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Abstract

Studies on the structural requirements of chromatographic surfaces to emulate in vitro the partitioning process in
biomembranes are of great interest. The use of micellar mobile phases in RPLC modifies the hydrophobicity of the stationary
phase and provides hydrophobic and electrostatic sites of interaction as a consequence of the adsorption of surfactant
monomers to the chromatographic surface. Modified stationary phases in MLC could be structurally similar to biomem-
branes, but thorough studies are necessary to confirm this. In this paper we focus our attention on barbiturates. The influence
of the nature and concentration of the surfactant (Brij 35, SDS and CTAB) and the mobile phase pH on the retention of 13
barbiturates in modified C,, stationary phases is studied. Quantitative structure—retention and structure—activity relationships
for the barbiturates with different surfactants are proposed and compared with those obtained using hydro—organic mobile

phases. [ 1998 Elsevier Science BV. All rights reserved.
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1. Introduction

The partitioning of a solute into lipid bilayers and
biological membranes is the basis for drug and
metabolite uptake, passive transport across mem-
brane and bioaccumulation [1-4]. Of the other
descriptors used in quantitative structure—activity
(QSAR) studies, the hydrophobic parameter log P,
the partition coefficient in the biphasic octanol —water
solvent system, is most often used. However, the
organic solvent—agueous partitioning systems are
good models for solute—-membrane partitioning only
when polar group interactions between the solute and
the phospholipid bilayer are minimal or absent [5].

Reversed-phase liquid chromatography (RPLC)

* Corresponding author.

using octadecyl silica (ODS) as a stationary phase
has been extensively used to estimate the hydro-
phobicity of compounds [6-9]. It has been argued
[7,9] that the stationary phase—mobile phase systems
adequately model the bio-partitioning process be-
cause the chemically bonded stationary phase resem-
bles the hydrocarbon chains of the membranes much
more than octanol. However, the use of ODS station-
ary phases presents two main limitations: (i) the
interactions between solutes and the polar lipid head
groups are not modeled and (ii) the density of the
alkyl chains of amost al the commercial C,q
columns is lower than the phospholipid bilayers
(typicaly 5 pmol/m?) [9-12].

It seems necessary to include polar groups in the
chromatographic surfaces in order to emulate in vitro
the partitioning process in the biomembranes. Re-
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cently, Pidgeon and co-workers [13—15] developed
the so-called immobilized artificial membranes
(IAMs). The IAMs are chromatographic surfaces
synthesized by covalently immobilizing phos-
pholipids [single- or mixed-phosphatidylcholine
(PC) ligands] to silica propyl amide particles. The
ability of chromatographic surfaces containing inter-
facial polar groups, i.e, PC, OH and OCH,, to
mimic the biologica membranes was studied and
compared with the standard ODS column [14]. The
authors concluded that differences in the interfacial
polar functional groups do not eliminate the ability
of the surface to predict drug—membrane interac-
tions, but dlightly better results were obtained using a
PC column.

Another approach to studying the solute—mem-
brane interactions is to obtain liposome partition
coefficients from liposome suspensions of phos-
pholipids [16]. However, athough liposomes can
model both polar and non-polar solute-membrane
interactions, the method is time consuming and
experimentally laborious.

Micellar liquid chromatography (MLC) is a mode
of RPLC which uses a surfactant solution above the
critical micellar concentration (cmc) as mobile phase
[17,18]. The use of micellar solutions produces the
adsorption of surfactant monomers to the stationary
phase and increases the thickness of the stationary
phase. The adsorbed amount of surfactant from
micellar mobile phase is in the 4-5 wmol /m? range,
and remains constant for surfactant concentration
higher than the cmc [19-21]. Lavine and co-workers
[22,23] studied the interactions of three ionic surfac-
tants [sodium dodecyl sulfate (SDS), cetyltrimethyl-
ammonium bromide (CTAB) and DTAB] with the
C,s and C, alkyl-bonded phases. The authors indi-
cated that surfactant adsorption produces distinct
changes in the selectivity of stationary phases be-
cause of the different nature of the surfactant mono-
mer-bonded phase association. The hydrophobic
adsorption of SDS surfactant monomers to the
stationary phase leads to the formation of an anionic
hydrophilic surface layer, the stationary phase be-
comes more hydrophilic. In contrast, for cationic
surfactants (i.e., CTAB or DTAB) not only hydro-
phobic adsorption but also silanophilic adsorption
takes place, leading to an increase in the hydro-
phobicity of the stationary phase and the formation
of a cationic hydrophilic surface layer.

