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The biological basis of the actions of ethanol and the 
molecular mechanisms responsible for tolerance. physical 
dependence and withdrawal are not known. The recent 
hypothesis of Hill and Bangham [l] suggesting membrane 
lipid adaptation as a mechanism to offset prolonged expo- 
sure to anesthetics offers a new approach to these problems. 

It is now generally accepted that prolonged administra- 
tion of alcohol induces alterations in membrane lipid com- 
position and fluidity. In the rat liver, change3 in lipid 
composition have been documented in several interior 
membrane systems [2], but as yet such changes have not 
been described specifically for the plasma membrane. 
Nevertheless. due to its central role in preserving the 
physiological versatility of the cell [3], chronic perturbation 
of the plasma membrane can be envisioned to influence 
many cellular functions. 

In the rat liver. the hormonal effects of epinephrine are 
believed to be mediated by a CAMP-independent a-adrc- 
nergic mechanism [4] through O(I subtype receptors [5-71. 
Recent work from this laboratory indicated that chronic 
alcohol administration led to diminished epinephrine- 
stimulated L-lactate gluconeogenesis in the isolated per- 
fused rat liver. while the activities of phosphoenolpyruvate 
carboxykinase (PEPCK) and fructose diphosphataae 
(FDPase). key hepatic gluconeogenic enzymes. remained 
unchanged [8]. These findings implicated membrane mal- 
function as a likely cause of the diminished hormone sen- 
sitivity subsequent to chronic alcohol feeding and prompted 
the present study on the effects of long-term alcohol feeding 
on the structure and function of the rat liver plasma 
membrane. 

In this work. [‘Hlprazosin was used to identify the (I,- 
adrenergic receptor. The receptor density and other par- 
ameters were examined for changes in this membrane 
receptor system during chronic ethanol administration and 
withdrawal. 

Malerials und methods 

Chronic alcohol administration and its subsequent with- 
drawal. using a totally liquid low fat Metrecal diet. were 
performed as previously described [9. 101. Liver plasma 
membranes were isolated essentially according to the 
method of Wolfe et al. [Ill. 

Binding studies. The incubation medium used for the 
binding assay contained [‘Hlprazosin (New England 
Nuclear, Canada), incubation buffer (50 mM Tris. pH 7.5, 
4 mM MgSO, and 0.X mM ascorbate), and 125-250 !cg of 
membrane protein in a final volume of 0.5 ml. The final 
concentration of [‘Hlprazosin for saturation assavs was 0.04 
to I .O nM. Tubes were incubated at 31” for 15 mjn. and the 
incubation was terminated by adding 3 ml of ice-cold incu- 
bation buffer. Samples were;apidly-filtered under Lacuum 
through GF/C glass fibre filters, and the filters were washed 
with t\\io 6-ml Rinses of ice-cold incubation buffer. Specific 
binding was defined as the excess over blanks containing 
10 !tM phentolaminc. 
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Kinetic studies of specific [‘Hlprazosin (0.8 nM) binding 
were carried out by determining the time course of ligand 
association and its displacement by IO &l phentolamme. 
Derivation of the various kinetic constants from these 
experiments has been described in detail elsewhere (17. !3]. 

Filters were dried overnight and digested in NCS for 2 hr 
at room temperature (22”). Liquifluor (10 ml) was added. 
and the samples were counted in a Packard Tri-Carb liquid 
scintillation spectrometer with an efficiency of 35-10c/r. 

Protein was determined by the method of Lowry ef nl. 
[ 141 using recry?tallized bovine serum albumin as standard. 

Daru ar~al~ses. Data were subjected to Student’s two- 
tailed I-teSt for examination of statistical aignificancc 
betlveen mean values. Scatchard analysis [ 151 was used to 
analyze saturable binding data. A correlation coefficient 
(r) of better than O.YOwah taken as the criterion for linearity 
in all least square linear regression analvses. 

Phentolamine. (-)-phenylephrine HCi. (+)-cpinephrine 
bitartrate and (~ )-isoproterenol bitartrate were gift3 from 
Dr. G. Kunos. Department of Pharmacology and Expcri- 
mental Therapeutics. hlcGil1 University. All other com- 
pounds were obtained commercially. 

Resu1t.s 

The time course of ligand association and its displacement 
by 10 ;rM phentolamine Acre identical in the control and 
alcoholic membrane preparations. In corroborating results 
from recent work b! others with different rat tissues 
[7. 16. 171. specific [‘Hlprazoain binding to rat liver plasma 
membranes was found to be saturable. of hieh affinity. and 
stereospecific. These parameters were not alyected by chro- 
nic alcohol administration. 

