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HUNT, W. A. AND T. K. DALTON. Neurotransmitter-receptor binding in various brain regions in ethanol-dependent 
rats. PHARMAC. BIOCHEM. BEHAV. 14(5)733-739. 1981.--Since chronic ethanol administration has been demon- 
strated to induce a number of alterations in neurotransmitter utilization, the possibility was investigated that the receptors, 
on which these transmitters act, are altered because of a modified synaptic input. Male Sprague-Dawley rats were rendered 
physically-dependent on ethanol by the oral administration of 9--13 g/kg of ethanol each day over a 4 day period. The 
binding of radioligands specific for a-adrenergic,/~-adrenergic, dopaminergic, serotonergic, muscarinic cholinergic, and 
GABAergic receptors was assessed at various intervals after withdrawal in several areas of the brain. No alteration in 
receptor binding was observed at any point under the conditions studied. The data suggest that the signs of an ethanol 
withdrawal syndrome are not mediated through changes in the ability of neurotransmitters to interact with their receptors. 

Ethanol Ethanol-dependence a-Adrenergic receptors fl-Adrenergic receptors 
Dopaminergic receptors Serotonin receptors Muscarinic cholinergic receptors GABA receptors 

ETHANOL treatment induces a number of alterations in the 
activity of several neurotransmitters in the rat brain. Cate- 
cholamine and some cholinergic neurons are activated by 
ethanol [8, 11, 20, 23], while other cholinergic, serotonergic 
and GABAergic neurons are depressed [12, 19, 23, 24]. 
When administered chronically, ethanol can continuously 
disrupt normal synaptic transmission. This might lead to the 
activation of various compensatory mechanisms that could 
modify the properties of the receptors on which the transmit- 
ters act. 

The purpose of the present study was to determine 
whether chronic ethanol treatment leading to the develop- 
ment of physical dependence might involve changes in re- 
ceptor properties. Ample evidence exists to suggest that 
long-term alterations in synaptic input can lead to changes in 
receptor density. For example, disruption of dopaminergic 
activity in the nigrostriatal pathway by a lesion with 
6-hydroxydopamine results in supersensitivity, accompanied 
by an increase in the number of dopaminergic receptors [9]. 
Conversely, long-term treatment with apomorphine, a 
dopamine agonist, results in a reduction in dopamine recep- 
tors [32]. 

In this study receptor function was assessed in ethanol- 
dependent rats by measuring receptor binding to appropriate 
tissue preparations from brain using different radioligands. 
The receptors studied included c~- and fl-adrenergic, 
dopaminergic, serotonergic, muscarinic cholinergic, and 
GABAergic receptors. Measurements were made at various 
intervals after withdrawal. 

~To whom reprint requests should be addressed. 

METHOD 

Induction of Physical Dependence on Ethanol and General 
Experimental Design 

Physical dependence on ethanol was induced in male 
Sprague-Dawley rats (150-250 g) by the method of Maj- 
chrowicz [29]. This involved the administration of 9-13 g/kg 
a day for 4 days of a 20% ethanol solution by oral intubation. 

After the last dose of ethanol animals were decapitated 
while still intoxicated (prodromal detoxication phase), dur- 
ing the early stage of the withdrawal syndrome, 1 day or 3 
days after withdrawal. The brains were excised and dis- 
sected into the following areas: cerebellum, cerebral cortex, 
caudate nucleus, hypothalamus, thalamus, hippocampus, 
nucleus accumbens, and substantia nigra. 

Receptor binding was assessed in appropriate areas of the 
brain using established radioligand techniques and employed 
a concentration of ligand that was less than the dissociation 
constant. Specific binding was defined as the difference be- 
tween total binding and that obtained in the presence of an 
excessive concentration of an unlabeled ligand which binds 
specifically to the receptor under study. 

