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Abstract—Brain synaptosomal membranes were prepared from rats sacrificed 18 hr after a single
intragastric dose of water or of ethanol (100 mmol/kg), when blood ethanol had fallen almost to zero.
Fluorescence polarization of DPH, and (Na* + K*)ATPase activity, were studied in these membranes
in the presence of 0, 0.175, 0.3 or 0.7 M ethanol in vitro. After in vivo ethanol, basal ATPase activity
was slightly increased, membrane fluidity was unchanged, but both measures showed increased sensitivity
to the effects of ethanol in vitro. Similar results were found after an equivalent in vivo dose of
isopropanol, but not of +-butanol. These findings indicate that the sensitization to in vitro effects of
ethanol or isopropanol, after in vivo treatment with these alcohols, is probably not dependent principally
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on their lipid solubilities.

There are a number of reports providing evidence
that if ethanol acutely increases fluidity in
synaptosomal membranes, then chronically, it
decreases it [1, 2]. Actually, after chronic treatment
most investigators have found no change in baseline
fluidity but a decreased susceptibility to fluidization
by addition of ethanol in vitro [3, 4]. In contrast to
this finding concerning chronic ethanol adminis-
tration, we showed recently [5] that after a single in
vivo ethanol administration to a naive animal the
sensitivity of crude synaptic membranes to ethanol
added in vitro is clearly enhanced. This hypersensitiz-
ation could be caused by a physical effect of ethanol,
such as its ability to disorder membrane lipids [6],
and disappeared with further ethanol administration.

If the ‘membrane disordering’ hypothesis is
correct, then other short-chain alcohols with high
lipid solubility [7, 8] should produce a similar pheno-
menon. To test this possibility, the effects of admin-
istration of ethanol, isopropanol or r-butanol on
synaptosomal membrane ordering were quantified
in the present work using fluorescence polarization,
carried out with DPH as a probe of the membrane
lipid environment [9] and measurement of the
activity of (Na* + K*)ATPase, an enzyme which is
integrated in the neuronal membranes and altered
by changes in membrane characteristics [10]. Fluidity
and ATPase activity were evaluated after adding
different alcohol concentrations to the membrane
preparations.

Our results show that the increase in basal
synaptosomal (Na* + K*)ATPase activity as well as
the hypersensitivity found after in vivo acute ethanol
treatment are also apparent and even more marked
after in vivo administration of isopropanol, an
amphiphilic molecule. However such changes are
not found after in vivo administration of #-butanol,
a more lipophilic alcohol.

MATERIALS AND METHODS

Alcohol administration. Male Sprague Dawley rats
(Elevage Janvier, 53680 Le Genest, France) weigh-
ing 150-200 g were housed individually and fed with
a standard laboratory chow (UAR, 91360
Villemoisson-sur-Orge, France) with free access to
water.

The different alcohols were administered by gas-
tric tube as a 20% v/v solution in water. Taking
their lipid solubilities and their metabolic rates into
consideration, membrane disordering was studied
18 hr after administration of ethanol at the dosage
of 100mmol/kg bwt, 20hr after isopropanol
(50 mmol/kg bwt), 40 hr after #-butanol (25 mmol/kg)
and 24 hr after t-butanol (12.5 mmolkg) [11-13].
An equal volume of water was administered to the
corresponding control rats. Blood alcohol levels were
determined by gas-liquid chromatography as pre-
viously described [11, 12].

Preparation of crude synaptosomal membranes.
Animals were killed by decapitation, and the whole
brain was quickly removed and homogenized in ten
volumes of ice-cold 0.32 M sucrose containing 5 mM
Tris—-HCI buffered at pH 7.4. The crude P, fraction
was then prepared and lysed as previously described
[4, 5]. The final pellet (P,M) enriched with synaptic
membranes was resuspended in pH 7.4 phosphate
buffer and kept at 4° before analysis [14]. The protein
concentration (about 1015 mg/ml) was determined
after Lowry et al. [15].

