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Abstract-Local anaesthetics and opioid drugs function synergistically to provide analgesia. In the 
present study, the nature of this synergy has been investigated using in vitro radioligand binding to 
determine whether the local anaesthetics bupivacaine and tetracaine modulate the binding of two K-opioid 
receptor ligands, [3H]U-69593 (5-a;7-~,8-~(-)-N-methyl-N-[7-(l-pyrrolodinyl)-l-oxaspiro(4,5)dec-8- 
yl]-benzene acetamide) and [3H](-)-EKC (ethylketocyclazocine). [3H]U-69593 bound with a KD of 
0.88 nM and a B,,, of 2.39 f 0.22 fmol/mg wet weight in guinea pig cerebellar membranes. The binding 
was inhibited by bremazocine and morphine with Hill slopes near unity and ptjO values of 9.96 and 
6.84-6.86, respectively. [3H]U-69593 bindingwasinhibited byGpp(NH)p(5’-guanylylimidodiphosphate) 
and NaCI, consistent with an agonist action of the compound. The binding characteristics of the ligand 
were not changed by bupivacaine or tetracaine. [3H](-)-EKC bound with KD values of 0.55 and 0.97 nM 

and B,,, values of 4.22 and 0.99 fmol/mg wet weight in guinea pig cerebellar membranes and rat spinal 
cords, respectively. In the rat spinal cord, [3H](-)-EKC appeared to act as an agonist/antagonist, since 
the presence of Gpp(NH)p and NaCl only produced a small (21%) reduction in binding, but reduced 
the ~1,” for the residual binding to inhibition by morphine from 6.33-6.39 to 5.95. As with [‘H]U-69593, 
the binding characteristics of [3H](-)-EKC were not affected by bupivacaine or tetracaine. These studies 
demonstrate that effects on K-opioid receptor recognition site conformation are unlikely to explain the 
clinically observed synergy between local anaesthetics and opioids. 

Key words: local anaesthetics; opioid receptors; morphine; U-69593; ethylketocyclazocine; bremazocine; 
a-neoendorphin; G-protein 

Local anaesthetics and opiate analgesics are often 
administered to treat post-operative and obstetric 
pain. Clinical and animal studies have shown that 
concomitant opiate and local anaesthetic therapy 
improves the magnitude and duration of pain relief 
when compared to the effects of each drug 
administered separately [l-3]. These effects of 
concomitant therapy are consistent with the 
observation that local anaesthetics potentiate opioid- 
induced analgesia [4,5]. Synergistic analgesic 
responses to these compounds are significant because 
combination therapy allows for the management of 
pain with a reduced risk of the patient developing 
side effects or tolerance to the medication. 

The nature of the synergistic interaction between 
the opioids and local anaesthetics has not yet been 
determined. It is suggested that local anaesthetics 
may alter opioid pharmacokinetics [6], attenuate the 
opioid response via an interaction at the second 
messenger level [7], or block voltage sensitive Ca2+ 
channels in primary afferent terminals to facilitate 
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the pre-synaptic inhibition of neurotransmitter 
release by opioids [5]. 

Alternatively, a recent investigation of opioid 
binding in the rat spinal cord suggested that 
bupivacaine altered the properties of the K-opioid 
recognition site [S]. Thus, in the presence of the 
synthetic opioid peptides DAMGO$ and DADLE 
(to block non-selective binding of the ligand to h- 
and S-opioid sites, respectively), very low 
concentrations of bupivacaine potentiated both [3H]- 
EKC binding and, in particular, the inhibition of 
[3H]EKC binding by morphine. The increase in 
potency of morphine found in the presence of low 
concentrations of bupivacaine was rather dramatic. 
Thus, at a morphine concentration of 15 nM, the 
presence of 15-154nM bupivacaine increased the 
inhibition of [3H]EKC binding from 27% to 79-83% 
[8]. Such a large change would mean that in the 
presence of low concentrations of bupivacaine, 
morphine acts as a K- and p-opioid receptor agonist 
rather than as a y-opioid receptor selective agonist. 
These effects were presented as evidence that local 
anaesthetics induce a conformational change in K- 
opioid receptors. 

