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Abstract—Changes in the relative proportions of the phospholipid fatty acids of erythrocyte membranes
in mice after chronic ethanol treatment (4.5 g/kg, i.p. twice daily for one week) were shown to vary
with the differing control profiles observed. It is suggested that certain changes in membrane lipid
composition after ethanol administration may not be interpreted simply in terms of an adaptation to a
disordering effect of the drug. The fatty acid changes were, in addition, distributed asymmetrically
within the individual phospholipid classes. Depending on the control profile, the effects varied from
being mainly in phosphatidylethanolamine (PE; 80%) and phosphatidylserine~inositol (PS + PI; 10%),
phospholipids primarily located on the inner half of the membrane bilayer, to being more evenly
distributed between PE and phosphatidylcholine (PC) and probably, therefore, between the two halves
of the bilayer. Changes in the monounsaturated acid remained primarily with PE, suggesting a specific
functional role for this species. The remaining results are discussed in the light of possible effects on

0006-2952/84 $3.00 + 0.00
© 1984 Pergamon Press Lid.

cell morphology and their potentially similar consequences of increasing cell volume.

In recent years evidence has accumulated showing
that functional effects of both acute and chronic
ethanol administration may be exerted at the level
of cell membranes. It was proposed by Hill and
Bangham [1] that tolerance to general depressants
such as ethanol could result from alterations in mem-
brane lipids in response to the disordering influence
of the drugs. Using an electron paramagnetic reson-
ance technique, Chin and Goldstein [2] showed that
ethanol did, in fact, disorder brain and erythrocyte
membranes. When such membranes were isolated
from mice that had been chronically treated with
ethanol, they showed resistance to the disordering
effects of the drug in vitro [3]. The hypothesis that
chronic ethanol exposure can induce adaptive
changes in membranes towards an increased rigidity
was further supported by studies with rat-liver-
mitochondrial membranes [4].

It has been suggested that these physicochemical
effects can, indeed, be explained by changes in mem-
brane lipid composition. Thus with synaptosomal
membranes from ethanol-tolerant mice, the effects
were located in the lipid extracts [S]. In addition,
Chin et al. [6] reported an increased cholesterol
content of synaptosomal and erythrocyte membranes
from mice chronically treated with ethanol. Littleton
and John [7] have shown an increase in the relative
saturation of fatty acids in synaptosomal membranes
after chronic exposure of mice to the drug. Both
these types of change are consistent in direction with
an adaptation to a more ordered membrane.

However, not all the reported changes in mem-
brane lipid composition in vivo after chronic ethanol
exposure are consistent with this simple hypothesis.
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Thus Sun and Sun [8] reported a proportionate in-
crease in polyunsaturated fatty acids in synaptosomal
membranes from guinea-pig brain. Wing et al. [9}
found that changes in membrane fatty acyl compo-
sition after chronic ethanol treatment in mice varied
with membrane type. Moreover, in mice selectively
bred for differences in ethanol sensitivity, no differ-
ences in synaptic membrane phospholipid, fatty acid
or cholesterol composition were observed [10].

Using the erythrocyte membrane as a model, the
present study indicates the importance of the prevail-
ing fatty acyl composition of the membrane phospho-
lipid in relation to the resulting changes induced by
ethanol, whether they may appear to be towards a
more fluid or a more rigid structure. The distribution
of the changes within individual groups of phospho-
lipids has also been studied, and the implications for
common functional effects are discussed.

MATERIALS AND METHODS

Mice, Charles River CD-1, males 24-29 g, were
maintained on Charles River diet no. 22RF with free
access to water. Lighting was provided from 07.30 hr
to 19.30 hr and the animal room temp was 22°.

Ethanol was administered by i.p. injection twice
daily at 09.00 hr and 18.00 hr with 20% (w/v) ethanol
in saline (0.85% w/v aq. NaCl) at 4.5 g ethanol/kg
body wt for 7 days [11]. Controls were injected with
saline containing glucose equicaloric to the ethanol
dose and were ‘pair-fed’ so as to parallel the food
intake of the ethanol-treated mice.

Preparation of membranes. On the eighth morn-
ing, without further injection, mice were killed by
cervical dislocation and bled from the neck. Blood
was collected in heparinized tubes at 4°. The method
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of Hanahan and Ekholm {12] was used for isolation
of erythrocyte membranes as described earlier [9]
and their purity was checked by electron microscopy
and acetylcholinesterase activity. A portion of the
membrane preparation was kept for assay of protein
content by the method of Lowry et al. [13]. The
remainder, usually 80% of the total preparation, was
extracted for lipid analysis.