c~-Adrenergic Binding 

~-Adrenergic binding was measured by the method of 
Greenberg and Snyder [16] using 3H-dihydroergokryptine 
(DHE) as the radiolabeled iigand. ~H-DHE binding was 
measured in the cerebral cortex, hypothalamus, cerebellum, 
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hippocampus and nucleus accumbens. The brain tissue was 
homogenized in 40 vol of ice-cold 50 mM Tris-C1 buffer (pH 
7.4) and centrifuged twice at 50,000×g for 10 min at 4°C. The 
final pellet was resuspended in 80 vol of Tris buffer contain- 
ing 0.1% ascorbic acid and 10/zM pargyline. An aliquot of 
homogenate was incubated in a final volume of 150/zl with 
0.37 nM 3H-DHE in the presence and absence of 100/xM 
(-)norepinephrine for 30 min at 25°C. The mixture was then 
poured through a GF/B glass fiber filter under vacuum and 
the filter was washed with five 4-ml portions of ice-cold 50 
mM Tris buffer (pH 7.4). Radioactivity on the filter was de- 
termined by liquid scintillation spectrometry. 

~-Adrenergic Binding 

/3-Adrenergic binding was measured by the method of 
Alexander et al. [1] using 3H-dihydroalprenolol (DHA) as the 
radiolabeled ligand. Tissue was prepared in the same manner 
as for 3H-DHE binding. 3H-DHA binding was determined in 
the cerebral cortex, hypothalamus, cerebellum, hippocam- 
pus and nucleus accumbens. Aliquots of tissue homogenates 
were incubated in a final volume of 150 /zl with 1.8 nM 
3H-DHA in the presence and absence of 10/xM D,L-pro- 
pranolol for 10 rain at 37°C. The contents were filtered 
through GF/B filters which were then washed with five 3-ml 
portions of ice-cold 50 mM Tris buffer. Radioactivity on the 
filter was determined as above. 

Dopaminergic Binding 

Dopaminergic binding was assessed using three different 
radioligands. They were 3H-apomorphine, 3H-2-amino-6,7- 
dihydroxy-l,2,3,4-tetrahydronaphthalene (ADTN), and 3H- 
haloperidol. These ligands appear to probe different 
dopaminergic receptors [15, 25, 33]. 

Tissue from the caudate nucleus was prepared as above. 
For 3H-apomorphine binding, the final pellet was resus- 
pended in 50 mM Tris buffer (pH 7.4) containing 0.1% as- 
corbic acid. The binding procedure was similar to that de- 
scribed by Muller and Seeman [32]. An aliquot of the tissue 
suspension was incubated at 37°C for 10 min in Tris buffer 
containing 0.5 nM 3H-apomorphine in the presence and ab- 
sence of 300 nM unlabeled apomorphine. Three ml of ice- 
cold Tris buffer were added and contents filtered rapidly 
through a GF/B glass fiber filter. The tube and filter were 
then washed with five 3-ml portions of Tris buffer. The 
amount of radioactivity remaining on the filter was deter- 
mined by liquid scintillation spectrometry. 

3H-ADTN binding was assessed in tissue pellets resus- 
pended in 50 mM Tris buffer (pH 7.1) containing 0.1% as- 
corbic acid and 1 mM MnCI2, using the method of Creese and 
Snyder [10]. The tissue samples were incubated at 37°C for 
10 min in Tris buffer containing 8 nM 3H-ADTN in the pres- 
ence and absence of 5/zM unlabeled ADTN. The remainder 
of the procedure was identical to that used for 3H- 
apomorphine binding. 

Tissue pellets for 3H-haloperidol binding were resus- 
pended in 50 mM Tris buffer (pH 7.1) containing 0.1% as- 
corbic acid, 10/zM pargyline, 120 mM NaCI, 5 mM KC1, 2 
mM CaC12, and 1 mM MgCI2 according to the method of Burt 
et al. [6]. Samples were incubated at 37°C for 10 min with 3.0 
nM 3H-haloperidol in presence and absence of 100 p~M un- 
labeled dopamine. The remainder of the procedure was 
identical to that above. 

Serotonin Binding 

Serotonin binding was measured by the method of Ben- 
nett and Snyder [4] using 3H-serotonin as the radioligand. 
Tissue was prepared as above. 3H-serotonin binding was de- 
termined in the caudate nucleus, hippocampus and cerebral 
cortex. Aliquots of tissue homogenate were incubated in a 
final volume of 200/xl with 4 nM 3H-serotonin in the pres- 
ence and absence of 10/zM unlabeled serotonin for I0 min at 
37°C. The contents were filtered through GF/B filters and 
washed with five 3-ml portions of ice-cold 50 mM Tris buffer. 
Radioactivity on the filters was determined as before. 

