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YOBURN, B. C., S. SHAH, K. CHAN, A. DUTTAROY AND T. DAVIS. Supersensitivity to opioid unafgesics fob 
lowing chronic opioid antagonist treatment: Relationship to receptor selectivity. PHARMACOL BIOCHBM BEHAV 51(2/3) 
535-539, 1995.-The effect of chronic opioid antagonist treatment on the analgesic potency of six opioid agonists was 
compared to changes in opioid receptor density and the selectivity of each agonist for c (DAMGO), 6 (DPDPE) and I( 
(U69.593) opioid receptors. Mice were implanted SC with a 15-mg naltrexone or placebo pellet for 8 days. The pellets were 
removed and 24 h later, mice were sacrificed and binding studies were conducted. or mice were tested in analgesia (tail-flick) 
dose-response studies. All six analgesics acted as full agonists for both placebo and naltrexone-treated mice. Naltrexone 
increase-d the analgesic potency of methadone, etorphine, fentanyl, meperidine, and oxycodone by 1.9-3.2-fold. The analgesic 
potency of propoxyphene was not increased significantly (1.3-fold). In saturation binding studies in brain homogenate, 
naltrexone increased the B,, of c, 6, and K opioid receptors by 86.43, and 33v0, respectively, without altering K,,. Competition 
binding studies for each receptor type were conducted in brains from untreated mice, and K,s were determined for each 
agonist. All agonists had greatest selectivity toward c compared with 6 and I( receptors. There did not appear to be an obvious 
relationship between receptor selectivity and the magnitude of supersensitivity. These studies indicate that supersensitivity 
occurs for a broad range of opioid analgesics following chronic opioid antagonist treatment in the mouse. However, the 
selectivity of these agonists for p, 6, and K receptors does not appear to correlate with differences in supersensitivity. 

Opioid receptor Upregulation Supersensitivity Analgesia Nahrexone Etorphine Propoxyphene 
Meperidine Fentanyl Oxycodone Methadone 

CHRONIC opioid antagonist treatment has been shown to 
increase the density (upregulation) of opioid receptors [e.g., 
(14,17,18,20)]. Simultaneously, the potency of opioid agonists 
is increased (supersensitivity) following chronic opioid antago- 
nist treatment [e.g., (14,17)]. A broad range of systemically 
active agonists has been shown to be increased in potency 
following chronic antagonist treatment in the rat (1,2,8,10, 
11). On the other hand, the majority of studies in the mouse 
that have examined supersensitivity to systemic opioids have 
employed morphine, although supersensitivity for methadone 

has been reported (15). Some studies using local drug adminis- 
tration in the mouse have shown that the degree of receptor 
upregulation for specific opioid receptor types b, 6, and K) 

tends to be proportional to the magnitude of supersensitivity 
to relatively selective agonists (16,18). However, at present, 
the relationship between the magnitude of supersensitivity and 
receptor selectivity of a broad range of systemically adminis- 
tered opioid agonists has not been explored. Therefore, in this 
report we assessed the magnitude of supersensitivity for six 
full opioid agonists following chronic naltrexone treatment in 
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the mouse. The degree of supersensitivity was compared to 
upregulation of p, S, and K receptors and the receptor binding 
profile for each of the six agonists. 

METHOD 

Subjects 

Male Swiss Webster mice (24-34 g) from Taconic Farms 
(Germantown, NY) were used throughout. Mice were housed 
five to IO/cage with free access to food and water. Each 
mouse was used only once. 

Antinociception 

Antinociception (analgesia) was determined using the tail- 
flick assay. A beam of light was focused on the dorsal surface 
of the tail of the mouse and the apparatus adjusted so that 
baseline tail-flicks were between 2 and 4 s. In all tests, a cutoff 
tail-flick latency (10 s) was used to avoid tissue damage. Mice 
that did not flick by 10 s were defined as analgesic. 