Lipid extractions and estimations. After initial
uptake in methanol and two 40 sec periods of sonica-
tion in a standard Sonor device, membrane lipids
were extracted into 2:1 (v:v) chloroform:methanol
[14]. Lipids were then separated by silicic acid
column chromatography [15] into neutral lipid
(chloroform eluate), glycolipid (acetone eluate) and
phospholipid (methanol eluate) fractions. Phospho-
lipid was assayed by measurement of the phosphorus
content according to the method of Morrison [16].
After alkaline hydrolysis of one portion of the
phospholipid, the constituent fatty acids were meth-
ylated and assayed by gas chromatography using a
2m x 2 mm glass column of 10% SP-2330 on 100/
120 Chromosorb WAW (Supelco Inc., PA, U.S.A))
as described earlier [9]. Cholesterol from the neutral
lipid fraction was also assayed by gas chroma-
tography using a 2m X 2 mm glass column of 3%
SE-30 on 100/120 Gas Chrom Q (Applied Science
Laboratories, Inc., State College, PA, U.S.A.) as
described earlier [9]. Peak areas in both assays were
measured using a 3390A Hewlett-Packard Recording
Integrator.

The remaining portion of phospholipid was sub-
jected to TLC. In this procedure, plates were coated
with a 0.5 mm layer of 4:1 (w:w) silica gel HF»s4
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(av. 15 pm): silica gel G (10-40 um) (E. Merck,
Darmstadt, F.R.G.). Plates, pre-washed in the sol-
vent mixture (see below), were stored in a desiccator.
After activation at 100°, approximately 100 ug
phospholipid were applied as a streak in 60 ul 2:1
(viv) methanol:chloroform. Plates were then
returned to the desiccator for 15 min before being
developed in a solvent mixture of chloroform:
methanol:glacial acetic acid:water in the ratio
25:15:4:2 (v:v:v:v) [17]. Standard phospholipids and
additional sample spots, which were run in parallel
with the main sample, were visualised independently
using iodine vapour contained within a perspex
restriction box. Because of similar Rf values for
phosphatidylserine (PS) and phosphatidylinositol
(PT), and the relatively small amounts of each present
in the membrane samples, these phospholipids were
combined. The regions occupied by phosphatidyl-
ethanolamine (PE), PS + PI, phosphatidylcholine
(PC) and sphingomyelin (SM) were scraped clean
after identification of their positions from the Rf
values of the visualised reference and sample spots.
Phospholipids were eluted from the gel with the
solvent mixture by shaking at 40° for 20 min. This
was repeated once. Eicosadienoic acid was added as
an internal standard at this stage. The phospholipid
samples were then hydrolysed and the fatty acids
obtained were methylated for assay by gas chroma-
tography as described earlier [9] and above.

Chemicals. All reagents were of ‘AR’ grade and
obtained from B.D.H. Ltd. (Poole, U.K.) and Sigma
London Chemical Co. (London, U.K.). Organic sol-
vents were doubly distilled before use.

Statistics. Either the significance of the difference
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Fig. 1. Different patterns, ‘a’ and ‘b’, of percent change in total fatty acid content of erythrocyte
membrane phospholipid after chronic ethanol treatment. Pattern ‘a’ depicts significant increase(s) among
16:0, 18:0 and 18:1 acids and significant decrease(s) among 18:2, 20:4 and 22:6. Pattern ‘b’ depicts
significant reversals of the changes in ‘a’. Mean values = S.E.M. are given for the percent changes
(expressed as a percentage of each control fatty acid value taken as 100%). 16:0, palmitic acid: 18:0.
stearic acid; 18:1, oleic acid; 18:2, linoleic acid; 20:4, arachidonic acid; 22:6, docosahexaenoic acid. P
refers to the probability of the change not being significantly different from zero. n = 8 groups of 5-8
mice for ‘a’; 3 groups of 8 mice for ‘b’



Changes in membrane lipid content

between two means was tested by Student’s t-test
or the probability of a change being significantly
different from zero was tested according to the Null
Hypothesis. For Fig. 2 a variance ratio test was
performed. A value for P <0.05 was taken as
significant.