Fluorescence probe polarization. An aliquot (1 ml)
of the crude synaptosomal fraction (containing about
15 ug protein) was incubated at 37° for 60 min with
1 nmole of 1,6-diphenyl-1,3,5-hexatriene (DPH) dis-
solved in 1 ul tetrahydrofuran. Fluorescence polariz-
ation was then recorded at 25° using a SLM 8000
spectrophotofluorimeter (Urbana, U.S.A.) (with a
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MC 320 monochromator and Glan Thomson
polarizers), temperature in the cuvette being main-
tained at 25° by a thermistor. (Measurements were
performed at 25° rather than at 37° in order to
minimize the scattering of the data due to increasing
motion of the probe with temperature. Nevertheless,
control experiments, not reported here, were carried
out at 37° to ensure the results and the comparison
with ATPase findings.) The excitation wavelength
was 360 nm. the emission being detected at 430 nm.
The degree of fluorescence polarization P was cal-
culated after Shinitzky and Barenholz [16]. After the
determination of the basal values, a desired con-
centration of alcohol was added to the cuvette and
P was again determined when polarization had
reached a new steady state. Five determinations were
averaged at each ethanol concentration for each
different membrane preparation. In any case,
addition of alcohol gave similar results at 37° and
25°.

(Na* + K*)ATPase assay. (Na® + K*)ATPase
activity was obtained by subtracting the ouabain-
insensitive activity from the total activity, and was
expressed as micromoles of Pi produced per mg
protein per hour. The assay mixture contained
30mM imidazole, 30mM glycylglycine, 3 mM
MgCly, 3mM Na,ATP, 120 mM NaCl, 5mM KCl,
as well as the desired final concentration of alcohols
and 0.05 ml of the diluted crude synaptosomal frac-
tion (about 20 ug protein/ml) in a final volume of
1.3 ml at 37°C [17]. In another tube, 1 mM ouabain
was added, and NaCl and KCl were omitted. The
reaction was stopped after 20 min by addition of
0.5 ml of 1.2 M perchloric acid. Inorganic phosphate
was determined with ammonium molybdate and 1-
amino-2-naphthol-4-sulphonic acid [18].

Reagents. Na,ATP (vanadium-free), ouabain,
glycylglycine, imidazole, bovine serum albumin and
reagents for blood-alcohol determination were from
Sigma (St Louis, MO, U.S.A.), 1-amino-2-naphthol-
4-sulphonic acid from BDH (Poole, Great Britain)
and DPH from Aldrich-Europe (Beerse, Belgium).
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Purity of ethanol, isopropanol and t-butanol
(Prolabo, Paris, France) was checked by gas chroma-
tography. All other reagents were of analytical
grade.

Expression of results. The experimental results
are expressed as mean values £S.E.M. Differences
between the control and the alcohol-treated groups
were analysed by Student’s r-test.

RESULTS

(1) Acute ethanol administration to naive animal.
Eighteen hours after the administration of an acute
dosage of ethanol (100 mmol/kg bwt, p.o.) to four
naive rats, blood alcohol was almost negligible.

No change in the basal synaptosomal fluidity was
found whereas a statistically significant increase
(+25%) in the activity of (Na* + K*)ATPase was
observed in the ethanol-treated animals when com-
pared to the controls (Table 1).

In crude synaptosomes from both ethanol-treated
and control animals, the in vitro addition of 0.175-
0.7 M ethanol produced an increase in fluidity as well
as an inhibition of (Na*™ + K")ATPase activity in a
concentration-dependent manner. However, as pre-
viously shown [5, 14], at every ethanol concentration
used, the changes in fluidity and in (Na* + K*)
ATPase activity were significantly more marked in
membranes prepared from the ethanol-intubated
animals (Table 1).

