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ABSTRACT
0' '-Exposure of rat brain synaptosomes to ethanol in vitro reduced toxin-stimulated ' 2Na ,ptake and the membrane/buffer partition

the neurotoxin-stimulated uptake of -2Na+,. This effect of ethanol coefficient, suggesting that a hydrophobic site in the membrane
was concentration-dependent, occurred with concentrations of was involved in the action of the alcohols. Ethanol did not affect
ethanol achieved in vivo and was fully reversible. The inhibitory the scorpion venom-induced enhancement of batrachotoxin-
effect of ethanol on neurotoxin-stimulated sodium uptake was stimulated sodium uptake. The inhibitory potency of tetrodotoxin
due to a decrease in the maximal effect of the neurotoxins. was also unaffected by ethanol. These results demonstrate that
Ethanol reduced the rate of batrachotoxin-stimulated sodium ethanol has an inhibitory effect on neurotoxin-stimulated sodium
uptake when measured at 3, 5 and 7 but not 10 or 20 sec after influx occurring in voltage-sensitive sodium channels of brain
the addition of 22Na . In a series of aliphatic alcohols, there was tissue
a good correlation between potency for inhibition of batracho-

The exact mechanisms by which ethanol causes depression of studies that have provided genetic (Goldstein et al., 1982),
of the CNS and the subsequent behavioral manifestations of pharmacological (Lyon et aL, 1981) and temporal (Chin and
intoxification remain undefined. In recent years, a great deal Goldstein, 1977b) correlations between in vivo effects and the
of research has focused on the effects of ethanol on the physical membrane disordering effect of ethanol in vitro. However,
properties of artificial and biological membranes (Seeman, because the magnitude of membrane lipid disordering by 9
1972; Goldstein et al., 1980). Through the use of techniques ethanol is relatively small (Chin and Goldstein, 1977a), it is
such as electron paramagnetic resonance (Chin and Goldstein, probable that membrane-mediated biological responses would
1977a) and fluorescence spectroscopy (Harris and Schroeder, involve functional entities in membranes. Consequently,
1981), it has been demonstrated that pharmacologically rele- ethanol would be expected to interact directly or indirectly with
vant concentrations of ethanol in vitro cause disordering of these entities, so that alterations in the functional properties
membrane lipids as inferred from the measurements of the of membrane proteins may also play an important role in the
properties of molecular probes inserted into membranes. By changes in neuronal activity and synaptic function associated
using a variety of molecular probes that insert at different with ethanol-induced depression of the CNS. Alterations in
depths in the membrane, it has been shown that the fluidizing lipid fluidity are known to influence the activities of membrane
effect of ethanol is greater at the hydrophobic inner core than proteins (Lenaz, 1977) and this may represent a mechanism by
at the superficial membrane surface (Chin and Goldstein, 1981; which the lipid disordering effect of ethanol could be translated
Harris and Schroeder, 1981). This is somewhat surprising be- into the biochemical and behavioral effects of ethanol.
cause ethanol is a relatively small, neutral, hydrophilic mole- In the present study, a basic functional unit related to neu- A
cule. Tonal excitation was investigated with respect to its possible

Further evidence that membrane disordering is involved in involvement in the actions of ethanol on the brain. An impor-
tent mechanism in the control of neuroexcitability is the reg-the intoxicating effects of ethanol has been based on a number ulation of ion movements at the level of the excitable mem-

e o t .brane. Using the squid giant axon, Hodgkin and Huxley (1952)Received for publication April 20, 19P4.

' Supported in part by a Postdoctoral Fellowship from the National Academy demonstrated that the changes in membrane voltage associated 4
Sciences/National Research Council. with an action potential were due to a transient increased

tL.
ABBREVIATIONS: CNS, central nervous system; TTX, tutrodotoxin; BTX, battachotoxin; VER, veratridine; ScV, scorpion venom; HEPES, 4-(2-

01hydroxyethyl)-l -piporazineethanesulfonic acid.

