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Calcium channel blockers are commonly prescribed antihypertensive drugs. In this study, nine calcium channel
blockers (amlodipine, felodipine, isradipine, nicardipine, nifedipine, nimodipine, nisoldipine, verapamil and diltiazem)
were investigated to evaluate the relationship between their molecular properties and oral bioavailability data collected
from relevant literature. Several molecular descriptors of calcium channel blockers: lipophilicity descriptors, different
logP values (AlogPs, AClogP, AB/logP, milogP, AlogP, MlogP, KOWWINIogP, XLOGP2, XLOGP3), aqueous
solubility data (logS), electronic descriptor - polar surface area (PSA), constitutional parameter - molecular weight
(Mw), geometric descriptor - volume value (Vol), acidity descriptor (pKa) were calculated using different software
packages. The relationships between computed molecular descriptors and literature-obtained oral bioavailability data
were firstly investigated using simple linear regression analysis showing relatively poor correlations with R? < 0.6. In
continuation, multiple linear regression was applied to achieve higher correlation between calcium channel blockers’
oral bioavailability and their molecular properties, on the first place lipophilicity and one additional, molecular
descriptor. The best correlations were established between calcium channel blockers’ oral bioavailability and their
lipophilicity data (milogP or KOWWINIogP) with application of acidity descriptor as additional independent variable
(R?=0.783 and R? = 0.826). Application of computed molecular descriptors in evaluating drugs bioavailability was
checked on three additional, fourth generation CCBs, cilnidipine, lacidipine, lercandipine.
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INTRODUCTION

High blood pressure, hypertension, is a world
widespread disease. Typically, hypertension has no
symptoms but it may have deadly consequences if
not treated. Calcium channel blockers (CCBs) are
among the most widely applied drugs in
cardiovascular medicine. They can be applied not
only in hypertension but also in angina pectoris,
post-myocardial infarction, supraventricular
dysrhythmias, hypertrophic cardiomyopathy [1-3].

According to their structural and functional

distinctions CCBs can be subdivided in:
dihydropyridine derivatives: amlodipine,
felodipine, isradipine, lacidipine, lercanidipine,
nicardipine, nifedipine, nisoldipine;

phenylalkylamine: verapamil and benzothiazepine
derivatives: diltiazem [1].

Drugs’ clinical success mostly depends on their
absorption, distribution, metabolism or route of
elimination (ADME) [4]. A number of molecular
physicochemical properties such as lipophilicity,
acidity (pKa), molecular weight (Mw), molecular
volume (Vol), polar surface area (PSA) or
solubility data (logS), play important role in drugs
absorption, penetration into tissues, degree of
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distribution, degree of plasma protein binding,
activity and route of elimination [5-10].

Lipophilicity is one of the most significant
physicochemical properties of biologically active
molecules. Its importance in drug research is a
consequence of hydrophobic interactions of the
drugs with their biological targets, penetration
across biological membranes during drug transport,
as well as toxic aspects of drug action [4]. The
lipophilicity  influences  drugs”  absorption,
distribution, binding to plasma proteins and
elimination [7]. It can be characterized by the n-
octanol/water partition coefficient (logPow). The
traditional technique for determination of selected
molecule’s lipophilicity, its logP value, is the so-
called shake flask method [7]. Besides, different
chromatographic  techniques, high-performance
liquid chromatography or thin-layer
chromatography, are well known as methods that
can yield significant amounts of retention data
which can be correlated with physicochemical and
biological properties, on the first place lipophilicity,
for large sets of structurally different compounds.
However, today, in silico obtained hydrophobicity
parameters, calculated logP values, are generally
accepted as a measure of drug’s lipophilicity. Also
numbers of other calculated molecular descriptors
are applied in evaluation of different drugs’ ADME
properties [6 -101.
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According to the available literature, a number
of authors investigated antihypertensive drugs
including those belonging to CCBs group, their
design and synthesis [11,12] as well as
pharmacokinetics, pharmacodynamics and efficacy
[13-16].

