Acta Poloniae Pharmaceutica — Drug Research, Vol. 72 No. 2 pp. 235-244, 2015

ISSN 0001-6837
Polish Pharmaceutical Society

LIPOPHILICITY ASSESSMENT OF SPIRONOLACTONE BY MEANS
OF REVERSED PHASE LIQUID CHROMATOGRAPHY AND BY NEWLY

DEVELOPED CALCULATION PROCEDURES

MALGORZATA DOLOWY* and ALINA PYKA

Medical University of Silesia in Katowice, School of Pharmacy and the Division of Laboratory Medicine,

Department of General and Analytical Chemistry, Institute of Analytical Chemistry,
4 Jagiellonska St., 41-200 Sosnowiec, Poland

Abstract: The parameters of lipophilicity of spironolactone (a single member of steroids group), which is wide-
ly applied as diuretic and antihypertensive agent, were experimentally determined by reversed-phase TLC and
HPLC methods as well as calculated using different computer programs and also by a novel mode based on
topological indices. Various stationary phases, such as RP-18WF,s,, RP-2F,5,, RP-18F,5, and also different
binary solvent systems composed of organic modifier (e.g., methanol, dioxane, acetone) and water were used
as mobile phases in order to predict the following chromatographic parameters: Ry, and logk,, respectively.
LogP of examined spironolactone calculated with respective theoretical procedures: AlogPs, logPyowwin,
xlogP2, xlogP3, AClogP, AlogP, MlogP and also 10gP,,. were obtained from online package software. The
partition coefficients expressed as logP,, logP, and logP; were calculated by means of the formulae based on
the numerical values of the following topological indices: , "B, 'B, W, “%" and Iy, which was novelty of this
study. A good agreement between logP calculated by new method and experimentally estimated lipophilicity
parameters (by chromatography and by shake flask method) was found. The results confirmed applicability of
the topological indices for calculating lipophilicity of spironolactone as alternative procedure to the experi-

mental and other computed logP values.
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For many years, increasing development of
new biologically active compounds for application
in medicine as potential drugs is observed. The phar-
macokinetic profile of newly discovered drugs
depends on various factors. Among different physico-
chemical properties that has significant impact on
drug behavior in biological system is lipophilicity
(hydrophobicity). This property plays decisive role
in drug design, especially in the prediction of trans-
port of biomolecule trough cell membranes in bio-
logical system. The most common lipophilicty
measure is logP (logarithm of partition coefficient)
determined by different separation methods includ-
ing chromatography. The traditional method which
has been widely used for the determination of
lipophilicty (logP) of organic compounds in #n-
octanol - water system is the shake flask technique
(1). As it is well known, this method is rather time
consuming and allows to determine logP in limited
range from -3.0 to +3.0, therefore in order to elimi-
nate this limitation, the chromatographic methods
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can be utilized. Among numerous chromatographic
approaches like reversed phase thin layer chro-
matography (RP-TLC) or reversed phase high per-
formance liquid chromatography (RP-HPLC),
which can be currently performed in lipophilicity
investigations with the use of modern mobile and
stationary phases, such as immobilized articificial
membranes (IAM), an alternative technique to those
may be micellar liquid chromatography (MLC) in
TLC and HPLC systems. Electrophoretic methods
are suitable for the estimation of the lipophilicity of
various biomolecules in the wide range of logP.
The most commonly used chromatographic
lipophilicity descriptors are: Ry, — in thin layer chro-
matography and also logk,, in column chromatogra-
phy. Analogously to both, the micellar logk,, param-
eter can be evaluated as lipophilicity descriptor.
Many researches were applying RP-TLC, RP-HPLC
and also MLC in lipophilicity study of novel drugs
with very different structures and functionalities like,
for example: some oxicams from a group of nons-
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teroidal anti-inflammatory drugs, anitiproliferative
8,10-substituted quinobenzothiazines, selected
phenylthioamides and 1,2,4-triazoles with antifungal
activity, biologically active imidazolinum based
ionic liquids, some B-blockers drugs, and also -
butyrolactone derivatives with anticonvulsant and
analgesic activity (2-15). The predicted lipophilicity
parameters were found to be significantly correlated
with the activities of these compounds.

