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Abstract. A series ofn-alkanols and phenyl-substituted
n-alkanols (F-alkanols) of increasing chain length and
phenol were characterized for their ability to block action
potentials (APs) in frog sciatic nerves.APs were re-
corded using the single sucrose-gap method. The degree
of AP attenuation when the nerve was exposed to differ-
ent concentrations of an alcohol was used to construct
dose-response curves. The reciprocals of the half-
blocking doses (ED50s) were used to obtain a measure of
the potency of the alcohols. Forn-alkanols andF-al-
kanols, increasing the chain length by the addition of a
methylene group increased the potency on average by 3.1
for both groups of alkanols. The addition of a phenyl
group caused a potency increase that ranged between the
values of 77 and 122. The ED50 for both groups of al-
kanols could not be solely predicted by the log octanol-
water partition coefficient (KOW). Using linear solvation
energy relations (LSER), the log ED50 could be described
as a linear combination of the intrinsic (van der Waals)
molar volume (VI), polarity (P), and hydrogen bond ac-
ceptor basicity (b) and donor acidity (a). Size alone
could not predict the ED50 for bothn-alkanols andF-al-
kanols. The results are consistent with the hypothesis
that alkanols bind to and interact with Na channels to
causeAP block. Phenyl group addition to an alkanol
markedly increases the molecule’s potency.
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Introduction

The molecular basis of anesthesia is incompletely under-
stood. Alkanols have been used as model anesthetic
molecules. Early work suggested that alkanols act to
partition into the bilayer to cause membrane disordering
at a critical concentration (Seeman, 1972). This early
concept of the action of alkanols derived from the studies
of Overton (1901) and Meyer (1937). The potency of
alkanols in producing anesthesia was reported to be lin-
early correlated with the log octanol-water partition co-
efficient (Seeman, 1972; Pringle, Brown & Miller, 1981;
Requena et al., 1985; Elliott & Haydon, 1989; Abraham,
Lieb & Franks, 1991). Lyon et al. (1981) suggested that
alkanols act to disorder the bilayer to produce anesthesia.

Later work by Requena et al. (1985) showed that the
anesthetic potency of a homologous series of primary
alkanols to produce action potential (AP) block was cor-
related with the alkanol chain length. Requena et al.
(1985) suggested that their data fit an alternative volume
expansion hypothesis of anesthesia advanced by Mullins
(1954) which suggested that adsorption of substances
into the bilayer caused the molecules to exert their effect.
Once a critical volume change occurred, anesthesia is
produced.

Franks and Lieb (1984, 1986, 1994) and a number of
other investigators (Ellena, Blazing & McNamee, 1983;
Heidman, Oswald & Changeux, 1983) have suggested
that anesthesia is produced by direct binding of anesthet-
ics to appropriately sized pockets on ion channel proteins
(especially ligand-gated channels). To assay for anes-
thetic binding and action, they used the firefly luciferase
enzyme activity as a protein model system. Reduction in
enzyme activity was used as a criterion of binding and
anesthetic action. However, others (Requena, Moran &
Malave, 1988; Alifimoff, Firestone & Miller, 1989) have
criticized the appropriateness of the use of the firefly
luciferase system as a model for the action of anesthetics.
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In this study, a homologous series ofn-alkanols was
used to characterize the action of these molecules in
blocking APs in frog sciatic nerves. Since an aromatic
ring is common to local anesthetics, a sequence of phe-
nyl-substitutedn-alkanols (F-alkanols) was also studied
and compared with the series ofn-alkanols to contrast
their potencies and yield insight into the role the phenyl
group plays in causingAP block. The results of this
study showed that phenyl substitution significantly in-
creased the potency ofn-alkanols. The ED50 for both
groups of alkanols can be predicted as a function of the
physical-chemical properties of the molecules. ED50 can
not simply be predicted by the size or the logKOW.

