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Summary — A set of nine 4-phenyldihydropyridine (DHP) calcium-channel blockers including both ionizable and unionizable
molecules has been examined. The chromatographic parameters log &' have been determined by HPLC on an immobilized artificial
membrane (IAM) column which is a solid-phase model of fluid membranes. The influence of different percentages of organic modifier
and ionic strength of the eluent on the chromatographic behaviour has been studied in order to identify the best experimental
conditions modelling the in vivo interaction with phospholipids. As different ranking orders can occur under different experimental
conditions, log &' values extrapolated to 100% aqueous phase (log £2M) have been determined. Moreover, n-octanol/buffer partition
data at pH 7.4 and 12.5 (log D, , and log P) and chromatographic data on a hydrocarbon HPLC stationary phase (log A9PS) have been
measured. Comparative studies between the experimental data, obtained for the different systems, have shown that the IAM-derived
scale is distinct from the one obtained by ‘conventional’ lipophilic indices, because of the particular behaviour of the basic DHPs.
Moreover, only IAM parameters are good descriptors of the strong interactions of the basic DHPs with biomembranes. In fact, the
chromatography of neutral compounds is mainly lipophilicity dependent while a ‘dual’ mechanism, partition and ion-exchange,
operates for basic analogues. In this case the lipophilic component is insensitive to the protonation of the basic function. Finally,
receptor binding values from rat cortical brain preparations successfully correlate with log k¥AM, Hence, the biomembrane affinity of
DHPs appears to be a critical factor for access to their receptor site.
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Introduction

The 4-phenyldihydropyridines (DHPs) form an impor-
tant class of drugs active as calcium-channel blockers.
They are highly lipophilic molecules that bind to
membrane-associated receptors. Recent reports on the
mechanism of action of lacidipine, a DHP possessing
a long clinical half-life, have emphasized the impor-
tance of its membrane solubility [1, 2]. In particular, a
receptor model has been proposed in which the DHP
binding site is a protein compartment surrounded by
lipid molecules. Therefore, the lipid solubility of
DHPs could represent a critical factor, governing not
only the pharmacokinetic properties but also the
access capability to the receptor site. Moreover, Her-
bette et al [3] observed that for a set of both ionized
and unionized DHPs the log P scale (logarithm of the
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partition coefficient n-octanol/buffer) does not parallel
the partition coefficient in a biological membrane,
concluding that DHP interactions with biomembranes
are complex. Different methods should be investi-
gated in order to identify the in vitro system which
best models the interactions of DHPs with biomem-
branes.

Conventional lipophilic indices include log P
values from the shake—flask method, clog P data from
theoretical calculations, and chromatographic capacity
factors determined in reversed phase [4—8].

Recently, a new HPLC stationary phase material,
the so-called immobilized artificial membrane (IAM),
became available [9]. The IAM phase is usually
comprised of monolayers of lecithin (phosphatidyl-
choline) wherein each lipid molecule is covalently
bound to propylamine/silica; unreacted propylamine
moieties can be end-capped with methylglycolate
(IAM PC-MQG).

The idea that IAM chromatography can be used to
measure solute/membrane partition coefficients was
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validated by Ong et al [10], who compared the reten-
tion data determined on an IAM column (k';,,,) for 23
structurally unrelated compounds with their liposome
partition coefficients. An excellent linear correlation
was found with a slope very close to unity; this indi-
cates that the solute partition process between the
IAM-bonded phase and the aqueous mobile phase is
similar to that between liposomes and the aqueous
phase. Kaliszan et al [11] reported that k', data
represent better descriptors of the hydrophobicity-
affected bioactivity data than log P. Moreover good
linear relationships were found between log &';4y and
log P data for a set of B-adrenolitics, indicating that
the retention mechanism is mostly due to lipophilic
interactions. It is noteworthy that the linear correlation
log k'lam versus log P values might have been
observed since the basic homologues examined
showed a similar ionization degree in the experimen-
tal conditions. In fact, Ong et al [10] pointed out that
good correlations between log P and IAM chromato-
graphic parameters are usually found for homologous
series of hydrophobic solutes, which interact mainly
with the nonpolar part of the lipid phase. In contrast,
for chemical structures that have polar functional
groups that can interact with a lipid head group, the
correlation of log P with IAM chromatographic para-
meters is poor. These observations indicate that for
molecules supporting polar functional groups, the
interactions with phospholipids can be complex and
not completely understood.