In  recently published papers acidity,
lipophilicity, solubility or absorption were
evaluated for a large group of antihypertensive
drugs [17], as well as for selected ACE imhibitors
[18] based on their molecular structure with
application of computer programs. Also, in our
previous papers the correlation between ACE
inhibitors’ lipophilicity, investigated using ultra-
high performance liquid chromatography—tandem
mass spectrometry and reversed-phase thin-layer
chromatography, and oral absorption [19] as well as
the effect of calcium channel blockers’ molecular
properties on their route of elimination [20] were
studied. In continuation to these researches, the aim
of this study was to investigate the correlation
between oral bioavailability data of nine calcium
channel blockers and their different molecular
properties calculated using three different software
packages [21-23]. The most suitable molecular
descriptor should be established.

THEORETICAL
Investigated drugs

In this study nine most often prescribed calcium
channel blockers were investigated:

1. Amlodipine - (3-ethyl 5-methyl2-[(2-
aminoethoxy)methyl]-4-(2-chlorophenyl)-6-
methyl-1,4-dihydro-3,5-pyridinedicarboxylate);

2. Felodipine - (ethyl methyl 4-(2,3-
dichlorophenyl)-2,6-dimethyl-1,4-dihydro-3,5-
pyridinedicarboxylate);

3. lsradipine - (isopropyl methyl 4-(2,1,3-
benzoxadiazol-4-yl)-2,6-dimethyl-1,4-dihydro-3,5-
pyridinedicarboxylate);

4. Nicardipine - (2-[benzyl(methyl)amino]
ethylmethyl2,6-dimethyl-4-(3-nitrophenyl)-1,4-
dihydro-3,5-pyridinedicarboxylate);

5. Nifedipine = (dimethyl 2,6-dimethyl-4-(2-
nitrophenyl)-1,4-dihydro-3,5-
pyridinedicarboxylate);

6. Nimodipine - (isopropyl 2-methoxyethyl 2,6-
dimethyl-4-(3-nitrophenyl)-1,4-dihydro-3,5-
pyridinedicarboxylate);

7. Nisoldipine - (isobutyl methyl 2,6-dimethyl-
4-(2-nitrophenyl)-1,4-dihydro-3,5-
pyridinedicarboxylate);

8. Verapamil - (2-(3,4-dimethoxyphenyl)-5-{[2-
(3,4-dimethoxyphenyl)ethyl](methyl)amino}-2-
isopropylpentanenitrile) and

9. Diltiazem - ((2S,3S)-5-[2-(dimethylamino)
ethyl]-2-(4-methoxyphenyl)-4-o0xo0-2,3,4,5-
tetrahydro-1,5-benzothiazepin-3-yl acetate).

Additionally, three CCBs of fourth generation:
cilnidipine, lacidipine, lercandipine, were selected
for testing the applicability of the correlation
established in the first part of the study.

Calculations

The CCBs lipophilicity descriptors, nine
different logP values (AlogPs, AClogP, AB/logP,
milogP, AlogP, MlogP, KOWWINIlogP, XLOGP2,
XLOGP3J), as well as their agueous solubility data
(logS) were calculated using the software package,
Virtual Computational Chemistry Laboratory [21].
The software package Molinspiration Depiction
Software (Molinspiration Cheminfirmatics) [22]
was used for the calculation of several molecular
descriptors, electronic descriptor - polar surface
area (PSA); constitutional parameter - molecular
weight (Mw) and geometric descriptor - volume
value (Vol) while software package DrugBank [23]
was used for the calculation of CCBs acidity
descriptors pK, values. The values of CCBs
molecular descriptors, Mw, Vol and PSA were
presented in our previous paper where the effect of
calcium channel blockers’ molecular properties on
their route of elimination [20] was investigated,
while selected lipophilicity descriptors (milogP and
KOWWINIogP), as well as acidity descriptors, pKa
values are presented in Table 1. The oral
bioavailability data of the investigated CCBs (Table
2) were obtained from the relevant literature [1].
The statistical analysis of the regressions was
performed using Microsoft Excel 2003 and Origin
7.0 PRO (Origin Lab Corporation, USA).

