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Antinociceptive actions of morphine and
buprenorphine given intrathecally in the conscious rat
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1 The antinociceptive effects of morphine and buprenorphine given intrathecally and subcutane-
ously have been compared in the conscious rat.
2 In the paw pressure test, when given subcutaneously buprenorphine 0.001-0.1 mg/kg s.c., was
approximately 100 times more potent than morphine 0.1-3 mg/kg s.c., but in the hot plate test,
buprenorphine 0.03 - 3.0 mg/kg s.c., produced a bell-shaped dose-response curve of low maximum
effect and was about equipotent with morphine 0.03-3 mg/kg s.c.

3 When given intrathecally buprenorphine 10 tig and morphine, 10-60 Ag, were approximately
equipotent in both paw pressure and hot plate tests. Furthermore, morphine produced these effects
at 1/25th of the minimum effective parenteral dose while the dose of buprenorphine exceeded the
parenteral dose.
4 It is concluded that the predominant site of the analgesic action of buprenorphine is supraspinal.
The significance of these findings in relation to the role of spinal opiate receptors is discussed.

Introduction

Morphine injected into the spinal subarachnoid
space produces a naloxone-reversible focal analgesia
in animals (Yaksh & Rudy, 1976; Wang, 1977) and
man (Wolfe & Nicholas, 1979; Behar, Olshwang,
Magora & Daidson, 1979). Very few studies have
been carried out with other opioid analgesic drugs.
Yaksh and Rudy briefly studied single doses of pen-
tazocine and other benzomorphans on tail-flick reac-
tion latencies in the rat. However, this test is insensi-
tive to the antinociceptive actions of these agents
even when they are given subcutaneously (Tyers,
1980). Thus the results obtained for intrathecal in-
jections could not demonstrate whether or not these
agonists were effective at spinal level. Buprenor-
phine has been classified as a partial agonist on
Al-opiate receptors (Martin, Eades, Thompson, Hup-
plier & Gilbert, 1976). However, more recently in
antinociceptive tests it has been shown that bup-
renorphine exhibits a profile as a selective K-opiate
receptor agonist and has partial agonist effects on the
ii-opiate receptor only at significantly higher doses
(Tyers, 1980; Skingle & Tyers, 1980). The present
study was carried out to determine whether bup-
renorphine has a spinal site of analgesic action in the
rat.

Methods

Male rats (AH-PVG/C) weighing 220 to 270 g were
used. Rats were anaesthetized with pentobarbitone
sodium (60 mg/kg i.p.) and mounted in a stereotaxic
frame. Intrathecal cannulation was achieved by im-
planting catheters into the subarachnoid space using
a method similar to that described by Yaksh & Rudy,
(1976). The catheter was constructed from PP10
polythene tubing (0.28mm i.d., 0.61 mm o.d.) with a
collar made from PP60 (0.86mm i.d., 1.27mm o.d.)
tubing welded 50mm from the rostral end. The caud-
al end of the catheter was trimmed to a length of
85 mm from the collar to ensure that placement of the
catheter tip was between vertebrae T13 and L1. The
external rostral end of the catheter was sealed until
required by inserting a short length of crimped 26G
stainless steel tubing. The catheter was inserted into
the spinal subarachnoid space so that the collar was
just caudal to 2 anchor screws (1OBA x 3/16 inch)
located in the interparietal bones and secured with
acrylic dental cement. Following recovery from the
anaesthetic, animals were housed individually.
The antinociceptive activities of morphine and

buprenorphine were determined for both intrathecal
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and subcutaneous routes of injection. Antinocicep-
tive activities were determined using the paw pres-
sure, tail immersion and hot-plate tests as described
previously (Tyers, 1980). In the hot-plate test, re-
sponse latencies to both 'front paw lick' and 'hind
paw lick' end-points were recorded in order to deter-
mine whether antinociception was limited to caudal
areas. Each rat was subjected to each test in sequ-
ence, i.e. paw pressure threshold (g) determinations
were followed by tail-flick latency (50°C) and then by
hot-plate (55°C) reaction latencies (s).
For evaluations following subcutaneous administ-

ration, experiments were performed with dose-
groups of 12 rats. Experiments were carried out blind
so that the operator was unaware of the treatments
the animals had received. Animals receiving the same
treatment were randomly allocated to different cages
so that each contained 3 rats receiving different
treatments. Doses of morphine, 0.03-3.0 mg/kg,
buprenorphine, 0.001-10.Omg/kg and saline were
administered subcutaneously in a dose-volume of
1 ml/kg 30 min before antinociceptive testing. In ex-
periments to determine the effects of naloxone on the
antinociceptive effects produced by these drugs,
naloxone, 1.0mg/kg i.p., was given 15 min before
administration of a single submaximal dose of each
test drug.
For evaluations following intrathecal administra-