Despite of the widely applied experimental
techniques, such as described chromatographic
methods, lipophilicity of biologically active com-
pounds could be determined by the use of computa-
tional methods (1, 16, 17). Computed methods of
prediction of logP from compound structure are still
in development and show different power of calcu-
lation of this descriptor (16). From this fact arises
conclusion that in order to obtain reliable lipophilic-
ity parameter, the computed logP should be com-
pared with those which have been obtained experi-
mentally.

In the past decade, the electrotopological state
indices and also topological indices are becoming
increasingly popular for modeling of lipophilicity of
different organic compounds (18-21). The current
literature review demonstrates the topological
approach to estimating lipophilicity of 223 hetero-
geneous organic compounds (21). Moreover, it was
found that topological distance indices are useful
descriptors for correlating a variety of biological
properties (e.g., pharmacological activity) of chemi-
cal compounds in QSAR studies (22-25). For exam-
ple, using the well known in literature distance-
based topological indices, a QSAR analysis on the
antibacterial activity of some sulfa drugs was carried
out (23). In another work, similar QSAR studies on
a series of imidazole derivatives as novel ORLI1
receptor antagonist with the use of number of struc-
tural descriptors including topological index
(Balaban Index) was performed (25).

The main goal of this experiment was to apply
reversed phase TLC and HPLC to indirectly deter-
mine lipophilicity descriptor (Ryy and logk,) of
spironolactone, a single member of steroids, which
has been widely applied in medicine as antidiuretic
agent. The second stage was determination of other
lipophilicity parameters by computational methods:
AlogPs, logPxowwmn, xlogP2, xlogP3, AClogP,
AlogP, MlogP, logP,... and also by the newly
developed procedures based on topological indices:
logP,, logP, and logP;. The third stage was compar-
ison and assessment of all obtained results.

The present work is a part of our extensive
study on the use of the two experimental methods

like TLC and HPLC and also selected theoretical
procedures based on compound structure to estimate
the lipophilic properties of pharmaceutically impor-
tant steroids with different biological activity (26-
34). In our previous investigations, various steroid
compounds belonging to conjugated and unconju-
gated bile acids and also some steroid anabolics
were investigated for lipophilic properties using RP-
TLC, RP-HPTLC and also some theoretical meth-
ods. In the present research, the applicability of both
techniques, including the newly developed calculat-
ing procedure based on topological indices as alter-
native to reference shake flask method, in studying
lipophilicity of spironolactone was estimated.

EXPERIMENTAL

Reagents and materials

For the preparation of mobile phases,
methanol, acetone and dioxane of HPLC grade
POCh (Gliwice, Poland) and distilled water for
HPLC (E. Merck, Darmstadt, Germany) in RP-TLC,
RP-HPTLC and also RP-HPLC analyses were used.
The standard of spironolactone (97%, No. Catalog.
S3378-1G) was procured from Sigma-Aldrich (St.
Louis, MO, USA).

Preparation of standard solution

Standard solution of tested compound for RP-
TLC and RP-HPTLC analysis was prepared by dis-
solving 10 mg of accurately weighted amount of this
substance in 10 mL of methanol. Thus, final con-
centration of analyte was 1 mg/mL. For the purpose
of RP-HPLC analysis, methanol solution of spirono-
lactone at concentration of 3 mmol/L was utilized.

Chromatographic investigations
RP-TLC and RP-HPTLC analysis

Lipophilicity of spironolactone was evaluated
by thin-layer chromatography on various stationary
phases, such as 6 cm X 10 cm aluminum RP-TLC
plates (RP-18F,s,, Art. 1.05559), glass RP-HPTLC
plates: RP-18WF,, (Art. 1.13124) and also RP-2F,,
(Art 1.13726) manufactured by E. Merck
(Darmstadt, Germany). Three microliters of exam-
ined solution was spotted onto the chromatographic
plates (1 cm distance from the bottom) in each case.
The chromatograms were developed with the use of
mobile phases consisting of organic modifier (e.g.,
methanol, acetone or dioxane) - water in different
volume compositions. The content of methanol, ace-
tone and also dioxane in applied mobile phases were
gradually varied by 5% (v/v) in the range from 50 to
90% (v/v).
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Fifty milliliters of mobile phase was used in all
cases. The chromatograms were developed at 18 +
2°C in a 10 cm x 20 cm chromatographic chamber
(Camag, Switzerland) which has been previously
saturated with solvent vapors during 30 min. The
development distance was 8 cm. After developing,
the chromatographic plates were dried at 18 + 2°C
using a fume cupboard. Spectrodensitometric scan-
ning was done using a Camag TLC Scanner 3
(Muttenz, Switzerland) which was controlled by
WinCATS 1.4.2 software. All spectrodensitometric
measurements were conducted in reflectance
absorbance mode at wavelength of 238 nm. This
wavelength was an optimum for examined spirono-
lactone, and hence, it was selected for densitometric
analysis. The source of radiation was a deuterium
lamp. The scanning speed was 20 nm/s and the data
resolution was 100 um/step. The slit dimension was
kept at 10.0 mm x 0.40 mm, Macro. Each analysis
was repeated three times. Mean R value was used to
calculate Ry,.