The effects of chronic alcohol administration and its 
subsequent withdrawal on properties of specific 
[‘Hlprazosin binding to liver plasma membranes are sum- 
marized in Table I, The conglomerate Scatchard plots are 
shown in Fig. 1. Chronic alcohol administration did not 
change signi&antly the affinity of [ ‘HJprazosin binding to 
the plasma membranes. Holvcver, the j “I.,\ was signiticantlv 
decreased to 70c; of the control value. During withdrawal 
from alcohol. the R,,,,, of specific [ ‘Hlprazosln binding 
fluctuated with time. At 24. 4X and 72 hr post-alcohol. the 
R,,.,, values were 7s. 70 and 61’C of the control respectively. 
Again, the affinity of binding was not altered appreciahl) 
during this withdraMa period from alcohol. 

Adaptation of membranes to alcohol presumabl) 
involves fundamental changes in membrane structure which 
render the membrane more resistant to further dlsorderinp 
by alcohol 1181. To determIne Lvhether such altered scn- 
sitivity to the presence of alcohol also exists in our cxpcri- 
mental plasma membranes. ac studied the effect on 
[ZH]prazosin l-inding of adding alcohol. 

Alcohol (I-Y’+. \,v). added in oiwo to the incubation 
medium. did not alter the non-specific binding of 
[‘Hlprazosin to either the control or the alcoholic samples. 
However. specific binding was diminished in the controls 
in a dose-dependent manner. With the alcoholic mem- 
branes. the pattern of decrease was 4ightly steeper (Fig. 
2). Statistically. a significant diffcrencc was oh\crvcd onlv 
at the highest alcohol concentration. Y’; (\,:v). The fact 
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receptors while having no effect on their affinit! (K,,). 
During withdrawal from alcohol. the n,-receptor densit) 
fluctuated with time but remained steadily below the control 
value. Interestingly, changes in adrencrgjc and other reccp- 
tor systems seen in different tissues during ethanol feeding 
and withdrawal were also confined to receptor density and 
not to affinity [ 191. 

Hepatic a#-adrenergic receptors pla! a central role in the 
regulation of carbohydrate mrtaboli5m [I. 20]. A persistent 
alteration in thih system following chronic alcohol admin- 
istration and \\ithdrawal may seriously affect its phyio- 
logical functions. This has been demonstrated in our I,lb- 
orator! using the isolated perfused rat liver system IX]. 
These aberrant changes most like11 represent some of the 
biochemical adaptation5 in the membranes following pro- 
longed alcohol feeding. 

The results obtained with the irk ~~ifro studies (Fig. 2) 
suggest that a subtle difference ma! have existed in the 
patterns of inhihition by alcohol of [‘Hlprazosin bmding 
to the control and alcoholic membranes. Thus. we ma! 
have detected an altered sensitivity of rat hepatic plasma 
membranes to in virro alcohol subsequent to chronic alcohol 
administration. 

The irk tjirro actions of alcohol on [‘Hlprazosin binding 
seem to be competitive in nature since only the K,, rather 
than the R,,,, was affected. After chronic alcohol admin- 
istration, however. K,, was normal while B,,.,, was decreased 
(Table 1 and Fig. 1). These results suggest that. folloninp 
the chronic alcohol feeding. adaptive change\ in the plasma 
membrane had taken place. These changes appeared to 
have effectively returned the receptors to their proper 
functional state (normal K,,) at the expense of diminished 
receptor density. 

We 19. 211 and others 122. 231 have shown that the activi- 
ties of many memhrane-hound enzymes are highly sensitive 
to changes in the lipid microenvironment. Hepatic 
membrane-hound adrenergic receptor proteins may well 
he regulated in a similar fashion. Accordingly. an 
ethanol-adapted plasma membrane may alter the function 
of its contained membrane components. such as the adre- 
nergic receptors. by modulating the signal transfer follou- 
ing receptor binding. coupling. etc.. which is eventualI\ 
reflected in the responses in the cytoplasm. 

In conclusion. the rat liver plasma membrane displayed 
long-lasting adaptive changes following chronic alcohol 
feeding and withdrawal. This was reflected in differences 
in the effects of it1 uirro addition and in rlivo chronic actions 
of alcohol on specific [‘Hlprazosin binding to these mem- 
branes. Moreover, the sensitivities of the control and 
alcohol treated membranes to the irk r!irro effects of alcohol 
also appear to have been different. These persistent changes 
represent some of the biochemical adaptations in the 
plasma membranes to the continuous presence of alcohol. 
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mcnt of Biochemistry. hlcGill University. McIntyre Medt- 
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Quebec. Canada H3G IYh. 
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