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YUKHANANOV, R. YU., P. M. KLODT, A. D. IL'INA, S. V. ZAITSEV AND A. I. MAISKY. Opiate withdrawal 
intensity correlates with the presence of DSLET high-affinity binding. PHARMACOL BIOCHEM BEHAV 49(4) 1109- 
1112, 1994.-The goal of this study was to compare the characteristics of #- and 6-opioid receptors in the cortex of DBA/2 
and C57BL/6 mice, which differ in sensitivity to the long- and short-term effects of morphine. The characteristics of t~-opiate 
receptors were not different in the cortex of both strains. Both high- and low-affinity binding sites of DSLET, a specific 
ligand of 6-opiate receptors, were present in the cortex of C57BL/6 mice, whereas the high-affinity binding sites were not 
found in the cortex of DBA/2 mice. The absence of high-affinity DSLET binding sites, which are similar to the 62 type of 
opioid receptors, may explain the less intensive naloxone-precipitated withdrawal reaction of DBA/2 as compared with 
C57BL/6 mice. 
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THE development of  morphine dependence is controlled not 
only by/~-, but also 6- and r-opioid receptors, These receptors 
appear to have opposite influences on the development of  
dependence. The selective r-opioid antagonist, norbinaltor- 
phimine, significantly increases the level of  tolerance to mor- 
phine (16), whereas the r-agonist, U-50,488, blocked the de- 
velopment of  tolerance (19). The selective antagonists of  
6-receptors, naltrindole and naltrindole 5'-isothiocyanate, 
have been found to attenuate the level of tolerance to mor- 
phine and the ability of  naloxone to precipitate withdrawal 
reaction (2,11). 

Chronic morphine treatment increased the concentration 
2 5 of [D-Ala  ,D-Leu ]-enkephalin-Tyr-D-Ala-Bly-Phe-D-Leu 

(DADLE) binding sites, corresponding to the ~-opioid recep- 
tor, in the striatum of  mice (1) and in the rat brain (4). How- 
ever, DADLE has equal affinity for at least two subtypes 
of ~i-opioid receptor, ~5~ and /~2, which have high affinity to 
[D-Pen2'5]-enkephalin (DPDPE) and [D-Ser2,Thr6]-enkephalin 

(DSLET), respectively (9,17). The particular role of these sub- 
types of ~5-opioid receptors in the development of morphine 
dependence is unclear. The two subtypes of  the receptors 
could be separated based on different affinities for DSLET 
(20). The high-affinity binding sites of DSLET correspond to 
~2-opioid receptors, whereas low-affinity DSLET binding sites 
probably correspond to the ~ropioid receptor. The correlation 
of  the increasing affinity of  high-affinity DSLET binding sites 
with the time course of the development of morphine depen- 
dence was found in the mouse cortex after morphine pellet 
implantation (20). 

To clarify further the relationship of 6-opioid receptors to 
the predisposition to develop opioid dependence, we studied 
the characteristics of  #- and 5-receptor binding in the cortex 
of two strains of mice, DBA/2 and C57BL/6, which differ 
in sensitivity to the short-term effects of morphine on pain 
perception, locomotor activity, and learning behavior (3,5), as 
well as intensity of morphine dependence (5,18). 
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TABLE 1 
THE CHARACTERISTICS OF ~- AND iS-OPIATE RECEPTORS IN THE MOUSE BRAIN 

High Affinity Low Affinity 

Ligand Strain Kd (nM) B (fmol/mg of protein) Kd (nM) B (frnol/mg of protein) 

DAMGO DBA/2 0.30 ___ 0.09 1.81 _+ 0.44 10.5 _+ 2.1 87.5 + 12.1 
C57BL/6 0.29 +_ 0.11 1.80 +_ 032 12 _+ 3.6 96.1 + 9.6 

DSLET DBA/2 3.29 _+ 0.8 78.3 + 10.4 
C57BL/6 0.41 _ 0.09 5.5 ___ 1.23 6.8 + 1.6 66.3 +_ 14.1 

The receptor binding was performed as described in METHODS. The receptor characteristics were calculated 
using the difference method. Data represent means +_ SEM of three independent experiments in duplicate. 