Muscarinic Cholinergic Binding 

3H-quinuclidinyl benzilate (QNB) binding was used to 
study the muscarinic cholinergic receptor. The tissue sam- 
ples were homogenized in 20 vol of 0.32 M sucrose and cen- 
trifuged at 4°C at 1,000×g for 10 min. 3H-QNB binding was 
measured according to the method of Yamamura and Snyder 
[49] in the cerebral cortex, hippocampus and caudate nu- 
cleus. An aliquot of the supernatant was incubated at 25°C in 
2 ml of medium containing 50 mM sodium phosphate buffer 
(pH 7.4) and 0.5 nM 3H-QNB in the presence and absence of 
100/zM oxotremorine. After 60 min 3 ml of ice-cold buffer 
were added and the whole mixture was filtered through a 
GF/B filter. The incubation tube and filter were washed with 
five 3-ml portions of buffer. Radioactivity on the filters was 
determined by liquid scintillation spectrometry. 

GABA Binding 

GABA binding was determined by the method of Zukin et 
al. [50] using 3H-GABA as the radioligand. Brain tissue was 
homogenized in 25 vol of ice-cold 0.32 M sucrose and cen- 
trifuged at 1,000×g for 10 min at 4°C. The supernatant was 
centrifuged at 20,000×g for 20 min at 4°C. The pellet was 
then homogenized in distilled water and centrifuged twice at 
48,000×g for 20 min and the resulting pellet was stored at 
-80°C for at least 18 hrs. On the day of assay, the pellet was 
homogenized in 0.01% Triton X-100 and incubated at 37°C 
for 30 min. After centrifugation at 48,000×g for 10 min the 
pellet was resuspended in 25 vol of 100 mM Tris citrate buf- 
fer (pH 7.1) and centrifuged twice at 48,000×g for 10 min. 
The resulting pellet was resuspended in Tris buffer and used 
for the binding assay. :~H-GABA binding was determined in 
the cerebellum, cerebral cortex, caudate nucleus, thalamus, 
nucleus accumbens, and substantia nigra. 

An aliquot of the tissue homogenate was incubated in the 
presence and absence of 1 mM GABA with 6.2 nM 3H- 
GABA in a final volume of 1 ml for 5 min at 0°C, then cen- 
trifuged at 48,000xg for 10 min at 4°C. The pellet was 
surface-washed twice with ice-cold distilled water. The 
supernatants were discarded and the tubes were drained to 
remove excess water. The pellet was then dissolved in 0.5 ml 
of Protosol and the radioactivity determined by liquid scintil- 
lation spectrometry. 

Protein Determination 

Protein was measured in each tissue sample by the 
method of Lowry et al. [28]. 

R E S U L T S  A N D  D I S C U S S I O N  

The six receptor systems examined in these experiments 
were studied in various areas of the brain at different times 
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T A B L E  1 

3H-DIHYDROERGOKRYPTINE BINDING IN ETHANOL-DEPENDENT RATS 

Cerebral 
Cortex 

3H-Dihydroergokryptine Binding (fmol/mg Protein) 

Hypothalamus Cerebellum Hippocampus 
Nucleus 

Accumbens 

Control 37.2 -+ 1.5 (14) 37.7 + 2.7 (6) 12.3 + 1.5 (5) 21.4 _+ 2.2 (6) 35.4 -+ 2.0 (6) 
Intoxicated 41.6 _+ 2.4 (10) 30.1 _+ 2.5 (6) 14.8 + 1.1 (6) 21.2 _+ 1.4 (6) 30.4 + 4.9 (6) 
Withdrawal syndrome 44.2 -+ 3.4 (16) 31.9 + 2.6 (6) 14.8 _+ 1.2 (6) 24.4 + 1.9 (6) 35.3 _+ 1.5 (6) 
l day after withdrawal 40.2 _+ 2.9 (12) 34.7 + 2.7 (6) 14.7 _+ 1.5 (6) 25.7 + 2.4 (6) 39.5 _+ 1.7 (6) 
3 days after withdrawal 33.9 + 1.3 (11) 31.2 _+ 2.1 (6) 12.3 + 1.3 (5) 22.0 +_ 1.8 (6) 34.2 + 1.1 (6) 

Values expressed as the mean -+ SEM. Numbers in parentheses refer to the number of animals per group. 