(2) Acute isopropanol administration to naive ani-
mals. Blood isopropanol had almost disappeared at
time of sacrifice, 20 hr after intubation (Table 2). As
after ethanol administration, intrinsic fluidity was
unchanged and basal (Na*® + K*)ATPase activity
was slightly increased (+ 21%) in the membrane
from isopropanol treated animals compared to con-
trols (Table 2). In vitro addition of ethanol (0.175-
0.7 M) produced changes in membrane fluidity and
in (Na*™ + K*)ATPase activity which are significantly
larger in membranes prepared from isopropanol-
intubated animals than from control rats (Table 2).

Table 1. Blood ethanol and brain membrane parameters 18 hr after administration of ethanol
(100 mmol/kg, p.o.) to rats

Animal treatment
Control (4) Ethanol (4)

Blood ethanol (mM)

— 0.11 = 0.04

Synaptosomal fluorescence polarization of DPH

Basal value P
[A P x 107 after in vitro
addition of ethanol
at 0.350M
at 0.700 M
Synaptosomal (Na™ + K*)ATPase
Basal value (umoles/mg protein/hr)
Percentage/inhibition after
in vitro addition of
ethanol
at 0.175M
at 0.300 M
at 0.700 M

0.335 = 0.002 0.336 + 0.002
4.4=0.5 7.5 =0.3%
96+0.9 17.0 = 1.6%

15.75 = 1.01 19.71 = 1.14*

1593 £3.28 25.65 = 1.66*

27.59 £ 1.02 37.01 = 2.29%

47.92 + 1.60 59.64 + 1.68%

The values are means = S.E.M. with the number of animals in parentheses.
P values (ethanol vs control group): * 0.02 <P <0.05, * P < 0.01.
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Table 2. Blood isopropanol and brain membrane parameters 20 hr after administration of
isopropanol (50 mmol/kg, p.o.) to rats

Animal treatment
Control (4) Isopropanol (4}

Blood isopropanol (mM)

Synaptosomal fluorescence polarization of DPH

Basal value P
[A P x 107 after in vitro
addition of ethanol
at 0.350 M
at 0.700 M
Synaptosomal (Na* + K*JATPase
Basal value (umoles/mg protein/hr)
Percent inhibition after in vitro
addition of ethanol
at 0,175 M
at 0.300 M
at 0.700 M

— 033x021
0.335 £ 0.001 0.334 £ 0.002
6.0+06 9.3+x0.3%

10.0£09 17.5 £ 1.8%
17.11 x 1.58 20.66 + 1.95*
14.87 £2.30 28.40 £ 1.92¢
27.68 - 2.82 38.07 = 0.70+
47.74 £ 2.35 60.07 = 1.93%

The values are means = S.E.M. with the number of animals in parentheses.
P values (isopropanol vs control group): * 0.02<P < 0.05, 1 0.01 <P <0.02, 1 P<0.01.

It should be noted that, as after ethanol, because
of the induced elevation of basal ATPase, the en-
hanced inhibition brought in fact the activity down
to very similar final values in preparations from
alcohol-treated as from  control  animals
whereas the enhanced fluidization was more
clear-cut.

(3) Acure t-butanol administration to naive
animals. -Butanol was almost cleared from the blood
40 hr after its administration at a dose of 25 mmoles/
kg, p.o. (Table 3). At that time, no change was found
in the basal synaptosomal fluidity or in the activity
of (Na* + K*)ATPase.

Furthermore, in contrast to what was found after
ethanol and isopropanol administration, no
significant differences in sensitivity to ethanol added
in vitro were observed between the controls and the
t-butanol-treated animals (Table 3). The same held
true when t-butanol was administered at a dose of

12.5 mmol/kg, p.o., the determinations being done
24 hr later (Table 4).