RESULTS AND DISCUSSION

The bioavailability is one of the most important
pharmacologic properties in drug design and
development. It is a subcategory of absorption and
represents the fraction of drugs’ administered dose
that reaches the systemic circulation. High
bioavailability reduces the amount of the
administered drug necessary to achieve a desired
pharmacological effect and consequently can
reduce the risk of side-effects and toxicity. On the
contrary, poor oral bioavailability can result in low
efficacy and lead to unpredictable response to a
drug.

Bioavailability for intravenously administered
drugs is 100%. However, for orally administered
drugs, bioavailability usually decreases due to
incomplete absorption and first-pass metabolism, as
well as due to high degree of plasma protein
binding. Furthermore, drugs administration with or

61


http://www.drugbank.ca/
http://en.wikipedia.org/wiki/Dose_%28biochemistry%29
http://en.wikipedia.org/wiki/Systemic_circulation
http://en.wikipedia.org/wiki/Intravenous
http://en.wikipedia.org/wiki/First-pass_metabolism

J. V. Odovié: Oral bioavailability and molecular properties of calcium channel blockers

without food also affects absorption. Concurrent
intake of other drugs may alter absorption and first-
pass metabolism, while intestinal motility alters the
dissolution and may affect the degree of chemical
degradation of the drug by intestinal microflora.
Drugs  physical properties  such  as
hydrophobicity, acidity, solubility, molecular mass,
volume and polar surface area, as well as drugs
formulation, age and gender of the patients or
dosing scheme also exert important influence on
drugs BA. Drug’s oral absorption and
bioavailability, as well as duration of action or
efficiency of its elimination is highly affected by its
lipophilicity, acidity, solubility, molecular size and
other molecular properties. The molecules with
high lipophilicity show higher degree of oral
absorption and bioavailability, better penetration
into tissues and distribution compared to less
lipophilic ones with similar properties [1-3,24,25].
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Figure 1. The structures of the CCBs representatives:
A) Amlodipine; B) Verapamil; C) Diltiazem

According to the available literature, CCBs
pharmacokinetics, pharmacodynamics and efficacy
were investigated by a number of authors [13-16].
Still, most of these methods have certain limitations
and a new approach for fast, reliable and cost-
effective evaluation of CCBs oral bioavailability
should be developed. Since drugs oral
bioavailability importantly affects drugs activity,
the application of computed molecular descriptors
in prediction of drugs oral bioavailability is of great
62

importance, especially for the newly synthesized

drugs.
In this research nine CCBs (amlodipine,
felodipine, isradipine, nicardipine, nifedipine,

nimodipine, nisoldipine, verapamil and diltiazem)
were studied in order to evaluate the correlation
between their oral bioavailability data obtained
from relevant literature and calculated molecular
descriptors. The structures of the CCBs
representatives: A) Amlodipine, dihydropyridine
derivative; B) Verapamil, phenylalkylamine; and
C) Diltiazem, benzothiazepine derivative are
presented in Fig. 1.The main goal was to establish a
high-throughput approach using simple or multiple
linear regression analysis capable of predicting oral
bioavailability data of selected CCBs. Several
CCBs molecular descriptors (electronic descriptor —
PSA, constitutional parameter — Mw, geometric
descriptor — Vol, values, aqueous solubility data —
logS and acidity descriptor — pKa), as well as a
number of lipophilicity descriptors (AlogPs,
AClogP, AB/logP, milogP, AlogP, MlogP,
KOWWINIogP, XLOGP2, XLOGP3) were
calculated using different software packages.

According to the data available from the
literature, most of CCBs, with exception of
amlodipine and nifedipine, have relatively low oral
bioavailability because of extensive first-pass
metabolism. Their oral bioavailability varies from
5% for nisoldipine, through 58% (45% to 70%) for
nifedipine, to around 80% for amlodipine [1-3].
The CCBs selected molecular descriptors are
presented in Table 1.

