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Effects of morphine tolerance-dependence and abstinence on K-opiate receptors of 
rat brain and spinal cord 
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Several attempts have been made to understand the 
possible role of opiate receptors in morphine tolerance- 
dependence and abstinence processes; however, the picture 
is far from clear. As indicated in a previous publication 
[l], factors which could give rise to different results include 
the degree of tolerance-dependence induced, the animal 
species used, the selectivity of various ligands used to 
characterize the receptors, whether or not the animals were 
undergoing abstinence and whether whole brain or various 
brain regions were used for the study of a specific receptor. 
In more recent studies using o-Ala2,MePhe4,Gly-ols- 
enkephalin (DAMGO), a highly selective ligand for the CL- 
opiate receptor [2], it has been shown that p-receptors are 
down-regulated in the spinal cord and specific areas of the 
brain of morphine tolerant-dependent rats and guinea pigs 
[l, 31; however, they are unaffected in the morphine 
abstinence process. 

Little is known about the role of K-opiate receptors in 
morphine tolerance-dependence and abstinence processes. 
Several lines of evidence suggest that endogenous or 
exogenous K-opiate receptor agonists antagonize the actions 
of morphine in non-tolerant animals but potentiate them 
inmorphine tolerant-dependent animals [4-71. The intensity 
of dynorphin-(1-13)-induced catalepsy was found to be 
greater in sufentanil (a p-opiate agonist) -tolerant rats than 
in non-tolerant rats [8]. Therefore, it can be expected that 
there may be changes in K-opiate receptors induced by 
chronic treatment with morphine. 

The present studies were undertaken to determine the 
binding of [3H]ethylketocyclazocine ([‘H]EKC) and [3H]- 
U-69,593 to membranes of discrete brain regions and spinal 
cord of morphine tolerant-dependent and abstinent rats. 
In addition, the effect of U-50,488H, a K-opiate receptor 

agonist, on the thermoregulatory behavior in non-tolerant 
and morphine-tolerant rats also was determined. 

Materials and Methods 

Animals. Male Sprague-Dawley rats weighing 225-250 g 
(Sasco-King Animal Co., Oregon, WI) were acclimatized 
to a room with controlled ambient temperature (23 t lo%), 
and a 12-hr dark-light cvcle (light 6:00 a.m. to 6:00 o.m.1. 
The animals were housed under these conditions ‘for at 
least 4 days prior to being used and were given food and 
water continuously. 

Chemicals. Morphine and placebo pellets, U50,488H, 
U-69,593 and [)H]EKC (sp. act. 35.0 Ci/mmol) were 
supplied by the National Institute on Drug Abuse, 
Rockville, MD, through the courtesy of Mr. Robert Walsh. 
[‘H]U-69,593 (sp. act. 58 Ci/mmol) was purchased from 
the New England Nuclear-Du Pont Corp., Boston, MA. 
Unlabeled levorphanol was a gift from the Hoffmann- 
LaRoche, Nutley, NJ. 

Induction of tolerance to and physical dependence on 
morphine. Rats were rendered tolerant to. and physically 
dependent on, morphine by S.C. implantation of six 
morphine pellets during a 7-day period as described 
previously [9-111. On the evening of day 7, the pellets 
were removed from one group of rats and they were killed 
18 hr later (abstinent rats). The other set of rats in which 
pellets were left intact were killed on day 8 (tolerant- 
dependent but non-abstinent rats). The spinal cord 
(cervical to lumbar region) and brain regions (amygdala, 
hippocampus, hypothalamus, corpus striatum, midbrain, 
pons and medulla, and cortex) were isolated. 

Determination of the binding of [‘H]EKC and [)H]U- 
69,593 to opiate receptors in discrete brain regions and 



Short communications 1303 

spinal cord of morphine-tolerant-dependent and -abstinent 
rats. The bindine of 13HlEKC was oerformed accordinn to 
a procedure de&r&d ‘previously’[l, 121 using a 2.5iM 
concentration and 250-300 ILL protein in each sample. The 
binding of [‘H]EKC was ca;rikd out in a total volume of 
0.25mL which contained 0.05 M Tris-HCI buffer and 
0.1 mL of the homogenate. The binding of i3H1EKC to fl 
and 6 receptors was &ppressed by usinglOOh~DAMG6 
and 100 nM cvclic ID-oenicillamine*.D-nenicillamine51 
enkephalin (DPDPE),’ r&pectively. Ail binding assays 
were carried out in triplicate at 37” for 30min. Specific 
binding was defined as the difference in binding observed 
in the absence and presence of 1OpM levorphanol. The 
concentration of protein in the samples was determined by 

the method of Lowry et al. [13]. The amomrt of specific 
binding of the ligand was expressed as femtomoles per 
milligramofprotein(mean 2 SEM).Thebmdingof [‘Hi-U- 
69,593 was carried out in a manner analogous to that for 
[3H]EKC except that the concentration range used for 
[3H]-U-69,593 was 0.10 to 12.0 nM and nonspecific binding 
was defined bv ushut 1 uhf unlabeled U-69.593. The B,, 
and Kd values were &lc&ated using the LIGAND program 
[14]. Five rats were used for each treatment group. The 
data were analyzed by analysis of variance followed by 
Scheffe’s S-test. A value of P < 0.05 were considered to 
be significant. 
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Fig. 1. Effects of morphine tolerance-dependence (A) and abstinence (B) on the binding of [‘H]EKC 
to K-opiate receptors in spinal cord and discrete brain regions of the rat. Male SpragueDawley rats 
were implanted with six morphine or six placebo pellets as described in the text. The binding of [3H]- 
EKC to tissue membranes was carried out at a 2.5 nM concentration. The specific binding of t3H]EKC 
was defined as the difference in binding in the absence and presence of a 1OpM concentration of 

unlabeled levorphanol. 