Materials and Methods

The single sucrose-gap method was used to record compound action
potentials (APs) from desheathed whole sciatic nerves from a frog
(Rana pipiens). A more complete description of the method is found in
Larsen, Gasser and Hahin (1996). A brief description of the method
follows: a whole nerve was placed in a recording chamber with three
separate compartments or pools (intracellular, extracellular, and stimu-
lating) that contained solutions (seebelow). The sciatic nerve spanned
all three compartments so that both ends were made to lie within the
intracellular and stimulating pools. The intracellular compartment con-
tained buffered 112 mM KCl solution, while the extracellular compart-
ment contained Ringer’s solution or Ringer’s solution plus a test solute.
The stimulating compartment contained Ringer’s solution and was
electrically isolated from the other two compartments via a Vaseline
gap. The flow of sucrose was maintained at a constant rate of 6–8
ml/min so as to create an extracellular resistance of 5MV/cm between
the extracellular and intracellular compartments. A suction electrode
was used to stimulate the nerve.

To insure the constancy of concentration of volatile solutes, the
extracellular compartment was connected with a perfusion system.
A volume flow rate of 0.3–0.5 ml/min was used and was sufficient to
cause one volume of the extracellular pool to be replaced every minute.
To reduce the rundown the intracellular KCl solution and stimulating
pool Ringer’s solutions were periodically replaced every 20–25 min.

NerveAPs were differentially recorded between the intracellular
and extracellular compartments. Stimuli were delivered to the nerve
via a Model SD9 Stimulator (Grass Instrument, Quincy, MA).APs
were recorded on photographs (Polaroid CR10; Cambridge, MA) from
repetitively applied traces on a VC 6524 Digital Storage Oscilloscope
(Hitachi Denshi, Japan). All experiments were conducted at room tem-
perature (20–22°C).

ANIMALS

Grass frogs (Rana pipiens) were purchased from Charles Sullivan,
Nashville, TN.

SOLUTIONS

Ringer’s solution contained (in mM): 112 NaCl, 2 KCl, 2 CaCl2, and 10
HEPES. The pH was adjusted to 7.4 with NaOH. The intracellular
KCl solution contained in mM: 112 KCl and 20 HEPES. The pH was
adjusted to 7.4 with KOH.

All test solutions were prepared using a volume per volume di-

lution of the test solute in Ringer’s solution. The solutes used were:
methanol, ethanol,n-propanol,n-butanol,n-heptanol,n-hexanol, ben-
zyl alcohol, phenethyl alcohol, 3-phenyl-1-propanol, and phenol. The
pH of all solutions was adjusted to 7.4. The osmolarity of each solute
concentration was measured using an osmometer (Osmette, Precision
Osmometer, Precisions Systems, Newton, MA).n-Propanol, benzyl
alcohol, phenethyl alcohol, 3-phenyl-1-propanol were purchased from
Aldrich Chemical, Milwaukee, WI, while methanol, ethanoln-butanol,
n-heptanol,n-hexanol, and phenol were purchased from Sigma Chemi-
cal, St. Louis, MO.

AP DATA ANALYSIS

The degree ofAP block was defined to be theAP height in the solute
divided by the pre-application controlAP height obtained in Ringer’s
solution. AP heights were expressed as a fraction (relativeAP heights)
of control values. Error bars represent the mean ±SEM. If the symbols
are larger than and obscure the error bars, the error bars were not shown
in the figures. A 50% effective dose forAP block (ED50) was defined
to be the concentration of solute in Ringer’s solution that produced a
50% reduction of the height of the controlAP. ED50s were obtained
from each dose-response relation. The potency of each test solute was
defined as a reciprocal of its ED50 (1/ED50). The relative potency (RP)
of each solute was normalized so that methanol has a RP of 1. Statis-
tical significance of difference in means was established atP < 0.05
using an unpairedt-test.

Results

ACTION POTENTIAL STABILITY IN RINGER’S SOLUTION

In a series of experiments,APs were recorded in Ringer’s
solution without the addition of any test solutes to de-
termine the characteristic rate ofAP rundown. Figure 1
showsAP stability in Ringer’s solution observed in eight
nerve preparations for 4–61⁄2 hr. The initial maximum
AP heights were normalized to best compare the rates of
diminution of theAP height. Two distinctive patterns of
AP rundown were observed. The first pattern shown by
open symbols exhibited a fairly linear decline in height
over 4–61⁄2 hr. The other pattern, shown by filled sym-
bols, showed a semiexponential decay that was much
more rapid than the more stable linear pattern. Linear
regression of the first group ofAPs (n 4 5) showed that
progressive diminution of theAP in time was 3% per hr.
APs exhibiting the second more rapid decay were elimi-
nated from the study. Therefore before applying test sol-
utes, APs were observed for 45–60 min to insure an
acceptableAP decay.