In this study the conventional lipophilic indices, log
P and clog P, of nine DHPs (table I) have been deter-
mined and compared with the HPLC indices on octa-
decylsilyl (ODS) (log k'ops) and IAM phases.
Although the set of DHPs we have considered are
constituted of structurally related compounds, it
includes both unionizable and ionizable analogues
(amlodipine and nicardipine are basic molecules
supporting a primary and tertiary aminic function
respectively). Such a set of compounds can stress the
differences of the interaction mechanisms operating in
the different systems considered. In particular, IAM
chromatography could provide an interaction scale
distinctive from the one obtained by log P or log k'ops
indices [12, 13]. On the other hand, the significance
of IAM chromatographic behaviour of neutral and
basic analogues is strictly related to the experimental
conditions. We thus underline that the chromato-
graphic behaviour of neutral and basic analogues can
be affected in different ways by the eluent ionic
strength and fraction of organic modifier. As a conse-
quence, different ranking orders can occur under
different experimental conditions. Hence, the study of
the influence of different experimental conditions on
the IAM chromatographic behaviour of DHPs could
contribute to an insight into not only the chromato-

graphic retention mechanisms, but also into the in
vivo interaction with biomembranes. Finally, we have
verified the capability of the IAM interaction scale for
describing some biological phenomena.

Experimental protocols
Chromatographic system

A liquid chromatograph Model 600E (Waters-Millipore,
Milford, MA, USA) equipped with a Model 7125 Rheodyne
injection valve (fitted with a 20 uL loop) and a Model 486 UV
detector (Waters) set at 238 nm was used. The stainless steel
columns were a Spherisorb 5 ODS-2 (4.6 x 250 mm) (Phase
Separation, Clwyd, UK) and an IAM PC.MG column (4.6 x
150 mm) (Regis Chemical Company, Morton Grove, IL, USA).
The chromatograms were recorded by a Data Module Model
746 (Millipore).

Materials

All samples were obtained from a commercial source. All
chemicals were of analytical grade and used without further
purification.

Chromatographic conditions

For IAM chromatography the eluents were mixtures of aceto-
nitrile and phosphate buffer saline (PBS) 0.01-0.10 M at
pH 7.0 in different percentages at a flow rate of 1.0 or 2.0 mL/
min. For ODS chromatography the mobile phases were
aqueous methanol, in various proportions buffered with 3-
morpholinopropanesuiphonate (0.02 M, adjusted to pH 7.0
with hydrochloric acid) and containing n-decylamine (0.2%,
v/v) in order to mask the silanol sites on the stationary phase
[14-16]. The eluent flow rate was 0.8 mL/min. The aqueous
portion of eluents were filtered by HA filters (Millipore). The
eluent mixtures were obtained directly from the chromato-
graphic apparatus by mixing at low pressure the organic modi-
fier and the aqueous phase previously degassed by bubbling
helium. The chromatography was carried out at room
temperature. DHPs were dissolved in methanol (ca 103 M);
20 uL samples were injected into the chromatograph.

Chromatographic retention data are expressed by the loga-
rithm of the capacity factor, log &', defined as log k' = log [(s, —
t0)/ 1] where ¢, and ¢, are the retention times of the drug and a
non-retained compound (methanol), respectively.

Log P evaluation

Partition coefficients (P) have been determined according to
the shake—flask procedure. n-Octanol was used as the lipophilic
phase whereas the aqueous portions were a phosphate buffer at
pH 7.4 (Na,HPO, 9.70 g and KH,PO, 1.65 g in 1 L water) and
a buffer at pH 12.5 (KCl 2.85 g and NaOH 053 gin 1 L
water). Some of the examined DHPs (nifedipine and nisoldi-
pine) are very sensitive to light, forming their photodegradation
derivatives quickly in solution [18-22]. Since this phenomenon
can affect the shake—flask measurements, we took care to avoid
exposure to light (all reaction vessels were wrapped with
aluminium foil and all operations were performed under
sodium light). The quantitation after partition was performed
by HPLC method suitable for detecting the possible presence
of photodegradation products [17].

