides, 5, 433-436.

TYERS, M.B. (1980). A classification of opiate receptors that
mediate antinociception in animals. Br. J. Pharmac., 69,
503-512.

TYERS, M.B. (1983). Studies on the antinociceptive activities
of mixtures of mu- and kappa-opiate receptor agonists
and antagonists. Life Sci., 31, 1233-1236.

UPTON, N., SEWELL, R.D.E. & SPENCER, P.S.J. (1983).
Analgesic actions of pA- and K- opiate agonists in rats.
Archs Int. Pharmacodyn. Thtr., 262, 199-207.

VILLIGER, J.W. (1984). Binding of buprenorphine to opiate
receptors. Neuropharmacology, 23, 373-375.

VONVOIGTLANDER, P.F., LAHTI, R.A. & LUDENS, J.H.
(1983). U-50,488: a selective and structurally novel non-
mu (kapjpa) opioid agonist. J. Pharmac. exp. Ther., 224,
7-12.

WARD, S.J., PORTOGHESE, P.S. & TAKEMORI, A.E. (1982a).
Pharmacological profiles of P-funaltrexamine (p-FNA)
and P-chlornaltrexamine (P-CNA) on the mouse vas
deferens preparation. Eur. J. Pharmac., 80, 377-384.

WARD, S.J., PORTOGHESE, P.S. & TAKEMORI, A.E. (1982b).
Pharmacological characterisation in vivo of the novel
opiate, beta-funaltrexamine. J. Pharmac. exp. Ther., 220,
494-498.

WARD, S.J. & TAKEMORI, A.E. (1983). Relative involvement
of mu-, kappa and delta-receptor mechanisms in opiate-
mediated antinociception. J. Pharmac. exp. Ther., 224,
525-530.

ZIMMERMAN, D.M., HART, J.C., REEL, J.K. & LEANDER,
J.D. (1984). Effects of P-funaltrexamine (P-FNA) on the
diuretic actions of kappa agonists and the antidiuretic
actions of mu agonists. Fedn Proc., 43, 966.

(Received January 21, 1986
Accepted May 1, 1986.)