There are a number of similarities between the
mobile phase—-modified stationary phase in MLC and
the membrane—water interface. The stationary phase
modified by the adsorption of surfactant resembles
structurally the ordered array of the membranous
hydrocarbon chains. In addition, the hydrophilic/
hydrophobic character of surfactants adsorbed could
be expected to resemble the polar membrane regions.
In consequence, the stationary phase provides both
hydrophobic and electrostatic sites of interaction.
Successful applications of MLC in quantitative re-
tention—activity relationships have been reported
previously [24-26]. Extensive studies are needed to
establish the experimental conditions that allow
mimicking of the biopartitioning of compounds into
membranes. In this paper we focus our attention on
barbiturates.

Barbiturates are used principally as hypnotics in
the short-term treatment of insomnia, and pre-opera-
tively to relieve anxiety and provide sedation [27].
Despite the widespread use of barbiturates and their
potential for abuse, little is known about their
neurochemical mechanisms of action. Barbiturates
are capable of producing al levels of central nervous
system (CNS) depression, from mild sedation and
hypnosis to deep coma and death. The degree of
depression depends upon the dosage, route of ad-
ministration and pharmacokinetics of the particular
barbiturate.

Hansch and Anderson [28] compared the ability of
various barbiturates to induce some hiological re-
sponses and they concluded that the hydrophobic
character of the compounds but not their structures
or acid properties could be related to their biological
activities. However, there are differences among
barbiturates that cannot be explained by differences
in hydrophobicity. In fact, additional studies have
shown that the potency of barbiturates also depends
on the absorption, distribution, metabolism and
degree of ionisation [29]. Specific drug—receptor
interaction may also be involved in barbiturate action
[30].

In this paper, quantitative retention—structure rela-
tionships of barbiturates are established. The in-
fluence of the nature (anionic, cationic and non-ionic)
and surfactant concentration on the retention of
barbiturates is studied. Finaly, quantitative relation-
ships between the retention of barbiturates and some
hypnotic activities are examined.
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2. Experimental
2.1. Instrumental and measurement

A Hewlett-Packard HP 1100 chromatograph with
an isocratic pump, a UV-visible detector and an HP
Vectra computer was used (Palo Alto, CA, USA).
Data acquisition and processing were performed on
an HP Vectra XM computer (Amsterdam, The
Netherlands) equipped with HP-ChemStation soft-
ware (A0402, 1996). The solutions were injected into
the chromatograph through a Rheodyne valve
(Cotati, CA, USA) with a 20-pl loop. Three in-
dependent Spherisorb octadecyl-silane ODS-2 C,q
columns (5 wm, 120X4 mm) and the corresponding
guard columns of similar characteristics (35X4 mm)
(Scharlau, Barcelona, Spain) were used. The mobile
phase flow-rate was 1 ml min~*. The detection was
performed in UV at 254 nm. All the assays were
carried out at room temperature. The k values
determined in this study were averages of at least
triplicate determinations. The dead time value (aver-
age t,,=0.83 min) was determined for each injection
as the first perturbation in the chromatogram.

2.2. Reagents and standard

Mobile phases were prepared by agueous solutions
of polyoxyethylene(23) lauryl ether (Brij 35, Acros,
Gedl, Belgium); SDS (Merck, Darmstadt, Germany)
and CTAB (Acros). The pH of the micelar eluent
was adjusted with 0.05 M phosphate buffer, prepared
with disodium hydrogenphosphate and potassium
dihydrogenphosphate (analytical reagent, Panreac,
Barcelona, Spain). In order to reproduce the osmotic
pressure of biological fluids, NaCl (9.20 g/l) (pur-
ism, Panreac) was added to the micellar mobile
phase.