tion, rats were randomly placed in groups of 6 for
each drug or control group. Experiments were car-
ried out using a 6 x 6 latin square, crossover design in
which the order of the doses was randomized. Exper-
iments were carried out blind to the operator and at
least 2 days were allowed between treatments. On
each test day, pre-drug nociceptive thresholds were
determined for each rat in the paw pressure, tail-
immersion (50°C) and hot-plate (55°C) tests 60 min
before drug administration as described above. In
other studies the peak antinociceptive effects of bup-
renorphine and morphine were determined to be
30 min after administration; therefore, this pretreat-
ment time was used throughout. The effects of nalox-
one (1 mg/kg i.p.) pretreatment on the antinocicep-
tive activities of intrathecally administered single
doses of buprenorphine, 10 pg and morphine, 60 tg
were determined using an 8 x 8 latin square, cros-
sover design experiment. Naloxone or saline controls
were administered intraperitoneally 15 min before
intrathecal administration of the analgesic drugs. In-
trathecal injections were given over a 60 s period in a
dose volume of 5 fd flushed in with 10 gl artificial
CSF.
On completion of the intrathecal experiments, 2

groups of 8 rats were injected with a saturated solu-
tion of Evans blue dye to determine the extent of
diffusion. Placement of the catheter tip was con-
firmed in all of the rats both radiologically, following

injection of 50 gl of a contrast medium (Myodil,
Glaxo), and by dissection.

Drugs and materials

For subcutaneous injections morphine sulphate
(MacFarlan Smith Ltd) was dissolved in 0.9% w/v
NaCl solution (saline) and buprenorphine (Reckitt &
Colman Ltd.) was dispensed from 5 ml ampoules
containing 5 mg/ml of the hydrochloride salt in 5%
dextrose solution and was diluted in saline. For in-
trathecal injections drugs were prepared in a bal-
anced ion solution containing NaCl 7.46, KCl 0.19,
MgCl2 0.19, and CaCl2 0.14g/l in distilled water.
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Figure 1 Antinociceptive effects of morphine (-) and
buprenorphine (A) given subcutaneously in the hot-
plate (55°C) (a) and paw pressure (b) tests in the con-
scious rat. Data are means (± s.e., n = 12) analysed using
Student's t test (*P< 0.01); stippled areas are placebo-
treated groups.
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Table 1 Effects of naloxone on the antinociceptive activities of morphine and buprenorphine given subcutaneously
in the rat

Treatments
(mg/kg s.c.)

Mean (± s. e.) nociceptive thresholds
Reaction latency (s) Pressure threshold (g)

in hot-plate (550C) test in paw pressure test
Pre-drug Post-drug Pre-drug Post-drug

Saline/saline
Naloxone/saline
Saline/morphine

(0.3)
Naloxone/morphine (0.3)
Saline/buprenorphine

(0.1)
Naloxone/buprenorphine

(0.1)

7.5 ± 0.3
8.7 ± 0.9
7.6± 0.5

7.7 + 0.5
8.0± 1.5

20.6 ±0.9

150+ 6
170 + 8
180 ±4

146±10
148 ± 12
374 ± 8

8.6±0.6 8.9±0.5* 168±6 158±8*
8.2 ± 0.5 22.7 ± 1.9 156 ± 10 386 ± 16

8.4±0.6 9.6+0.5* 154+8 188 ± 14*

Naloxone (1.0 mg/kg i.p.) or saline was given 5 min before morphine or buprenorphine. Nociceptive responses
were determined 60 min before and 30 min after subcutaneously dosing with morphine, buprenorphine or saline.
*P< 0.001 Student's ttest comparing post-drug data for naloxone and corresponding saline pretreated groups.

Naloxone hydrochloride (Endo) was dissolved in
saline. Control injections contained the appropriate
vehicle(s). All doses in the text are expressed as the
parent compound equivalent. Student's ttest was
used to determine the significance of effects between
the treatment and the comparable control group.