All reported values of log &' and log P are the averages of at
least three measurements.
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Compound R, R R; clog Pb log P log k@PSe
(log D74)
Nifedipine CH, CH, CH, 2.35 3.22 2.45
Isradipine?2 CH, CH; CH(CH,), 3.14 4.18 3.10
Nitrendipine CH, CH, C,H; 2.96 4.15 3.17
Nimodipine  CH, CH(CH,), CH,CH,OCH, 3.09 4.18 3.25
Nisoldipine  CH; CH, CH,CH(CH,), 3.81 4.53 3.26
Felodipine CH; CH, C,H; 4.52 4.80 3.82
COOC(CHs);
\
Lacidipine ~ CH, C,H, C,H, 5.31 5.56 4.59
CH,4
Nicardipine  CHj, CH, (CH,),NCH,CH; 4.22 4.96d 3.36
3.72)
|
Amlodipine  O(CH,),NH, C,Hj CH, 2.78 3.300 1.33
(1.83)

aln this case there is a single bond between C, and C; in the general formula; bvalues calculated with C-QSAR program,
version 1.83, Biobyte Corp, Claremont, CA, USA; clogarithm of n-octanol/buffer pH 7.4 partition coefficient determined by the
shake-flask method. The log P values are the average of three determinations; the 95% confidence interval associated to each
log P value was never greater than 0.04; dlogarithm of n-octanol/buffer pH 12.5 partition coefficient determined by the shake-
flask method; ¢logarithm of the capacity factor extrapolated to 100% aqueous phase obtained on ODS column.



314

Results and discussion

Table I summarizes the log P values measured by the
shake—flask method using n-octanol/phosphate buffer
at pH 7.4 as the partitioning system. Amlodipine
and nicardipine are weak bases (pK, = 9.1 and 6.5
respectively) [17] and their partition between n-octa-
nol and buffer at pH 7.4 (indicated as log D,,) is
relative to a mixture of ionized and unionized species.
In this case the log P value, relative to the unionized
form, has been determined at a pH value of 12.5.

The measured log P values were found to be higher
than the calculated values, clog P, and are inter-
related by the following equation:

log P = 0.747 (£0.095) clog P + 1.650 (£0.351) (1)
n=9;r=0.948; s = 0.257.

In this and the following equations, »n denotes the
number of molecules considered in the derivation of
the regression equation, r is the correlation coefficient
and s is the standard error of the estimate. Numbers in
parentheses account for the standard error of the
regression coefficients.

The log P value measured for lacidipine is in agree-
ment with the previously determined experimental
value [23] and therefore the differences found
between calculated and measured partition coeffi-
cients of DHPs indicate that the clog P method calcu-
lation improperly handles this type of structure.
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Fig 1. Plots of logarithm of capacity factors determined on
an IAM column (log £'1,y,) at different fractions of acetoni-
trile (@). - - - - Neutral DHPs; — basic DHPs. Eluent:
acetonitrile/PBS 0.1 M pH 7.0; flow rate 2.0 mL/min.

Relationship between log k', and @

The values of log £ on the IAM column (log &'|\v)
were determined at various acetonitrile fractions ().
A linear relationship between log &'\, and ¢ was
found for all DHPs over the examined range of eluent
composition (fig 1). The logarithm of the capacity
factors extrapolated to 100% aqueous phase (log k1AM)
and the parameters of the regression equations are
reported in table II (equations (2—10)).

