
Biochemical Pharmacology, Vol. 29, pp. 2815-2818 
Pergamon Press Ltd. 1980. Printed in Great Britain. 

EFFECT OF ACUTE AND CHRONIC ETHANOL 
TREATMENT ON RAT BRAIN PHOSPHOLIPID 

TURNOVER* 

NANCY M. LEE,? HOWARD J. FRIEDMAN* and HORACE H. LOH 

Department of Pharmacology and Langley Porter Neuropsychiatric Institute. University of 
California, San Francisco, CA 94143. U.S.A. 

(Received 7 March 1980; accepled 12 May lY80) 

Abstract-Phospholipid turnover was studied in the rat brain after treatment in vim with (I) an acute 
dose of ethanol, (2) after the development of tolerance to ethanol, (3) of physical dependence on 
ethanol, and (4) of withdrawal from dependence. It was found that the turnover of phosphatidylcholine, 
of phosphatidylinosotoliphosphatidylserine and of phosphatidylethanolamine was increased in tolerant 
animals and that tolerance developed to these increases in dependent animals. A drastic decrease in 
“P-labeled phosphatidylinositoliphosphatidylserine of microsomal fractions was observed in animals 
withdrawing from dependence 

Ethanol is known to exert an effect on biological 
membranes [l]. Chin and Goldstein [2, 31, studying 
the fluidity of spin-labeled membranes in the pres- 
ence of ethanol, have shown that ethanol may 
increase membrane fluidity in vitro; tolerance is 
developed to that effect after chronic ethanol treat- 
ment. Supporting evidence for this fluidization has 
been provided by Curran and Seeman [4]. We have 
also reported that chronic ethanol treatment results 
in more rigid lipid bilayers extracted from synap- 
tosomal membranes of tolerant mice [S]; the increase 
in rigidity is not due to the change in cholesterol 
content [6]. We have also provided evidence [7] that 
the change in brain membrane lipid composition or 
organization responsible for the attenuation of 
ethanol-induced fluidization of ‘tolerant’ membranes 
is related to tolerance to the anesthetic actions of 
ethanol, because there is cross tolerance between 
membrane fluidizing properties of ethanol and pen- 
tobarbital but not of morphine. Further experiments 
revealed that with the absence of ethanol from the 
body for a period of time, the fluidizability of the 
lipid bilayer returned to normal [7]; these lipid 
changes may be generalized to all strains and species 
of rodents [8]. 

Since the ability of ethanol to induce fluidity may 
be related to the phospholipid composition of the 
membrane, we studied phospholipid turnover in 
brain membranes isolated from acute, tolerant, 
dependent and withdrawn rats. 
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METHODS 

Male Sprague-Dawley rats (Simonsen Laborato- 
ries, Gilroy, CA), weighing 30&350 g. were 
implanted with a guide cannula over the lateral ven- 
tricle while under pentobarbital anesthesia. Before 
beginning the experiment, 4-6 days were allowed 
for recovery from surgery. We studled the effects of 
(1) an acute dose of ethanol, (2) tolerance to ethanol, 
(3) physical dependence on ethanol. and (4) with- 
drawal from dependence. 

To produce acute effects, animals were injected 
i.p. with either 3.5 g/kg of ethanol (20%. w/v) or 
with an equivalent volume of isotonic saline. Thirty 
minutes later the animals were given intraventricu- 
larly 200 &i [“PIphosphoric acid and 50 &Ii 
[3H]glycerol dissolved in 20 ~1 of a modified Krebs- 
Ringer bicarbonate buffer from which the sodium 
diphosphate was omitted. 

Each animal to be made tolerant was tested for 
basal sleep time prior to implantation of the guide 
cannula. They were injected i.p. with 3.5 g/kg of 
ethanol, and upon onset of narcosis. were placed on 
their backs. The time for an animal to right itself 
twice within 60 set was recorded as the sleep time. 
Groups could thereby be balanced for basal sleep 
times. The animals were thereafter made tolerant, 
while under light CO1 anesthesia, by intubation with 
3.0 g/kg ethanol [2O%(w/v) solution in Slender, Car- 
nation Co., Los Angeles, CA.] twice daily for 3 days. 
Control animals were similarly intubated with equiv- 
alent amounts of isocaloric sucrose (35%. wiv) in 
Slender. On the day following the treatment period. 
tolerance was assessed in both groups by again 
determining sleep times [S]. Radioisotopes were 
administered on the next day 1 hr after the treatment 
of both groups with 3.5 g/kg of ethanol, i.p. 

