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CARLSON, K. R. AND D. O. COOPER. Morphine dependence and protra('ted abstinence: Regiomd alterations its ('NS 
radioligand binding. PHARMACOL BIOCHEM BEHAV 23(6) 1059-1063, 1985.--Rats (Fisher F-344) were given free access 
to a 10%, sucrose solution containing 0.5 mg/ml morphine sulfate (controls received the sucrose vehicle only) as their sole 
source of fluid. Daily morphine intake averaged 119_ + 21 mg/kg, an amount sufficient to induce physical dependence. After 
18 days on this regimen, the control and dependent subjects were sacrificed. A protracted abstinence group was weaned 
from morphine by reducing its concentration in the vehicle by 20%. over the next 5 days, followed by a 5-week drug-free 
period before sacrifice concurrent with the other groups. These subjects showed no signs of an abstinence syndrome. 
Binding assays for alpha-2 adrenergic sites (3H-clonidine), beta-l/beta-2 adrenergic sites (3H-dihydroalprenolol), and 
dopaminergic (Dz)/serotonergic (5-HT2) sites (aH-spiroperidol) were performed on tissue tYom frontal cortex, hippocampus, 
striatum, and brainstem. No alterations in 3H-clonidine or 3H-dihydroalprenolol binding were observed in dependence or 
protracted abstinence, suggesting that noradrenergic systems are well-regulated both during dependence and in protracted 
abstinence, aH-spiroperidol binding was significantly elevated in the striatum (D~ sites) and hippocampus (5-HTz sites) 
during dependence. Hippocampal 3H-spiroperidol binding returned to control levels in protracted abstinence, reflecting a 
morphine-induced change in 5-HT~ binding sites which had normalized by 5 weeks post-drug. Striatal :~H-spiroperidol 
binding was significantly decreased below control levels after withdrawal, suggesting that alterations of Dz sites in this 
structure may play a role in protracted abstinence. 

Receptor binding Chronic morphine Hippocampus Striatum 

M A J O R  effects of  chronic  opiate administrat ion include the 
induct ion of  tolerance and dependence ,  and, upon drug ter- 
minat ion,  an acute withdrawal  syndrome fol lowed by a 
period o f  prot racted abst inence.  N u m e r o u s  studies have 
been devoted  to character iz ing the b iochemical  corre la tes  of  
to lerance,  dependence ,  and the acute  wi thdrawal  syndrome.  
While a state of  prot racted abst inence has been demon-  
strated behavioral ly  in several  species including man [1, 15, 
22], little at tention has been paid to possible b iochemical  
correla tes  of  this phenomenon .  

Studies of  morphine  dependence  and wi thdrawal  in rats 
have typically employed  techniques  such as rapid induct ion 
through multiple injection or  pellet implantat ion,  and rapid 

withdrawal  by abrupt removal  of  drug or administrat ion of  
naloxone.  While these procedures  are quick and effect ive,  
they bear  little resemblance  to human opiate abuse.  In 
recognit ion of  this, some invest igators  have employed  pro- 
cedures  which are non-stressful  and allow the exper imental  
subjects to self-administer  morphine by placing the drug in 
their  drinking water  (e.g., [18]). Such studies have clearly 
demons t ra ted  that rats will self-administer  morphine in 
amounts  sufficient to induce physical  dependence .  Unfortu-  
nately,  to our  knowledge,  no studies have been performed 
which al lowed an equally non-stressful  period of  withdrawal ,  
including graded reduct ions  in drug dosage as is seen in clini- 
cal detoxif icat ion of  opiate abusers.  
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Many neurotransmitter systems have been implicated in 
morphine's effects. For example, roles for dopamine, norad- 
renalin, and serotonin have been documented through meas- 
urement of transmitter levels and turnover (for reviews see 
[3, 17, 33]). The advent of receptor binding techniques has 
prompted examination of alterations in radioligand binding 
during dependence and withdrawal. These studies often 
present conflicting results, which may be attributable to var- 
iables such as biochemical technique, rat strains employed, 
brain regions examined, or procedural differences in drug 
administration. Another problem is related to the fact that 
most investigators measure changes in only one neuro- 
transmitter system, although it would be preferable to exam- 
ine several binding sites in the same animals [261. 