Table II. Relationship between the capacity factors determined on IAM column (log k'j4yy) and fraction of acetonitrile ().
log &'am = 2@ + log k1AM

DHP log kIAM a r s n Equation
Nifedipine 1.74 (£0.02) —6.38 (£0.08) 0.9998 0.0130 5 2)
Amlodipine 2.59 (1£0.04) —-6.26 (£0.16) 0.9994 0.0178 4 3)
Nitrendipine 2.27 (£0.02) -7.22 (20.10) 0.9997 0.0162 5 4)
Isradipine 2.13 (x0.01) -6.88 (+£0.05) 0.9999 0.0073 5 (5)
Nimodipine 2.35 (0.02) -7.54 (+0.09) 0.9998 0.0140 5 (6)
Nisoldipine 2.63 (10.03) -8.02 (£0.14) 0.9997 0.0153 4 @)
Felodipine 2.98 (£0.04) -8.62 (10.19) 0.9995 0.0209 4 (8)
Nicardipine 3.14 (20.03) -8.60 (£0.14) 0.9997 0.0158 4 9)
Lacidipine 3.52 (+£0.04) -10.00 (+£0.19) 0.9996 0.0212 4 (10)

n denotes the number of molecules considered to derive the regression equation, r is the correlation coefficient and s is the
standard error of the estimate; numbers in parentheses account for the standard error of the regression coefficients. Eluent:
acetonitrile/phosphate buffer 0.1 M pH 7.0; flow rate 2 mL/min.



The regression lines of relationships log &',,,, versus
¢ values for the basic molecules intersect the lines
relative to the neutral compounds (fig 1) indicating
that a different interaction mechanism is involved in
their retention on the IAM phase. It is evident from
the data in figure 1 that differences in elution order
occur under different percentages of organic modifier.
Hence, normalization of the experimental values to
100% aqueous phase must be performed to avoid the
obtention of fictitious interaction scales.

Previous chromatographic studies on hydrocarbo-
naceous phases [24] showed that methanol should be
preferred to acetonitrile as organic modifier for the
extrapolation to 100% aqueous phase of log &' values.
In fact, the use of methanol was reported to produce a
linear regression of log k' versus the fraction of orga-
nic modifier, while parabolic relationships were found
for acetonitrile-containing systems. However, in spite
of the difference in the isocratic log &' values and in
their relationship with the fraction of organic modifier,
the extrapolation to 100% water yielded practically
identical log k, values for both eluent systems. We
could not obtain chromatographic data on the IAM
column from methanol-containing eluents, as this
organic modifier is reported to degrade phospholipids.
However, we observed very good linear regressions in
the acetonitrile—water systems (see correlation coeffi-
cients in table II). Because our values of log '\, lie
in a water-rich concentration region, probably only the
linear part of a parabolic relationship is detectable [24].

Relationship between log k'™ and log P

A good linear relationship was found between
log k\*™ and log P values for all DHPs but amlodi-
pine:

log kI8M = 0.826 (£0.076) log P — 1.078 (£0.341) (11)
n=28;r=0976; s=0.139.

A poor relation equation is obtained if considering for
nicardipine the log D, , instead of log P (r =0.731, s =
0.433). Moreover, by including amlodipine in eq (11),
very poor linear relationships are found regressing log
kI2M versus both its log P or log D, (n =9, r = 0.842,
s =0.317 and n = 9, r = 0.459, s = 0.522, respecti-
vely). This means that the interaction of neutral DHPs
with the IAM phase is mainly lipophilicity based,
while a different mechanism is involved in the inter-
action of the basic compounds. In fact, it is surprising
that the log kM of nicardipine is predicted much
better from the log P (‘intrinsic’ partition coefficient
measured at pH 12.5) than from log D,,, although the
latter takes into account protonation phenomena
occurring at a pH value very close to that of the HPL.C
experimental conditions. Therefore the interaction
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between nicardipine and the IAM phase appears
insensitive to the partial protonation of its basic func-
tion perhaps as a consequence of a ‘shielding effect’
of polar head groups of phospholipids which could
accommodate the polar moiety of the solute.