41"

-'--1K_



414 Mullin and Hunt Vol. 232

perneabilit y to sodium followed by an increased permeability min the samples were diluted with a solution containing (final concen-
it) potassiimi. Apparentlv, separate channels are utilized by tration) the indicated concentration of toxin (millimolar): KCI, 5.4;
sodinti and pot asitiln ions H ille. 1970: tlbricht, 19774. The MgSO,. 4.8: glucose. 5.5; HEPES-Tris IpH 7.4). 50; choline chloride,
itward nuovmcent of sodium ions (luritg excitation occurs 128; Na('l, 2; ouabain,. 5; and l.;) uCi of carrier-tree -"NaCl per ml and
hrooli ,t dlage-osit ive sodium channels. The sodium hin- the indicated concentration of ethanol. After a 5-sec incubation (except

tae t' where noted), uptake was terminated by the addition of 1 ml of an ice-
stat tra.er. , the excitae nembrane ae cnposed of cold wash solution containing (milliniolar): choline chloride, 163:

CtttiC , tzlyctp r ttei ns wit h muti i ple ptypept ide subunits and 0O) .8; CaClI. 1.8; HEPES-Tris (pH 7.4). 5: and bovine serum
tontadin three distinct receptor site., for various neurotoxins albumin. I mg/ml. The mixture was filtered rapidly unde, vacuum
:'atterall, 19ht). One receptor site, thought to he located on through an Amicon 0.45-pm cellulose filter (Amicon, Lexington. MA)

lthe extracellhlar side of the char'nel 4Narahashi, 1966), binds andthe filters were washed twice with 3 ml of wash solution. The entire
tie specific inhibitors saxitoxin and TTX which inhibit the halt-filter-wash cycle took less than 10 sec to complete. The filters
inward movement of sodium (Ritchie and Rogart, 1977). The were placed in scintillation vials, 15 ml of scintillation cocktail were
second neurottxin receptor site binds the lipid soluble toxins, added and filter radioactivity was determined by liquid scintillation

I'I'X and VER, which cause persistent activation of sodium spectrometry. The data are presented as corrected specific uptake after
chainels h by hhkinm the prvess of' channel inactivation A subtracion of nonspecific uptake 4TTX, I MM present in incubation

I n and uptake 6tuftersi.hi..Altttl I tle oking te dpce of channel activation tno n pak tfr4b .-shitting t he oltage-dependence of channel activation to Data analysis. Double reciprocal analysis of the data was performed
attire negative tinembrane potentials. The third neurotoxin re- as described by Catterall 41975) using at modified Michaelis-Menton

I teptor binds small polYpeptide toxins present in sea anemone equation of the form:
dnd cVs. The polypeptide toxins slow channel inactivation
aid also enhance the effects of BTX and VER. Because the c = VA/ (K, + A)

netirotoxins bind to their receptor sites with high affinity and where v is the uptake rate at various activator toxin concentrations A,
specificity.,tf hey have been widely used as chemical tools to V is maximal uptake rate and Ko, is the apparent dissociation constant
st udy the st ruct Lre and functional properties of voltage-sensi- of the activator toxin. Statistical analysis was performed using Stu-
tive sodium channels in a variety of excitable membranes dent's t test for paired samples. Multiple comparisons with a control

Narahashi. 197-1: (atterall. 1982). were done by analysis of variance and Dunnett's test (1964).
We have studied the effects of ethanol in vitro on the func- Other methods. Drugconcentrations in the aqueous and membrane

tional properties of voltage-sensitive sodium channels in whole phases were calculated as described by Lyon et aL. (1981). The mem-
rat brain synaptosomes. Ion flux measurements were used as brane/buffer partition coefficients were derived from the data of
an estimate of sodium 4--Na ) ion permeability to assess the McCreery and Hunt 11978). Solutions of ScV were prepared according

to Catterall (1976. A stock solution of BTX was prepared in absolute
ethanol and aliquots were diluted in the appropriate buffer. The final
concentration of ethanol in the assay from the addition of BTX was

Methods never greater than 0.13 nM. Protein concentrations were determined
by the method of Lowry et at (1951). Bovine serum albumin was used

Animals and chemicals. Male Sprague-Dawley rats 42004-40) g) as the protein standard.
%%ere obtained from Charles River Breeding Laboratories, Inc. (Wil-
mington. MA) and were housed two per cage with free access to water

Inl standard !aboratorv chow before being used for the experiments. Results
('hitmicals and suppliers were as follows: ScV ( Leiurus quinquestriatus),
TTX and VER from Sigma Chemical Co. (St. Louis. MO); carrier-free Preincubation of whole brain synaptosomes with ethanol in
'<NaCl fromn New England Nuclear (Boston, MA). BTX was kindly titro caused a concentration-dependent inhibition of BTX-
,,upplied by Dr. -John Daly (National Institute of Arthritis, Metabolism stimulated 2*Na* uptake (fig. 1). Over the concentration range
and )igesrive Diseases, National Institutes of Health, Bethesda. MD). of ethanol used, the reduction in 1