METHODS 

DBA/2 and C57BL/6 male mice weighing 21-24 g (Svetljie 
Gory Farm, Moscow Region, Russia) were housed seven per 
cage with food and water available ad lib, and were allowed to 
acclimate for 1 week before the beginning of the experiments. 

Mice were rendered dependent on morphine by SC implan- 
tation of one morphine pellet. The pellet was implanted under 
light ether anesthesia. The withdrawal reaction was induced 
96 h after pellet implantation by naloxone injection (1 mg/kg, 
IP) in six animals of each strain. Five minutes after injection 
withdrawal, jumping was counted for a 10-rain period. 

To determine the characteristics of opiate receptors, 30 
naive animals of each strain were decapitated, and the brains 
were immediately removed and dissected on ice. Radioligand 
binding was performed as described elsewhere (15,20), with 
some modifications. 

The cortex was homogenized by glass-Teflon homogenizer 
in 50 mM Tris-HCl (pH 7.4) and centrifuged at 18,000 × g 
for 20 min. The pellet was rehomogenized in buffer B (pH 
7.4, 5 mM N-2-hydroxyethylpiperazine-N'-ethane sulfonic 
acid, 14 mM NaC1, 111 mM KC1, 0.5 mM Na2HPO4, and 5 
mM MgClz) and incubated for 30 min in this buffer at 370C 
to remove all endogenous peptides. Then the homogenate was 
centrifuged at 18,000 × g and washed twice with buffer B. 
The final suspension in buffer B was placed in liquid nitrogen 
until the binding assay. 

Aliquots of the membrane suspension were incubated in 
buffer B with different concentrations (0.05-20 nM) of labeled 
peptide for 20 rain at 37°C and then filtered under vacuum 
through GF/B filters (Whatman, Maidstone, UK). The non- 
specific binding of [~H]-DAMGO was determined in the pres- 
ence of 0.5 /zM of unlabeled DAMGO, and the nonspecific 
binding of [3H]-DSLET in the presence of 0.5/~M of DSLET. 
The binding of [3H]-DAMGO was performed in the presence 
of 40 nM unlabeled DSLET, and the binding of [3H]-DSLET 
in the presence of 40 nM unlabeled DAMGO to exclude bind- 
ing with 8- or/z-receptors, respectively. 

Peptide and Chemicals 

Morphine pellets contained 75 mg base and were composed 
according the method of Gibson and Tingstad (7). Placebo 
pellets contained microcellulose instead of morphine. Unla- 
beled peptides were purchased from Sigma (St. Louis, MO); 
[3H]-DAMGO (Tyr-D-Ala-Gly-MePhe-Gly-ol, 48 Ci/mmol) 
and [3H]-DSLET (Tyr-D-Ser-Gly-Phe-Leu-Thr-OH, 32 Ci/ 
mmol) were purchased from Amersham (UK). 

The characteristics of the receptors were determined by the 
difference method using the "Delta" program (10). Statistical 

significance was determined by two-tailed Student's t-test and 
F-test using the Logstat program (Medstat, Moscow, Russia). 

RESULTS 

The binding of DAMGO, a selective ligand of/z-receptors, 
could be divided into high- and low-affinity components in 
both DBA/2 (F8,9 = 10.8, p < 0.01) and C57BL/6 (Fg:0 = 
9.2, p < 0.01) strains of mice (Table 1). The affinity and 
concentration of high- and low-affinity binding sites were not 
different in both strains of mice. 