Reversed-phase high performance liquid chro-
matography (RP-HPLC)

The compound was examined using a chro-
matograph HPLC Hewlett Packard 1050 (Canada)
with the UV detector. The chromatographic condi-
tions of applied HPLC method were as follows: the
column C-18 (Eurospher 100-5) of the size 250 x 4
mm, packing of a 5 pm diameter, additionally
equipped with precolumn (Knauer, Germany). The
injection volume was 10 pL, the eluent flow was 1
mL/min. The detection of spironolactone was con-
ducted at 238 nm. The isocratic elution of separated
compound was carried out by the use of mobile
phases: methanol — water and also dioxane — water.
The content of methanol and dioxane in mobile
phase was gradually varied by 5% (v/v) in the range
from 55-95% (v/v). The t; values are mean value
from three independent analyses.

Lipophilicity parameters

Chromatographic parameter of lipophilicity (R,,y)
For subsequent calculations, mean Ry values

obtained under applied chromatographic conditions

(various mobile phases and stationary phases) were

converted to retention parameter Ry, according to the

expression:

Rmzlog(}T— 1 (1]

Linear correlation between R,, and volume
fraction of organic modifier in mobile phase (¢) per-
mits the extrapolation of obtained Ry, values to the
zero concentration of organic modifier (methanol,

acetone or dioxane) in accordance with
Soczewinski-Wachtmeister equation [2] and esti-
mate relative retention parameter Ry, (1).

Ry_ Ry~ S %@ 2]
where: Ry, is the Ry, value of spironolactone, Ry, is
the Ry, value extrapolated to zero concentration of
organic modifier in mobile phase, S is the slope of
the regression plot, ¢ is the volume fraction of
organic modifier in mobile phase used (e.g.,
methanol, acetone, dioxane).

Chromatographic parameter of lipophilicity
(logk,)

The logarithm of retention factor logk of exam-
ined spironolactone obtained under applied solvent
systems was calculated from retention time (tg)
determined by means of RP-HPLC method accord-
ing to the formula:

logk = log e =ty [3]
Iy
where: ty and t,; — is the retention time [min] of
spironolactone and also dead-time, respectively.
For each mobile phase, the logk walue was
determined and then the extrapolation of obtained
logk to zero content of organic modifier (methanol
and dioxane) in mobile phase: methanol - water and
dioxane -to water accordance with Snyder-
Soczewinski equation allowed obtain the logk,, (1):
logk = logk,, — S X ¢ [4]

Table 1. Partition coefficient (logP) obtained by means of differ-
ent theoretical methods and by use of shake flask method in n-
octanol - water system (logP,,).

Partition coefficient
Taken from online software package
logP,,, 2.78
AlogPs 3.10
AClogP 2.98
AlogP 3.59
MlogP 3.71
logPxowwn 2.88
xlogP2 341
xlogP3 2.93
108Peruge 3.24 (+ 0.36)
Calculated on the basis of topological indices
logP, 2.73
logP, 3.24
logP; 3.00
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where: logk is the logk value of spironolactone,
logk, is the logk value of spironolactone extrapolat-
ed to zero concentration of organic modifier in
mobile phase, S is the slope of the regression plot, @
is the volume fraction of organic modifier in applied
mobile phase.

Calculations of partition coefficients by computa-
tional methods

Theoretical partition coefficients of spironolac-
tone, such as AlogPs, logPyowwin, XlogP2, xlogP3,
AClogP, AlogP, MlogP and also average value of
logP, which have been predicted on the basis of
chemical structure of investigated compound by
means of various computational procedures, were
obtained from drugbank and also from another data-
base available via online at VCCLAB.org website
(36, 37).-All theoretically determined partition coef-
ficients and also the n-octanol partition coefficient
(logP.,) predicted by the use of classical shake flask
method taken from VCCLAB.org website are pre-
sented in Table 1.