However, the investigation summarised above [8] 
used only the combination of bupivacaine and 
morphine, so whether the observations reflect a 
general effect for all local anaesthetics and opioids 
remains unanswered. Also, in view of the tissue- 
and ligand-dependent pharmacology of K-opioid 
receptor recognition sites [see 91, the study did not 
indicate as to whether such changes in recognition 
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site pharmacology are specific to spinal cord [3H]- 
EKC binding sites or are found globally. 

In consequence, the present investigation considers 
the interaction of bupivacaine and tetracaine with 
several opioids at the K-receptor site defined by the 
selective ligand [3H]U-69593 [lo] in the K-rich guinea 
pig cerebellum [ll]. Comparisons are made with the 
[3H]EKC binding sites in rat spinal cord. Some of 
the present results have been presented elsewhere 
in abstract form [12] and in a review article [9]. 

MATERIALS AND METHODS 

Materials. [3H]U-69593 was purchased from 
Amersham International plc, U.K. (specific activity 
57 Ci/mmol). [3H](-)-EKC was purchased from 
DuPont NEN, Bad Homburg, Germany (specific 
activity 28.5 Ci/mmol). Levallorphan tartrate was 
obtained from Roche, Switzerland. The local 
anaesthetics used in this study were bupivacaine 
(Astra Pain Control AB, Sodertalje, Sweden) and 
tetracaine (Astra, MA, U.S.A.). Gpp(NH)p, (Y- 
neoendorphin and BSA were obtained from the 
Sigma Chemical Co., St Louis, MO, U.S.A. 
Bremazocine HCl, non-radioactive U-69593, 
DADLE and DAMGO were purchased from 
Research Biochemicals International, MA, U.S.A. 
Morphine HCl was obtained from Apoteksbolaget, 
Goteborg, Sweden. With the exception of a+ 
neoendorphin, which was dissolved in distilled water 
and stored at -20” in aliquots, all drugs were weighed 
out fresh daily, dissolved in distilled water and 
diluted to the final assay concentration in 50 mM 
Tris buffer, pH 7.4. 

Tissue preparation. Radioligand binding assays 
were conducted on pre-frozen cerebella from male 
white Dunkin-Hartley guinea pigs aged 30-40 days 
or pre-frozen (unless otherwise stated) spinal cords 
from male Sprague-Dawley rats weighing 200-250 g 
(aged 30-40 days). All animals were supplied by BK 
Universal AB, Sollentuna, Sweden. 

The guinea pigs were killed by decapitation and 
the cerebella rapidly dissected on ice and preserved 
between -70” and -85” prior to preparation of 
homogenates. Cerebella had been stored between 
14 and 24 months prior to assay. However, storage 
has been shown not to affect the B,, or KD values 
of [3H](-)-EKC binding sites in this tissue [13]. 
Homogenates were prepared from 0.8-1.0 g wet 
weight of cerebellum essentially as described by 
Sharif et al. [14]. Tissue was homogenised by Ultra- 
Turrax in 50mM Tris buffer (pH 7.4) containing 
1 mM NazEDTA and centrifuged at 44,000g for 
20min. The pellet was resuspended in the same 
buffer and incubated for 45 min at 37” in order to 
degrade endogenous opioids. Homogenates were 
centrifuged twice more and the final pellet 
resuspended in 0.32 M sucrose (200 mg wet weight/ 
mL) and stored at -70” to -85” until the day of the 
assay. 

Rats were killed by decapitation and the spinal 
cord regions rostra1 to L-5 or L-6 rapidly dissected 
on ice and, unless otherwise stated, preserved at 
temperatures between -70” and - 85” for O-12 
months prior to preparation of homogenates. 
Homogenates were prepared from 2.5-3.5 g wet 

weight of spinal cord in the same manner as for the 
guinea pig cerebella described above. The final pellet 
was suspended in 0.32 M sucrose (600 mg wet weight/ 
mL) and stored at -70” to -85” until the day of the 
assay. 