The value ofAP rundown for the five nerve prepa-
rations exhibiting a linear pattern of rundown shown in
Fig. 1 was not significantly different from the rate ofAP
rundown recorded in the presence of the test solutes (n 4
36). AP rundown determined in this study was similar to
the rate ofAP decay of 3% per hr for frog sciatic nerves
reported previously by Bainton and Strichartz (1994).
AcceptableAP rundown was less than 5% per hr.
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PROTOCOL TO OBTAIN DOSE-RESPONSERELATIONS FOR

APBLOCK

To obtain dose-response relations for the solutes used, a
sequence of at least five different concentrations of the
solute in Ringer’s solution with at least three replicates
was applied to the extracellular pool bathing the nerve.
Test solutes were applied to the nerves only after a nerve
exhibited a stableAP amplitude for at least 45 min. For
each reversibly acting solute, one dose was applied, fol-
lowed by solute removal and recovery in Ringer’s solu-
tion, before successive doses were applied to the nerve.
Applications of low and high doses were randomized.

Figure 2 shows an example of a typical experimen-
t. In this experiment, butanol was applied to a nerve at
two different doses. The arrows indicate a change of
solution. R indicates Ringer’s solution and the numbers
following the Rs indicate the number of successive Ring-
er’s solution washes applied to the nerve. The additions
of butanol at two different doses, 25 and 40 mM, are also
indicated by the arrows.

EachAPwas displaced to the right by approximately
1⁄2 of a division on the oscilloscope screen to indicate the

passage of time following solution replacement.APs
were recorded every 5 min and thus each rightward dis-
placement represents 5 min of elapsed time. Thus the
kinetics of the onset and offset of block is shown by the
envelope ofAP peak heights after the addition or re-
moval of a test solute. In this experiment, 40 mM butanol
caused a greater degree of block than 25 mM butanol.
The average recovery in all experiments was 97 ± 0.3%
(n 4 292).

DOSE-RESPONSERELATIONS FOR AP BLOCK BY

n-ALKANOLS AND F-ALKANOLS

Figure 3 represents dose-response relations plotted semi-
logarithmically for a series of sevenn-alkanols in in-
creasing chain length from methanol to heptanol. Each
of the dose-response relations was fit by the logistics
equation:

APRH =
1

1 + S c

ED50
Db

(2)

where APRH is the AP relative height,c is the solute
concentration in Ringer’s solution, ED50 is the half-
blocking dose, andb is the slope parameter. Best fit
parameters for each logistics equation were obtained us-
ing a Marquardt-Levenberg nonlinear least square curve
fitting algorithm. Figure 3 shows that increases in chain
length cause a fairly uniform reduction in the ED50

which can be observed as a leftward shift of each dose-
response relation. These leftward shifts represent in-
creases in potency caused by adding a methylene group
to the carbon backbone of the molecule.

The rightmost dose-response relation (open circles)
which represents methanol can be shifted leftward and
superposes well onto every other dose-response relation;
this shows that the slope for each relation is not signifi-
cantly changed with an increase in chain length. Each
leftward shift caused by the addition of a methylene
group on average represents a 3.2-fold increase in rela-
tive potency. These results are similar to those seen by
Requena et al. (1985).

The open symbols in Fig. 4 represent the identical
dose-response relations shown in Fig. 3 for methanol,
ethanol, andn-propanol while the filled symbols repre-
sent dose-response relations for their phenyl-substituted
homologues. The curves represent best fit logistics
equation descriptions of the relations. Also shown in
Fig. 4, indicated by an interrupted logistics fit (open
diamonds), is the dose-response relation for phenol. The
dose-response relations for the phenyl-substituted homo-
logues ofn-alkanols shown in Fig. 4 appear as leftward
shifted versions of the dose-response relations of their
unsubstituted counterparts.