Amobarbital, aprobarbital, barbital, butalbital,
butabarbital, butethal, 5,5-diallylbarbituric acid, hex-
obarbital, mephobarbital and pentobarbital (Sigma,
St. Louis, MO, USA) were tested. Several Spanish
pharmaceutical laboratories kindly donated: pheno-
barbital (Bayer, Barcelona), secobarbital and
bralobarbital (UCB, Barcelona), pentobarbital (B.
Braun Medical), butalbital (Sandoz, Barcelona).

Stock standard solutions of barbiturates were
prepared by dissolving 10 mg of the compound in 10
ml of phosphate buffer. Working solutions were

prepared by dilution of the stock standard solutions
using a phosphate buffer solution. The solutions
were stored in the refrigerator at 4°C.

Barnstead E-pure, deionized water (Sybron, Bos-
ton, MA, USA) was used throughout. The mobile
phase and the solutions injected into the chromato-
graph were vacuum-filtered through 0.45-pm and
0.22-pm Nylon membranes, respectively (Micron
Separations, Westboro, MA, USA).

2.3 Software and data processing

The log P values for the non-ionic forms of the
barbiturates, and the protonation constants of the
compounds were taken from the literature [31].
Excell 7.0 from Microsoft Office software was used
to perform the statistica analysis of the multiple
linear regression (MLR).

3. Results and discussion
3.1. Retention behaviour of barbiturates

Table 1 shows the structure, the logarithm of the
protonation constants (log K) and the log P values
for the non-ionic forms of the barbiturates studied.
The basic structure common to these drugs is
barbituric acid, a substance that has no CNS activity.
Replacing the two hydrogens at position 5 with
alkyl, akenyl and/or aryl groups produces com-
pounds with CNS activity. Other variations in this
structure include the replacement of the hydrogen at
the N1 position with a methyl group. The protona-
tion constants of selected barbiturates ranged from
7.4 (phenobarbital) to 8.2 (hexobarbital). At physio-
logical pH, 7.4, al compounds are negatively
charged but the degree of ionization varies from one
compound to another from 0.5 for phenobarbital to
0.14 for hexobarbital in agueous solution.

The presence of an organised medium modifies the
acid—base constants, log K, of the solubilized sys-
tems. This modification can be explained by the
differences between the properties of the bulk solu-
tion and the micellar environment and by the electro-
static attractions and repulsions between the species
involved and the micelle when both are charged.
When cationic surfactants are used, a decrease of 0.5
to 3.0 in the log K value occurs. In contrast, for
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Table 1
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Structure, logarithm of protonation constant (log K) and log P values

H
0

R
Ry

0

H

General Structure

Compound R, R, Log P Log K?
Barbital —CH,CH, —CH,CH, 0.68 7.97
Dialyl barbituric —~CH,CH=CH, —~CH,CH=CH, 117 7.77
Aprobarbital —CH,CH=CH, —CH(CH,), 127 7.99
Bralobarbital —CH,CH=CH, —CH,CBr=CH, 1.37 7.70
Phenobarbital —CH,CH, —CcHq 142 74
Hexobarbital® —CH, —C.H, 1.49 8.2
Butabarbital —CH,CH, —CH(CH,)CH,CH, 1.56 7.9
Butethal —~CH,CH, —(CH,),CH, 1.65 75
Butalbital —~CH,CH=CH, —~CH,CH(CH,), 1.70 7.9
Mephobarbital ® —CH,CH, —C.H, 1.85 7.8
Secobarbital —~CH,CH=CH, —~CH(CH,)(CH,),CH, 1.97 7.90
Amobarbital —CH,CH, —(CH,),CH(CH,), 2.07 7.8
Pentobarbital —CH,CH, —CH(CH,)(CH,),CH, 2.07 8.0

“ Protonation constant of compounds in agueous medium.

® With a methylene group (~CH,) in N,.

anionic surfactants, there is an increase of 0.5 to 3.0
in the log K vaue [32]. The log K values of
phenobarbital, mephobarbital, butetha and 5,5-
dialyl barbituric acid in 0.1 M SDS and 0.05 M
CTAB solutions were determined potentiometrically.