RESULTS

Toral phospholipid. Changes in the major fatty
acids of the erythrocyte membrane phospholipids
after chronic ethanol administration are shown in
Fig. 1. The changes are expressed as a percentage of
each control fatty acid value, taken as 100%. The
results obtained in early studies shown in ‘a’ (Fig. 1)
indicate significant increases in stearic and oleic
acids, and a significant decrease in docosahexaenoic
acid. Results of this type have also been reported in
an earlier publication [9]. In studies more than a year
later, using the same strain of mice and identical
experimental conditions, a reversal of this effect was
observed and is shown in ‘b’ (Fig. 1). These results
show a significant decrease in both palmitic and oleic
acids and a significant increase in both arachidonic
and docosahexaenoic acids.

Analysis of these discrepant results showed that
there were distinguishing patterns in the phospho-
lipid fatty acid composition of the control membranes
between types ‘a’ and ‘b’. These control profiles are
shown as percentage compositions in Table 1 and
were significantly different from each other. Mean
quantitative values are also given. The differences
in % composition between ‘a’ and ‘b’ controls rep-
resent larger effects (e.g. if calculated as in Fig. 1 for
comparison) than those produced by ethanol itself.
It can be seen, therefore, in Fig. 2 that a qualitatively
smaller standard deviation of the values is obtained
with each fatty acid from ethanol-treated mice.
This represents a significant effect overall. It was
observed, in addition, that when no significant
changes in fatty acid composition were seen after
ethanol treatment, the control membranes showed
profiles that were intermediate in nature to those of
‘a’and 'b’. In these experiments arange of % changes
(relative to 100% for the control fatty acids) from
—3.9 2.2 (4) for palmitic acid to + 4.6 = 1.8 (4)
for stearic acid (means = S.E.M.; n groups) were
observed, and the compositional profiles are also
included in Fig. 2.

1627
50¢
ICONTROL
+ CHRONIC ETHANOL
40
T MEAN
i + STANDARD DEVIATION
;
i
5 sof 41— n=15
E
2]
o
o
=
o
O oot
R II
o -
4 - ]
T - (. |
-+ T orT +
10r o '
|
ob — — e
160 180 181 182 20:4 22:6
FATTY ACID

Fig. 2. Mean values and S.D. of percent composition of
total fatty acid content of erythrocyte membrane phospho-
lipid from all types of control mice and all types of mice
chronically treated with ethanol. Assuming an equal chance
for a larger or smatler S.D., the repetition of a qualitatively
smaller standard deviation with ethanol-treated mice for
all six fatty acids represents a significant effect. Comparison
of the variance between ethanol and control was not signifi-
cantly different for each individual fatty acid. n = 15 groups
of 5-8 mice for both test and control.

No differences in amounts of cholesterol and
phospholipid in the erythrocyte membranes of this
study have been observed. A period of approxi-
mately 30 months elapsed from the initiation of
experiments of type ‘a’ to the reported accumulation
of results of type ‘D’. Reasons for the shift in the
fatty acid profile of the control membranes during
this period are unknown at present. Checks on the
strain, age and sex of the mice, fatty acid content
of the diet, environmental conditions and seasonal

Table 1. Comparison of compositions of total fatty acid content of erythrocyte membrane
phospholipid from control mice in experiments of type ‘a’ and of type ‘b’ (Fig. 1}

Mean content
as ug fatty acid/

% Composition P mg membrane protein
Fatty acid Type ‘@’ Type b ‘a’ vs ‘b’ Type ‘a’ Type ‘b’
16:0 355216 444 +325 <0.05 80.1 106.6
18:0 121+0.6 154+08 <0.02 27.6 37.1
18:1 16.4 £0.9 20.8+0.9 <0.02 37.0 50.0
18:2 12206 9.5+0.4 <0.02 26.6 23.1
20:4 131=13 59=x1.6 <0.02 28.1 14.8
22:6 107+ 1.4 3.7x20 <0.05 21.6 9.2

Mean values = S.E.M. are shown for percentage composition; #» = 5 groups of 5-8 mice in

‘a’ and 3 groups of 8 mice in ‘b,



1628

D. R. WING et al.

% CHANGE
AFTER ETHANOL ‘a means tsem
+40 - _ n=5
PE PS+Pi PC
F L
+20} - -
h L ¥ 3 ﬂ * * }Il §
L 204 26 w0 w2 204 226 150 L e
o} T k4
W0 %0 B1 1’2 lﬂ 118G 181 U #B®O 181 B2
* * * *” | *
..20 - - -
..40 e - -
+4 *
P<0-(1 2005

Fig. 3. Percent changes in fatty acid content of the major phospholipids from erythrocyte membranes

after chronic ethanol treatment: type a. Mean values + S.E.M. are given for the percent changes

(expressed as a percentage of each control fatty acid value taken as 100%). PE = phosphatidylethanol-

amine, PS + PI = combined phosphatidylserine and phosphatidylinositol, PC = phosphatidylcholine.

n =5 groups of 8 mice. P refers to the probability of the change not being significantly different from
ze10.

variations have eliminated these factors as possibili-
ties. Furthermore, no interference from method-
ological artifacts was apparent over the period of
study.