Newly developed method of calculation of logP
In order to calculate the logP value the select-
ed topological indices based on adjacency matrix:
Gutman (M" and M), Randic (°x", % and ') and also
based on distance matrix: Pyka (°B, 'B), Wiener
(W), and Balaban (I;) were calculated. The numeri-
cal values of calculated topological indices are list-
ed in Table 2. The method of calculation of these
indices have been described elsewhere (38-41).
Topological indices based on distance matrix were
calculated by building a distance matrix and by

Table 2. Numerical values of the selected topological indices cal-
culated for examined spironolactone.

The topological indices based on:
Adjacency matrix
M 216.000
o 10.286
b4 12.384
M 340.440
o 18.608
Distance matrix

w 1678
‘B 2.7288
'B 0.3079
Iy 1.6936

determining its elements by means of values given
by Barysz et al. (42).

The proposed new methods of calculation of
logP value denoted as logP,, logP, and logP; for
examined compound based on its topological
indices are characterized by the following formulae:
[5], [6] and [7]

logP, =B [5]
logP, = % -1 [6]
logPy ="’ - 'B - ‘B (7]

where: , ’B, 'B, W, %" and [ are topological indices.

Regression and cluster analysis

Regression and cluster analysis of obtained
results were performed with the use of computer
software STATISTICA 10.0.

RESULTS AND DISCUSSION

This work is a part of our previous study on
lipophilicity determination of biologically active
steroids. Recently, we have estimated the applicabil-
ity of reversed phase thin-layer chromatography
(RP-TLC and RP-HPTLC) as well as computational
methods to describe the lipophilicity of selected bile
acids, some steroid anabolics, plant sterols (26-34)
and non-steroidal compounds namely salicylic and
acetylsalicylic acids (35). Numerous chromato-
graphic systems were applied in order to determine
lipophilicity descriptor (Ry,) for examined steroids
which have shown various pharmacological action.
Our investigations confirmed that the experimental-
ly determined by thin-layer chromatography
lipophilicity parameter (R,,,) and some computed
logP (calculated by use of appropriate programs)
may be used as alternative to n-octanol - water par-
tition coefficient in describing lipophilic properties
of steroids. Besides obtaining reliable lipophilicity
descriptor of previously tested steroid compounds
(e.g., bile acids), the advantage of the proposed TLC
method was a possibility of examination of several
discussed steroids such as bile acids in parallel stage
(on the same chromatographic plate). According to
our knowledge, until today, there is no paper con-
taining a comparative study of the chromatographi-
cally (by TLC and HPLC) and also computed deter-
mined lipophilicity descriptors of spironolactone.

Therefore, the present lipophilicity study is a
continuation of those earlier reported, in which com-
parison of different lipophilicity descriptors deter-
mined by use of chromatographic methods: RP-
TLC, RP-HPTLC, RP-HPLC and also those calcu-
lated including the newly developed based on
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numerical values of topological indices for spirono-
lactone was performed. Application of the numeri-
cal values of selected topological indices, such as
M, ‘B, 'B, W, %" and I to calculate the partition
coefficients: logP,, logP, and logP; of tested
spironolactone was the novelty of this study.

In order to determine and then to estimate the
compatibility of the chromatographic lipophilicity
parameter (R,,) determined by reversed phase TLC
with those calculated by means of RP-HPLC and
also obtained by use of other procedures, e.g., theo-
retical and with n-octanol - water partition coeffi-
cient logP,, (obtained by shake flask method),
regardless of the applied chromatographic systems,
extrapolation of Ry, values to zero content of organ-
ic modifier ¢ (methanol, acetone, dioxane) in
mobile phase according to Eq. 2 was done.
Parameters of linear relationships between Ry, and ¢
such as r - correlation coefficient, s - standard error,
p - significance level and F value of Fischer test are
listed in Table 3. Analysis of correlation coefficients
in Table 3 (r above 0.9) indicates that strong corre-
lations were obtained for all modifiers in the range
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of 55-90%. Thus, all discussed linear dependences
may be satisfactory applied to determine relative
lipophilicity parameter R, for tested compound.
The results of Ry, (£ SD) obtained under 9 chro-
matographic systems: on different chromatographic
plates and by various mobile phases are presented in
Table 3. From the data presented there, it could be
concluded that obtained Ry, values are placed in the
range of: 2.513 - 3.476. In order to estimate the
impact of organic modifier of all applied (methanol,
acetone and dioxane) on chromatographic retention
of tested compound, the R, values determined
using RP-TLC and RP-HPTLC plates and by use of
these three mobile phase systems were compared
using cluster analysis (single-bond method,
Euclidean-distance) in Figure 1. Dendrogram (see
Fig. 1) indicates a big similarity between R, values
determined on all applied chromatographic plates
used in this experiment which have been developed
with the use of dioxane - water (Ryyq,) and also ace-
tone - water (Ryyy,) as the mobile phases. This fact
could be explained by similar behavior of spirono-
lactone developed in both solvent systems. Thus, it