1304 Short communications 

correlation between the receptor binding data and the 
behavioral data, the effect of a highly selective k-opiate 
receptor agonist, U-50,488H (10, 20 and 40 mgfkg, ip.), 
on the colonic tem~rature of rats implanted with placebo 
and morphine pellets wasdetermined. The colonic 
temperature of each rat was determined using a 
telethermometer [15]. The colonic temperature was 
measured prior to and at 30-min intervals after the injection 
of U-50,488H for a period of 300 min in rats from which 
placebo and morphine pellets had been removed 18 hr 
earlier. The change in temperature following W50,488H 
administration was recorded at each time point and 
the area under the time-response curve (AUC~~*~) 
was calculated. The data ‘are expressed as mean 
AUCLun._.;. - + SEM. Eight rats were used for each dose of ~ ,““...“. 
U-50,488H. The diffeience in AUC for placebo and 
morphine-treated groups was determined by Student’s I- 
test. A value of P < 0.05 was considered to be significant. 

Effects of morphine tolerance-dependence and abstinence 
on the bindinn of 13H1EKC and ]3H]U-69,593 to K-opiate 
receptors on me;nbranes of rat spinal cord and d&Crete 
brain regions. The amount of [3H]EKC specifically bound 
to brain regions and spinal cord of placebo and morphine 
pellet implanted rats did not differ (Fig. 1A) nor did the 

abstinence from morphine alter the binding of [‘HJEKC 
to any brain region or the spinal cord (Fig. 1s). The B,,, 
and & values for the binding of [3H]U-69,593 to brain 
regions and spinal cord of morphine tolerant-dependent 
(Fig. 2A) and morphine abstinent (Fig. 2B) rats did not 
differ from their respective control groups. 

Effect of V-50,488H on the body temperature of rats 
implanted with placebo or morphinepellets. Intraperitoneal 
injection of U-50,488H into rats produced a hypothermic 
effect. The intensity and duration of the effect of different 
doses of U-50,488H administered to placebo pellet 
implanted rats are shown in Fig. 3A. The drug produced 
a dose-dependent decrease in the colonic temperat~e. The 
hypothermic response transformed into AUC$_3Wmin is 
shown in Fig. 3B. The hypothermic effect of U-50,488H 
at any dose did not differ in placebo and morphine pellet 
implanted rats. 

The present studies clearly indicate that K-opiate 
receptors of discrete brain regions and spinal cord of 
morphine tolerant-dependent or abstinent rats were 
unaffected. K-Opiate receptors were labeled by using two 
ligands, [3H]EKC and [3H]U-69,593. Several studies have 
shown that EKC labels all three opiate receptors, namely, 
n, S and K; however, under p and 6 receptor suppressed 

Fig. 2. Effects of morphine tolerance-dependence (A) and abstinence (B) on the binding of [‘HJU- 
69,593 to K-opiate receptors in spinal cord and discrete brain regions. Male Sprague-Dawley rats were 

implanted with placebo or morphine pellets as described in the text. 
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Fig. 3. Effect of different doses of U50,488H on the time course of changes in colonic temperature of 
placebo pellet implanted rats (A) and an AUC&e-,min for changes in temperature in placebo and 

morphine-abstinent rats (B). 

conditions, it labels a high-affinity K-opiate receptor. Since 
the binding of [3H]EKC was unchanged, studies were 
carried out with a more selective ligand, [3H]U-69,593, to 
get direct proof for the involvement of K-opiate receptors 
in morphine actions. However, neither the receptor density 
nor the affinity for the binding of [3H]U-69,593 to K-opiate 
receptors was altered in the spinal cord or brain regions. 
Heterogeneity of K-opiate receptors has been suggested 
[16]. The high-affinity sites labeled by [‘H]EKC and [“HI- 
U-69,593 have been shown to be identical [17] and have 
been labeled as x1 sites [18,19]. Based on this observation, 
it would appear that central, rc,-opiate receptors are 
unaltered in morphine tolerance-dependence and absti- 
nence processes. Werling et al. [3] showed indirectly 
by competition experiments for the binding of [3H]- 
diprenorphine by U50,488H in morphine tolerant guinea 
pig cortex that K-receptors are not affected. 

Behavioral evidence was also provided to substantiate 
the results of the binding experiments. U-50,488H, a highly 
selective K-opiate agonist, produced a dose-dependent 
hypothermic response in non-tolerant rats. This response 
was unaltered in morphine tolerant-dependent rats. 

Studies from this laboratory indicate that activation of 
K-opiate receptors by U-50,488H does not alter the 
development of tolerance to the pharmacological effects 
of morphine [20]. Similarly, U-50,488H treatment fails to 
affect the development of dependence on morphine in the 
rat [21], giving further credence to the results obtained in 
the present studies. 

In summary, the present studies demonstrate, using 
biochemical and behavioral experiments, that rc-opiate 
receptors in discrete brain regions and spinal cord are 
unaffected in morphine-induced tolerance-dependence and 
abstinence processes. 
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