The measured log k!2M for amlodipine is much
higher than the values calculated from both log D,
and log P by equation (11) (table III). This indicates a
much higher affinity for phospholipids of amlodipine
compared with an isolipophilic neutral molecule. The
observed behaviour could arise from an extra interac-
tion (probably a polar interaction) occurring between
amlodipine and polar head groups of phospholipids.
This could be feasible because amlodipine is fully
protonated at pH 7.0 and its basic function does not
support bulky substituents. This view is in agreement
with the partition values of amlodipine between phos-
pholipid vescicles and aqueous buffers [25]. In fact,
the vescicle partition values were found to be higher
than log P in a pH range from 7.0 (complete proto-
nation of amlodipine) to 11.0 (negligible degree of
protonation). Moreover, the partitioning process in
vescicles was practically insensitive to the pH varia-
tions of the buffer.

Because the log &AM values for the basic sub-
stances result from a ‘dual’ retention mechanism,
further information about the different components of
interaction could be gained by analysing the slope
values of log k', versus ¢ relationships. The slope
values actually result mainly from the interaction
solute/stationary phase, more sensitive to the percen-
tage of organic modifier {24].

Relationship between log k' and slope

For neutral compounds a positive correlation is found
between the slope and the intercept (log £!AM) of the
log k'\4u versus @ relationships (values reported in
table II):

log k1AM = _0.482 (£0.022) slope — 1.249 (30.178) (12)
n=7;r=0.995; s =0.067.

Table III. Observed and calculated log &AM values for
basic DHPs.

DHP log P (log D;4)  log KAM 0 log k{f:lMobsb
Amlodipine 3.30 (1.83) 1.66 (0.48) 2.59
Nicardipine 4.96 (3.72) 2.99 (1.99) 3.14

aValues generated from log P (or log D;,) by eq (11);
bobserved logarithm of capacity factor extrapolated to a
100% aqueous phase.
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In a study by Reymond et al [24}, performed on an
ODS column with methanol as organic modifier, the
linear regression of log k,, versus slope yielded a new
slope of value ca —1.0. This value was thought to be
indicative of a common property exhibited by
solutes. Equation (12) shows a slope of value ca —0.5,
although all neutral DHPs show a common retention
mechanism, lipophilicity dependent (equation (11)).
We believe that the value of this slope is a conse-
quence of the capability of ¢ to affect the extent of the
hydrophobic expulsion of the solute from the mobile
phase. Therefore, because acetonitrile is a stronger
organic modifier than methanol, the same change in
the percentage of organic modifier will affect much
more extensively the hydrophobic expulsion process
in the TAM/acetonitrile system than in the ODS/
methanol system. Equation (12) implies that for
neutral compounds the regression lines converge to a
common point.

Including nicardipine in the relationship between
log kIAM and slope, a new regression equation is
obtained with only slightly worse values of » and s
(r = 0.985 and s = 0.108). This occurs because the
difference between the experimental log &AM value
and the value predicted from the slope by equation
(12) is very slight and of the same order of magnitude
as the standard error of the estimate. On the other
hand, in deriving equation (12), the amlodipine fit was
extremely poor, indicating that its interaction with the
IAM phase is even further from a merely partition-
based mechanism than for nicardipine.

However, the slope values for all compounds,
including amlodipine, are a function of the respective
log P values as shown by the following equation:

slope = —1.559 (£0.154) log P —0.991 (£0.676) (13)
n=9; r=0.967,s=0.329.

This equation implies that increasing the amount of
organic modifier affects the log k', in a measure
directly related to the lipophilicity of the compound as
it is estimated in the octanol-water system. Hence, the
slope values can be considered as a measure of the
lipophilic interaction DHP-IAM. If so, the lipophilic
interaction of amlodipine and nicardipine appears to
be insensitive to the protonation of the basic function.
In fact, their log P values predict the slope much
better than their log D,, (r = 0.798, s = 0.782). In
contrast, the polar component seems to be constant in
the considered range of ¢. The regression lines of
basic DHPs therefore appear shifted upward in figure 1
because the values of log k', at every organic modi-
fier fraction consist of both a variable lipophilicity-
based component and a constant polar component.
The occurrence of ion-pairs in the retention mecha-
nism of amlodipine and nicardipine on IAM can be

excluded. An increase of buffer molarity produces a
decrease of their log &',y (fig 2). Obviously, the chro-
matographic behaviour of neutral DHPs was practi-
cally insensitive to the variation of ionic strength of
eluent.