As can be expected, the log K values of these
barbiturates increased in the presence of SDS mi-
celles (7.6, 8.3, 7.8 and 8.11, respectively) and
decreased in the presence of CTAB micelles (6.5,
7.3, 7.2 and 7.1, respectively) with respect to the

Table 2
Retention factors of the barbiturates in different mobile phases
Compound 0.15 M SDS 0.02 M Brij 35 0.05 M CTAB

pH 3.5 pH 7.4 pH 3.5 pH 7.4 pH 3.5 pH 7.4
Barbital 6.0 30 3.7 34 2.8 3.6
Diallyl 10.4 54 10.8 8.2 55 7.4
Aprobarbital 11.6 8.2 135 12.9 6.9 9.2
Bralobarbital 13.0 6.5 18.8 18.1 79 12.0
Phenobarbital 13.7 6.7 19.5 13.2 9.2 12.4
Hexobarbital 14.8 19.3 16.4 17.2 14.4 18.9
Butabarbital 16.1 10.4 17.4 18.2 8.3 10.1
Butetal 17.8 10.9 19.2 19.3 8.7 11.1
Butalbital 18.8 115 23.1 21.0 9.3 125
Mephobarbital 22.2 18.2 42.7 26.4 17.2 24.3
Secobarbital 255 18.1 40.4 40.0 135 18.6
Amobarbital 285 15.4 34.0 29.8 11.6 15.3
Pentobarbital 28.5 16.4 53.2 53.0 16.2 36.1
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corresponding log K values in agueous media (see
Table 1).

In order to study the influence of the nature of the
surfactant and mobile phase pH on the retention of
barbiturates, the retention of compounds was mea-
sured using mobiles phases containing a non-ionic
surfactant, Brij 35, an anionic surfactant, SDS, and a
cationic surfactant, CTAB. The mobile phase pH was
adjusted to 7.4 and 3.5. Table 2 shows the effect of
the mobile phase pH on the retention behaviour of
barbiturates. As can be observed, when SDS was

40

30

k 20—

100

used as the eluent the retention factor of the com-
pounds decreased as the mobile phase pH increased.
At pH 3.5 the predominant form of the compound is
non-ionic, while at pH 7.4 the compounds are
partially ionized and, consequently, less retained due
to the electrostatic repulsion between the charged
compounds and the surfactant monomers absorbed
into the stationary phase. In contrast, when CTAB
was used as the eluent the retention factors of
barbiturates increase as the mobile phase pH in-
creases due to the electrostatic attractions between

b

0.01 0.02

0.03 0.04
M]

Fig. 1. Effect of surfactant concentration in mobile phase on the retention of barbiturates: (@) SDS, (b) Brij 35, (c) CTAB. Barbital (A),
diallyl (), bralobarbital (<>), phenobarbital (O), aprobarbital (5¥), butalbital ((J), butethal (®), butabarbital (M), pentobarbital (@),
amobarbital (), mephobarbital (%), hexobarbital (), secobarbital (A).
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the negatively charged compounds and the modified
stationary phase. When a non-ionic surfactant such as
Brij 35 was used as micellar mobile phase the
hydrophobicity of stationary phase increased, but
remains uncharged. Consequently, as can be ob-
served in Table 2, the retention of barbiturates,
except mephobarbital and phenobarbital, was gener-
aly independent of the mobile phase pH.

Fig. 1 shows the effect of the Brij 35, SDS and
CTAB concentration in the mobile phase on the
retention of barbiturates. In all cases, the mobile
phase pH was adjusted to 7.4 to obtain experimental
conditions as close as possible to the physiological
pH. For the highly hydrophobic compounds studied
(secobarbital, amobarbital and pentobarbital), large
changes in the retention were obtained upon increas-
ing the surfactant concentration in the mobile phase,
while for the dightly hydrophobic compounds
(barbital and dialyl barbituric acid) the retention
was scarcely modified. This behaviour indicates, as
expected, that the eluent strength of the surfactant
increases as the hydrophobicity of the compounds
increases.