Table 1. Calculated molecular descriptors of
investigated CCBs.
CCBs milogP  KOWW!INIlogP pKa
1. 2.58 2.07 8.79
2. 4.80 4.46 16.04
3. 3.81 3.49 16.14
4, 5.00 3.90 7.99
5. 3.07 2.50 15.92
6. 4.10 3.13 15.85
7. 4.19 3.90 15.93
8. 4.55 4.80 9.60
9. 3.34 2.79 8.37
The numbers denote CCBs.
The correlations between CCBs oral
bioavailability data obtained from relevant

literature and the calculated descriptors (PSA, Mw,
Vol, pKa, logP, logS) were firstly investigated
using simple linear regression. The relationships
between CCBs oral bioavailability and the majority
of their molecular descriptors, PSA, Mw, Vol, pKa,
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logP, logS, provided correlations with coefficient
R? lower than 0.40. Only for lipophilicity
descriptors milogP and KOWWINIogP correlations
with R?=0.570 and R®=0.542, respectively, were
established.

Following, in the next stage of the study, the
relationships between CCBs oral bioavailability
data and two different CCBs molecular descriptors
were investigated using multiple linear regression
(MLR). The lipophilicity descriptors milogP or
KOWWINIogP values were chosen as the first
independent variable since they showed best
correlations with CCBs oral bioavailability, while
values of Mw, Vol, pKa and PSA were chosen as
possible second independent variable. Values of
aqueous solubility data, logS values, were not
applicable as the second independent variable, since
their relationships with milogP and KOWWINIlogP
values provide correlations with R*= 0.413 and R*=
0.385, respectively.

The MLR analyses with application of
lipophilicity descriptor, KOWWINIlogP and one
additional calculated molecular descriptor, Mw,
Vol or PSA, as independent variable provided
correlations with coefficients (R?) from 0.607 to
0.660 (R?> = 0.607; R? = 0.618; R? = 0.660,
respectively). Similar correlation with slightly
lower coefficient, R = 0.590 was obtained in MLR
with application of milogP and PSA as independent
variables while better correlations were achieved
with application of milogP and Mw or Vol values
as independent variables (R*> = 0.725 and R? =
0.671, respectively).

However, the best correlations between CCBs
bioavailability ~ and calculated molecular
descriptors, with acceptable correlation coefficients
(R?), as well as probability value (P < 0.05) were
established using MLR analysis with application of
lipophilicity descriptors, milogP or KOWW!INIogP
values and acidity descriptor, pKa as independent
variables ((Eg. 1.) and (Eq. 2.)):

BApea(%) =  -20.972(x5.065)milogP = —
3.112(+1,067)pKa + 155.575(+23.544) Eq. 1.
withn =9; R?=0.822; S.D. = 11.629; F = 13.881

BApea(%) = -18.068(5.051)KOWWINIogP —
3.036(+1.186)pKa + 134.319(+22.292) Eq. 2.
withn=9; R2=0.781; S.D. = 12.904; F = 10.711

The CCBs bioavailability data collected from
relevant literature, as well as those predicted using
MLR with application of computed lipophilicity
descriptor, milogP or KOWW!INIogP and acidity
descriptor, pKa as independent variables are
presented in Table 2 and in Figure 2.

The interrelationships between obtained BA data
of calcium channel blockers investigated, those

collected from relevant literature, predicted from
milogP and pKa values and those predicted from
KOWWINIogP and pKa values were studied.
Obtained coefficients are presented in Table 3 and
it can be seen that very good agreements were
obtained between all three BA values.

Table 2. CCBs BA data collected from relevant
literature (1); predicted from milogP and pKa values (2)
and KOWWINIogP and pKa values (3).

CCBs BA (1) BA (2) BA (3)
1. 77 74 70
2 15 5 5
3. 20 25 22
4. 35 26 40
5. 58 42 41
6. 13 20 30
7. 5 18 15
8. 27 30 18
9. 50 60 58

(1) BA (%) data obtained from literature [1]. The
numbers denote CCBs.
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Figure 2. Relationship between CCBs bioavailability
data collected from relevant literature and [1] (Series 1);
predicted using MLR with application of milogP and
pKa values (Series 2) and KOWWINIogP and pKa
values (Series 3). The numbers denote CCBs.