Radioligand binding assay procedures. On the day 
of the assay, guinea pig cerebella tissue homogenates 
were thawed and diluted to approximately 15 mg 
wet weight/ml with 50mM Tris buffer, pH 7.4, 
prior to addition to assay vials. Similarly, rat spinal 
cord homogenates were diluted to approximately 
60mg wet weight/ml with 50mM Tris buffer, pH 
7.4. The spinal cord homogenates were sonicated 
three times at 5 set intervals using a Vibra Cell VCX 
400 (Sonics and Materials Inc, U.S.A.) to improve 
the consistency of the homogenate. Binding was 
measured by the addition of [3H]U-69593 or [3H]- 
(-)-EKC (the latter in the presence of 100nM 
DAMGO and 100 nM DADLE to inhibit binding of 
this ligand to p- and &opioid receptors) in guinea 
pig cerebella homogenates and [3H](-)-EKC in rat 
spinal cord homogenates at the concentrations 
indicated in the table and figure legends. The assay 
volume was 500 pL, of which 35OpL was the 
membrane preparation. Non-specific binding was 
defined as binding measured in the presence of 1 PM 
levallorphan. 

Samples were incubated for 60-90 min at room 
temperature (20-25”) upon which binding was rapidly 
terminated by vacuum filtration using a Brandel Cell 
Harvester. Separation of bound ligand from free 
ligand was achieved by glass fibre filters (Whatman 
GF/B) which had been pre-soaked for 4 hr in 0.1% 
polyethylenimine to decrease non-specific binding. 
After separation, filters were washed three times 
with 5 mL 50mM Tris buffer, pH 7.4, at room 
temperature and allowed to dry prior to addition of 
4mL of scintillant (Ultima Gold, Packard) and 
analysis by liquid scintillation spectroscopy with 
quench correction. Individual assays were performed 
in duplicate, triplicate or quadruplicate. 

Analysis of data. Radioligand binding data are 
expressed either as fmol/mg wet weight or as a 
percentage of control values where appropriate. 
Control values were assayed concurrently in the 
absence of test compound. Control samples, test 
substances and levallorphan were arranged in a 
consistent order on assay filters to minimise error 
due to interfilter variations. 

Data from the [3H]U-69593 and [3H](-)-EKC 
saturation curves were analysed by Rosenthal 
transformation [15] to determine KD and B,, 
values. Hill slopes and p150 values were calculated 
from linear regression analyses of individual plots 
of log,,( % inhibition/[ lOO- % inhibition]) vs 
logio[drug]. Only % inhibitions in the contiguous 
range between lO--90% were used since values <lo% 
or >90% will bias regressions. In all cases the 
regressions were significant (P < 0.05). Statistical 
significance of data was determined using one- and 
two-way ANOVAs. 

RESULTS 

Saturation curves of the binding of [3H]U-69593 
and [3H](-)-EKC to the different preparations were 
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Fig. 1. Effects of local anaesthetics on [3H]U-69593 and [3H](-)-EKC binding in guinea pig cerebellar 
membranes and rat spinal cord. Data are means 2 SEM (when larger than the symbols), N = 3 for 
specific (filled squares) and non-specific (unfilled circles) binding. (A) and (B) represent [3H]U-69593 
binding performed on guinea pig cerebellar membranes at a ligand concentration of 0.85 C 0.008 nM. 
(C) and (D) represent [3H](-)-EKC binding performed on rat spinal cords at a ligand concentration of 
1.67 f 0.026 nM. One-way ANOVA in each case indicated no significant effects of the local anaesthetics 

on specific or non-specific binding (FnZ4 < 1.1, P > 0.42). 

undertaken. Binding of [3H]U-69593 to the rat spinal 
cord membranes was not undertaken since it has 
been established that this ligand shows very low 
specific binding in this tissue [lo]. In each case, the 
binding was saturable, and Rosenthal analysis of 
[3H]U-69593 binding to guinea pig cerebellar 
membranes gave a KD value of 0.88 % O.lOnM 
and a B,,, of 2.39 ? 0.22 fmol/mg wet weight 
(means ? SEM, N = 4). For [3H](-)-EKC binding, 
KD values of 0.55 ? 0.09 and 0.97 C 0.02nM and 
B values of 4.22 + 0.12 and 0.99 * 0.07 fmol/mg 
wE?weight (means ? SEM, N = 4 and N = 3) were 
found for guinea pig cerebellar membranes and rat 
spinal cords, respectively. 