Physical dependence was produced as described 
previously [&lo] using a maximally tolerable dosage 
regimen. Briefly, animals were intubated while under 
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* Data are mcnna ? S.E.: N. = Y-l I. 
: P < 0.025. 
$ P c; 0.005. 

light CO2 anesthesia three times daily for 3 days. 
The dose was adjusted according to degree of intox- 
ication (determined largely by righting ability) prior 
to intubation with possible doses of 6.0, 4.0, 3.0. 2.0 
and O.Og/kg of ethanol; the ethanol solution was 
20% (w/v) in Slender. To maintain body weight. the 
total volume of each intubation was made ~tp to 14 ml 
with additional Slender and a fourth daily l-l-ml 
intubation of Slender was given. Each control animal 
was intubated with an amount of the isocaloric 
sucrose-Slender diet proportional to the mean 
amount given the experiInerlt~l1 group; ~~~l~iitioll~il 
Slender was similarly given. Radioisotopes were 
administered to dependent animals I hr after the 
first missed dose, a time at which blood alcohol 
begins to decline but at which withdrawal has not 
yet commenced, and to withdr~~\~n animals 9 hr after 
the missed dose. a time at which various withdrawal 
symptoms are found [ LO]. 

For all treatment conditions, animals were killed 
1 hr after radioisotope aclministr~ttion. Brains were 
removed and homogenized in 30 ml of 0.32 M 
sucrose with 5 mM Hepes.” pH 7.X at 4”. Crude 
synaptosomal and niicrosornal fractions were prc- 
pared by standard centrifugation techniques [I I]. A 
portion of the ll(~ln{~gen~~te was mixed with 2 vol. of 
10% trichloroacetic acid and an aliquot of the super- 
natant fraction was counted for total nonprccipitable 

* Hepes, j-(2-hyciroxyeth\l)- 1 -i7iperazirtc-ethnnesui- 
phonic acid. 

“P and ‘H in order to normalize the lipid incoqxw- 
ation results. Phospholipids were extracted from sy n- 
aptosomal and microsomal fractions with chlorcr- 
form-methanol (2 : 1, v/v) [ 11. l2]. The lipid cxtr-act 
was partitioned with 0.1 M KU, washed sc\,cr;il 
times with theoretical upper phase until no radio- 
activity appeared in the upper phase. and then cvap- 
orated to dryness at 30”; the residue was clissolvcd 
in 100 ~1 of chloroform-methanol (2 : I ). Twenty-live 
microlitres was spotted on silica gel Ci thin-layer 
chromatography plates (Merck). and the plates u’cr-c 
developed in a solvent system of chloroforln-nlcth- 
anol-acetic acid-water (25: 15 : I: 7. vk). Spots wrc 
identified with iodine vapor and scraped. and the 
phospholipids were eluted into chlorofort71-nlcth- 
anol (2: I), aliyuots of which were then used for 
scintillation counting and for lipid ph~~sl~h~~rtf~ analy- 
sis 1131. The results are reported as perccnta!c ot 
control for simplicity. In Table I. WC‘ also list4 
cpmipmolc P, so that readers may calculate back to 
that unit from percentage if they wish. Statistic:il 
analysis was done using Studenl’s I-test. 

RESI!I.TS AND ICX‘lISSION 

Table I presents the aggregate results of tit’ct 
experiments. An acute dose of ethanol had no effect 
on the incorporation of “Pa into l)hosphatidylctlol- 
ine (PC), phosphatidylinositol t phosphatidylscriilc 
(PI + PS) or phosphatidylethan(~l~inlinc (PE) in 
either synapt~~soinal or micr(~sonl~ll fractions. There 
is evidence, however, of increased incorporation of 

* Values, means I S.E.. arc pcrccntage of control levels of cpm~pnwlo P,: N _ 4-5 
t P <c 0.00.5. 
i: P c: 0.0s. 
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Fig. 1. Mean (+ S.E.) sleeping time following 3.5gikg 
ethanol in chronic ethanol and sucrose control groups. 

[“HIglycerol into PC and PI + PS of the synaptoso- 
mal and microsomal fractions. 

After the animals were made tolerant by intuba- 
tion with 3.0 g/kg ethanol (see Methods), both con- 
trol and tolerant animals were given ethanol prior 
to radioisotope treatment and killed so that tolerance 
in response to the drug, rather than any intrinsic 
state of tolerance, was being studied. Thus, the con- 
trol animals were comparable to the acutely treated 
animals reported above. There was significant devel- 
opment of tolerance as indicated by the difference 
in sleep time between the tolerant and acute-control 
groups (Fig. 1). 

Although the main effects of an acute dose were 
on [‘HIglycerol incorporation, there was no indica- 
tion of tolerance developing to this effect, since the 
incorporation of the isotope was similar in all 
phospholipids in tolerant and acute groups (Table 
2). On the other hand, the incorporation of ‘*P, 
appeared to be increased in all phospholipid com- 
ponents in microsomal membrane fractions in tol- 
erant animals treated with ethanol; an increase was 
also observed in PI + PS fraction from synaptosomal 
origin. These increases were not seen in acute ani- 
mals but only in tolerant ones, suggesting that it is 
unique to tolerant animals. 