2Na uptake was a linear
All other chemicals were obtained from commercial sources and were function of the concentration of ethanol (r = -0.95). The
ofanalytical grade. inhibitory effect of ethanol occurred at pharmacologically rel-

Preparation of synaptosomes. A crude synaptosomal (P) fraction evant concentrations of ethanol and was fully reversible when
was prepared by a modification of the method of Gray and Whittaker ethanol was removed from the sample by washing and centrif-
11962). Hats were decapitated and the whole brains were removed and ugation (fig. 2). Neither the nonspecific (1 MM TTX present)
hnmgenized in ice-cold 0.32 M sucrose and 5 mM K2HP0 4 , pH 7.4 nor the passive, unstimulated (no toxins present) uptake of
(10 nil/g wet wt.4, with 10 strokes of a motor-driven Toflon-glass n
honioge.,i.er. The homogenate was then centrifuged at 1000 x g for 10 "'Na were affectedby-ethanol -in vitro (data not shown).
tin. The resulting supernatant was then centrfuged at 17.000 x g for The effects of ethanol on "Na uptake were also studied over
60l min. The final pellet was resuspended in ice-cold incubation buffer a range of concentrations of the alkaloid toxins BTX and VER.
I8 I) ml/hrain) containing 4millimolar: KCI, 5.4; MgSO,, 0.8; glucose, There was a 6-fold increase in synaptosomal sodium uptake
5.1; [tEPES-Tris pH 7.. 50: and choline chloride, 130. Ten strokes when the concentration of BTX was raised from 0.1 to 5 pAM.
of a loose fitting glass-glass homogenizer were used to resuspend the Ethanol (100 and 400 mM) inhibited 22Na uptake in synap-
final pellet. Synaptosomes were kept on ice and were used immediately tosomes exposed to more than 0.1 iiM BTX (fig. 3). When VER
after preparation, was used to activate sodium chinnels and promote 22Na' up-

Measurement of "Na uptake. Synaptosornal sodium uptake was take, a similar effect of ethanol was observed, as shown in
determined by a modification of the method of Tamkun and Catterall figure 4. In order to assess indirectly the interaction of etharol
41981 4. Aliquots 450 I) of the s:, naptosomal suspension were preincu- ig hre chnn re to se i nd t e weprfo me d
hated at :36'C for 2 min. except in the time course experiments, with with the channel receptor site for BTX and VER, we performed
incuhat ion buffer or incubation buffer containing the indicated concen- a double reciprocal analysis of concentration-effect curves for
tration of ethanol. Immediately after the preincubation with ethanol, BTX- and VER-stimulated "Na uptake in the absence (con-
the indicated concentration of activator toxin (BTX or VER) was trol) and presence of two concentrations of ethanol (100 and
added and the samples were incubated for 10 min at 36"C. After 10 400 mM). The data from the double reciprocal analysis are
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Fig. 1. Concentration-effect curve for inhibition of BTX-stimulated "Na
uptake. Triplica.e samples of whole brain synaptosomes were preincu-
bated for 2 min with the indicated concentration of ethanol followed by 0 -7 16105 10I 4

a 10-mm incubation with 1 uM BTX. Symbols represent the means ± 10-7 10-6 10.5 10
4

SEM.. N = 5 e!xperiments. The corrected specific uptake of 2Na during EBTX] M
a 5-sec period is shown on the ordinate. The concentration of ethanol is
shown on the abscissa, log scale. *P < .01 (Dunnett's test) compared Fig. 3. Effect of ethanol on concentration-effect curve for BTX-stimulated
to uptake measured in the absence of ethanol. prot., protein. 22Na uptake. Synaptosomes were preincubated with buffer only or

buffer containing ethanol (100 and 400 mM) for 2 min. The indicated
6 -concentration of BTX was added and samples were incubated for an

additional 10 min and 2Na uptake was measured for 5 sec as described
under *Methods." Symbols represent the means ± S.E.M., N = 6

unwashed experiments. 'P < .05; "'P < .01 (Dunnett's test) compared to core-
sponding control. prot., protein.

m o "7 sec, but not at 10 or 20 sec. Thus, the effect of ethanol on

w*'d Na+ uptake is an inhibitory effect on the initial rates of 2"Na+

uptake. We were unable to measure 22Na+ uptake at uptake
times shorter than 3 sec with acceptable precision. The results
in table 2 demonstrate that the duration of the preincubation
period with ethanol was not an important determinant of the