The effects of a wide range of concentrations of 
bupivacaine and tetracaine on the binding of [3H]U- 
69593 (guinea pig cerebellum) and [3H](-)-EKC (rat 
spinal cord) are summarised in Fig. 1. One-way 

ANOVA analyses indicated that there was no 
significant effect of either local anaesthetic on the 
specific binding of either ligand. 

The effects of bupivacaine and tetracaine upon 
the inhibition of radioligand binding by morphine 
are shown in Figs 2 and 3, and the plsO values and 
Hill coefficients determined from the data are 
summarised in Table 1. In addition, the effects of 
bupivacaine upon the p150 values and Hill coefficients 
for inhibition of ligand binding by bremazocine and 
Lu-neoendorphin. are given in Table 1. In all these 
experiments, irrespective of ligand or tissue, neither 
bupivacaine nor tetracaine had a measurable effect 
on the affinities of the various competitor com- 
pounds for the ligand binding sites as determined by 
one-way ANOVA analysis of the p150 values 
(F3,7_12 < 1.25, P > 0.36). The local anaesthetics also 
had no measurable effects on the Hill slopes as 
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Fig. 2. Inhibition by morphine of 0.84 ? 0.025 nM [3H]U-69593 binding in guinea pig cerebellar 
membranes (panel A), 1.49 ? 0.17 nM [3H](-)-EKC binding in guinea pig cerebellar membranes (panel 
B) and 1.62 2 0.08 nM [3H](-)-EKC binding in rat spinal cord membranes (panel C). The bupivacaine 

concentrations present are indicated in the figure. Data are means k SEM, N = 3-4. 
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Fig. 3. Inhibition by morphine of 0.83 f 0.012 nM [3H]U-69593 binding in guinea pig cerebellar 
membranes (panel A) and 1.48 k 0.10 nM [3H](-)-EKC binding in rat spinal cord membranes (panel 
B). The tetracaine concentrations present are indicated in the figure. Data are means + SEM, N = 3. 

determined by one-way ANOVA analysis (Fs,T_iz 
< 2.5, P > 0.13) with two exceptions, the bupi- 
vacaine effect on morphine inhibition of [3H]U- 
69593 in guinea pig cerebellar membranes (Fs,iz = 
4.4, P < 0.05) and the tetracaine effect on morphine 
inhibition of [3H](-)-EKC in rat spinal cord (Fs,s = 
6.7, P < 0.05). With respect to these cases, 
examination of the untransformed data from which 
these values were derived (Figs 2A and 3B) indicate 
that the local anaesthetics had at best very small 
effects upon the inhibition of ligand binding by 
morphine and the significance is thus of no 
physiological relevance. 

All binding studies were conducted on pre-frozen 
tissues. However, similar results for the inhibition 
of rat spinal cord [3H](-)-EKC binding by morphine 
(mean p~sa 6.16, mean Hill slope 0.50, no effects of 
0.008, 0.2 or 5 ,uM bupivacaine upon these 
parameters) were found in two preparations where 
fresh rather than pre-frozen spinal cords were used. 

The specific binding of [3H]U-69593 to guinea 
pig cerebellar membranes was inhibited in a 

concentration-dependent manner by the non- 
hydrolysable GTP analogue, Gpp(NH)p (Fig. 4A). 
The residual binding found in the presence of a high 
(100 PM) concentration of Gpp(NH)p was sensitive 
to inhibition by NaCl, so that the combination of 
100 PM Gpp(NH)p + 100 mM NaCl totally inhibited 
the specific binding (Fig. 4A). On the other hand, 
the specific binding of [3H](-)-EKC to rat spinal 
cord membranes was only reduced by 21 -t 3% 
(means k SEM, N = 4) in the presence of 100 ,LJM 
Gpp(NH)p + 100 mM NaCl (data not shown). The 
specific binding remaining, however, was less 
sensitive to inhibition by morphine and the Hill slope 
for inhibition was higher than when Gpp(NH)p and 
NaCl were absent (Fig. 4B, Table 1). 