Fig. 1. AP rundown in Ringer’s solution. Two different types ofAP
rundown are shown; open symbols represent a slow fairly linearAP
decline and filled symbols represent a rapid semiexponential decay.
Each plotted point represents the relativeAP height recorded every 5
min after theAP reached its initial maximum height. The slow declin-
ing AP rundown was fit (solid line) using a linear least squares equa-
tion:

APRH 4 −0.03 t + 1, (n 4 5, r2 4 0.85) (1)

whereAPRH is the AP relative height andt is the time expressed in
hours.
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Similar to n-alkanols, the addition of a methylene
group to aF-alkanol increases its potency and produces
a shift in its dose-response relation. When compared
with its unsubstitutedn-alkanol counterpart, each phe-
nyl-substituted dose-response relation is leftward shifted
by a minimum of 1.9 log units by the addition of a phenyl
group to then-alkanol. The potency increase caused by
the addition of a phenyl group, indicated by the shift in

the dose-response relations, decreased when the chain
length increased; as the chain length increased from one
to three carbons the potency increased by 122-, 89-, and
77-fold, respectively. This suggests that the potency in-
creases attributed to the increase in size due to the addi-
tion of a phenyl group are less effective as the chain
length increases.

Fig. 2. Example of a typical solute application to
a nerve. The kinetics of the onset and offset ofAP
block observed during applications of two
concentrations ofn-butanol (25 and 40 mM) are
shown. The first twoAPs (denoted R) were
recorded in Ringer’s solution prior to the addition
of n-butanol and served as the controlAP height.
Thereafter, successive Ringer’s solution washouts
are denoted by anR followed by a number.APs
were recorded every 5 min and rightward shifted
approximately1⁄2 division to indicate the passage
of time.

Fig. 3. Dose-response relations forAP block by n-alkanols. Dose-
response relations for a series ofn-alkanols are shown in the order of
increasing chain length from methanol (rightmost, open circles) to
n-heptanol (leftmost, cross-centered squares). The other symbols rep-
resent: ethanol (open squares),n-propanol (open upright triangles),
n-butanol (open triangles),n-pentanol (open diamonds), andn-hexanol
(cross-centered circles). Each plotted point represents the mean relative
height of theAP ± SEM at a particular concentration of a test solute in
Ringer’s solution. Solid traces represent nonlinear least squares fits to
each dose-response curve using the logistic equation.

Fig. 4. Dose-response relations forAP block by n-alkanols and their
phenyl substituted counterparts and phenol. Three successively larger
n-alkanols shown on the right-hand side, methanol (open circles), etha-
nol (open squares), and propanol (open triangles) and their phenyl-
substitutedn-alkanol counterparts, benzyl alcohol (filled circles),
phenethyl alcohol (filled squares), and 3-phenyl-1-propanol (filled tri-
angles) are shown. For comparison purposes the dose-response relation
for phenol is indicated by open diamonds. Each plotted point represents
theAPheight relative mean ±SEM at a particular concentration of a test
solute in Ringer’s solution. Traces represent nonlinear least squares fits
to each dose-response curve using the logistic equation.
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ED50s FOR APBLOCK

Table 1 tabulates the experimentally obtained values of
ED50 along with logKOWs obtained from Kamlet et al.
(1988) and Tayar et al. (1991) for all test solutes used.
Also shown in Table 1 are the relative potencies (RP),
the change in potency caused by the addition of a meth-
ylene group to the carbon backbone of the molecule (­
potency/­ CH2), and the slope parameter (b) used in Eq.
2 to describeAPRH. The RPs of solutes were assigned
values relative to methanol by equating the RP of metha-
nol to 1. As expected, ED50s declined by increasing the
chain length of both groups of alkanols. Forn-alkanols,
the ED50s decreased (and potencies increased) on aver-
age by a factor of 3.2 ± 0.15 for each methylene group
added to the molecule. Successive increases in chain
length ultimately causedn-heptanol to be 1,000 times
more potent than methanol.

The slope parameter (b) did not significantly change
in amplitude as the size of the alkanol increased. The
means for the slope parameters forn-alkanols andF-al-
kanols were not significantly different; the mean slope
parameter for all solutes was 4.34 ± 0.166. As expected
from previous works (Seeman, 1972; Janoff et al., 1981),
the RP of an alkanol increases as the logKOW increases,
suggesting that lipid solubility is an important determi-
nant of potency.