{4) In vitro relative membrane-disordering potency
of the three alcohols studied. The effect of each
alcohol added at 250 mM (final concentration) on
the fluorescence polarization of DPH was tested
both on membranes from control animals and on
membranes from animals which were pretreated with
the same alcohol (Table 5). In membranes from
control animals, changes in degree of fluorescence
polarization were correlated to the membrane/buffer
partition coefficients as published by McCreery and
Hunt [6, 19]. That did not hold true in membranes
from pretreated animals. In vivo pretreatment by
isopropanol-enhanced isopropanol in vitro effects;
in contrast, in pivo pretreatment by f-butanol either
at 25 mmol/kg or at 12.5 mmol/kg did not affect the
response to in pitro addition of ethanol (Tables 3
and 4) or ¢-butanol (Table 5).

Table 3. Bicod r-butanol and brain membrane parameters 40 hr after administration of -
butanol (25 mmol/kg, p.o.) to rats

Arnimal treatment
Control (6) t-butanol (6)

Blood r-butanol (mM)

Synaptosomal fluorescence polarization of DPH

Basal value P
[A P x 10%] after in vitro
addition of ethanol
at 0.350 M
at 0.700 M
Synaptosomal (Na* + K*)ATPase
Basal value (umoles/mg protein/hr)
Percent inhibition after
in vitro addition of
ethanol
at 0.175 M
at 0.300 M
at 0.700 M

— 0.10 £ 0,05
0.339 =0.001 0.339 = 0.001

54x06 6.1x08
10.0 0.9 10.4 0.6

19.19x1.12 19.92 £ 1.02

2252 £ 1.78 15.56 % 3.36

30.18 £ 1.80 36.76 £ 2.45

50.76 = 2.20 52032279

Expression of the results as in Tables 1 and 2.
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Table 4. Blood t-butanol and brain membrane parameters 24 hr after administration of
t-butanol (12.5 mmol/kg, p.o.) to rats

Animal treatment
Control (3) t-Butanol (3)

Blood r-butanol (mM)

Synaptosomal fluorescence polarization of DPH

Basal value P
[A P x 107] after in vitro
addition of ethanol
at 0.350 M
at 0.700 M
Synaptosomal (Na* + K")ATPase
Basal value (umoles/mg protein/hr)
Percent inhibition after in vitro
addition of ethanol
at 0.175M
at 0.300 M
at 0.700 M

— 0.26 £ 0.15
0.340 = 0.002 (.339 = 0.001
6.0+ 0.6 6.7+ 0.6
11.2+0.9 11.9+0.3
21.47 £2.33 20.25 = 1.31
19.07 = 3.39 15.28 = 1.82
30.22 £2.04 28.26 £ 2.23
53.81 £2.76 55.30 = 1.74

Expression of the results as in Tables 1 and 2.

DISCUSSION

Membrane disordering seems to be an essential
step in the progression of events leading to intoxi-
cation by ethanol, and to be involved in the develop-
ment of tolerance and dependence [20]. The effect
of a single ethanol administration has however not
been extensively investigated. McQuarrie and Fingl
[21] reported a transient state of CNS hyperexcit-
ability as evidenced by transient lowering of experi-
mental threshold to evoked seizures in mice after
such a single exposure to ethanol in previously naive
animals. They argued that acute excitatory effects
might be related to a manifestation of physical
dependence, representing a mini withdrawal
syndrome. McComb and Goldstein [8] also reported
that a mild withdrawal reaction was seen after a
single injection of ethanol. This hyperexcitability
could be linked to the hypersensitivity we found in
synaptic membranes at a time when ethanol is almost
cleared from the blood (5, 14].

These effects of ethanol are not unique among
alcohols. Acute isopropanol administration also
appeared to sensitize synaptic membranes to the

disordering effect of ethanol or isopropanol as
detected by the fluidizing effect as well as by the
(Na* + K*)ATPase inhibition after in vitro addition
of ethanol or isopropanol. Nevertheless, ¢-butanol,
an alcohol with a high lipid solubility, failed to
sensitize the membranes. This result was first
observed in the present study after an administration
of 25 mmol/kg. This dosage resulted in a high con-
centration of several hours duration [12, 13], due to
the slow rate of r-butanol metabolism [22]. As the
length of membrane exposure to t-butanol could
allow some adaptation or repairing of the membranes
masking the withdrawal reaction, another experi-
mental condition with a smaller fbutanol dose
(12.5 mmol/kg) was also used, but gave the same
negative result.