The effect of bupivacaine upon the regulation of 
ligand binding by Gpp(NH)p and NaCl was also 
investigated in these experiments. In the case of 
[3H]U-69593 binding to the guinea pig cere- 
bellar membranes, the reduction of specific binding 
found in the presence of 100 mM NaCl was similar 
in the absence or presence of bupivacaine (Fig. 4A). 
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B. 

IOO- 

[Bupivacairre] (pd4) 

g opoos 

q 0.2 

n 5 

1 10 100 0 100 

[WJNHPI WI 

s 0 

6 
6 5 g 

[Morphine] (PM) 

Fig. 4. Panel A. Effect of bupivacaine on the sensitivity of [‘HI-U69593 (0.82 2 0.03 nM) binding to 
Gpp(NH)p in guinea pig cerebellar membranes. Data are means ? SEM, N = 3. Two-way ANOVA 
was performed on the untransformed data (i.e. as fmol binding/wet weight). Gpp(NH)p had a significant 
effect on ligand binding (F5,48 = 92.4, P < 0.0001). Similarly, NaCl had a significant effect on the binding 
(F,,!, = 560, P < 0.001). No significant effects for bupivacaine (F 3,48 = 1.50, P = 0.23), for the interaction 
bupivacaine x Gpp(NH)p (F15,@ = 0.38, P > 0.97), or for the interaction bupivacaine x NaCl (F3,16 = 
0.37, P > 0.77) were found. Panel B. Effect of bupivacaine on the inhibition by morphine of [3H](-)- 
EKC binding to rat spinal cord homogenates. Data are means * SEM (shown when their size exceeded 
the symbol), N = 4 for assays in the absence (filled symbols) or presence (unfilled symbols) of 100 ,uM 
Gpp(NH)p and 100 mM NaCl. Shown are the curves for no bupivacaine (O-0) or 5 PM bupivacaine 
(A-A). The ligand concentration was 0.91 ? 0.04 nM. One-way ANOVA indicated that there was no 
significant effect of bupivacaine on the response to morphine/Gpp(NH)p and NaCl for either the pljO 

values (F3,12 = 0.68, P > 0.58) or the Hill slopes (F3,,* = 0.08, P > 0.97). 

889 

Bupivacaine did not significantly affect the inhibition 
of [3H]U69593 binding by morphine under these 

In the case of [3H](-)-EKC binding to the rat 

conditions (Fig. 5). The inhibitory effect of 
spinal cord, the reduction of binding produced by 

Gpp(NH)p was also not modulated by bupivacaine 
100 PM Gpp(NH)p + 100 mM NaCl was similar at 

(Fig. 4A). 
each concentration of bupivacaine tested, values 
(means k SEM) of 21 * 3, 2624, 26 k-4 and 
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[Uupivacaine] (,UM) 

0.1 1 

[Morphine] (PM) 

Fig. 5. Effect of bupivacaine upon inhibition of [3H]U-69593 binding to guinea pig cerebellar membranes 
at an assay NaCl concentration of 100 mM. Data are means + SEM, N = 3. The ligand concentration 
was 0.82 2 0.03 nM. Two-way ANOVA performed on the untransformed data (i.e. as fmol binding/ 
wet weight) indicated a significant effect of morphine (F3.32 = 78.4, P < 0.0001) but not of bupivacaine 

(F,,,z = 0.46, P > 0.71) or of the interaction bupivacaine x morphine (Fu,jz = 0.16, P > 0.9). 

29 ? 6% being found at 0, 0.008, 0.2 and 5,uM 
bupivacaine, respectively. Bupivacaine did not 
significantly affect either the p’s” values or the Hill 
slopes for the inhibition by morphine of [3H](-)- 
EKC binding to rat spinal cords assayed under these 
conditions (Table 1, Fig. 4B). 