Procedure 

Mice were implanted SC with a placebo pellet or a 15-mg 
naltrexone pellet for 8 days. Pellets were implanted and re- 
moved from the nape of the neck while mice were lightly 
anesthetized with halothane : oxygen (4 : 96). The pellets were 
removed, and 24 h later mice were sacrificed for binding stud- 
ies or tested for analgesia using a cumulative dosing protocol 
following methadone (0.25-7.25 mg/kg), propoxyphene (1.6- 
45.0 mg/kg), fentanyl (Z.S-100.0 pg/kg), etorphine (0.10-l 1.8 
pg/kg), oxycocodone (0.1-4.0 mg/kg), or meperidine (1.9- 
58.3 mg/kg). Mice were tested for analgesia 30 min (metha- 
done) or 15 min (all other agonists) following treatment. Using 
the cumulative dosing protocol, mice were injected with a low 
dose of each drug and then tested for analgesia. Mice that 
were not analgesic were given a second dose within 5 min of 
testing and then tested again 30 or 15 min later. This cumula- 
tive dosing protocol was continued until all mice were analge- 
sic. In each study, for each agonist, six to 10 mice were in- 
cluded in the placebo and naltrexone groups. Each study was 
repeated two to three times. 

Receptor Binding Assay 

Binding studies were performed as previously described 
(19). Briefly, mice were sacrificed and their whole brains re- 
moved, weighed, and homogenized in 80 vol. of ice-cold 50 
mM Tris buffer @H 7.4). Homogenates were centrifuged at 
15,000 rpm for 15 min, and the pellet was resuspended and 
centrifuged again. Pellets were resuspended in buffer and in- 
cubated for 30 min at 25V. Homogenates were centrifuged a 
third time and finally resuspended in 20-80 vol of 50 mM 
potassium phosphate buffer (pH 7.2). For saturation studies, 
an aliquot of brain homogenate from placebo- and naltrex- 
one-treated mice (24 h following pellet removal) was assayed 
in triplicate in tubes containing 0.04-5.0 nM [3H]DAMG0, 
0.08-10.0 nM [‘HIDPDPE, or 0.08-10.0 nM [3H]U69,593. 
Radioligands were obtained from Amersham (Arlington 
Heights, IL) or DuPont NEN (Boston, MA). For competition 
studies, 1 nM [“HIDAMGO, 2 nM [‘HIDPDPE, or 2 nM 
[“H]U69,593 binding in membranes from untreated mouse 
brain was assayed in triplicate in the absence and presence 
of increasing concentrations of methadone (0.04-5000 nM), 
propoxyphene (0.04-5000 nM), fentanyl(O.4-5000 nM), etor- 
phine (0.008-1000 nM), oxycodone (0.15-10,000 nM), or me- 

peridine (3.8 nM-1 mM). Nonspecific binding was determined 
in the presence of 1.0 PM cold levorphanol ([3H]DAMG0, 
[3H]DPDPE) or 10 PM naloxone ([‘H]U69,593). Tubes were 
incubated for 90 min at 25V, then 5 ml ice-cold phosphate 
buffer was added and samples were filtered (GF/B glass fi- 
ber). For assays of [‘H]U69,593 binding, filters were pre- 
soaked in polyethylenamine (0.1%) for 2 h. Filters were 
washed with buffer, transferred to scintillation vials, and 
counted. Counts per minute were converted to disintegrations 
per minute using the external standard method. Specific bind- 
ing is the difference between binding determined in the ab- 
sence of cold ligand and in the presence of cold ligand. Protein 
was determined using a microassay technique based on the 
method of Bradford (3) using reagent purchased from BIO- 
RAD (Richmond, CA). 