ALKANOL SIZE, LOG KOW, AND ED50

Table 2 compiles ED50s, KOWs, and the physico-chemical
properties for each of the solutes used. To characterize

the relationship between size and ED50, ED50 was plotted
vs. the number of methylene groups in the backbone of
the molecule (Fig. 5). The open and filled symbols show
the relationships between ED50 and the number of meth-
ylene groups forn-alkanols andF-alkanols, respectively.
The open diamond represents phenol. Figure 5 shows
that the logarithm of the ED50 decreases linearly with an
increase in the chain length of the molecule. The slopes
of the two log ED50 vs.CH2 group number relations were
not significantly different. The linear relation observed
for F-alkanols can be interpreted to represent a down-
ward shifted version of the relation forn-alkanols. With
this interpretation, the addition of a phenyl group to a
parent molecule simply increased its potency without
altering the relationship between the ED50 and the num-
ber of CH2s in the backbone of the molecule. The ED50

value for phenol, which possesses an aromatic ring com-
mon to F-alkanols but lacks the carbon backbone, was
plotted for comparison purposes. Phenol, despite its
smaller size than benzyl alcohol, was more potent. The
ED50 value of phenol was smaller than the zero CH2

extrapolated value obtained from extending the linear
relation forF-alkanols to zero methylene groups.

To determine whether the solute lipid solubility can
solely determineAP blocking potency, ED50s were plot-
ted on a logarithmic scale as a function of their logKOW.
Figure 6 shows plots of the log ED50 vs. log KOW rela-
tions for both groups of alkanols; the open and closed
symbols represent the relations forn-alkanols andF-al-
kanols, respectively. The open diamond represents phe-
nol. The slopes of the two log ED50 vs. log KOW rela-
tions were not significantly different. No single relation

Table 1. ED50s and potencies for AP block

Solute ED50 (mM) RP ­ potency/­ CH2 b Log KOW

n-Alkanols
Methanol 2392 ± 54 1 4.9 ± 0.7 −0.77
Ethanol 881 ± 30 2.7 2.7 4.4 ± 0.8 −0.31
n-Propanol 235 ± 8 10 3.7 5.2 ± 0.8 0.25
n-Butanol 69 ± 3 35 3.4 4.6 ± 0.9 0.88
n-Pentanol 20 ± 1 118 3.5 4.3 ± 0.7 1.56
n-Hexanol 6.6 ± 0.6 343 3 4 ± 1.9 2.03
n-Heptanol 2.2 ± 0.1 1046 3 4 ± 0.9 2.72
Mean ± SEM 3.2 ± 0.15 4.48 ± 0.17

Phenol andF-alkanols
Phenol 8.1 ± 0.3 295 5 ± 1.1 1.46
Benzyl alcohol 20 ± 0.5 122 4 ± 1.2 1.10
Phenethyl alcohol 10 ± 0.6 240 2 3.9 ± 1 1.51
3-Phenyl-1-propanol 3.1 ± 0.2 771 3.2 3.4 ± 1 2.05

Mean ± SEM 4.08 ± 0.34

ED50–50% AP blocking concentration.
RP–solute potency relative to methanol.
­ potency/­ CH2–increase in potency with the addition of a CH2 group.
b–slope parameter used to fit equation: relativeAP 4 1/1 + (c/ED50)

b, wherec is a solute concentration.
KOW–octanol-water partition coefficient.
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between the log ED50 and the logKOW can predict the
behavior of both groups of molecules. This suggests that
log KOW does not solely determine the ED50.