T A B L E  2 

~H-DIHYDROALPRENOLOL BINDING IN ETHANOL-DEPENDENT RATS 

Cerebral 
Cortex 

aH-Dihydroalprenolol Binding (fmol/mg Protein) 

Hypothalamus Cerebellum Hippocampus 
Nucleus 

Accumbens 

Control 119-+11.0(6) 127_ + 7.3(19) 84.6-+ 6.3(17) 145_+14.3(5) 158+ 7.4(7) 
Intoxicated 115 _+ 7.3 (8) 120 +_ 14.7 (5) 102.0 _+ 7.9 (8) 158 _+ 5.8 (4) 163 -+ 9.5 (6) 
Withdrawalsyndrome 115 + 3.2(7) 120-+ 10.5 (5) 84.0-+ 5.2(10) 160-+ 8.3(6) 168-+ 13.2(7) 
1 day after withdrawal 102 + 6.4 (8) 123 -+ 6.4 (12) 90.6 -+ 12.5 (10) 133 _+ 8.4 (7) 178 + 10.1 (7) 
3 days after withdrawal 118_+ 5.8(7) 122+ 4.4(12) 89.0 + 9.6(10) 123_ + 5.8(8) 172+ 13.8(7) 

Values expressed as the mean _+ SEM. Numbers in parentheses refer to the number of animals per group. 

a f te r  the  last  dose  of  e thanol .  M e a s u r e m e n t s  were  made  
while  an imals  were  in tox ica ted ,  dur ing  the  early s tages  of  the  
wi thdrawal  s y n d r o m e .  1 and  3 days  af te r  wi thdrawal .  Behav-  
iorally,  in tox ica ted  an imals  were  marked ly  a taxic  and  se- 
da ted  wi th  b lood  e thano l  c o n c e n t r a t i o n s  of  320-390 mg/dl,  
while  dur ing  the  wi thdrawal  s y n d r o m e  typical  signs of  
t r emor ,  rigidity,  and  convu l s ions  were  o b s e r v e d  as desc r ibed  
p rev ious ly  [29]. At  1 and  3 days  af ter  wi thdrawal  the  an imals  
appea red  normal .  The  resul ts  can  be found  in Tab les  1-6. No  
a l te ra t ion  was o b s e r v e d  in the  b ind ing  of  any  of  the  
rad io l igands  at any  in terva l  a f te r  wi thdrawal .  

It can  be  a rgued  tha t  the  use of  a single radiol igand con-  
cen t r a t ion  might  not ,  u n d e r  some  cond i t ions ,  de tec t  changes  
in cer ta in  b inding  p roper t i e s  o f  r ecep tors .  Sca t cha rd  plots ,  
employ ing  severa l  c o n c e n t r a t i o n s  of  l igands,  a l low for  the  
ca lcu la t ion  of  affinity of  the  l igand for  and  dens i ty  of  recep-  
tors  [3]. A s s u m i n g  a h o m o g e n e o u s  popu la t ion  of  r ecep to r s  
and  a l inear  S c a t c h a r d  plot ,  the  de t ec t ion  of  a change  in the  
dens i ty  of  r ecep to r s  is i n d e p e n d e n t  of  the  l igand concen t r a -  
t ion,  if affinity is uneffec ted .  I f  a l igand c o n c e n t r a t i o n  equal  
to the  d i s soc ia t ion  c o n s t a n t  (KI>) is employed ,  a change  in 
affinity would  be d i rec t ly  re la ted  to a change  in b inding ,  if 
the  dens i ty  of  r ecep to r s  is uneffec ted .  The  use  of  a lower  
c o n c e n t r a t i o n  of  l igand would  be more  sens i t ive  in de tec t ing  
affinity changes ,  whe reas  a h igher  c o n c e n t r a t i o n  would be 
less sensi t ive .  