Table 3. Parameters of Eq. [2] (RP-TLC and RP-HPTLC) and Eq. [4] (RP-HPLC) calculated for tested compound.

Parameters of linear correlations R,,=R,,,_Sx (p>k
Stationary phase type R,w(£SD) S(=SD) ‘ r ‘ S F n
methanol — water (v/v)
Silica gel RP-18WF,;, | 3.476 (£ 0.229) 4.593 (£ 0.322) 0.983 0.124 203.8
Silica gel RP-18F,, 3.474 (£ 0.243) 4.264 (£ 0.319) 0.986 0.080 178.4
Silica gel RP-2F,,, 2.942 (£ 0.080) 4.283 (£ 0.113) 0.998 0.044 1442.1
acetone — water (V/v)
Silica gel RP-18WF,;, | 2.564 (£ 0.182) 3.756 (£ 0.261) 0.988 0.092 206.9
Silica gel RP-18F,, 3.035 (£ 0.190) 4.064 (£ 0.272) 0.989 0.095 223.8
Silica gel RP-2F,,, 2.513 (£ 0.220) 3.804 (£ 0.316) 0.983 0.011 145.2 7
dioxane — water (v/v)
Silica gel RP-18WF,;, | 2.527 (£ 0.162) 3.931 (£ 0.247) 0.988 0.106 254.2 7
Silica gel RP-18F,, 2.855 (£ 0.103) 4.238 (£ 0.155) 0.997 0.066 746,0 8
Silica gel RP-2F,, 2.778 (£ 0.133) 4.464 (+ 0.203) 0.994 0.087 481.8 8
Parameters of linear correlations (+ SD) logk = logk, — S x (0*
Stationary phase type ‘ logk, ‘ S ‘ r ‘ S ‘ F ‘ n
methanol — water (v/v)
Silica gel RP-18 | 3.144 (£0.030) | 3.921x0040) | 099 | 0020 [ 81120 | 9
dioxane — water (v/v)
Silicagel RP-18 | 1952 0.124) | 3.193*0.163) | 0994 | 0053 | 3829 | 6

Notes: n-number of points used to derive the particular regressions; r-correlation coefficient; s- standard error; F-value of Fischer test;

* for all equations the significance level p < 0.001.
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could be suggested that acetone may be applied
alternatively to dioxane as mobile phase component
in lipophilicity study of examined compound.

In further investigations, to estimate utility of
high-performance RP-HPLC to predict the lipo-
philicity parameter of spironolactone expressed as
logk,, the logk values obtained on the basis of t; val-
ues (Eq. 3) were extrapolated to zero content of
organic modifier (methanol or dioxane) in applied
mobile phases: methanol - water and dioxane —
water, respectively, in accordance with Eq. 4.
Exemplary TLC and HPLC chromatograms of
spironolactone obtained with methanol - water sys-
tems are shown in Figure 2 A and B, respectively.
Parameters of linear correlations between logk and j,
such as r-correlation coefficient, s-standard error, p-
significance level and F value of Fischer test are
presented in Table 3. Satisfactory results of r values
which range from 0.994 to 0.999 show that the
obtained linear correlations between logk and ¢
allow to determine relative lipophilicity descriptor
expressed in HPLC as logk,. It can be observed that
logk, predicted by use of dioxane - water (logk,,)
is visibly lower compared to those predicted with
the use of methanol - water (logk,,). Obtained
logk,, was 1.952 in the case of used dioxane as
organic modifier of mobile phase and 3.144 for
methanol, respectively (Table 3). We have disquali-
fied in HPLC lipophilicity measurements the third
of applied organic modifier - acetone, due to
observed inacceptable results of t, caused by irregu-
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lar noise baseline on chromatograms of spironolac-
tone detected using mobile phase acetone - water.
This fact confirmed the suggestion performed by
Komsta et al. (16) that of several modifiers,
methanol and dioxane are the best in lipophilicity
determination by use of TLC and HPLC methods.