The purpose of the present exploratory study was to 
examine dopaminergic De, adrenergic alpha-2 and beta- 
1/beta-2, and serotonin-2 (5-HT0 binding sites in several 
CNS regions associated with the rewarding properties of 
opiates [14], abstinence phenomena [36], and altered sen- 
sitivity to dopaminergic agonists following chronic opiate 
treatment [6, 7,281. Accordingly, rats were allowed free ac- 
cess to morphine in their drinking water and were then with- 
drawn by gradual reductions in drug dosage. These tech- 
niques are akin to voluntary consumption and clinical with- 
drawal in humans. The withdrawn group was allowed a five 
week drug-free period so that binding alterations might be 
assessed during protracted abstinence. 

METHOD 

Subjects and Drug Administration 

Male F-344 Fisher rats (Charles River) were randomly 
assigned to the control and the two experimental groups 
(N=5 or 6 per group). The subjects weighed 250-300 g at the 
onset of experimentation and were housed individually in a 
climate-controlled room with a 0700 on--1900 off light cycle. 
Subjects in both experimental groups were given free access 
to Purina rat chow and to a I(F//sucrose solution containing 
0.5 mg/ml morphine sulfate (Mallinckrodt). This procedure 
has been shown to induce physical dependence within 5 days 
[18]. Control animals received food and llY~ sucrose vehicle. 
All subjects were kept on this regimen for 18 days, during 
which no differences were observed in food or fluid intake. 
The average daily morphine intake was 119_+21 mg per kg. 

At the end of this period, the control and dependent sub- 
jects were sacrificed. Subjects in the protracted abstinence 
group were weaned from morphine by reducing its concen- 
tration in the sucrose vehicle by 20e/c per day over a 5-day 
period, after which they were maintained on a normal water 
and food diet for a further 5 weeks before sacrifice. No ab- 
stinence signs (e.g., weight loss, wet dog shakes) were ob- 
served during the withdrawal period. 

The experimental schedule was such that all subjects 
were sacrificed on the same day. 

Binding Assays 

Immediately following sacrifice by decapitation, subjects' 
brains were quickly dissected over ice into frontal cortex, 
hippocampus, striatum, and brainstem (pons-medulla). Brain 
regions were frozen in aluminum foil on dry ice and kept at 
-70°C until assay. 

Frontal cortex and hippocampus were assayed using all 
three ligands, striatum using aH-spiroperidol, and brainstem 
using aH-clonidine and aH-dihydroalprenolol. Each brain 

region from each subject was assayed separately with the 
appropriate ligand(s), i.e., tissues from different subjects 
were not pooled. Tissue was homogenized (Brinkmann 
Polytron, setting 7, two 5-see bursts) in ice-cold 50 mM Tris 
buffer, pH 7.4, at a concentration of 10 mg wet weight per ml 
(resurting in approximately 1 mg protein per assay tube). The 
homogenate was then centrifuged at 48,000 × g for 10 min- 
utes and the supernatant was discarded. The pellet was re- 
suspended in the same volume of fresh Tris and re- 
homogenized and re-centrifuged as above. The final pellet 
was once again resuspended and re-homogenized lbr assay. 

Binding assays were performed in duplicate in 12×75 mm 
culture tubes. Total binding tubes contained 0.1 ml of 
radioligand and 0.1 ml Tris. Non-specific binding tubes con- 
tained 0. I ml radioligand and 0.1 ml of the appropriate dis- 
placing agent. Ligands and displacing agents for each binding 
assay were: (I) alpha-2 adrenergic [34]: aH-clonidine (S.A. 
23.8 Ci/mMol, New England Nuclear-NEN) final concentra- 
tion 3.0 nM displaced by 0.5 mM levarterenol; (2) Beta- 
adrenergic [51: aH-dihydroalprenolol (S.A. 49.0 Ci/mMol, 
DHA, NEN) 1.0 nM displaced by 1.0/,M dl-propranolol: ~3) 
5-HT._, and Dz: aH-spiroperidol (S.A. 23.8 Ci/mMol, SPD, 
NEN) 0.3 nM displaced by 1.0 p,M d-lysergic acid dieth- 
ylamide (LSD). The SPD/LSD assay system labels both 
dopamine-2 (De) and 5-HTz binding sites, the proportkm 
being dependent on the brain region, i.e., primarily De in the 
striatum [12,27] and 5-HT., in frontal cortex and hippocam- 
pus [ l l ,31 l .  