In the e x p e r i m e n t s  r epo r t ed  here ,  a c o n c e n t r a t i o n  of  
radiol igand equal  to or  less than  the  K,> was employed .  This  

shou ld  al low for  the de t ec t ion  of  an  a l t e ra t ion  in b inding 
a t t r ibu tab le  to changes  e i the r  in affinity or  dens i ty .  Fu r the r -  
more ,  wi th  the  e x c e p t i o n  of  G A B A  binding ,  all the  Sca t cha rd  
plots  for  the var ious  l igands are l inear .  H o w e v e r ,  some  
S c a t c h a r d  plots  were  d e t e r m i n e d  in our  s tudy  as a check  and  
an  effort  was made  to examine  r e c e p t o r  sub types ,  tha t  are 
not  sepa ra ted  by  such  plots.  For  example ,  a - ad rene rg i c  re- 
ceptors+ which  have  two sub types ,  c~, and  a~, were  eva lua ted  
us ing th ree  radio l igands ,  3H-DHE which  b inds  to bo th  sub- 
types  [36], 3H-WB-4101,  and  ~H-para-amino-c lonid ine ,  
wh ich  b ind  to the  a l  and  a2 sub types ,  r e spec t ive ly  [39,46]. 
S c a t c h a r d  plots  of  these  l igands in the  ce rebra l  cor tex  of  
e t h a n o l - d e p e n d e n t  ra ts  were  not  s ignif icant ly  d i f ferent  f rom 
cont ro l .  

In spite of  the  many  repor t s  suggest ing tha t  chron ic  
e thanol  t r e a t m e n t  d i s rup t s  n e u r o t r a n s m i t t e r  ac t iv i ty ,  these  
changes  do not  a p p e a r  to lead,  u n d e r  the  cond i t ions  s tudied,  
to s ignif icant  a l te ra t ions  in r ecep to r  func t ion  based  on  
l igand-b inding  expe r imen t s .  The  d e v e l o p m e n t  of  maximal  
phys ica l  d e p e n d e n c e  on  e thano l  can  be  ach i eved  in only  4 
days  us ing  an oral i n tuba t ion  model  [30]. This  may  not  be  
long e n o u g h  to ac t iva te  the  m e c h a n i s m s  tha t  lead to changes  
in r ecep to r  p roper t i es .  The re fo re ,  it would  appea r  tha t  an  
i m p a i r m e n t  o f  the  abil i ty of  n e u r o t r a n s m i t t e r s  to in te rac t  
wi th  the i r  r ecep to r s  is not  a p re requis i t e  for  the  d e v e l o p m e n t  
of  e thano l  d e p e n d e n c e .  

Severa l  s tudies  have  appea red  indica t ing  that  wi th  longer  
t e rm t r e a t m e n t  wi th  e thanol ,  r ecep to r  func t ion  can  be al- 
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T A B L E  3 

STRIATAL DOPAM1NERGIC RECEPTOR BINDING IN ETHANOL-DEPENDENT RATS 

:~H-Apomorphine : ~ H - A D T N  :~H-Haloperidol 
Binding Binding Binding 

(fmol/mg Protein) (fmol/mg Protein) (fmol/mg Protein) 

Control 9.6 + 0.36 (6) 11.1 ± 1.7 (7) 36.2 + 2.4 (10) 
Intoxicated 10.8 + 0.45 (6) 14.0 ± 1.3 (6) 39.0 + 1.6 (6) 
Withdrawal syndrome 10.9 ± 0.36 (6) 13.4 _~_ 1.7 (8) 37.9 ± 3.3 (4) 
1 day after withdrawal 10.3 + 0.68 (8) 10.7 ± 0.6 (5) 43.7 + 2.3 (6) 
3 days after withdrawal 9.5 + 0.53 (8) 13.1 ± 0.8 (7) 29.0 _+ 3.9 (5) 

Values were expressed as mean + SEM. Numbers in parentheses refer to number of animals per 
group. 

T A B L E  4 

aH-SEROTONIN BINDING 1N ETHANOL-DEPENDENT RATS 

:~H-Serotonin Binding (fmol/mg Protein) 

Caudate Nucleus Hippocampus Cerebral Cortex 

Control 14.6 ± 1.3 (14) 26.7 ± 3.3 (5) 35.0 _+ 2.1 (6) 
Intoxicated 19.5 ± 2.1 (14) 29.0 + 2.4 (6) 38.8 ± 3.0 (6) 
Withdrawal syndrome 16.0 ± 1.4 (14) 26.1 ± 3.5 (6) 31.8 ± 2.2 (5) 
1 day after withdrawal 13.6 ± 1.4 (14) 28.8 ± 1.9 (6) 38.4 + 3.2 (6) 
3 days after withdrawal 16.5 + 1.1 (14) 25.0 ± 2.9 (6) 32.1 _+ 3.4 (6) 

Values expressed as the mean ~+ SEM. Numbers in parentheses refer to the number of animals 
per group. 