Results

Subcutaneous administration

Following subcutaneous administration in the hot-
plate (55°C) test (Figure la) morphine
0.03-1.0 mg/kg, caused dose-dependent, significant
(P< 0.01) increases in reaction latencies. In the
same test buprenorphine 0.03-1.Omg/kgs.c., also
caused dose-dependent, significant (P< 0.01) in-
creases but the slope was less than that for morphine.
Furthermore, higher doses of buprenorphine, 3 and
10 mg/kg, had progressively less effects on reaction
latencies than at 1.0 mg/kg. In the paw pressure test,
morphine, 0.1 mg/kg s.c., caused dose-dependent,
significant (P< 0.01) increases in nociceptive pres-
sure thresholds and was therefore of similar potency
in both hot-plate and paw pressure tests. Buprenor-
phine, 0.001-0.1 mg/kgs.c., also caused dose-
dependent increases in nociceptive pressure
thresholds with the maximum and slope of the dose-
response curve not significantly different from that
for morphine (Figure lb). Saline did not induce
significant effects in either test.
Thus the analgesic drugs displayed differing pro-

files in the two tests. Buprenorphine was some 125
times more active than morphine in the paw pressure
test although approximately equipotent in the hot-

plate test. Furthermore, in the hot-plate test the
dose-response curve for buprenorphine was bell-
shaped and had a lower maximum than that for
morphine whereas in the paw pressure test it was
apparently sigmoidal and fully effective.

In further experiments the antinociceptive effects
of morphine, 0.3 mg/kg s.c., and buprenorphine,
0.1 mg/kgs.c., were significantly (P<0.001) re-
duced by naloxone, 1.0 mg/kg i.p., in both hot-plate
and paw pressure tests (Table 1).

Intrathecal administration

In the hot-plate test, morphine 3-60 fig intrathecal-
ly, produced dose-dependent increases in reaction
latencies to 'hind-paw lick' which were significant
(P< 0.005) at 30 and 60 jg (Figure 2a). Very high
doses of buprenorphine (10lAg intrathecally) were
needed to increase the reaction latencies. Neither
drug affected the 'forepaw lick' response latency
indicating that the antinociceptive effects were prob-
ably limited to the caudal part of the body. Evalua-
tion of the antinociceptive activity using the tail
immersion test generated similar data (Figure 2c). In
the paw pressure test morphine 10-60 fig intrathec-
ally, and buprenorphine 10 jig intrathecally, caused
significant (P <0.05) increases in nociceptive pres-
sure thresholds 30 min after administration (Figure
2b). Nociceptive thresholds in saline-treated
catheterized rats were not significantly different from
those of normal animals. Therefore, in contrast to the
effects of buprenorphine and morphine following
subcutaneous administration, the antinociceptive ef-
fects of these drugs in the hot-plate, tail immersion
and paw pressure tests following intrathecal ad-
ministration were very similar. In further experi-
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Figure 2 Antinociceptive effects of morphine (v) and
buprenorphine (A) given intrathecally in the hot-plate
(55°C) (a), tail immersion (50'C) (b) and paw pressure
(c) tests in the conscious rat. Data are means (n = 12)
analysed using Student's ttest (*P< 0.01). Vertical lines
show s.e. mean. Stippled areas are placebo-treated
groups.

ments the antinociceptive effects of both morphine,
60 pg intrathecally, and buprenorphine, lOAg in-
trathecally, were inhibited by pretreatment with
naloxone, 1 mg/kg i.p. (Table 2).

Post mortem and radiological examination of the
catheter tip locations showed that 98% were sited
between T12 and L2. Histological examination of the
cord revealed no observable damage or inflamma-
tion, although in some cases adhesion had occurred
between the catheter and the arachnoid mater in the
lumbar and thoracic regions.
The results of the dye diffusion showed that 10 min

after intrathecal injection, the dye had diffused rostr-
ally in the subarachnoid space to the lower cervical
vertebrae (C5 to C7), and caudally only as far as L3.
After 30 min the dye had travelled only as far as C4
and C5 with no additional diffusion caudally. Dye
was never observed in the brain at either 10 or 30 min
pretreatment.

Discussion

Considerable interest has been shown recently in the
spinal site of the analgesic action of morphine.
Analgesia has been demonstrated following sub-
arachnoid injections of morphine in both animals and
man. Furthermore, opiate receptors have been
shown to exist on primary afferent nerve terminals in
the dorsal horn of the spinal cord (La Motte, Pert &
Snyder, 1976) and may mediate inhibition of sub-
stance P released from these terminals (Jessell &
Iversen, 1977). However, it is unlikely that the spinal
cord is the major site of the analgesic action of
morphine when it is administered parenterally.

In the present study, in order to evaluate the
antinociceptive activity of analgesics on the spinal
cord, administration directly into the spinal sub-
arachnoid space of conscious rats was achieved by
means of a chronically implanted catheter. It was
possible to position the catheter tips accurately at the
thoraco-lumbar border and dye diffusion studies in-
dicated limited rostral diffusion so that the drugs
would be available to thoracic and parts of the cervi-
cal and lumbar regions of the cord but not the brain.