Drugs 

Etorphine HCl, inert placebo pellets, and naltrexone pellets 
were obtained from Research Triangle Institute (Research Tri- 
angle Park, NC) through the Research Technology Branch of 
the National Institute on Drug Abuse. Naltrexone and placebo 
pellets were wrapped in nylon mesh before SC implantation. 
Methadone HCl, fentanyl citrate, oxycodone HCI, and d- 
propoxyphene HCI were obtained from Sigma Chemical Co. 
(St. Louis, MO). Meperidine HCl was generously supplied by 
the Penick Corporation (Newark, NJ). Drugs were dissolved 
in 0.9% NaCl and administered SC. Doses are expressed as 
the base. 

Data Analysis 

Quanta1 dose-response data were analyzed by Probit Anal- 
ysis (5) using a computerized program (BLISS 21; Department 
of Statistics, University of Edinburgh, Scotland), which esti- 
mates ED&, 95% confidence limits, and relative potencies. 
Differences between means were assessed using the t-test (p 
< 0.05). ICws and K,s (4) were calculated using nonlinear 
regression (Graphpad ver. 4.0). 

RESULTS 

Pharmacodynamics 

NTX treatment increased the mean analgesic potency of 
the agonists by 1.3-3.2-fold (order: propoxyphene < metha- 
done = fentanyl = etorphine < oxycocodone < meperi- 
dine) (Fig. 1 and Table 1). The shift in potency for propoxy- 
phene was not significant (p > 0.05), whereas the potency 
shift for all other agonists was significant (p < 0.05). With 
the exception of propoxyphene and meperidine, all increases 
in potency (1.9-2.6) were relatively similar to each other. 

Binding Studies 

In saturation binding studies, NTX significantly increased 
the B,, of p ([‘HIDAMGO), 6 ([3H]DPDPE), and K ([‘Hl- 
U69,593) receptors by 86, 43, and 33%, without altering KS 
(Table 2). To assess selectivity of each of the agonists, compe- 
tition studies were conducted in brain homo enate from un- 
treated mice using ligands selective for p Q ([ HIDAMGO), S 
([‘HIDPDPE), and K ([3H]U69,593) receptors. Although there 
were clear differences in selectivity (Table 3), there was no 
obvious relationship between supersensitivity and selectivity. 
For example, etorphine was the least selective for p sites of all 
compounds tested but was associated with similar supersensi- 
tivity to fentanyl and oxycodone. Propoxyphene, which did 
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FIG. 1. The effect of chronic opioid antagonist treatment on the potency of six opioid agonists. Mice were implanted SC with a placebo or 
15mg naltrexone pellet for 8 days. The pellets were removed, and 24 h later cumulative dose-response studies were conducted using the tail-flick 
assay. Each panel depicts a representative experiment. 

TABLE 1 

OPIOID ANTAGONIST-INDUCED SUPERSENSITIVITY 

Dms 

Mean ED, 
Mean relative 

Placebo Naltrexone potency N 

Etorphine @g/kg) 3.25 (kO.14) 1.56 (rt0.24) 2.16’ (kO.24) 3 
Pentany Wkg) 31.10 (k3.59) 15.48 (kO.50) 2.02. (kO.26) 3 
Methadone (mg/kg) 2.59 (+0.30) 1.37 (kO.18) 1.89’ (kO.03) 2 
Oxycodone (mg/kg) 1.57 (*0*04) 0.62 (kO.01) 2.56* (kO.11) 2 
Propoxyphene (mg/kg) 13.39 (k1.08) 10.43 (k1.86) 1.34 (+0.12) 3 
Meperidine (mg/kg) 22.61 ( f 1.84) 8.06 (k1.63) 3.24* (kO.71) 3 

Mice were implanted SC with a placebo- or 15-mg naltrexone pellet for 8 days. 
The pellets were then removed, and 24 h later cumulative dose-response studies 
conducted using the tail-flick assay. EDd were calculated using Probit Analysis 
(5). Data represent means (*SEM) from N independent experiments. See 
METHOD for details. 