T A B L E  5 

:~H-QUINUCL1D1NYL BENZILATE BINDING IN ETHANOL-DEPENDENT RATS 

:~H-QNB Binding tfmol/mg Protein) 
Cerebral Cortex Hippocampus Caudate Nucleus 

Control 460 _+ 23.0 (10) 261 + 18.5 (5) 479 _+ 23.5 (5) 
Intoxicated 449 + 28.3 (4) 297 _+ 4.0 15) 435 + 9.8 (4) 
Withdrawal syndrome 479 + 18.5 (5) 264 ± 23.5 (5) 486 _+ 16.8 (4) 
1 day after withdrawal 453 + 30.8 (6) 229 _+ 4.9 (6) 456 + 21.2 (6) 
3 days after withdrawal 436 + 39.3 (9) 231 ± 19.4 (4) 447 _+ 20.5 (4) 

Values expressed as the mean ± SEM. Numbers in parentheses refer to the number of animals 
per group. 

tered.  The effects  in some cases  have been specific to only 
cer tain areas of  the brain or the time after wi thdrawal  from 
ethanol .  For  example ,  e thanol  adminis te red  for 60 days  re- 
suited in a reduct ion  in the n u m b e r  of  3H-DHA binding sites 
in the brain when  animals were  still in toxicated.  Three  days  
later the oppos i te  effect  was  obse rved  [2]. This t ime course  is 
identical  to that  found for the ability of  norep inephr ine  to 
st imulate adenos ine-3 ' ,  5 ' -cycl ic  m o n o p h o s p h a t e  format ion  
in brain slices,  where  sensi t ivi ty is reduced  on the day of  
wi thdrawal  but is e levated  after  3 days  [14]. Because  of  the 
coupling be tween  the f l -adrenergic  r ecep to r  and adenyla te  
cyclase  [27], these  p h e n o m e n a  may both be express ions  of  

the same al tered mechan i sm.  When mice co n s u med  a liquid 
diet containing e thanol  for 7 days ,  aH-QNB binding was ele- 
va ted  in the h ippocampus  and cerebral  cor tex ,  but not in the 
caudate  nucleus [44]. This effect  d i sappeared  within 24 hrs. 
In ano the r  s tudy,  where  rats were  chronical ly t rea ted  with 
ethanol  for 18 weeks  on a liquid diet, 3H-QNB binding was 
cons iderab ly  enhanced  in the caudate  nucleus ,  but not in the 
h ippocampus  and cerebral  cor tex  [35]. H o w ev e r ,  the in- 
c reased  binding was  unchanged  4 weeks  after withdrawal .  In 
animals t reated for 11-15 days ,  3H-serotonin binding in the 
caudate  nucleus was increased ,  but was reduced  in the hip- 
p o camp u s  [31]. 3H-spiroperidol binding in the caudate  nu- 
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TABLE 6 
3H-GABA BINDING IN ETHANOL-DEPENDENT RATS 

3H-GABA Binding (fmol/mg Protein) 
Cerebellum Cerebral Cortex Caudate Nucleus 

Control 511 + 19.1 (12) 124 _+ 5.2 (18) 44.9_+ 5.8 (5) 
Intoxicated 514 _+ 29.1 (5) 135 _+ 6.8 (6) 40.9 + 1.3 (3) 
Withdrawal syndrome 506 _+ 19.4 (6) 125 _+ 7.6 (6) 37.4 _+ 4.5 (4) 
1 day after withdrawal 562 _+ 22.9 (12) 116 _+ 9.3 (10) 46.7 + 4.2 (7) 
3 days after withdrawal 532 _+ 18.3 (8) 109 +_ 6.7 (9) 50.0 + 3.2 (6) 