The use of SDS as micellar mobile phase provided
higher retention values of compounds than those
obtained with similar micellar concentrations of Brij
35 and CTAB (for example, the retention factors
obtained for secobarbital were 39.5, 16.3 and 15.3
for 0.05 M SDS, 0.06 M Brij 35 and 0.05 M CTAB
mobile phases, respectively). For barbiturates, the

eluent strength of CTAB was larger than that corre-
sponding to Brij 35 and SDS.

The retention factors at zero micellar concen-
tration, k,,, and the solute—micelle association con-
stants, K, ,,, of barbiturates at pH 7.4 in pure micellar
mobile phases were calculated by adjusting the pairs
of data (k, [M]) to the following equation:

1 1 K
P LU (1)

where k is the capacity factor and [M] is the total
concentration of surfactant in the mobile phase
minus the critical concentration (cmc). Table 3 shows
the k., and K,,, values obtained for the barbiturates
studied eluted with Brij 35, SDS and CTAB. The
fact that the results were in concordance with those
obtained by applying two other regression models
[33] increases the reliability of the estimates. As can
be expected, the k,,, and K,,, values increased as the
hydrophobic character of the compounds increased.

The k,, and K,,, values of the compounds depend
on the physicochemical properties of the solutes. In
consequence, if the solute properties contribute in a
smilar way to the k, and K,,, values, a linear
relationship between log k,, and log K,,, should
exist. When Brij 35 and SDS were used, adequate
correlations were obtained (r*=0.96 and 0.94, re-
spectively), indicating the existence of structural
similarities between compounds. However, for

Table 3
k., and K,,, values for the studied barbiturates eluted with different surfactants

SDS Brij 35 CTAB

Ko Kam Ko Kam K Kam
Barbital 3.7+0.3 1.6+1.0 3.8+04 7+3 6.5+0.7 18+6
Diallyl barbituric 7+1 3+2 9.9+0.5 11+2 21+2 38+8
Aprobarbital 17+4 8+4 20+2 28+6 31+4 51+13
Brallobarbital 9+2 3+3* 40+20 70+40 72+2 103+4
Phenobarbital 10+3 3.4+3.7% 18+2 20+5 91+14 130+30
Hexobarbital 60+20 15+9 27.9+0.8 32+2 67+13 50+20
Butabarbital 30=+10 12+8 36+3 50+6 48+4 79+11
Butetal 25+7 9+5 24+17 20+30% 46+6 6514
Butalbital 23+6 7+4 45.7+0.5 59+1 53+9 70+20
Mephobarbital 6020 17+8 709 85+15 60-+80" 20+100%
Secobarhital 80+40 25+16 130+30 120+30 160+50 16060
Amobarbital 50+20 169 70+2 703 93+15 100+20
Pentobarbital 40+20 10+9 380+90 320+80 4+11 30+20

@ Statistically non-significant.
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CTAB the correlation was not adequate (r*=0.56).
Hexobarbital, mephobarbital and pentobarbital
showed more affinity for the modified stationary
phase than for the micellar mobile phase. This
behaviour could be explained by the fact that the
localisation of these solutes in the CTAB micelle is
different, probably because of steric factors.

3.2, Retention—structure relationships

The possibility of predicting the retention be-
haviour of compounds from the physicochemical
properties and experimental conditions is an interest-
ing aspect of quantitative structure—retention
(QSRR) studies. Prior to the study of the regression
models, an exploratory data analysis was carried out.
Principal component analysis (PCA) was applied to
the retention data of thirteen barbiturates obtained
with different concentrations of SDS (variables 1-3),
Brij 35 (variables 4-6) and CTAB (variables 7-9)
and several molecular descriptors [34], in order to
establish the relationships between variables. The
molecular descriptors used are log P (variable 10) as
the hydrophobic parameter, polarizability (variable
15) and the molar fraction of the charged form of the
compounds (6, variable 11) as electronic parameters,
and molar refractivity (variable 12), molar volume
(variable 13) and parachor (variable 14) as steric
descriptors. Because the variables are in different
scales, the data were autoscaled before applying the
PCA model. Table 4 shows the explained variance
corresponding to each principa component. Two

Table 4
Explained variance corresponding to each principal component
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Fig. 2. Loading plots corresponding to the PCA analysis. (Num-
bers correspond to variables, see Section 3.2).