Discussion

COMPARISON OFRESULTS

The earliest studies of the anesthetic action ofn-alkanols
were designed to characterize the alkanol-induced block-
ing effect on either whole animal behavior or tissue func-
tion. For example,n-alkanols effectively blocked right-
ing reflexes in tadpoles (Pringle et al., 1981; Alifimoff,
Firestone & Miller, 1989) and mice (Lyon et al., 1981)
and the escape response in freshwater shrimp (Elliott,
Haydon & McElwee, 1986). Similarly, the function of
various tissues obtained from different organs was re-
duced in the presence ofn-alkanols (Rang, 1960; Lyon et
al., 1981). The anesthetic action ofn-alkanols on many
species was studied including paramecia and guinea pigs
(Rang, 1960), fireflies (Franks & Lieb, 1984; Moss et al.,
1991), tadpoles (Pringle et al., 1981; Alifimoff et al.,
1989), mice (Lyon et al., 1981), and the freshwater
shrimp (Elliott et al., 1986). Consistent with the results
reported in this study, the overall results of these previ-
ous studies suggested that the anesthetic action ofn-
alkanols increased with an increase in the size of the
molecule and correlated well with their octanol-water
partition coefficients.

Fig. 5. ED50 vs. alkanol chain length relations. The log ED50s for
n-alkanols (open circles) andF-alkanols (filled circles) were plottedvs.
the number of methylene groups in the carbon backbone of each mol-
ecule. The open diamond represents the ED50 value for phenol. The
lines represent linear least squares fits for the two sets of data and
represent the following equations:

ED50 4 8121/(3.25N) (r2 4 0.999,n 4 180) n-alkanols,

ED50 4 54/(2.52)N) (r2 4 0.977,n 4 97) F-alkanols,

where N is the number of methylene groups andN < 12, r is the
correlation coefficient, andn is the number of observations.

Table 2. Experimentally obtained ED50s and physico-chemical properties of solutes

Solute ED50 (mM) Physico-chemical properties

Vl/100 P b a log KOW

n-Alkanols
Methanol 2392 ± 54 0.205 0.40 0.42 0.35 −0.77
Ethanol 881 ± 30 0.305 0.40 0.45 0.33 −0.31
n-Propanol 235 ± 8 0.405 0.40 0.45 0.33 0.25
n-Butanol 69 ± 3 0.499 0.40 0.45 0.33 0.88
n-Pentanol 20 ± 1 0.593 0.40 0.45 0.33 1.56
n-Hexanol 6.6 ± 0.6 0.690 0.40 0.45 0.33 2.03
n-Heptanol 2.2 ± 0.1 0.788 0.40 0.45 0.33 2.72

Phenol andF-alkanols
Phenol 8.1 ± 0.3 0.536 0.72 0.33 0.61 1.46
Benzyl alcohol 20 ± 0.5 0.634 0.99 0.52 0.39 1.10
Phenethyl alcohol 10 ± 0.6 0.732 0.97 0.55 0.33 1.51
3-Phenyl-1-propanol 3.1 ± 0.2 0.830 0.95 0.55 0.33 2.05

ED50–solute concentration producing 50% block.
Vl/100–intrinsic molar volume/100 (ml/M × 10−2).
P–polarity (high frequency polarizability).
b–hydrogen bond acceptor basicity.
a–hydrogen bond donor acidity.
KOW–octanol-water partition coefficient.
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Sequences ofn-alkanols have been previously
shown to blockAPs in frog and toad sciatic nerves (See-
man, 1972; Requena et al., 1985), and squid giant axons
(Armstrong & Binstock, 1964; Seeman, 1972; Haydon &
Urban, 1983). The most comprehensive compilations of
data describing alkanol-inducedAPblock were works by
Seeman (1972) and Requena et al. (1985). Figure 7
compares previously published results ofAP block with
results obtained in this study. In common, all threeAP
studies have examined the action ofn-alkanols fromn-
propanol ton-heptanol. Seeman (1972) also obtained
ED50 values for methanol, ethanol, phenol, and benzyl
alcohol; this study extends the ED50 data to include
phenethyl alcohol and 3-phenyl-1-propanol. In common
with previous results reported on alkanol action on ani-
mal behavior or tissue function, Figure 7 shows that the
ED50 decreases with an increase in the size of the mol-
ecule. From each study, each data set was individually
fit with a linear relation between ED50 and the number of
methylene groups present in then-alkanol. The relations
were not significantly different when pairwise compari-
sons were made. Thus the ED50 vs. size relations ob-
tained for AP block for n-alkanols in this study were
consistent with previously reported results usingn-
alkanols.