Thalamus Nucleus Accumbens Substantia Nigra 

Control 187_+ 15.0(11) 86.3 + 5.7 (8) 48.1 + 3.2 (7) 
Intoxicated 211 + 13.4 (10) 77.6 _+ 3.9 (6) 39.9 _+ 2.0 (4) 
Withdrawal syndrome 210 +_ 9.6 (10) 101 + 9.2 (5) 56.3 + 6.4 (6) 
1 day after withdrawal 200 _+ 14.4 (12) 103 _+ 6.0 (7) 43.2 _+ 5.4 (6) 
3 days after withdrawal 207 _+ 14.2 (11) 104 _+ 1.8 (5) 47.8 _+ 3.2 (9) 

Values were expressed as the mean _+ SEM. Numbers in parentheses refer to the number 
animals per group. 

of 

cleus was reported uneffected after 7 days of treatment [42], 
elevated after 14 days [26], and reduced after 13 months [35]. 
Low affinity aH-GABA binding in whole brain was lower 
after 14 days of ethanol treatment [45]. 

The relevance of these findings to the development of 
tolerance and physical dependence on ethanol is difficult to 
identify. When physical dependence is induced over a 4 day 
period, 3H-DHA (Table 2), 3H-haloperidol (Table 3), 3H- 
serotonin (Table 4), '~H-QNB (Table 5), and high affinity 
3H-GABA (Table 6) binding are unaffected at any time up to 
3 days after withdrawal. It would appear then that the re- 
ported alterations in neurotransmitter receptor binding re- 
flect a different aspect of chronic ethanol treatment. 

One possibility that could account for the observed alter- 
ations in receptor binding reported by others is the develop- 
ment of nonspecific brain damage. In recent experiments 
that controlled for possible nutritional imbalances, chronic 
ethanol treatment for 4 months reduced the density of hip- 
pocampal dendritic spines [38]. After 5 months of treatment, 
there was a considerable loss of hippocampal pyramidal and 
dentate gyrus granule cells [48]. The possible relationship 
between a reduction in neurotransmitter binding and cell loss 
is obvious and has been exploited to determine the localiza- 
tion of receptors on certain cell types. For example, striatal 
lesions with kainic acid, which destroys intrinsic neurons 
while sparing afferents and fibers in passage, reduce 3H- 
spiroperidoi and 3H-QNB binding and is correlated with the 
loss of cells in the caudate nucleus [13]. 

How cell damage can explain alterations in receptor bind- 
ing with shorter treatment periods is not clear. Simple com- 
parisons of chronic studies are not very easy because of 
many factors that can contribute to the results [19,22]. For 
example, the dose of ethanol consumed and the peak blood 
ethanol concentration obtained per day is not the same for 
different lengths of treatment. Longer term studies using 
liquid diets generally obtain lower blood ethanol concentra- 
tions than those from short term studies using oral intubation 
[29,44]. What might be an explanation is that receptor bind- 

ing is reflecting the initial stages of cell damage before it is 
apparent morphologically. 

The data on the binding of the three dopaminergic ligands 
may provide further information into the effect of chronic 
ethanol treatment on dopaminergic function. Dopaminergic 
mechanisms have been reported to be less responsive to var- 
ious drug treatments 24 hrs after ethanol withdrawal. 
Ethanol, haloperidol, opiates, and GABA agonists are all 
less effective in increasing dopamine synthesis [18, 41, 43, 
47]. Also, the dopaminergic agonists apomorphine and 
piribidil have a reduced ability to induce increases in loco- 
motor activity and hypothermia, respectively [17,43]. These 
observations led to the suggestion that dopaminergic recep- 
tors are not functioning normally. Dopamine-sensitive 
adenylate cyclase, one index of dopaminergic receptor func- 
tion, was found to be reduced [42]. However, 3H- 
spiroperidol binding was unaffected [42]. The conclusion 
was drawn that there may be an uncoupling of the 
dopaminergic receptor from the adenylate cyclase. 

It was recently demonstrated that there exist multiple re- 
ceptors for dopamine with different localizations. On 
postsynaptic sites there are two receptors, designated D, and 
D2 [25]. The D1 receptor is associated with the dopamine- 
sensitive adenylate cyclase, while the D2 receptor is not. In 
addition, a presynaptic dopamine receptor has been suggest- 
ed [33]. 