Partition coefficients logP calculated by means
of software packages available online (at the Virtual
Computational Chemistry Laboratory) and also
experimental logP (determined by shake flask
method) summarized in Table 1 indicate certain dis-
crepancies among themselves. Generally, computed
logP which has been predicted by various algo-
rithms is placed in the range: from 2.88 (1ogPxowwin)
to 3.77 (MlogP). Thus, average value of partition
coefficient calculated on the basis of all computed
logP is 3.24 (£ 0.36). As it can be seen, this value is
relatively higher in relation to n-octanol - water par-
tition coefficient (logP,,,) obtained from available
software. Among all computationally calculated
logP the most similar to logP,,, is logPyowwn and
xlogP;. In addition to this, the greatest similarity to
average logP indicates AlogPs and also xlogP2.
These results indicate that in order to apply the com-
puted logP as a measure of lipophilicity of examined
compound, critical review of all available logP for
spironolactone should be done.

Analysis of partition coefficients obtained by
the use of proposed procedure based on topological
indices (Table 1) demonstrates that the first method
of calculations (based on topological index ‘B, Eq.
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Figure 1. Cluster analysis of lipophilicity descriptors (Ryy) determined for spironolactone by means of RP-TLC and RP-HPTLC and bina-
ry solvent systems: methanol — water (m); acetone — water (a) and dioxane — water (d) as mobile phases



Lipophilicity assessment of spironolactone by means of reversed phase liquid... 241

2004

AU

150

100+

50

0 g r T y
0.00 0.10 0.20 0.30 0.40

B 400
350
300

250

(mAU)

200 8499

150

N

0.50 060 070 080 090 R

07 \r

4

w-

0. 1 2

(min)

Figure 2. Exemplary TLC chromatogram of examined spironolactone obtained on chromatographic plates RP-18F,s, using methanol —
water: 90 : 10 (v/v) (A); example of HPLC chromatogram of spironolactone investigated on column RP18 by the use of methanol - water

in volume composition: 90 : 10 (v/v) (B)

5) gives the result of lipophilicity descriptor (desig-
nated as logP,) very similar to logP,,. Other parti-
tion coefficients calculated by means of various
topological indices according to Eq. 6 and Eq. 7 pre-
sented in Table 1 are logP, and logP; which show
higher similarity to 10gP,... It could be suggested
that topological indices may be useful in predication
of lipophilic properties of steroid compounds like,
for example, spironolactone.

As it was accurately emphasized in introduc-
tion part of this work, in order to estimate which of
the theoretically determined (by different calcula-
tions procedures) partition coefficient may be a reli-
able measure of lipophilicity of examined biomole-
cule there is a need to compare all calculated logP

values with those obtained by appropriate experi-
mental method. Therefore, the third stage of this
study was the comparison and assessment of all
obtained results. Compared experimental and calcu-
lated lipophilicity descriptors for spironolactone are
presented in Figure 3.

As results from Figure 3, of all chromato-
graphically determined lipophilicity descriptors
(Ryw) the biggest similarity to logP,,, shows Ry
obtained on glass RP-HPTLC plates RP-18F,s, and
RP-2F,,, developed with mobile phase: dioxane -
water: RMWRP18, and also RMWRP2,.. Among
computed partition coefficients, these which are
comparable to those are logPyowwiy and xlogP; The
results of RP-HPLC analysis indicate that the chro-
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Figure 3. Comparison of experimental and calculated lipophilicity descriptors for spironolactone determined using various methods: (m)

methanol - water; (a) acetone - water and (d) dioxane - water,; logP,

— the experimental partition coefficient determined by shake flask

method; logP,, logP, and logP; — partition coefficients calculated on the basis of topological indices