The binding of [3H]-DSLET to the cortical membranes of 
the C57BL/6 mice also better fit a model with high- and low- 
affinity binding sites (F~2:4 = 9.8, p < 0.01) (Table 1, Fig. 
1). Both the low- and high-affinity binding sites corresponded 
to 6-receptors because the binding assay was performed in the 
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FIG. 1. The binding of [3H]-DSLET to mouse cortex membranes. 
The membranes were prepared as described in METHODS. Each 
point represents the average value of duplicate determination from a 
single representative experiment. High- and low-affinity binding sites 
of the membrane from C57BL/6 mice have Kd of 0.35 and 6 nM, and 
Bm~ of 4.5 and 62 fmol/mg of protein, respectively. For the DBA/2 
mice membranes Kd and Bmax were of 2.79 nM and 76.3 fmol/mg of 
protein. The data were analyzed by the difference method using 
"Delta" program. The choice between the one- or two-binding-site 
model was made based on F-distribution. 
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presence of 40 nM of unlabeled DAMGO to block #-sites. The 
binding of DSLET in DBA/2 mice, however, revealed only 
low-affinity binding sites (F~o.n = 1.4, p > 0.05) (Table 1, 
Fig. 1). 

The injection of naloxone (1 mg/kg, IP) 96 h after pellet 
implantation induced jumping in both strains of mice. The 
number of jumps per 10 min was significantly lower (p < 
0.05) in DBA/2 (24 + 4.5) than in C57BL/6 (58 + 7.1) mice. 

DISCUSSION 

There are two subtypes of tS-opioid receptors in the brain. 
One has high affinity for DSLET, whereas the selective ligand 
for the other is DPDPE (9,17). However, both ligands have 
only relative selectivity for each subtype of receptor. By using 
DSLET, which is a relatively selective ligand for ~z-opioid 
receptors, we determined the characteristics of both t52 and 5l 
subtypes, which were the high- and low-affinity binding sites 
of DSLET. A similar approach was used to show that the 
affinity of the high-affinity binding sites of DSLET in the 
mouse cortex, which correspond to t52-opioid receptors, was 
increased after implantation of the morphine pellet, and that 
the kinetics of the receptor upregulation correlated well with 
the development of morphine dependence (20). Upregulation 
of the 5-opioid receptor was also observed in the striatum of 
mice (1) and in the rat brain (4) after morphine pellet implan- 
tation. In this study, we have found that DBA/2 mice have 
significantly less intense naloxone-precipitated withdrawal 
and have no, or very low, concentration of high-affinity bind- 
ing sites for DSLET, which probably corresponds to the 
tSz-opioid receptors. These findings indirectly corroborate pre- 
vious observations that antagonists of t52-opioid receptor de- 
creased dependence to morphine in mice (11). 

Anatomic sites involved in the development of naloxone- 
precipitated withdrawal reaction are not fully understood (8). 

The interaction among different brain areas may regulate the 
intensity of withdrawal reaction. Within the brain, the most 
intensive withdrawal reaction can be precipitated after the in- 
jection of methylnaloxonium in the locus coeruleus (8). The 
naloxone injection activates a noradrenaline (NA) turnover in 
the NAergic projection from the locus coeruleus to mice cor- 
tex (6) and NA release in the rat prefrontal cortex (12). The 
6-opioid receptors in the cortex regulate the activity of NAer- 
gic terminals and may thus modulate the withdrawal reaction. 
The attenuated activation of ~2-opioid receptors in the cortex 
by either the injection of an antagonist or the genetically con- 
trolled diminished expression that appears in DBA/2 mice 
may result in a less-intensive withdrawal reaction after nalox- 
one injection. 

It is not clear how the tS-opioid receptors are involved in the 
development of morphine dependence. Subtypes of 6-opioid 
receptors have been shown to form a complex with the /~- 
opioid receptor, and may regulate each other's affinity 
(13,14). The &opioid receptor linked to the #-opioid receptor 
(6comp~exed receptor) probably corresponds to the 62-opioid re- 
ceptor, because DSLET is a high-affinity agonist of this recep- 
tor, whereas (~noncomplexed receptors correspond to tS~-opioid re- 
ceptors (13). Perhaps, the development of dependence 
requires the presence and activation of a complex of ~t- and 
52-opioid receptors. This would suggest that the DBA/2 mice, 
which have no, or a very low, concentration of ~2-opioid re- 
ceptors, should express a significantly decreased naloxone- 
precipitated withdrawal reaction. Thus, the genetic regulation 
of the expression of the t52-opioid receptors may be a mecha- 
nism to control the intensity of opioid dependence. 
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