Neuroleptics, such as haloperidol and spiroperidol, are 
believed to bind to D2 receptors [25]. However, their binding 
sites may not be exclusively on postsynaptic dopaminergic 
receptors and may also be localized on presynaptic cortico- 
striatal afferents [40]. Consequently, the use of :~H-neu- 
roleptic binding may not be the best choice for determin- 
ing whether the effect of ethanol on dopamine-sensitive 
adenylate cyclase (DO activity is related to a disruption in 
the ability of dopamine to interact with its receptor. 3H- 
ADTN binding might better reflect changes in dopamine- 
sensitive adenylate cyclase since both are exclusively lo- 
calized on intrinsic neurons in the caudate nucleus [15]. 



738 H U N T  A N D  D A L T O N  

The use of  '~H-apomorphine, 3H-ADTN,  and ~H-hal- 
oper idol  al lowed us to possibly examine  separately presyn-  
aptic,  D, ,  and D 2 receptors ,  respect ively ,  after chronic  
ethanol  t reatment .  The  negat ive results obtained fur ther  
support  the idea that an al terat ion in the ability of  dopamine  
to interact  with its receptor  does  not  explain the subsensit iv-  
ity o f  dopaminergic  mechanisms.  

The  fact that subsensi t ivi ty deve lops  to both dopaminer-  
gic agonists  and antagonists  after ethanol  withdrawal  raises 
some interest ing quest ions.  For  example ,  why are opposi te  
effects on agonists and antagonists  not  observed?  One might 
expec t  subsensi t ivi ty to agonists  and supersensi t ivi ty  to 
antagonists ,  or  vice versa.  The precedent  for this thought  
comes  from the result of  chronic  t rea tment  with dopaminer-  
gic agonists or  antagonists .  With chronic  t rea tment  with the 
agonists,  apomorphine  and amphetamine ,  the presynapt ic  
dopaminergic  receptors  become  subsensi t ive,  as ev idenced 
by a reduct ion in 3H-apomorphine binding [32]. H o w e v e r ,  
animals t reated in this manner  display spontaneous  cata lepsy 
[32]. In addition, dopamine  tu rnover  and release are reduced 
[37]. On the o ther  hand, with chronic  t rea tment  with haloper- 
idol, the opposi te  response  is obtained.  The sensit ivity for 
dopaminergic  agonists  is increased,  whereas  the effect ive-  
ness of  haloperidol  is reduced [34]. This is accompanied  by 
an increase in 3H-haloperidol binding [7]. 

Changes in dopaminergic  sensit ivity after chronic  ethanol  
administrat ion do not follow these patterns.  The develop-  

ment  of  subsensit ivi ty to both agonists and antagonists  
suggest that more than one class of  dopaminergic  receptor  
mechanism may be involved.  Several  lines of  ev idence  
suggest that presynapt ic  dopaminergic  receptors  may also be 
subsensi t ive.  Not  only are the behavioral  and physiological 
effects  of  dopaminergic  agonists reduced [17,43], a number  
of  biochemical  al terat ions occur  that resemble those ob- 
tained after chronic  apomorphine  treatment .  Acute  apomor-  
phine t rea tment  normally reduces  dopamine synthesis.  
However ,  after chronic ethanol t reatment ,  this effect is 
abolished [5]. Consis tent  with depressed dopaminergic  ac- 
tivity is the finding that dopamine turnover  and release are 
decreased  [11,20], similar to that obtained after chronic 
apomorphine  t reatment .  A mechanism for the chronic stimu- 
lation of  presynapt ic  dopaminergic  receptors  could come 
from the e levated dopamine  release prevalent  during the in- 
duct ion of  physical  dependence  on ethanol when blood 
ethanol  concent ra t ions  are constant ly  elevated [11]. 

One difference be tween  chronic ethanol and apomorphine  
t rea tment  is that no change in 3H-apomorphine binding is 
observed  after ethanol  t rea tment  (Table 3). The uncoupling 
of  the receptor  from an effector  which helps modulate  
dopaminergic  activity could account  for these effects,  
analogous to the hypothesis  advanced by Tabakoff  and co- 
workers  [42]. Al though speculat ive,  this hypothesis  provides  
an explanat ion for a variety of  biochemical  findings found 
after chronic  ethanol t rea tment  on dopaminergic  systems.  
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