DISCUSSION 

In the present study, the pharmacological 
properties of opioid binding sites labelled by [3H]U- 
69593 have been compared with those labelled by 
[3H](-)-EKC (after blocking binding to p- and 6 
opioid recognition sites). The data with [3H]U-69593 
are in line with the literature for guinea pig cerebellar 
membranes both with respect to B,, and KD values 
and with respect to the p150 values obtained for the 
opioid compounds tested [lo, 16,171. These binding 
sites correspond to the K,-opioid receptor as defined 
by Zukin et al. [18]. The low Hill coefficient for the 
inhibition of [3H]U-69593 binding by Lu-neoendorphin 
is also consistent with the literature [19]. 

[3H](-)-EKC is a non-selective opioid ligand that 
has been often used to label K-opioid receptors in 
combination with selective compounds to block 
labelling to ,u- and &opioid receptor sites. Under 
these conditions, the B,, and KD values determined 
agree very well with reported values for [3H]EKC 
binding in guinea pig cerebellar membranes [ 13,161. 
Comparison of plsO values for non-radioactive 
U-69593 competition versus the ligand are also 
consistent with the literature [16, 181. 

[3H](-)-EKC binds to a larger population of sites 
in guinea pig cerebellum than [3H]U-69593, and in 
the rat spinal cord the binding of [3H](-)-EKC is 
inhibited with Hill slopes considerably lower than 
unity, unlike the situation for [3H]U-69593 binding to 
guinea pig cerebellar membranes. These observations 
are consistent with findings from other studies 
conducted in a variety of tissues [ 18,20,21], although 

data for [3H](-)-EKC in the rat spinal cord had 
previously only been obtained in the absence 
of DAMGO and DADLE (or corresponding 
compounds) [see 91, with the exception of the study 
by Tejwani et al. [8], who reported 27 and 33% 
inhibition of specific binding of [3H]EKC by 15 and 
30 nM morphine (in the absence of bupivacaine, see 
below). 

These differences in binding characteristics for the 
two ligands have been interpreted by a number of 
investigators as evidence for K-receptor hetero- 
geneity, whereby [3H]EKC binds to the defined K*- 

opioid receptor as well as a novel U-69593-insensitive 
*‘K*" binding site [13, 16,221, although the identity 
of this latter site has been questioned [21,23]. 
Alternatively, Richardson et al. [24] suggested that 
apparent K-receptor heterogeneity might be a 
consequence of differential labelling of G-protein 
coupled and uncoupled forms of the receptor 
secondary to differences in the intrinsic activities of 
the ligands used. This would provide a simple 
explanation for the differences in recognition site 
densities found for the two ligands in guinea pig 
cerebellum. Our own data on the different Gpp(NH)p 
sensitivities of the binding sites are consistent with 
this explanation. 

The present study has focused upon the modulation 
of the [3H]U-69593 and [3H](-)-EKC binding sites 
by local anaesthetics, in response to the recent 
suggestion [8] that bupivacaine at low (15-154 nM) 
concentrations greatly increases the sensitivity of rat 
spinal cord [3H]EKC binding to inhibition by 
morphine. These authors suggested that local 
anaesthetics may induce conformational changes in 
the recognition sites and that such effects may have 
relevance with respect to the well-established 
synergistic effects of local anaesthetics and opioids 
in man and in experimental animals [l-5]. 

The present study demonstrated, however, that 
the local anaesthetics, bupivacaine and tetracaine, 
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when tested over a wide range of concentrations, 
did not have any effect on the binding of [3H]U- 
69593 to guinea pig cerebellar membranes or the 
binding of [3H](-)-EKC (after blockade of ,LA- and 6- 
opioid receptors) to rat spinal cord homogenates. 
Further, these local anaesthetics did not affect, to 
any obvious extent, the inhibition of these ligands 
by a variety of opioid compounds in competitive 
binding studies. In addition, modulation of the 
recognition site binding profiles by NaCl and/or 
Gpp(NH)p was unchanged. These data would 
suggest that local anaesthetic-induced changes in the 
properties of the K-opioid receptor recognition sites 
cannot explain the observed synergistic properties 
between local anaesthetics and opiates seen in the 
clinic. This does not rule out, however, the possibility 
that there is a functional synergy in vitro, such as a 

change in the signal transduction response to opioid 
receptor stimulation. Such a possibility is under 
investigation. 
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