No. PCs Eigen value % Variance explained % Accumulated explained variance
1 12.4 82.46 82.46
2 1.62 10.80 93.26
3 0.629 4.19 97.45
4 0.179 1.19 98.65
5 8.07-1072 0.54 99.18
6 7.33-102 0.49 99.67
7 2.68-10 2 0.18 99.85
8 1.32:1072 0.09 99.94
9 6.39-10° 0.04 99.98

10 1.90-10° 0.01 99.99
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principal components (PCs) explain more than
93.26% of the variance. The use of the first four
latent variables accounts for more than 98% of the
variance in the data. The PCA model analyzed was
obtained with four PCs. Both the qualitative (score
plot) and quantitative (confidence limits for the
Hotelling T2 and Q statistics; 95% confidence level)
studies of the object outliers revealed the absence of
out-of-control objects [35]. Fig. 2 upper part, shows
the loading plot corresponding to the first two
principal components. As can be observed, the
retention of compounds obtained in Brij 35 and SDS
(variables 1-6) is highly correlated with the log P
(variable 10) and molar volume (variable 13), where-
as the log k values obtained with CTAB (variables
7-9) related to parachor (variable 14). Two groups
of uncorrelated variables can be observed, the first
one related to the first PC, which includes log P,
molar volume, parachor, molar refractivity and polar-
izability, and the second group related to the second
PC constituted by variable é (variable 11). When the
PCA model was repeated without variable 11 (Fig. 2
lower part), few changes were observed in the
relative position of variables in the loading plot. This
is consistent with the fact that the PCs are orthogonal
and therefore uncorrelated. Because principal com-
ponents are orthogonal, it could be expected that the
retention of barbiturates might be explained by
means of bivariate models like:

log k = a + b(associated variable to PC1)
+ c(associated variable to PC2) (2

Table 5

The score plot (not shown) of the first two PCs
revealed that the first PC reflects the compounds
hydrophobicity; the low hydrophobic compounds
show large positive PC1l scores while the high
hydrophobic compounds show large negative PC1
scores. On the other hand, the phenobarbital with the
largest ionization degree value shows a large positive
PC2 score. These results are in agree with the
corresponding loading plot. The score and loading
plots, corresponding to the third and fourth PCs (not
shown) revealed the importance of the compounds
phenobarbital and bralobarbital (with high ionization
degree values) and hexobarbital (with low ionization
degree values) and variable 11, respectively.

In a previous paper a novel retention model for
ionic compounds with different degrees of ionization
that includes the hydrophobicity of compounds and
the molar fraction of the charged form of the
compounds was proposed [26].

logk=alogP +bdé +c 3)

The 6 vaue, the molar fraction of the charged
form of the compound, for barbiturates, can be
caculated as:

8=1/(1+K[H]) (4)

where K is the protonation constant in the micellar
medium. According to Eq. (2), for pH values far
from log K, differences in retention are only due to
differences in hydrophobicity.

In order to study how well the modd fits the

Influence of mobile phase composition on the log k—log P relationships

log k=alog P+bd +c

Surfactant [M] axts, b*ts, cxts, r S F

Brij 35 0.02 0.73+0.07 —-0.13x0.31° 0.14+0.14 0.96 0.08 226
Brij 35 0.04 0.62+0.06 —0.06:0.25" 0.11+0.11 0.96 0.07 243
Brij 35 0.06 0.52+0.04 —0.003+0.2° 0.16+0.09 0.97 0.05 275
SDS 0.05 0.72+0.10 —11x05 0.37+0.10 0.93 0.12 113
SDS 0.1 0.60+0.09 —-1.0+04 0.36+0.18 0.92 0.11 104
SDS 0.15 0.51+0.08 -0.7+0.3 0.40+0.15 0.92 0.09 102
CTAB 0.01 0.62+0.13 0.7x0.6 0.37+0.26 0.85 0.15 48
CTAB 0.02 0.50+0.10 0.5+05" 0.4+0.2 0.85 0.12 48
CTAB 0.05 0.46+0.09 0.1+0.4% 0.33+0.19 0.85 0.12 57