Phospholipid classes. Figure 3 shows the percent-
age changes (relative to 100% for each control fatty
acid) found after the ethanol treatment in mem-
branes of type ‘a’ for PE, PS + PI and PC. It can be
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seen that most of the significant changes occurred in
the PE and PS+ Pl fractions, and that they
accounted for the effect in total phospholipid seen
in Fig. 1a. Figure 4 shows the corresponding results
for the phospholipids from membranes of type ‘b’.
Despite the reversal of direction, the most significant
changes in fatty acid composition were again found
in PE, but, with few exceptions, the direction and

92:3 means*. sem.
1470 n=3

PS +PI . . PC

~40t -

0
T 204 226 204 226
L1 2 1

18:2 20:4 22:6

)
P<0-01<005

Fig. 4. Percent changes in fatty acid content of the major phospholipids from erythrocvte membranes
after chronic ethanol treatment: type b. For details, see legend to Fig. 1. n = 3 groups of 8 mice.
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Fig. 5. Individual phospholipid classes: a comparison of
their percentage fatty acid composition between eryth-
rocyte membranes of types ‘a’ and ‘b’ from control mice.
Mean values + S.E.M. are given; n = 35 groups of 8 mice
in‘a’ and 3 groups of 8 mice in ‘b’. P refers to the significance
of difference between "a’ and ‘b’. Studies of relative percent
composition are subject to smaller errors than ones of
absolute quantitative measurement. Differences are there-
fore more highly significant in Fig. 5 than in Table 2.
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pattern of the changes for all three phospholipid
classes showed consistency with the pattern of change
seen in the total phospholipid in Fig. 1b.

Figure 5 indicates the % fatty acyl compositions
of the individual phospholipids of control mem-
branes of both type ‘a’ and ‘b’. Quantities of fatty
acid involved are given in Table 2. It can be seen
that oleic acid was the most abundant fatty acid in
PE, stearic (and arachidonic) acid was dominant in
the PS + PI fraction and palmitic acid in PC. PE and
PS + PI accommodated the changes in polyunsatu-
rated fatty acid composition that were seen in total
phospholipid between control membranes of types
‘a’ and ‘b’ in Table 1. Differences in the overall
content of saturated and monounsaturated fatty acids
between ‘a’ and ‘b’ controls seemed to be distributed
throughout the individual phospholipid groups.

The mean changes in total amounts of fatty acid
caused by ethanol administration are shown in Fig.
6 for membranes of types ‘a’ and ‘b’. The mean %
contribution to these changes by the separate phos-
pholipids is also given. In membranes of type ‘a’ the
increases in the amounts of saturated and mono-
unsaturated fatty acids occurred mainly in PE and
to a lesser extent in PS + PI and in PC. A similar
contribution by these phospholipids was seen with
the decrease in content of polyunsaturated acids. In
contrast, the decrease in saturated fatty acid content
observed in membranes of type ‘b’ was more evenly
distributed between the two main phospholipid
groups, PE and PC, with approx. 20% again attribu-
table to PS + PI (Fig. 6). A similar pattern was
observed with the distribution of the increase in
polyunsaturated fatty acids in ‘b’, since these were
also mainly in PE and PC. The change in the
monounsaturated fatty acid content, however,
despite being in the opposite direction to that in ‘a’,
occurred mainly in PE as it did in membranes of type
‘a’.

No significant quantities of fatty acid were ob-
tained from any sphingomyelin fraction under the
conditions of hydrolysis used in this study.

DISCUSSION
Total phospholipid

The experimental conditions used in this study
were identical to those of an earlier report [9] in

Table 2. Quantitative fatty acid content of the major phospholipids from control erythrocyte membranes in experiments
of type ‘a’ and of type ‘b’.

pg fatty acid/mg membrane protein

a ‘v

Fatty

acid PE PS +PI PC PE PS + PI PC

16:0 9.4=x27 4.0x1.0 71.1 £ 18.5 144 + 6.7 6.2 1.7 100.7 +:28.3
18:0 51+14 7.9+1.8 16.0 = 4.8 7.6+34 10825 237+ 6.6
18:1 173+ 4.1 3.7+11 183+54 24.1%9.1 63x13 26772
18:2 55=0.8 1.9+03 19.1x3.0 4820 1,603 195250
20:4 15122 7.5+0.9% 42+13 7.9+3.0 40+09 44%15
22:6 13.7 £ 2.4% 3.8 = 0.6% 3.0x07 42+18 1.5+0.7 33+1.6

* P <0.02, + P<0.05: significantly different from ‘b’.