* Significant increase in potency 01 < 0.05). 
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Ligand 

TABLE 2 

OPIOID ANTAGONIST-INDUCED RECEPTOR UPREGULATION 

Mean B,, (fmol/mg protein) Mean I& (nM) 

Placebo Naltrexone Mean % change Placebo Naltrexone Mean % change N 

DAMGO 155.0 (rt 11.8) 294.1 (k47.3) + 86.0* (+ 16.5) 2.1 (*0.5) 2.2 (*0.5) +8.4 (r4.9) 4 
DPDPE 95.7 (k 15.6) 136.1 (rt21.2) +42.7* (k7.0) 1.2 (kO.1) 1.3 (rtO.1) +3.0(*3.3) 4 
U69,593 31.8 (k3.5) 40.8 (k2.8) +32.6 (r2.8) 1.3 (iO.2) 1.4 (20.2) +5.7 (k2.8) 5 

Mice were implanted SC with a placebo- or 15-mg naltrexone pellet for 8 days. The pellets were then removed, and 24 h 
later mice were sacrificed, their brains removed, and saturation binding studies conducted. Data represent means ( f SEM) 
from N independent experiments. See METHOD for details. 

* Significant change from placebo (p < 0.05). 

not produce significant supersensitivity, had a selectivity pro- 
file that was somewhat similar to that of oxycodone, which 
did produce supersensitivity. When the correlation coeffi- 
cients between supersensitivity and selectivity ratios were cal- 
culated for all agonists, there were no significant (p > 0.05) 
reiationships (r= 0.03-0.62). 

DISCUSSION 

Chronic opioid antagonist treatment is a well-established 
treatment that concurrently increases the density of opioid 
receptors without affecting affinity, and increases the potency 
of opioid agonists (1,2,8,10,11,14,17,18,20). The results of 
the present study confirm and extend these previous reports of 
upregulation and supersensitivity to a broad range of systemi- 
cally active opioid agonists in the mouse. 

Previous studies on supersensitivity in the rat have dem- 
onstrated increases in the potency of many systemically ad- 
ministered agonists (1,2,8,10,11). In a detailed study of super- 
sensitivity in the rat (IO), chronic naloxone administration 
increased the potency of fentanyl, methadone, levorphanol, 
meperidine, and profadol. Lesser effects were observed for 
EKC, buprenorphine, pentazocine, and nalbuphine, whereas 
no significant supersensitivity was noted for etorphine and 
propoxyphene. The results of the present study in the mouse 
are in general agreement with those reported for the rat (10). 
Chronic naltrexone treatment increased the analgesic potency 

of meperidine, etorphine, oxycodone, and fentanyl in the 
mouse. As reported for the rat, the analgesic potency of pro- 
poxyphene in the mouse was not significantly increased by 
chronic antagonist treatment. However, etorphine’s potency 
was increased by antagonist treatment in the mouse, but not 
in the rat (10). It is not clear why this difference was observed 
for etorphine, but overall, chronic opioid antagonist treat- 
ment increases the analgesic potency of a number of systemi- 
cally administered opioid agonists in both the mouse and rat. 

There was no apparent relationship between the magnitude 
of supersensitivity and the receptor selectivity of the agonists 
at cc, 6, and K opioid receptors. Drug receptor theory predicts 
that the potency of full agonists that act at a singIe receptor 
should be similarly altered by increases (or decreases) in recep- 
tor number [e.g., (7,12)]. In general, results of previous stud- 
ies support this prediction, as opioid antagonist-induced in- 
creases in receptor density tend approximately to reflect 
potency changes for agonists active at each receptor type [e.g., 
(8,9,16,18)]. Because the magnitude of supersensitivity was 
not the same for all agonists in the present study, it was possi- 
ble that these variations could be accounted for by differences 
in receptor selectivity for each agonist at p, 6, and K UXCptOrS. 