These findings concerning ¢-butanol were quite
unexpected, as it was shown previously by McComb
and Goldstein [8] that t-butanol produces physical
dependence, being 4-5 times more potent than etha-
nol. It was furthermore shown in the same laboratory
[7] that the disordering potency of a series of short-
chain alcohols, including #-butanol, on brain mem-
branes is closely related to their membrane lipid

Table 5. Changes in fluorescence polarization of DPH after in vitro addition of the different
alcohols studies

In vitro addition

In vivo pretreatment (250 mM final concentration) A P x 10}
Control (3) Ethanol 53=x0.6
Ethanol (100 mmol/kg, 18 hr) (3) Ethanol 7.1+0.9*
Control (4) Isopropanol 9.0x0.8
Isopropanol (50 mmol/kg, 20 hr) (4) Isopropanol 14.5 + 2.0*
Control (4) t-butanol 125 1.6
t-butanol (25 mmol/kg, 40 hr) (4) t-butanol 14.9+0.3
t-butanol (12.5 mmol/kg, 24 hr) (3) t-butanol 11.9+0.3

The values are means = S.E.M. with the number of animals in parentheses.
P values (alcohol pretreated group vs control group): * P < 0.05.
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solubility. In accordance with this result, our present
data show that r-butanol added in vitro to
synaptosomal preparations from naive rats produces
changes in the fluorescence polarization of DPH
which are more marked than the changes observed
with either ethanol or isopropanol addition. The lack
of hypersensitivity to the in vitro addition of ethanol
or t-butanol itself in animals having received a single
t-butanol injection seems therefore surprising.

This lack of hypersensitivity, which opposes clearly
sets r-butanol apart from ethanol, might be related
to the fact that a single alcohol injection to naive rats
is followed by a mild withdrawal reaction in the case
of ethanol but not of #-butanol {8]. Such a withdrawal
syndrome resulting in adrenergic hyperactivity
[23, 24] could well be responsible for the increase in
the basal synaptosomal (Na* + K*)ATPase activity
found in ethanol but not in r-butanol-treated animals.

As we have previously shown, however that stress
conditions do not induce synaptosomal membrane
hypersensitivity [5, 14]. It seems unlikely that adre-
nergic hyperactivity could be involved in the dif-
ferences of membrane sensitivity to the in vitro
addition of ethanol in rats receiving f-butanol or
ethanol, and also that the apparent sensitization to
ATPase inhibition is not only a reversal of the with-
drawal-induced elevation of the basal level.

The three alcohols studied give rise to amphiphilic
or lipophilic metabolites and distinct effects of these
products could be considered to explain the dif-
ference in the alcohol actions. However, such an
interaction is not supported by examination of the
metabolism of the alcohols. In the case of ethanol
and s-butanol when blood alcohol concentration is
about negligible, the same holds true for the metab-
olites:acetaldehyde for ethanol, formaldehyde or
acetone for t-butanol [11-13]. Besides, the metab-
olites have been present all during the alcohol
exposure at very low concentrations which do not
interfere significantly with the membrane organ-
ization. In contrast, high levels of acetone are pro-
duced during isopropanol exposure and acetone is
present in an important blood concentration 20 hr
after alcohol administration [11]. Besides, it was
found that acetone, a lipophilic agent, administered
in conditions to give the same blood level as after
isopropanol treatment, did not produce membrane
sensitization. Thus, it seems unlikely that the pheno-
menon of hypersensitization found after ethanol or
isopropanol administration is related to any effect of
their metabolites.

In conclusion, a not yet identified mechanism,
including, for example, changes in membrane pro-
tein conformation (25] or actions at the polar mem-
brane surface level [26], might intervene in the fact
that the lipid solubility of the alcohol administered
to naive animals is not the main determinant of the
sensitivity of the synaptosomal membranes of these
animals to ethanol added in vitro.