S1 20 inhibitory effect of ethanol. An ethanol concentration of 2000 100 2oo 0 100 200 mM reduced the specific uptake to 77.2, 79.3, 74.5 and 77.4%
Ethanol ImM) after 0, 0.5, 2 and 10 min, respectively. Thus, the onset of

Fig. 2. Reversibility of the inhibitory effect of ethanol on BTX-stimulated action was immediate and was unchanged over the time periods22Na" uptake. After a 2-min preincubation with ethanol, ore-half of the uied.
samples were centrifuged (1000 x g for 5 min), washed and resuspended studied.
in incubation buffer. BTX (1 uM) was added, samples were incubated at The effect of increasing lipid solubility on potency for inhi-
360C for 10 min and 2'Na uptake was measured as described. The bition of BTX-stimulated "Na* uptake was studied for a series
data are expressed as the means ± S.EM., N = 4 expenrments. The of aliphatic alcohols. Membrane-buffer partition coefficients
corrected specific uptake of 22Na is shown on the ordinate. The con-
centration of ethanol is shown on the abscissa. "P < .01 (Dunnett's test) were used to calculate the concentration of each alkanol that
compared to uptake in control samples. would result in a similar molar concentration in the nonaqueous

(membrane) phase (Lyon et aL, 191). Concentration-effect
summarized in table 1. When sodium channels were activated curves were constructed for each alkanol as percentage of
by BTX, ethanol acted as a noncompetitive inhibitor as the control uptake vs. log of the alkanol concentration. Linear
maximum uptake of 22Na' was reduced with no change in the regression analysis was used to determine the correlation coef-
concentration of BTX required for 50% of maximum uptake ficients, slopes and the concentration of alkanol that inhibited
(K,, ,). The effects of ethanol on VER-stimulated 2Na* uptake control uptake by 50% (ICw). These values are shown in table
are somewhat more difficult to interpret. Clearly, ethanol sig- 3. For each alkanol tested, the reduction in 2'Na' uptake was a
nificany reduced the maximum effect of VER. In addition, linear function of the concentration of alkanol.
ethanol reduced the K,. values for VER but the difference from The IC, and membrane/buffer partition coefficient values
control was not significant. for each alkanol were plotted on a log-log scale (fig. 6). There

The time courses for 2'Na* uptake with I uM BTX alone was a good correlation (r' = 0.997) between the two parameters,
and with I uM BTX plus 200 mM ethanol are illustrated in indicating that the ability to partition into a hydrophobic region
figure 5. In the presence of ethanol, the BTX-stimulated uptake of the membrane was an important determinant of the potency
of 12Na was significantly reduced at uptake times of 3, 5 and for inhibition of BTX-stimulated 2'Na' uptake.
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o ~. CONTROL

w ** IFig. 4. Effect of ethanol on concentration-curve for VER-
0 ETOH 100 miM I stimulated 22Na* uptake. Synaptosomes were preincu-
E 10 bated with buffer only or buffer containing ethanol (1003 Allorand 400 riM) for 2 min. The indicated concentration oi

** * 400 VER was added. samples were incubated for an additional
-j t- ETON 0 mMj 10 min and 22Na' uptake was measured for 5 sec as

jo dodescribed under *Methods." Symbols represent the means
2~ ~ ± S.EM.. N -4 experiments. *P < .05; "*P < .01 (Dun-

a.1 netts test) compared to corresponding control. prot., pro-

ce ~ 'oA tein.

0 I 111 t I 111 ,
106 10-5 10-4 10-3

EVER), M

* TABLE 1 7 1 i

Double reciprocal analysis of alkaloid toxin activation of sodium
* channels0

Alkaloid Toxin Ethianol Conc. N 6.K 'C

M nmie/mg proretnJ5 sec AME 5T
BTX 0 6 6.43 ± 0.27" 0.430 ± 0.024 -

8TX 100 6 4.84 ± 0.15' 0.439 ± 0.042
BTX 400 6 4.09 t 0.10' 0.431 ± 0.022 0 4
VER 0 4 4.62 t 0.22 9.33 ±t 0.70 E
VER 100 4 3.30 ± 0.29* 7.83 ± 0.94 a
VER 400 4 2.50 ± 0.12* 6.58 ± 0.63 WU 3

*Valiues for maximum uptake (V) and K0 5were calculated using a modified
Michaselis-Meriton equation as descnibed under 'Methods.'