@ Statistically non-significant.
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experimental data, the retention of barbiturates ob-
tained for different concentrations of Brij 35, SDS
and CTAB in mobile phase, log k, the § values at
physiological pH, and the log P values were adjusted
to Eq. (2) by applying multiple linear regression.
Table 5 shows the regression statistics obtained. As
can be observed, the correlations obtained for SDS
and Brij 35 were adequate (r >0.9). For Brij 35, the
fitting parameters associated with the molar fraction
of the charged form of the compounds (b coeffi-
cients) were not statistically significant. This may be
due to the absence of attractive—repulsive electro-
static interactions between compounds and non-ionic
surfactant and the narrow range of the 6 values. It
was found that for Brij 35 univariate models (log
k—log P) gave adequate regression statistics. How-
ever, for SDS, the b coefficients were statistically
significant and negative, due to the electrostatic
repulsion between negatively charged compounds
and modified stationary phase.

Poor correlations were obtained for CTAB. Using
the retention factors of barbiturates at pH 3.5, the
coefficient of correlation was also low (r<<0.9).
These results are in agreement with the PCA results
shown above, which indicated low correlations be-
tween retention and hydrophaobicity for CTAB.

On the other hand, the fitting parameter related to
the log P values (a coefficient) for all the surfactants
studied decreases as the surfactant concentration in
the mobile phase increases, which indicates that the
system is less sensitive to hydrophobicity the larger
the micellar concentration.

It is also possible to find a global model of the
type log k=alog P +bé +c[M] +d, which makes it

possible to predict retention in MLC (log k) as a
function of the structural parameters (log P and log
K) and the experimental conditions (surfactant con-
centration and mobile phase pH). In addition, it is
possible to obtain hydrophobicity predictive models
of the type log P=alog k+bé +c[M]+d. Table 6
shows the statistics of MLRs obtained using the
retention data of barbiturates at three micellar con-
centrations together with the log P, 6 and [M] values
(n=39). For Brij 35 and CTAB, 6 values were not
considered. As can be observed, the best results were
obtained when Brij 35 was used as the micellar
mobile phase.

3.3, Quantitative retention—activity relationships of
barbiturates

The relationships between retention in MLC and
some anaesthetic actions of barbiturates, minimum
effective hypnotic dose (mol/kg) in rabbits (—log
C), molar drug concentration necessary to reduce
cell divison (—log ED) and molar drug concen-
tration required to reduce 50% inhibition of oxygen
on rat brain respiration in vitro (—log O) [12] were
examined.

Table 7 shows the statistical parameters of the
relationships between the mentioned biological ac-
tivity of barbiturates found in the bibliography and
their retention data (log k) obtained using 0.02 M
Brij 35, 0.05 M SDS (Fig. 3) and 0.01 M CTAB as
micellar mobile phases. The results were compared
with those obtained from the log k,, values, reported
in Ref. [12], using a C,3 column and MeOH as

¢ (ts) d (ts,) r S

Table 6
Global predictive models for barbiturates (n=39)
Surfactant a (ts,) b (ts,)
log k=alog P+bé +c[M] +d
Brij 35 0.62 (0.06) -
SDS 0.62 (0.10) —-0.9(0.4)
CTAB 0.53 (0.13) -
log P=alog k+bé +c[M] +d
Brij 35 1.45 (0.16) -
SDS 1.3 (0.2) 3(D)
CTAB 1.3 (0.3) -

-7(2 0.39 (0.12) 0.96 0.08
-2(0.9) 0.6 (0.2) 0.92 0.11
-10 (3) 0.7 (0.2) 0.88 0.14
10 (3) —0.4 (0.2) 0.95 0.12
3(1) ~0.4(0.4)* 0.90 0.17
13 (5) -04(05) 0.81 0.23

@ Statistically non-significant.