matographic parameter of lipophilicity predicted by
this technique in methanol - water system and denot-
ed as logkRP18,, is relatively higher in relation to
logP,,, but correlates well with the computed logP,
AlogPs and also with average value of logP
(logP,,eriee). The second parameter estimated by
means of RP-HPLC and dioxane as organic modifi-
er of mobile phase —logkRP18,, demonstrates much
lower value (about 2) in comparison with other
lipophilicity parameters. Thus, no significant rela-
tion between this parameter and also others obtained
in this study was observed. It confirms previous sug-
gestion that dioxane gives better results of
lipophilicity measurements conducted by TLC than
by HPLC. The last group of estimated lipophilicity
parameters of examined spironolactone are those,
which have been calculated on the basis of the
numerical values of selected topological indices
based on adjacency and on distance matrix, respec-
tively: MY, °B, 'B, W, %" and I according to the pro-
posed formulae (Eq. 5-7). These partition coeffi-
cients: logP,, logP, and logP; are placed in the range
of: 2.73-3.24. Among them, logP, based on topolog-
ical index B is in good agreement with logP,,, and
also with chromatographically predicted lipophilici-
ty parameter Ry, in dioxane - water system on RP-
2F,s, plates (RMWRP2(d)). Good correlation could
be observed also between logP, and the following
computationally determined partition coefficients:
AClogP, logPyowwin and xlogP;.

Next partition coefficient determined by newly
developed procedure based on topological indices:
W, MY, and I;; described by Eq. 6 enabled calculate
logP, which shows the biggest similarity to chro-
matographic parameter of lipophilicity logk, deter-
mined by use of methanol - water (logkRP18(m))
and also with computationally determined 10gP, ;g
The third developed partition coefficient (logP;)
indicates the biggest similarity to the Ry, obtained
on RP-2F,;, plates developed with mobile phase:
methanol - water and also on silica gel RP-18F,s,
using acetone - water as the mobile phase.

Finally, it can be concluded, that the results of
lipophilicity parameters of spironolactone obtained
by the use of TLC and HPLC indicate that liquid
chromatography can play important role as an
experimental method in lipophilicity study of certain
steroids like spironolactone because is accurate, not
expensive and does not require a large amount of
compound in comparison with classical shake flask
method. Additionally, it has been stated that the best
(optimal) chromatographic conditions which
allowed obtain the lipophilicity results (expressed as
Ryw and logk,,) similar to those determined by the
use of reference shake flask method are: dioxane —
water and silica gel RP-2F,;, and RP-18F,,, in the
case of TLC. In the case of HPLC a mixture of
methanol - water (as mobile phase) and column
RP18 (as the stationary phase) are optimal in
lipophilicity study of spironolactone.
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Further investigations will be continued.
The predicted by different theoretical methods
and also chromatographically determined
lipophilicity descriptors of spironolactone will be
applied not for description of its lipophilicity
only but also to estimate the efficiency and appli-
cability of newly developed logP calculation
models based on topological indices to evaluate
the pharmacokinetic properties of tested spirono-
lactone and its metabolite like canrenone in
future QSAR study.

CONCLUSIONS

From the analysis of obtained data, it can be con-

cluded that:

e liquid chromatography in reversed-phase system,
such as RP-TLC, RP-HPTLC and also RP-HPLC
can be an alternative method to traditional shake
flask procedure for studying lipophilicity of
spironolactone;

e R,y and logk, parameters can be used as an esti-
mation of the lipophilicity of spironolactone;

e partition coefficients logP calculated according to
molecular structure of tested compound by use of
online available package software, such as
AlogPs, logPyowwin, XlogP2, xlogP3, AClogP,
AlogP and MlogP demonstrate certain discrepan-
cies which could be explained by differences in
accuracy of these calculations;

e newly developed logP calculation models based on
topological indices are suitable for predication of
partition coefficients of investigated spironolactone
denoted as logP,, logP, and logP;, respectively;

e among performed theoretical lipophilicity param-
eters, those which are comparable with n-octanol
- water partition coefficient (logP.,) determined
by shake flask method are: computed 10gPxowwins
xlogP3 and also the newly developed logP;;

e of all chromatographic lipophilicity descriptors:
Ryw and logk, those which correlate well with
logP,,, are Ry, values determined by use of diox-
ane - water system and silica gel (RP-2F,5, and
RP-18F,s,);

e obtained lipophilicity parameters including chro-
matographic results, such as Ry and logk, can
be used in future QSAR study of spironolactone
and its metabolite like canrenone.
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