'Values are means ± S.E.M. N = number of experiments.2
Significantly different from control, P < .01. 0.

ScV alone does not promote sodium influx. However, ScV cc 1
enhances alkaloid toxin-stimulated '-2Na' uptake, presumably z

1)* an allosteric mechanism (Catterall, 1980; Tamkun and Cat- 0 Iterall, 19s1). The effect of ethanol on the ScV-BTX interaction
is shown in figure 7. In control samples, ScV at concentrations 2 6 10 14 18 22 26 30

of' I and 10jug./mI increased BTX-stimulated "-Na* uptake bj UPTAKE TIME (sec)
26.5 t 1.6 and 62.5 ± 1.7%, respectively. In the presence of Fig. 5. Effect of ethanol on the time course of BTX-;timulated 22Na*
ethanol. a similar enhancement of BTX-stimulated "Na' up- uptake. Synaptosonies were preincubated with buffer only or buffer
take was noted (I ug/ml, 27.3 ± 3.8; 10 ,ig/ml, .54.2 ± 3.8%). containing ethanol (200 mM) for 2 min BTX (1 M) was added and

samples were incubated for an additional 10 min and 22Na* uptake was
Thus, ethanol does not have a significant effect on the allosteric measured for the indicated time. Symbols represent the means ± S.EM.,
interaction of ScV and BTX. N = 5 experiments. *P < .05; *P < .01 (paired t test) compared to

The effect of ethanol on the inhibition of BTX-stimulated corresponding control. prof., protein.
-2-Na* uptake by TTX is shown in figure 8. An ethanol concen-
tration of 200) mM did not affect the potency of the specific
inhibitor TTX. The concentration of TTX necessary for a 50% TABLE 2
reduction in HTX-stimulated 2 Na* uptake in control samples Effect of preifleubatlon tim with ethanol on Inhibition of 5TX-
was 12.72 ± 0.61 nM. In the presence of ethanol, a similar value stimulated 22Na* uptake-, duration of preincubationO
(12.60 ± 0.59 nM) was measured. 0Oin~ 0.5nm 2.0 min 10 in

Control 4.72 ± 0.350 4.82 ± 0.39 5.22 ± 0.17 4.65 t 0.25Discussion Ethanol. 200 mM 3.64 ± 0.39' 3.82 ± 0.38* 3.89t± .20' 3.60 ± 0.21'
Refes s to the duration of prarxcubation of tissue -vith buffer or buffer containing

Incubation of synaptosomes with ethanol in vitro caused a ettiandl(200 MM) beforefthaddition of BTX (I 5M).
signilicant~~~~~~~~~~ iniiino h nta ae fnuooi-tm- Values are means * S.EM.. N - 3 experiments, units are nanomolles of 12Wsignficnt nhiitin o th intia raes f nurooxi-stmu-per milligram 0A protein per 5 sec.

lated sodium uptake. This effect of ethanol was concentration- 'Significanty, different fro corresponding control. P < .01.
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TABLE 3 100 -

Effects of aliphatic alcohols In vitro on BTX-stimulated 2Na uptake
S016 90

Akd ~ Pmb' -cle- -80
Ethanol 0,096 5828 ±51.8 -71.1 ±7.2 0.980
Propanol 0,438 104.0 ± 13.6 -72.8 ± 6.9 0.983 70
Butanol 1.52 35.9 ± 5.4 -65.1 ± 9.2 0.993
Pentanol 5.02 6.6 ± 0.6 -55.9 ± 6.6 0.940 60
Hexanol 21.4 1.2 ± 0.06 -60.0 ± 9.6 0.936 E

Membrane/buffer partition coefficient (P,) values are from McCreery and Hunt 5
(1978) 40

'Values are the means ± S.E.M N = 4-8 experiments. In each experiment.
three or iour concentrations of each aikancA were tested. IC, . the concentration ii30

of each alcohol necessay to reduce control BTX-stimulated uptake by 50%. Velues "
were renved from linear regression analysis of percentage of control uptake vs. 20log lalkanoll .  10 -. 0• ..... •TOH 200 mM t

o1111 Control

2 1.5 3.0 6.0 15 30 ."