Binding assays were begun by addition of 0.8 ml tissue 
suspension to prepared total and non-specific binding tubes 
over ice. Alter mixing, the tubes were allowed to incubate at 
22°C for 30 minutes (clonidine and DHAI or at 37°(7 lbr 15 
minutes (SPD). Following incubation, the contents of the 
tubes were poured over Whatman GF/B filters (pre-wetted 
with 2 ml Tris) under vacuum. The filters were than washed 
with 5 ml Tris. Incubation tubes were filled with 3 ml Tris 
and emptied once again over the filters. The filters received a 
final 5 ml Tris wash and were placed in 10 ml scintillation 
counting fluor (Ready-solv, Beckman). Filters were allowed 
to resorb in the counting fluid for 48 hours, after which they 
were counted with aH.,O standards to assess counting effi- 
ciency (average 32%). Results were expressed as fmol of 
specific binding (total minus non-specific) +S.E.M. per mg 
protein, as assessed by the method of Lowry [21] using a 
bovine serum albumin standard curve. 

Data for each ligand in each brain region were analyzed 
by a one-way analysis of variance. Significant F values were 
further analyzed by the post-hoc Neuman-Keuls test to de- 
termine which individual comparisons were responsible for 
overall significance [35[. 

RESULTS 

The results are presented in Table 1. No significant alter- 
ations in either aH-clonidine or aH-DHA binding were found 
during dependence or in protracted abstinence. 

With respect to aH-SPD binding, analysis of variance re- 
vealed a highly significant morphine effect on striatal bind- 
ing. F(2,14)-39.6,17<0.001. Binding was increased by 34~ 
over control levels during dependence (p<0.011. and, in con- 
trast, decreased by 26c~ fiom control levels in protracted absti- 
nence (p<0.01). These alterations are thought to represent 
changes primarily in De binding sites [12,27]. 

In the hippocampus, morphine also produced a significant 
effect on aH-SPD binding, F(2,14)=10.6, i)<0.001. In this 
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T A B L E  1 

AMOUNT OF :~H-LIGAND SPECIFICALLY BOUND (MEAN + SEM, fm/mg PROTEIN) 

Morphine-Dependence Stale 

::H-Ligand Brain Area Control Dependent Withdrawn 

Spiroperidol Striatum 199.94 + 4.24 268.14 _+ 14.02" 148.09 + 9.54* 
Cortex 91.99 + 7.53 94. II ± 7.53 98.45 + 5.38 

Hippocampus 22.82 ± 1.52 45.20 + 7.01" 23.05 + 2.47 
Clnnidine Cortex 17.52 + 1.75 19.45 + 2.48 17.07 + 1.46 

Hippocampus 25.49 + 2.91 24.44 + 2.74 24.13 + 2.53 
Brainstem 10.94 + 1.05 11.83 + 1.88 11.10 + 0.88 

Dihydroal- Cortex 25.08 + 1.67 29.30 + 0.82 25.39 + 1.37 
prenolol Hippocampus 17.26 + 1.12 16.38 + 2.10 16.32 + 1.65 

Brainstem 9.21 + 1.09 9.38 + 1.06 8.96 + 1.25 

*Different fl'om Control group./,<0.01. 

I 1)6 

case,  however ,  the overall  significance was attr ibutable 
solely to a 98% increase o v e r  control levels  during depend-  
ence (p<0.01);  binding was no different from control  in pro- 
tracted abst inence.  "H-SPD binding in frontal cor tex was 
unal tered by morphine.  In these two areas :~H-SPD is consid- 
ered to bind primarily to 5-HT._, sites [11,31]. 

DISCUSSION 

In the first investigation of 5-HT._. binding as a function of 
morphine treatment,  we recently reported that hippocampal 
binding was e levated during dependence  [10]. The present 
study replicates that finding, and supports  suggestions that 
5-HT mechanisms  [37] and the h ippocampus  [14] may be 
involved in the effects  of  opiates.  In addition, we found that 
binding returns to control  levels  after an extended period of  
withdrawal.  Examina tkm of these binding sites at earl ier  
t ime points might reveal  a time course  of  reduct ion consis- 
tent with alleviation of  the acute withdrawal  syndrome,  since 
ev idence  exists relating serotonergic  mechanisms  with be- 
havioral phenomena  such as " 'wet  dog shakes"  [36]. 