If the animals were treated with higher doses of 
ethanol, physical dependence developed as evi- 
denced by Metrazol-induced withdrawal seizures [8]. 
Mean (? S.E.) blood alcohol levels in the dependent 
animals at the time of killing (132.6 2 3.5 mg 
ethanol/l00 ml blood) were at a level above that at 
which withdrawal might begin. Our results on 
phospholipid turnover in those animals showed that 
there was a significant increase of “P, incorporation 
into microsomal PE; [‘HIglycerol incorporation was 
unchanged compared to sucrose control (Table 3). 
It ~OLIILI IX pomted out that there was a significant 
increase in the ‘H-label in PC and PI + PS of syn- 
aptosomal fractions and PC of microsomal fractions 
after acute treatment (Table 1): no tolerance to these 
changes in tolerant animals was observed (Table 2), 
and yet in dependent animals (Table 3) almost all 
the changes returned to sucrose control levels. It is 
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apparent that tolerance develops to certain changes 

in phospholipid turnover in the dependent animals 
but not in the tolerant ones. In animals undergoing 
withdrawal, there was a significant decrease in the 
incorporation of jLP, into microsomal PI + PS and 
an increase in the incorporation of [ ‘HJglyccroI into 
synaptosomal PI + PS: no other changes were 
significant. 

The withdrawal state usually means a state after 
dependence has developed in which the drug is no 
longer given. Often, during withdrawal the behav- 
ioral symptoms that occur are opposite to those 
which occur in the (alcohol) acute or tolerant state. 
Although the underlying biochemical mechanism is 
not well understood, it is reasonable to assume that 
events induced by chronic ethanol exposure at the 
molecular level must undergo changes during with- 
drawal that will compensate for the absence of the 
drug. In examining the phospholipid turnover data. 
we observed that “P-incorporation by the PI + PS 
fraction of microsomes was significantly increased 
in tolerant animals. This increase diminished in the 
dependent state and decreased significantly in with- 
drawal animals, which is opposite to the change in 
tolerant animals. Therefore. it is possible that the 
increase of “P-incorporation by PI + PS fractions in 
tolerant animals represents a new state of biochemi- 
cal events to which the animals adapted in the pres- 
ence of chronic drug exposure: tolerance is event- 
ually developed to it after longer exposure 
(presumably in the physical-dependent state). 

A rebound seems to occur if ethanol is removed 
from the animal in withdrawal. “P-incorporation by 
PI + PS of the microsomal fraction, instead of 
increasing in the tolerant state, dramatically 
increased below control level in the withdrawal state. 
This may or may not be part of the reason for the 
severe withdrawal signs often seen in such animals. 
The fact that only “P, not “H. turnover is changed 
in this fraction indicates that the change may occur 
after 1,2-diglyceride production. Because PE is one 
of the major precursors of PS in the brain [ 14161. 
and PE was increased in tolerant and dependent 
animals but returned to control levels in withdrawal. 
it is not likely that the decrease in PI + PS is primarily 
a change in PS resulting from a decrease in the 
precursor PE. 

The increases in labeling of other phospholipids 
in either the acute or tolerant state all seemed to 
return to control level in dependent animals except 
‘H-incorporation into the PUPS fraction of the syn- 
aptosome; withdrawal did not precipitate any new 
change. 

Chronic ethanol treatment is knowr. to result in 
more rigid membranes [2-61, a factor which is related 
to the anesthetic action of ethanol [7.X]. A change 

in phospholipid metabolism has been suggested ~OI 
the change in membrane rigidity. Littleton and John 
[I71 demonstrated that the level of Wuratcd fatty 
acids was increased in membranes of ethanol tolerant 
mice, which may, in part. be responsible for the 
increased membrane rigidity. It is obvious that some 
phospholipid turnover is also altered by chronic 
ethanol treatment. Although both ICR and C‘57BL 
mouse strains exhibit decreased eth;lnol-induced flu- 
idity in their lipid bilaycrs after chronic ethanol treat- 
ment 171, individual phospholipid levels wcrc 
changed in ICR, but not in C57BL mice (D. A. 
Johnson and N. M. Lee, unpublished observation). 
indicating that the change in phospholipid level C;IIV 

not be used to explain the change in membrane 
rigidity. The changes produced in phoq~holipid turn- 
over by chronic ethanol treatment. however. n1;1~ 
represent a novel shift in the memhra~~e pho\phollp~d 
metabolism. This signals membrane changes which 
may eventually be reflected as change5 in mcmhranc 
function. 
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