Mean values = S.E.M. are given. n =5 groups of 8 mice in ‘a’ and 3 groups of 8 mice in ‘b’.
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Fig. 6. Quantitative changes in fatty acid content of erythrocyte membranes of type ‘a’ and ‘b’ after
chronic ethanol administration and their distribution within the major phospholipids. Mean values: n =
5 groups of 8 mice for ‘a’; 3 groups of 8 mice for ‘b’. Abbreviations as in Figs. 1 and 3.

which it was concluded that the observed changes in
phospholipid fatty acid composition of the erythro-
cyte membranes were due to direct effects of ethanol.
Thus effects of (a) stress of the injection routine, (b)
equicaloric glucose substitution for ethanol and the
diet restriction of pair-feeding in control mice, and
(c) hypothermia caused by ethanol, were all elimin-
ated as factors that could influence the significance
of the results.

Under these experimental conditions the mice
showed development of functional tolerance to
ethanol [9]. The present results showed that, in this
state, the relative concentration of the fatty acyl
groups of the erythrocyte membrane phospholipids
changed as a result of the drug treatment, but that
the direction of the change appeared to relate to the
control fatty acyl composition. The earlier observa-
tion {9] that different membrane types, varying in
structure and function, responded differently to
ethanol administration, has therefore now been
extended to include a different response within the
same type of membrane. The earlier results with the
erythrocyte membrane reported in [9] are therefore
related to the compositional profile (of type ‘a’) given
at that time.

As shown in Fig. 2, the overall variability of com-
position of the fatty acids in the ethanol-treated
membranes from all experiments was less than in the
controls. Thus in the presence of ethanol, the fatty
acyl groups of the membranes tended to change
towards a similar composition irrespective of its vari-
ance in the absence of ethanol.

It is clear from the present results that total

changes in the fatty acid composition of erythrocyte
membrane phospholipids do not by themselves
consistently support the hypothesis of membrane-
lipid adaptation occurring to offset a disordering
effect of ethanol in vivo. The nature of the fatty acid
changes reported in a variety of membranes by other
workers have also shown mixed responses to ethanol
treatment [4, 8, 18, 19]. Varied responses were most
common for palmitic and stearic acids and for oleic
and linoleic acids, but from the data it is not possible
to assess whether the changes related to initial fatty
acid concentrations. It would clearly be of interest
to determine whether ethanol would have similar
effects on erythrocytes whose membrane fatty acid
compositions had been deliberately manipulated in
vivo. There is suggestive evidence that dietary fat,
for example, can influence responses of mouse brain
membranes to ethanol [20].

It may be that with such a large population of
individual molecular species of phospholipids in
membranes the overall level of saturation:unsatura-
tion is not a sufficiently specific index. Where ethanol
administration has generated membranes with
altered cholesterol contents, however, increases
have consistently been observed [6, 21, 22].

Phospholipid classes. The results of this study show
that the changes in total fatty acyl composition of
erythrocyte membrane phospholipid are not distrib-
uted proportionately throughout the main phospho-
lipid groups. Furthermore, the distribution of the
changes differs with the contrasting effects of ethanol
administration.

In erythrocyte membranes, PC, together with SM,
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are the dominant phospholipids of the outer half of
the bilayer [23], while PE, PS and PI are mainly
located on the inner half of the membrane. Mechan-
isms producing compositional changes differ on each
side of the bilayer. Processes of whole phospholipid
exchange are favoured for PC on the outside of the
membrane [23] but fatty acid acylation mechanisms
are favoured on the inner half of the bilayer [24].
Despite differences in mechanisms of fatty acyl mod-
ification and in location of the phospholipid, the total
fatty acid pattern of its species is similar whether
located on the outer or the inner half of the bilayer
[24]. Tt may be assumed, then, that observed fatty
acid compositional changes for a particular phospho-
lipid will be distributed between the two halves of
the bilayer in direct proportion to the bilayer dis-
tribution of the phospholipid itself.