Table 3. Interrelations between different BA data of
calcium channel blockers investigated: those collected
from relevant literature (1); predicted from milogP and
pKa values (2) and KOWWINIogP and pKa values (3).

BA (1) BA (2) BA (3)
BA (1) 1
BA (2) 0.908 1
BA (3) 0.884 0.935 1

Following, in the final stage of the study, the
best established correlation obtained in MLR with
application of milogP and pKa as independent
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variables, was used to calculate the values of oral
bioavailability for additional CCBs — nitrendipine,
as well as three fourth-generation drugs:
cilnidipine, lacidipine and lercandipine.

There are limited data available in the literature
for these CCBs, showing relatively low values of
their oral BA: for nitrendipine 10-23% and for
lacidipine and lercandipine: 18.5% (range 4 to 52)
and around 10%, respectively. The calculated pKa
values for nitrendipine, cilnidipine, lacidipine and
lercandipine were 15.88, 15.61; 16.12 and 8.64,
respectively [23]. The values of their lipophilicity
parameters, milogP, which provided best
correlation, Eq.1, were 3.94, 5.72, 5.46 and 7.87,
respectively [22] indicating large differences
between nitrendipine (with milogP 3.94) and the
very lipophilic CCBs of fourth generation.

Considering computed molecular descriptors
and using MLR (Eq. 1) for nitrendipine as
additional checking CCB, a value of 23% for oral
BA was obtained, showing very good agreement
between literature available and predicted oral BA
data.

However, for selected CCBs of fourth
generation, BA values around zero were calculated,
indicating their low oral BA, but also their
incompatibility with the established model (Eq 1).
These results could be explained with their
molecular properties. Namely, lercandipine is one
of the CCBs with highest molecular weight (Mw =
612), volume value (575), lipophilicity (milogP =
7.87) and the lowest solubility (logS = -6.00).
Cilnidipine and lacidipine also have very high
lipophilicity (with milog P 5.72 and 5.46) and very
low solubility, logS values (-4.99 and -4.67
respectively). Considering these values it can be
seen that these three drugs, CCBs of fourth
generation, are not in accordance with "Lipinski’s
rule of five" and they should not be considered in
relationship between CCBs lipophilicity and oral
BA data established for CCBs which belong to
drugs of first to third generation.

The acceptable correlations that were found
using MLR analyses between oral bioavailability of
drugs belonging to first to third generation of CCBs
data with application of their in silico obtained
molecular descriptors — lipophilicity parameter
(milogP and KOWWINIogP) and in the first place
acidity  descriptor (pKa.) and in addition
constitutional descriptor - molecular weight (Mw)
and geometric descriptor - volume value (Vol)
confirmed descriptors calculations as a useful
screening technique which is, however, not always
capable of exact evaluation of oral bioavailability
of compounds with some deviation in structure.
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CONCLUSION

This study included nine often prescribed
calcium channel blockers. The correlation between
calcium channel blockers oral bioavailability data
and different molecular  descriptors  was
investigated. Relatively poor correlation was
obtained between oral bioavailability data and
calculated molecular descriptors using simple linear
regression analysis (R*> < 0.4). However, the
application of two molecular descriptors milogP or
KOWWINIogP values and Mw, Vol or pKa as
independent variables in MLR analysis provided
better correlations. The best correlations were
established using MLR analysis with application of
lipophilicity (milogP or KOWWINIogP) and
acidity descriptor (pKa) as independent variable (R
= 0.783 and R? = 0.826, respectively). As a result,
applicability of calculated molecular descriptors
especially lipophilicity descriptors, milogP and
KOWWINIogP and acidity descriptor, pKa, in
CCBs oral bioavailability evaluation was
established.

The proposed methodology and correlations that
were found in the presented study confirmed that
molecular properties, especially lipophilicity and
acidity but also molecular weight and volume are
essential for drugs oral bioavailability. Obtained
correlations could be regarded as a new, additional,
in vitro approach appropriate for evaluating oral
bioavailability of the investigated group of calcium
channel blockers. The application of computed
molecular descriptors can be highly useful in drug
research.
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