First, the magnitude of receptor upregulation of p, 6, and K 

receptors was assessed and found to be comparable to previ- 
ous reports in which p receptor density was increased more 
than 6 receptor density (6,14,16,19); both of which were in- 
creased somewhat more than K density [(13,14); however, see 

TABLE 3 
RECEPTOR SELECTIVITY OF OPIOID AGONISTS 

Mean K, (nM) Selectivity ratios 

Competitor P 6 K B/p 6/r X/P 

Etorphine 0.13 (kO.01) 0.61 (rt0.17) 0.50 (rtO.10) 4.7 1.2 3.8 
Fentanyl 0.67 (rt0.19) 91.6 (i3.89) 77.2 (rt6.38) 136.7 1.2 115.2 
Methadone 1.89 (k0.3) 76.1 (t 1.73) 299.8 (rt66.7) 40.2 0.3 3.9 
Oxycodone 17.8 (+ 1.4) 1721 (i 143) 3490 (k 1654) 96.7 0.5 196.1 
Propoxyphene 35.5 (k4.2) 254.5 (f 20.9) 1114 (*64) 7.2 0.2 31.4 
Meperidine 205.5 ( f 15.2) 10,130 (i85) 4241 (rtll0) 49.3 2.4 20.6 

Data represent means ( f SEM) from independent experiments. At least two experiments were per- 
formed for each K, determination (mean replications, 2.8; range, 2-5). p. 6, and K refer to the ligand 
specificity for 1 nM 13H]DAMG0, 2 nM [3H]DPDPE, and 2 nM [3H]U69,593, respectively. K, values 
were determined using the Cheng-Prusoff (4) correction from ICQ estimated by nonlinear regression. 
Selectivity ratios were determined by dividing K, values. See METHOD for details. 
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(6)]. It is possible that if supersensitivity mediated by each 
receptor is additive, then an agonist with broad activity at 
p, 6, and K receptors might show enhanced supersensitivity 
compared to an agonist that has selective preference for p 
receptors. Competition binding studies indicated clear differ- 
ences in relative selectivity for the three receptors, although 
the greatest selectivity was for the p binding site (Table 3). 
However, the binding selectivity profile did not predict the 
magnitude of supersensitivity for the six agonists. This lack of 
relationship may be due to the fact that competition binding 
studies do not measure functional characteristics of a ligand. 
Thus, compounds with broad selectivity in binding studies 
may have different degrees of intrinsic efficacy at each binding 
site. Studies that assess the intrinsic efficacy of opioid agonists 

1. 

2. 

3. 

4. 

5. 

6. 

I. 

8. 

9. 

10. 

at each receptor type might help reveal the mechanism for 
differences in supersensitivity. 

In summary, chronic opioid antagonist treatment signifi- 
cantly increased the analgesic potency of five of six agonists. 
The magnitude of potency increases ranged from 1.3-3.2. 
There was no relationship between supersensitivity and recep- 
tor selectivity at cc, 6, or K receptors. 

ACKNOWLEDGEMENTS 

The authors thank I. Dimitroff and Y. Trivedi for assistance in 
conducting the dose-response studies. Dr. M. T. Tumock was around 
somewhere throughout the course of these experiments. This project 
was supported by the National Institute on Drug Abuse (DA 04185). 