Consideration of the observed fatty acyl changes
in the context of membrane bilayer fluidity revealed,
in the present study, complementary and therefore
dominating changes in the saturated and polyunsatu-
rated fatty acids, the one increasing in amount while
the other decreased. In the situation in which the
content of the saturated acids increased and the
polyunsaturated acids decreased, 90% of the changes
were found in PE and PS + PI, the phospholipids
that are mainly located on the inner half of the
bilayer. This suggests that a more ordered inner
half of the membrane might be anticipated with, in
consequence, a reduced area. The morphological
result of this could be a change in erythrocyte shape
from biconcave disc to a more spherical form [23, 26]
with an increase in cell volume. This is supported
both quantitatively and qualitatively from in vitro
studies in which the lipid composition of erythrocyte
membranes has been manipulated and gross morpho-
logical changes observed [27-29].

Where a decrease in the amount of saturated fatty
acids and an increase in polyunsaturated acids were
observed in the present study, the changes were
more evenly distributed between the main phospho-
lipids, PE and PC. It may be assumed, therefore,
that they were occurring in both halves of the bilayer.
This could perhaps result in a more disordered mem-
brane generally with increased potential for accom-
modating cells of increased volume.

In the context of membrane fluidity, the changes
in the monounsaturated, oleic acid were opposite in
direction to complementing the saturated—poly-
unsaturated acid changes. Moreover, irrespective of
the direction of the change, the effects were mainly
confined to PE. Several reports indicate that mem-
brane metabolism of this phospholipid has dis-
tinguishing features. Thus it specifically showed a
calcium-dependent stimulation of fatty acid incor-
poration in human erythrocvtes [30] and recent evi-
dence suggests some heterogeneity of its metabolism
in the red cell membrane [31]. Furthermore, methyl-
ation of PE, a process that may be coupled to recep-
tor activation and calcium transport [32], has been
shown to be sensitive to ethanol in synaptosomal
membranes [33].

The particular sensitivity of monounsaturated fatty
acyl groups of PE to ethanol administration suggests
that these species may have a pivotal role in the
control of membrane function. It has been shown in
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NMR studies that unsaturated species of PE most
readily adopt non-bilayer (hexagonal) phases in
model membranes [34] and it was suggested that
such phases may be important in transport processes
across the membrane and in membrane fusion
phenomena [34]. It may be that levels of mono-
unsaturated species of PE are finely controlled in
relation to polyunsaturated species, the changes
being opposite in direction in this study, in order
to maintain optimum activities of these important
membrane functions. From the present data it is
not possible to speculate in this context on the net
functional consequences of the ethanol treatment.
However, in brain tissue and isolated synaptosomal
membranes from ethanol-tolerant rats, altered Ca?*-
sensitivities to a number of membrane-associated
activities, including neurotransmitter release [35],
have been reported. Since such a process involves
membrane fusion, it is of interest that the formation
of the non-bilayer phase by unsaturated species of
PE has been shown to be sensitive to Ca?" and
ethanol [36]. Clearly, studies are required to investi-
gate the possibility of such mechanisms occurring
in the synaptic membrane and to delineate their
functional significance in the erythrocyte membrane
after ethanol tolerance development.

For membranes with total fatty acid profiles inter-
mediate to the types discussed above, little, if any
change in those profiles occurred as a result of the
ethanol treatment. This did not, however, eliminate
the possibility of changes also occurring within their
individual phospholipid groups and of associated
functional effects.

Summary. In conclusion, chronic ethanol adminis-
tration has been shown to cause changes in the total
fatty acyl composition of erythrocyte membrane
phospholipids. The direction of the change varied
with the control membrane profile towards a more
consistent composition in the presence of ethanol. It
is not known, however, whether the changes were
directly dependent on the profile or on a related
factor. The results may help to explain why some
reported changes in membrane lipid composition
after ethanol administration cannot be interpreted
simply in terms of an adaptation to a disordering
effect of the drug.

The changes have been found to be distributed
asymmetrically within the individual phospholipid
classes of the erythrocyte membrane. The varied
asymmetry of distribution of divergent changes may
result in similar functional effects, such as the
suggested increases in cell size. An increase in mean
corpuscular volume is, in fact, a common diagnostic
test in human alcoholism [37], though it is appreci-
ated that many other factors may contribute to this
disorder in alcoholics. It is further suggested that
monounsaturated species of PE may have specific
functional roles that warrant more detailed studies
with membranes from the CNS in investigations of
tolerance development.
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