3595

Acknowledgements—We are deeply indebted to Dr A.
Alfsen and Mr M. Vincent (INSERM U221) for their
advice concerning fluorescence polarization measurements,
This investigation was supported by grants from INSERM
(CRL 82 70 10) and from IREB (83-11).

REFERENCES

. P. Seeman, Pharmac. Rev. 24, 583-655 (1972).

. D. B. Goldstein and J. H. Chin, Fedn Proc. 40, 2073-

2076 (1981).

3. D. A. Johnson, H. Friedman, R. Cooke and N. M.
Lee, Biochem. Pharmac. 29, 1673-1676 (1981).

4. F. Beaugé, C. Fleuret-Balter, J. Nordmann and R.
Nordmann, Alcoholism: Clin. exp. Res. (1984) 8, 167-
171 (1984).

5. C. Fleuret-Balter, F. Beaugé, F. Barin, J. Nordmann
and R. Nordmann, Pharmac. Biochem. Behav. 18,
Suppl. 1, 25-29 (1983).

6. M. J. McCreery and W. Hunt, Neuropharmac. 17, 451-
461 (1978).

7. R. C. Lyon, S. A. McCombs, J. Schrems and D. B.
Goldstein, J. Pharmac. exp. Ther. 218, 669675 (1981).

8. 1. A. McComb and D. B. Goldstein, J. Pharmac. exp.
Ther. 208, 113-117 (1979).

9. M. Shinitzky and M. Inbar, Biochim. Biophys. Acta
433, 133-149 (1976).

10. M. Sinensky, F. Pinkerton and F. R. Simon, Proc. natn
Acad. Sci. U.S.A. 76, 4893-4897 (1979).

11. F. Beaugé, M. Clément, J. Nordmann and R.
Nordmann, Chem. Biol. Int. 26, 155-166 (1979).

12. F. Beaugé, M. Clément, J. Nordmann and R.
Nordmann, Chem. Biol. Int. 38, 45-51 (1981).

13. R. Nordmann, Les collogues de 'INSERM 95, 187-206
(1980).

14. F. Beaugé, C. Fleuret-Balter, F. Barin, J. Nordmann
and R. Nordmann, Drug Alc. Depend. 10, 143-151
(1982).

15. O. H. Lowry. M. J. Rosebrough, A. C. Farr and R. J.
Randall, J. biol. Chem. 193, 265-275 (1951).

16. M. Shinitzky and Y. Barenholz, J. biol. Chem. 249,
2652-2657 (1974).

17. N. Rangaraj and H. Kalant, Pharmac. Biochem.
Behav. 13, Suppl. 1, 183-189 (1980).

18. H. Kalant, N. Woo and L. Endrenyi, Biochem.
Pharmac. 27. 1353-1358 (1978).

19. W. J. Shoemaker. Neurobehav. Toxic. Terat. 3, 431-
436 (1981).

20. G. Lenaz. G. Curatola, L. Mazzanti. A. Bigi and E.
Bertoli. ftal. J. Biochem. 27, 378-400 (1978).

21. D. G. McQuarrie and E. Fingl. J. pharmac. exp. Ther.
124, 264-271 (1958).

22. R. C. Baker. S. M. Sorensen and R. A. Deitrich.
Alcoholism: Clin. exp. Res. 6, 247251 (1982).

23. A. Y. Sun. R. N. Seaman and C. C. Middleton, in
Alcohol Intoxication and Withdrawal 111 (a). (Edn. M.
M. Gross). p. 123, Plenum Press. New York (1977).

24. N. Rangaraj and H. Kalant, Biochem. Pharmac. 27.
1139-1144 (1978).

25. N. Rangaraj and H. Kalant, J. Pharmac. exp. Ther.
223, 536-539 (1982).

26. J. M. Vanderkooi. Alcoholism Clin. exp. Res. 3. 60-63

(1979).

NS —