ETTXJ riM
3--Fig. 8. Effect of ethanol on the inhibition of BTX-stimulated 2Na uptake

0 2 0 7 by TTX. Triplicate samples of whole brain synaptosomes were preincu-

bated for 2 min with buffer (control) or with buffer containing ethanol.EThe irndicated concentration of "l-X was added and 3 rain later BTX (1

hT uM) was added and all samples were incubated for an additional 10 min.
_2 [ Symbols represent the means ± S.E.M., N = 4 experiments. Maximum

5o'- uptake for control and ethanol samples was 6.50 ± 0.13 and 4.33 t0. 13 nrmol of 2Na per ng of protein per 5 sec, respectively.

2"Na uptake and the membrane/buffer partition coefficients
6 for a series of aliphatic alcohols, suggesting that a hydrophobic

0,01 01 1.0 100. 100.0 area of the sodium channel microenvironment was involved in
Plb the action of the alkanols. Inasmuch as the neurotoxin-stimu-

Fig. 6. Correlation of the inhibitory potency of aliphatic alcohols on BTX- lated uptake of sodium was blocked by the specific inhibitor
stimulated 22Na* uptake with their membrane/buffer partition (P,) coef- TTX with a K0.s of approximately 13 nM, it appears that the
ficient. The concentration of each alcohol that inhibits BTX-stimulated neurotoxin-stimulated sodium uptakc that was inhibited by
22Na* uptake by 50% (ICso, millimolar) is presentad on the ordinate. The ethanol occurred through voltage-sensitive sodium channels in
Pes are shown on the abscissa. The number above each symbol
represents the chain length of the alcohol: 2, ethanol; 3, n-propanol; 4, synaptosomes (Catterall, 1980). Our results with ethanol are
n-butanol; 5, n-pentano; and 6, n-hexanol. The line was fit ty linear consistent with the work of Harris (1984) which showed that a
regression analysis with a correlation coefficient, r 2 = 0.997. See table variety of intoxicant anesthetics agents reduced neurotoxin-
3 for details. stimulated sodium uptake.

12 In the CNS, ionic channels for calcium, potassium and so-
Control dium are involved intimately in the control of excitability and

10 each plays an essential role in signal transduction and infor-. 10[3 Ethanol 200
- 200mation processing (Catterall, 1984). At the present time, the

ea- structural and functional properties of the voltage-sensitive
& sodium channels are understood most completely. This is due

+ .6 .C" in part to the existence of a variety of neurotoxins that can be
E used as tools to study the sodium channel (Narahashi, 1974).

4 In this regard, BTX has been defined as a full agonist (Catterall,
E *. 1980; Tamkun and Catterall, 1981) because it activates a larger

2 number of sodium channels and is also more potent (l(o., value
_,=, r, is smaller) than the partial agonist VER.

[ScVl 0 0 1 1 10 10 10 10 There appeared to be slight differences in the effect of
[BTX] 1 1 1 1 1 1 0 0 ethanol when different neurotoxins were used to stimulate

Fig. 7. The effect of ethanol in vitro on the BTX-ScV . iteraction. An sodium uptake. When BTX was used to stimulate sodium
aliquot of synaptosomes was preincubated for 2 min with buffe, (control) uptake, the maximum effect of BTX was reduced by ethanol
or buffer containing ethanol. The indicated concentrations CA BTX and with no change in the Ko. vaue. Also, the minimum effective
ScV were added and 22Na+ uptake was measured as described. The concentration of ethalol was 50 mM and the concentration of
units of concentration for ScV and BTX were micrograms per milliliter ethanol required for 50% inhibition (IC5 n) was approximately
and micromolar, respectively. The data are presented as the means ±

S.E.M., N = 4 experiments. 583 mM. VER-stimulated sodium uptake was more sensitive to
inhibition by ethanol because the minimum effective concen-

dependent, orcurred with pharmacologically relevant (50 mM) tration of ethanol was 25 mM and the IC~o value was approxi-
concentrations of ethanol and was fully reversible when ethanol mately 345 mM (Mullin and Hunt, 1984). Ethanol reduced the
was removed from the system. In addition, there was a good maximum effect of VER and there was also a clear trend toward
correlation between potency for inhibition of BTX-stimulated reducing tha K.5 value of VER. It would be desirable to perform
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more experiments with VER to investigate further this point, the possibility that ethanol :s interfering with the binding of
but during the course of this study VER became unavailable the toxins to their receptors in the channel. This could explain
commercially. Even though it is well known that BTX and the results we have presented. This question is currently under
VER compete for the same binding site in the channel (Catter- study in our laboratory using radiolabeled toxins.
all, 1975), the mechanism by which each neurotoxin stimulates
sodium uptake may be slightly different because of other prop- Acknowledgments
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