Table 7

Linear correlation between biological activities (variable 1) and either log k,, value or octanol—water partition coefficient (variable 2) for selected barbiturates

Variable 1=a Variable 2+b

log k log P

0.05 M SDS 0.02 M Brij 35 0.01 M CTAB MeOH (log k,)
Varigblel a (ts,) b (ts,) r a (ts,) b (ts,) r a (ts,) b (ts,) r a (ts,) b (ts,) r a (ts,) b (ts,) r
—LogC 08(03) 27(0.3) 092 08(02 27(03) 093 07(05) 26(08) 074 06(0.2) 24(04) 092 06(02) 27(0.4) 088
—LogDE 21(01) -° 094 19(02 -° 09 17(01) -° 0.83 1.11(0.08) -* 09 15(02) -* 0.88
—Log O 21(01) - 099 19(02) -*° 095 17(03) -*° 0.82 111(008) - 097 15(02) -*° 0.96

@ Statistically non-significant.
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Fig. 3. QRAR models obtained with 0.05 M SDS mobile phase
(left side) and 0.02 M Brij 35 (right side).

eluent and with the log P values (classic QSAR
model). As can be observed, the QSAR models
obtained from chromatographic retention data using
SDS, Brij 35 and MeOH as eluents were good. In
contrast, the QSAR models obtained for CTAB were
not adequate (0.74<r<0.83), nor did the QSAR
model obtained from log P values for log C and log
DE biological activities provide adequate correlation
coefficients. However, when the ionization degree, 6,
was incorporated into the regression (log[biological
activity] =alog P+bé +c), the correlation coeffi-
cients improved (r =0.93, 0.91 and 0.99 for —log C,
—log DE and —log O, respectively), and were
similar to those obtained for SDS, Brij 35 and
MeOH. This confirms that the ability of barbiturates
to induce some biological responses not only de-
pends on the hydrophobic character of the com-
pounds but also on the degree ionization [29].

The results obtained in this work suggest that the
retention data obtained with SDS, Brij 35 and MeOH
contain enough information to describe some of the
biological activities of barbiturates, probably because
the information on hydrophobicity and the degree of
ionization is already incorporated into the retention
data.

It has been suggested that specific drug—receptor
interaction must be involved in the action of barbitu-
rates [29,30]. The high correlations obtained with
Brij 35, SDS and MeOH and the low correlations

obtained with CTAB seem to indicate that attractive
electrostatic interactions are not involved in the
neurochemical mechanism of barbiturate action. If
we take into account the fact that the effect produced
for the absorption of SDS, Brij 35 and MeOH on the
hydrophobic stationary phase is the introduction of
polar groups with a strong hydrogen bond donor
character, it would seem that interactions of this type
could participate in the neurochemical mechanism of
action of these compounds.

4. Conclusions

For barbiturates, the eluent strength of CTAB was
greater than that of Brij 35 and SDS. For Brij 35 and
SDS, structural similarities between compounds were
observed.

A bivariate retention model, which includes the
hydrophobicity and the molar fraction of the charged
form of compounds, proved to be valid for barbitu-
rates when SDS was used as surfactant. For Brij 35,
univariate log k—log P models produced adequate
results, while for CTAB inadequate results were
obtained using both models. Using Brij 35 as surfac-
tant, it is possible to predict the retention of barbitu-
rates as a function of physicochemical parameters
and experimental variables and predict the hydro-
phobicity from retention data and experimental vari-
ables.

A single retention parameter, log k, obtained at
physiological pH is capable of describing some of
the biological activities of barbiturates. The QSAR
models obtained from chromatographic retention
data of barbiturates eluted with SDS, Brij 35, CTAB
and MeOH confirmed that the ability of barbiturates
to induce some biological responses not only de-
pends on the hydrophobic character of the com-
pounds but also on the degree of ionization.

The high correlations obtained with Brij 35, SDS
and MeOH and the common characteristics of these
eluents could indicate that specific interactions are
involved in the neurochemical action mechanism of
barbiturates.

The use of micellar mobile phases in RPLC is a
simple alternative for predicting the biological ac-
tivities of compounds. The system does not require
the use of specia columns because the stationary
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phase modified by adsorption of surfactant provides
both hydrophobic and polar action sites like those of
biological membranes. In addition, identifying the
partitioning mechanism in MLC could help to eluci-
date the mechanism of action of drugs in the body.
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