REFERENCES 

Alcarax, C.; Milanes, M. V.; Vargas, M. L. Chronic kappa opi- 
oid receptor antagonism produces supersensitivity to U50,488H 
at the hypothalamic-pituitary-adrenocortical (HPA) axis level. J. 
Pharmacol. Exp. Ther. 266:1385-1389; 1993. 
Ayesta, F. J.; Ableitner, A.; Emmett-Oglesby, M. W.; Herz, A.; 
Shippenberg, T. S. Paradoxical effect of chronic fentanyl treat- 
ment on naltrexone-induced supersensitivity and upregulation. J. 
Pharmacol. Exp. Ther. 260:168-174; 1992. 
Bradford, M. M. A rapid and sensitive method for the quantita- 
tion of microgram quantities of protein utilizing the principle of 
protein-dye binding.~ Anal. Biochem. 72:248-254; 1976. _ 
Cheng. Y. C.: Prusoff. W. H. Relationshin between the inhibi- 
tion &&ant &) and the concentration of inhibitor which causes 
50 percent inhibition (I&) of an enzymatic reaction. Biochem. 
Pharmacol. 22:3099-3108; 1973. 
Finney, D. J. Probit analysis. 3rd ed. London: Cambridge Uni- 
versity Press; 1973. 
Giordano, A. L.; Neck, B.; Cicero, T. J. Antagonist-induced 
upregulation of the putative epsilon opioid receptor in rat brain: 
Comparison with kappa, mu and delta opioid receptors. J. Phar- 
macol. Exp. Ther. 255:536-540; 1990. 
Kenakin. T. Pharmacologic analysis of drug-receptor interaction. 
2nd ed. New York: Raven Press; 1993. 
Miian, M. J.; Morris, B. J.; Herz. A. Antagonist-induced opioid 
receptor upregulation. I. Characterization of supersensitivity to 
selective mu and kappa agonists. J. Pharmacol. Exp. Ther. 247: 
721-728; 1988. 
Morris, B. J.; Miian, M. J.; Herz, A. Antagonist-induced opioid 
receptor upregulation. II. Regionally specific modulation of mu, 
delta and kappa binding sites in rat brain revealed by quantitative 
autoradiography. J. Pharmacol. Exp. Ther. 247:729-736; 1988. 
Paronis, C. A.; Holtxman, S. G. Increased analgesic potency 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

of mu agonists after continuous naloxone infusion in rats. J. 
Pharmacol. &D. Ther. 259:582-589: 1991. 
Paronis, C. A.f Holtzman. S. G. Apparent pA2 value of naltrex- 
one is not changed in rats following continuous exposure to mor- 
phine or naloxone. Life Sci. 50:140X1416; 1992. 
Ruffolo. R. R. Review: Imnortant concents of receptor theory. J. 
Autonom. Pharmacol. 2:2;7-295; 1982.’ ~~ __ 
Tempel, A.; Gardner, E. L.; Zukin. R. S. Neurochemical and 
functional correlates of naltrexone-induced opiate receptor upreg- 
ulation. J. Pharmacol. EXD. Thor. 232:439-t&; 1985. 
Tempel, A.; Zukin, S.; &rdner, E. L. Supersensitivity of brain 
opiate receptor subtypes after chronic naltrexone treatment. Life 
Sci. 31:1401-1404; 1982. 
Yobum, B. C.; Inturrisi, C. E. Modification of the response to 
opioid and nonopioid drugs by chronic opioid antagonist treat- 
ment. Life Sci. 42:1689-1696; 1988. 
Yobum, B. C.; Luke, M. C.; Pastemak, G. W.; Inturrisi, C. E. 
Upregulation of opioid receptor subtypes correlates with potency 
changes of morphine and DADLE. Life Sci. 43:1319-1324; 1988. 
Yobum, B. C.; Nunes, F. C.; Adler, B.; Pastemak, G. W.; Intur- 
risi, C. E. Pharmacodynamic supersensitivity and opioid receptor 
upregulation in the mouse. J. Pharmacol. Bxp. Ther. 239:132- 
135; i986. 
Yobum, B. C.; Paul, D.; Azimuddin, S.; Lutfy, K.; Sierra, V. 
Chronic opioid antagonist treatment increases g and 6 receptor 
mediated spinal opioid analgesia, Brain Res. 485:176-178; 1989. 
Yobum, B. C.; Sierra, V.; Lutfy. K. Chronic opioid antagonist 
treatment: Assessment of receptor upregulation. Eur. J. Pharma- 
col. 170:193-ux); 1989. 
Zukin, R. S.; Sugarman, J. R.; Fits-@age, M. L.; Gardner, E. 
L.; Zukin, S. R.; Gintxler, A. R. Naltrexooe-induced opiate re- 
ceptor supersensitivity, Brain Res. 245:285-292; 1982. 