Comparison between chromatographic behaviour on
ODS and IAM columns

The log &' values on the ODS column (log k'ps) have
been determined at various methanol fractions (0.50 <
¢ < 0.95) and the values extrapolated to 100%
aqueous phase have been calculated (log A9PS)
(table I). For all compounds a linear relationship
between log k'ops and @' was observed over the range
of eluent composition examined.

Both the log £QPS and the slope values of relation-
ships log k'ops versus @' correlate well with log D,
values

log £9PS = 0.823 (+£0.078) log D, — 0.162 (+0.322) (14)
n=9r=0.970; s =0.231.

slope = -0.488 (+0.367) log D, , — 0.840 (£0.089) (15)
n=9;r=0963; s =0.264.

It is important to remember that the performed
chromatographic conditions allow only a partition-
based retention mechanism [24]. Therefore equations
(14) and (15) demonstrate that the repulsion of
charged species from a hydrocarbonaceous stationary
phase is adequately accounted for by the parameter
log D,.,. By contrast, on the IAM phase the log D, , of
basic compounds fail to predict the slope values,
which are instead predictable from the intrinsic lipo-
philicity parameter, log P. Therefore, the overall inter-
action of amlodipine and nicardipine on IAM does not

L84 —9- AMLODIPINE
—%-— NICARDIPINE

0,00 ' J 0,04 ' 0,& '
PBS MOLARITY

Fig 2. Plots of logarithm of capacity factors determined on
IAM column (log k'14p) versus PBS molarity for amlodipine
and nicardipine. Eluent: acetonitrile/PBS pH 7.0 (25:75
v/v); flow rate 1.0 mL/min.



appear as the result of two opposing effects, ie, elec-
trostatic attraction and normal repulsion of charges
from regions of lower polarity than water. Instead, the
polar moieties of phospholipids appear to give rise
simultaneously to two different effects: i) a polar
extrainteraction with charged moieties of solutes
(resulting in higher log £IAM than expected); and ii) a
neutralization of interference of the charges on lipo-
philic interaction (resulting in slope values that are
collinear to the log P).

Thus, on IAM, a unique retention mechanism for
amlodipine and nicardipine can be hypothesized,
consisting of a simultaneous accommodation of their
polar and lipophilic moieties respectively in the polar
head groups and apolar chain (miristoyl residue) of
phospholipids. This cooperative retention mechanism
is also indicated by the good symmetry of their chro-
matographic peaks (asymmetry factor very close to
unity) whereas, chromatographic runs on the ODS
phase performed with eluents without n-decylamine
(interactions with free silanol residues on silica core
are possible) showed an evident peak-tailing pheno-
menon.

Log k%M as descriptors of biological data

Herbette et al [3] observed a discrepancy between log
P and the biological membrane—water partition coeffi-
cient (P,) for amlodipine. In fact, the log P of amlodi-
pine was nearly an order of magnitude lower than that
of nimodipine while its P, was over threefold higher
(their log P, values were 4.30 and 3.80 respectively),
ie, the log P, of amlodipine was 13% higher than that
of nimodipine. These observations suggested that the
interactions of DHPs with biomembranes can be
complex and not modelled by n-octanol/buffer
systems.

Therefore a comparison between the log k1AM scale
and biomembrane affinity seems very interesting since
the IAM scale for the considered DHPs is distinctive
from that obtained with log P values, because of the
different behaviour of the basic substances in the two
systems. The data we obtained by IAM chromatogra-
phy are actually in agreement with the results reported
above; the k!AM observed for amlodipine is 10%
higher than that of nimodipine (2.59 and 2.35 respec-
tively). Thus, the affinity scale obtained from 1AM
chromatography seems to be a better descriptor of the
interaction DHP/biomembranes than the conventional
lipophilic indices when comparing the behaviour of
basic and neutral analogues.