PREDICTIONS OFED50

Using the data from Fig. 6, two separate equations were
derived to describe ED50 vs. the corresponding logKOW

for n-alkanols andF-alkanols. Using the parameters

from the best fit equations for both groups of alkanols the
following equations were obtained forn-alkanols and
F-alkanols, respectively:

ED50 = 449/~Kow
0.86! ~r2 = 0.998,n = 180! n=alkanols

(3)

ED50 = 177/~Kow
0.86! ~r2 = 0.995,n = 97! F=alkanols

(4)

wherer is the correlation coefficient andn is the number
of observations.

Using the assumptions of the theory of linear salva-
tion energy relations, LSER (Taft et al., 1985), an equa-
tion for the log ED50 can be mathematically predicted as
a function of size, polarity, and hydrogen bond acceptor
basicity and donor acidity. Using multiple linear regres-
sion analysis the following equation results:

ED50 4 10(−5.36Vl + 0.88 P − 1.06b − 4.92a + 6.29), (5)
(r2 4 0.999)

whereVl is the solute intrinsic molar volume,P is the
polarity,b anda are the hydrogen bond acceptor basicity
and donor acidity, respectively, andr is the correlation
coefficient. This equation predicts the ED50s for both
n-alkanols andF-alkanols. The predictions are excellent
for chain lengths up to dodecanol (C 4 12). In other
words, the equation is valid for values ofVl that range
from 0.205 through 1.273. The ED50 cannot simply be

Fig. 6. Log ED50svs.log KOW relations forn-alkanols andF-alkanols.
The ED50 for n-alkanols (open circles) andF-alkanols (filled circles)
were plottedvs. the logKOW. The open diamond represents the ED50

value for phenol. The lines represent linear least squares fits for the two
sets of data.

Fig. 7. ED50 vs.chain length relations forn-alkanols from three sepa-
rate studies. The ED50 values forn-alkanols obtained in the present
study (open circles), by Seeman, 1972 (open squares), and by Requena
et al., 1985 (open triangles) were plottedvs. the number of methylene
groups in ann-alkanol. Each data set was individually fit with a linear
least square relation. Each of the three linear least square relations was
not significantly different from each other when pairwise comparisons
were made with at-test.
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predicted by logKOW or the size alone: However, Eq. 5
is only valid for primary alkanols.

Figure 8 shows ED50 values forn-alkanols (open
circles), F-alkanols (filled circles), and phenol (open
diamond) and predictions from Eq. 5 (solid traces) and
predictions based on the size alone (dotted traces). The
size variable (the intrinsic molar volume) is the most
important predictor variable of the four variables in Eq.
5. However, if only size was used to predict the ED50,
the discrepancies between the predicted and experimen-
tally obtained values continuously diverge as the chain
length increased above three carbons forn-alkanols and
it failed to predict ED50s for the two largerF-alkanols.

If Vl is the sole predictor of the ED50, the ED50 for
phenol was predicted to be the value expected for a
“theoretical zero carbon chain lengthF-alkanol.” This
value is exactly the zero value extrapolated from the
linear relation between log ED50 and the number of
methylene groups forF-alkanols. Thus a prediction
based on size alone gives poor values forF-alkanols and
provides a completely erroneous value for phenol. How-
ever, predictions based on Eq. 5 fit all the experimentally
observed ED50 values forn- and F-alkanols very well.
The observed ED50 for phenol is also fairly well pre-
dicted showing that properties of the molecule other than

the size cause changes inAP block. Two other variables
used in the prediction (a andb) play key roles in binding
interactions between molecules such as alkanols and
membrane proteins.

Equation 5 shows how phenyl substitution causes
increases in alkanol potency: The addition of a phenyl
group causes an increase in the hydrogen bond acceptor
basicity of the molecule which allows the molecule to
more easily make hydrogen bonds with other donor mol-
ecules. If alkanols interact with Na channels to exert
their AP blocking effect (Kondratiev & Hahin, 2001),
increases inb would contribute to increased binding of
the F-alkanol to hydrogen bond donor sites of the Na
channel. Thus these results are consistent with the idea
that alkanols bind to and interact with Na channels to
causeAP block.
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