Morphine, when injected into the spinal subarach-
noid space caused naloxone-reversible antinocicep-
tion against both thermal and pressure stimuli. The
effect was maximal 30 min after injection and was
similar to that observed by others. The effects of
morphine were demonstrable at 1/25 of the minimal
effective parenteral dose. In contrast, buprenorphine
was relatively weak when given intrathecally. The
effect, at a dose of 10 jig, which exceeds the effective
parenteral dose per body weight of buprenorphine,
was possibly due to diffusion away from the site of
injection. It was interesting that morphine and bup-
renorphine given intrathecally were approximately
equipotent in both thermal and mechanical nocicep-
tion tests whereas in the paw pressure test following
subcutaneous injection buprenorphine was approxi-
mately 100 times more active than morphine. An
explanation for the relatively weaker effect of bup-
renorphine given intrathecally compared with the
subcutaneous route in the paw pressure test may be
that spinal analgesia is only mediated via p-receptors.
Buprenorphine has been characterized as a partial
agonist on ti-receptors with a potency similar to that
of morphine (Martin et al., 1976; Tyers, 1980). How-
ever, the greater potency of buprenorphine when
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Table 2 Effects of naloxone on the antinociceptive activities of morphine and buprenorphine given intrathecally
(i.th.) in the rat

Treatments Mean (± s.e.) nociceptive thresholds
(jig i.th.) Reaction latency (s) Pressure thresholds

Hot-plate (55°C) Tail immersion (g) in-paw pressure
test (50°C) test test

Pre-drug Post-drug Pre-drug Post-drug Pre-drug Post-drug

Saline/vehicle 9.4±0.8 8.5±0.7 8.2±0.4 8.4±0.5 156±6 172 10
Naloxone/vehicle 7.2 ± 0.7 8.6 0.9 8.1 0.7 7.4 ±0.6 154±6 164 8
Saline/morphine (60) 8.9 ± 0.7 25.1 0.4 7.7 ±0.4 16.7 ± 2.3 166± 6 342 22
Naloxone/morphine 7.5 ± 0.5 11.5 2.8* 8.5 ±0.4 8.6 ± 0.6* 156 ± 6 192 12

(60)
Saline/buprenorphine 9.0 ± 0.9 14.0 ± 2.1 8.5 0.5 16.5 ± 2.2 160± 8 254 28

(10)
Naloxone/buprenorphine 8.4 ± 0.6 8.0 ± 1.4* 8.6 0.7 9.1 ± 0.3* 156 ± 10 178 14*

(10)

Naloxone (1.0 mg/kg i.p.) or saline, was given 15 min before morphine or buprenorphine. Nociceptive responses
were determined 60 min before and 30 min after intrathecal dosing with morphine, buprenorphine or vehicle.
*P< 0.01 Student's ttest comparing post-drug data for naloxone and corresponding saline pretreated groups.

given subcutaneously in the paw pressure test has
been attributed to a selective action on K-opiate
receptors (Tyers, 1980; Skingle & Tyers, 1981). This
suggests that K-receptors are not involved in spinally-
mediated antinociception. It is unlikely that the rela-
tive lack of effect of buprenorphine given intrathecal-
ly was due to poor penetration of the pia mater and
neural tissues of the dorsal horn, since buprenor-
phine is more lipophilic than morphine and should
therefore diffuse more rapidly.

In man, epidural buprenorphine 0.2 mg has been
reported to produce analgesia and sedation in the
treatment of post-operative pain after elective
caesarian section (Srivastava, 1982). However, this
dose of buprenorphine is the same as the effective
parenteral dose and the analgesic effect may be due
to an action at another distant site. Alternatively, this
high dose of buprenorphine may be sufficient for it to

interact with ti-opiate receptors.
These results indicate that the predominant site of

the analgesic action of buprenorphine in the rat is
supraspinal. For example, discrete injections of bup-
renorphine into the median raphe nucleus (Bryant,
Olley & Tyers, 1982) and cerebral ventricles (unpub-
lished data) in the rat induce marked analgesia in
which buprenorphine is approximately 1000 times
more potent than morphine in pressure and chemical
nociception tests. Therefore the median raphe nuc-
leus is certainly a more important site for the
analgesic action of buprenorphine than the spinal
cord. These results also support the concept that
buprenorphine and morphine produce analgesia
through interactions with different opiate receptors.

Correspondence to M.B.T., Glaxo, please.
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