The usefulness of membrane affinity indices (log P,
log k9PS and log k!AM) is usually ascribed to their
capability to predict the pharmacokinetics and mainly
the absorption of drugs, but in some cases the capabi-
lity of access to the receptor site can also strongly
depend on these parameters.
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The examined class of DHPs is a case in point. We
have found a good correlation between log kI2M (or
log P) and receptor binding values (4;) relative to four
neutral DHPs (nifedipine, nitrendipine, nimodipine
and nisoldipine) (table IV) measured on protein prepa-
rations from rat cortical brain [26]: k = ICs/(1 +
LC/ky) in which LC is ligand concentration, k, its
dissociation constant, and IC,, the concentration of
drug causing 50% inhibition of [3H]-nimodipine
specific binding. The ; values can thus be considered
as indices of an overall DHP effect, including both
their specific receptor binding and biomembrane
permeation.

The log 1/k; values correlate well with both log
k1AM and log P parameters, as shown in equations (16)
and (17):

log 1/k; = 1.581 (£0.225) log k1AM — 3.621 (20.511) (16)
n=4;r=0.980; s =0.145,

log 1/k; = 1.039 (20.181) log P — 4.244 (£0.732) (17)
n=4,r=0971; s =0.176.

Although there were not enough &; data reported to
derive meaningful relationships with log &AM and
log P, these results suggest that membrane solubility
may constitute the crucial factor that allows the speci-
fic binding DHP/receptor.

From the results obtained so far it is possible to
infer that for the neutral DHPs all the considered
systems give satisfactory and parallel descriptions of
biomembrane interaction. However, only the 1AM
parameter gives an adequate evaluation of biomem-
brane partition for a basic compound such as amlodi-
pine.

Conclusions

The retention scale obtained with IAM system for
considered DHPs is distinctive from the one obtained
with log ‘P values. The present study confirms that

Table I'V. Receptor binding data (k;) for neutral DHPs.

DHP kpa log kiAM log P
Nifedipine 7.0 1.74 322
Nimodipine 1.2 2.35 4.18
Nitrendipine 0.93 0.27 4.15
Nisoldipine 0.24 2.63 4.53

ak; = 1C5o/(1 + LC/ky) in which LC is ligand concentration,
k4 its dissociation constant, and ICs, the concentration of
causing 50% inhibition of [3H]-nimodipine specific binding
[26].
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IAM phase interacts with unionizable apolar com-
pounds by a partition-based mechanism. Therefore
IAM or ODS chromatographic indices and log P
n-octanol/buffer are collinear parameters for quantita-
tive structure—activity relationship studies. On the
other hand, a different behaviour was observed when
all the DHPs were considered, including the basic
molecules. The affinity of the basic DHPs with the
IAM phase is much stronger than that expected by the
lipophilic indices and is in agreement with the data of
partition with both biomembranes and liposomes.
This means that the behaviour of bases on IAM is
produced from specific interactions with phospho-
lipids and is not a consequence of secondary interac-
tions with silica core. Therefore the IAM parameter
provides an overall affinity scale which can better
reflect the different biological effects for a mixed set
of compounds including ionizable and unionizable
analogues, such as the examined DHPs.

A main role in the original retention mechanism of
the basic DHPs on IAM is played from the polar head
group of lecithines. This seems able not only to esta-
blish a polar additive extra-interaction with protonated
basic functions of solutes but also to counteract their
influence on the lipophilic interaction. The interaction
between the basic compounds examined and the IAM
phase can be supposed to be the result of two simulta-
neous phenomena: i) the interaction between the
apolar chain of phospholipids (miristoyl residue) and
the lipophilic moiety of amlodipine and nicardipine;
and ii) the accommodation of the polar basic group of
the solute in the water-rich concentration region
surrounding the polar head groups of phospholipids.
However, further studies using other basic compounds
are needed to support this hypothesis and to gain an
insight into the possible role of molecular geometry
and pK, of solutes in the interaction with phospho-
lipids.

Finally, the access capability of DHPs to their
receptor site has found to be strongly dependent on
phospholipid affinity parameters. This should be taken
into account when considering new drug candidates of
dihydropyridine class.
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