With respect  to striatal dopamine binding sites, the 34% 
increase during dependence  is consistent  with the 36% in- 
crease  we found previously in that strain 1101. We are aware 
of  only one o ther  such study in which no change was found 
at the end of  a high-dose,  4-day period of  morphine  t rea tment  
]23]. It is possible that the durat ion was not long enough to 
produce the increases which we have observed .  Many re- 
searchers  have measured  dopamine binding one or two days 
after abrupt drug discont inuat ion,  and with a few except ions  
[9,29] have found increased affinity [2, 29, 301 or  density 
[13]. The present  results may represent  changes which per- 
sist into early withdrawal ,  rather than changes originating 
during the withdrawal  syndrome.  Thus,  the receptor  altera- 
tion presumed to underly behavioral  hypersensi t ivi ty  to 
dopaminergic  agonists seen shortly after chronic opiate 
t reatment  [6, 7, 281 may be established during dependence .  

In earl ier  work,  we found no striatal dopamine receptor  
densi ty changes after 15 days" withdrawal  from chronic 
opiate t reatment  [8]. This t ime point may have been one at 
which binding values were  apparent ly " ' no rma l"  on their 
way to a lower than control  level ,  since in the present  study 
protracted abst inence was associated with a rebound de- 
crease  in binding. In this connect ion ,  it is interesting that we 
found that subjects were  subsensi t ive to the s tereotypy-  

inducing effects of  apomorphine  at 5 and 6 weeks  fol lowing 
chronic t reatment  with morphine or  methadone [7]. The 
dopaminergic  nature of  this effect  is underscored  by the fact 
that the same behavioral  subsensi t ivi ty can be seen 5 weeks  
after chronic  haloperidol  [61. It is possible that our  biochemi-  
cal finding of  a rebound decrease  in striatal dopamine bind- 
ing sites may be related to the behavioral  subsensit ivi ty ob- 
served in the o ther  studies. Such a relationship remains to be 
conf i rmed within the same subjects.  Further ,  the relative 
contr ibut ions of  changes in affinity (K~0 and densi ty (Bm~O to 
the observed  al terat ions should be assessed.  Such saturation 
exper iments  were not possible within the constraints  of  this 
prel iminary study, since up to three ligands were used with 
small amounts  of  tissue. 

No  alterat ions in adrenergic binding sites were found in 
the present  study. Some investigators have found such al- 
terat ions in dependence  [20,32], but not in abst inence pre- 
cipitated with naloxone [ 16]. In contrast ,  others  have found 
binding to be altered only during withdrawal  [19], or  to be 
unchanged in ei ther  state ]23,24]. Discrepancies  in these 
studies could be attr ibuted to a number  of  different 
procedural  variations.  Assessment  of  alpha-2 and beta ad- 
renergic binding at earl ier  t ime points during morphine with- 
drawal will provide a more comple te  picture,  and may 
demons t ra te  alterations consis tent  with a role for adrenergic 
sys tems in acute withdrawal,  since administrat ion of  
clonidine has been shown to alleviate some aspects  of  with- 
drawal symptomatology [41. No  alterations in adrenergic 
binding were found during protracted abst inence,  however ,  
suggesting that this neurot ransmit te r  system either adapts 
relatively early in withdrawal ,  or  does not change.  

If the lack of  alteration in adrenergic binding reflects the 
ability of  this system to rapidly adjust,  it is possible that 
deve lopment  of  tolerance and dependence  may be associated 
with an appropriate  homeosta t ic  adjustment  in adrenergic  
sys tems which renders undetectable  alterations in binding. 
Changes in a secondary messenger  system [25], for example ,  
might represent  such an adjustment .  

Receptor  binding is a powerful  tool with which to exam- 
ine neurot ransmit te r  dynamics .  Caut ion must be exercised,  
however ,  when at taching a significance to binding changes if 
the appropriate  functional parameters  have not also been 
measured  [26]. In this context ,  we have shown that increases 
in striatal aH-SPD binding during dependence  and rebound 
decreases  in protracted abst inence correlate  chronological ly 
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with behavioral  sensit ivi ty to apomorph ine .  While this evi- 
dence  is certainly not conclus ive ,  it is highly suggest ive and 
wor thy  of  fur ther  invest igat ion.  Finally,  it would  be interest-  

ing to compare  neurochemica l  changes  occurr ing under  
stressful  vs. non-s t ressful  induct ion and terminat ion  of  
opiate d e p e n d e n c y .  
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