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CHROMATOGRAPHIC DATA–TOPOLOGICAL
INDEX DEPENDENCE FOR 

SELECTED STEROIDS

A. Pyka

Faculty of Pharmacy, Academy of Medicine,
4, Jagiellońska Street, PL-41-200 Sosnowiec, Poland

ABSTRACT

Selected steroids have been separated by reversed phase thin
layer chromatography and reversed phase high performance liquid
chromatography. The chromatographic data (RM and log k'), and
partition coefficient (log P) values of the compounds have been
correlated with the numerical values of topological indices. The
most accurate predictions of the RM, logk', and log P values of the
selected steroids were achieved by using monoparametric equa-
tions employing the topological indices oB.

INTRODUCTION

Steroids have a cyclopentanoperhydrophenanthrene skeleton. Steroids have
a biological significance.1-4 Studies were proven by analysis of steroids content
and composition in food.5-10 Studies of the correlation between structure and
retention time and hydrophobic properties are particularly important in the case
of biologically active substances.11-17

Optimization of chromatographic systems and the possibility of predicting
the course of TLC and HPLC separation has been the subject of many papers.15,16,18-22
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Steroids, considering their biological properties, are the subjects of inten-
sive studies. In this connection, the aim of the work reported herein was to apply
topological indices and to evaluate the correlation between these topological
indices, and chromatographic data (RM and log k' values), and the partition coef-
ficient of the selected steroids separated by RP-TLC and RP-HPLC. The aim of
these investigations were to also compare the significance of particular topologi-
cal indices in discussed dependences.

EXPERIMENTAL

Reversed Phase Thin Layer Chromatography

The steroids: corticosterone acetate (I), 11-dehydrocorticosterone acetate
(II), corticosterone (III), 11-dehydrocorticosterone (IV), hydrocortisone (V), and
cortisone (VI) (E.Merck, Darmstadt, Germany) were investigated. RPTLC was
performed on precoated kieselguhr and silica gel plates (#5567, E. Merck,
Germany), which were impregnated with a 10% solution of paraffin oil in
hexane. Steroids were separated using methanol-water (65:35, V/V) as the mobile
phase. The development distance was 14 cm. The chromatograms were visualized
in UV light (=254 nm).

Reversed Phase High Performance
Liquid Chromatography

RP-HPLC was performed on 150 x 3.3 mm (i.d.) Separon Six C18 col-
umn using a Knauer instrument with UV detection (=254 nm). Column void
time was determined using the peak derived from a solution of sodium nitrite in
methanol. The mobile phase was prepared from analytical grade methanol and
redistilled water (3:2, V/V). Earlier, this mobile phase was applied by Śliwiok
et al.23

Calculation of Topological Indices Described
in the Literature

The Randić (0χ, 0χν, 1χ, 1χν),24-26 Wiener (W),24,25,27 Balaban (IB),24,25,28 and
Pyka (A, oB)24,29 indices were calculated for the investigated compounds. The
Wiener, Balaban, and Pyka indices were calculated by building the distance
matrix and determining its elements by means of values given by Barysz et
al.30
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Calculation of Partition Coefficients, logP

Partition coefficients logP were calculated from fragmental constants,
according to the method of Rekker,31 using eq.:

log P = nl anfn (1)
using the following numerical values of fn where n denotes a given struc-

tural fragment:
f-CH3

=0,702; f=CH2
=0,527; f=CH =0,236; f=C= =0,140; f-CH=C= =0,51;

f=C=O =�1,69; f-OH =�1,44; and f-COO- =�1,28.

RESULTS AND DISCUSSION

RF, RM
and logk’ values; logP values by Rekker; and numerical values of the

topological indices 0χ, 0χν, 1χ, 1χν, W, IB, A, 0B are listed in Table 1 for the inves-
tigated steroids.

The computer program, Statgraphics, was then used to perform correlation
analysis, by a least squares method on all the topological indices and values listed
in Table 1. The correlation coefficients for simple linear relationships between
the topological indices, RM and logk’, and logP are listed in Table 2.

The best relationships for chromatographic parameters (RM and logk’) and
hydrophobic parameter logP were obtained as: RM vs. logk’; RM vs. logP; logk’ vs.
logP; RM vs. 0B; logk’ vs. 0B; and logP vs. 0B. These correlation have good linear-
ity, usually with r>0.96:

RM = -0.7210 (± 0.0495) + 0.8211(± 0.0717)logk’ (2)
n=6; r = 0.9851; s=0.031; F= 131.05; P=0.0003

RM = -0.2974(± 0.0134) + 0.1442(± 0.0101)logP (3)
n=6; r = 0.9904; s=0.025; F= 205.7; P=0.0001

logk' = 0.5196(± 0.0227) + 0.1713(± 0.0170)logP (4)
n=6; r =-0.9808; s=0.042; F= 101.34; P=0.0005

RM = 14.9756(± 1.4002) - 5.9486(± 0.5498)0B (5)
n=6; r = -0.9833; s=0.033; F= 111.07; P=0.0004

log k' = 18.5859(± 2.2622) - 7.0362(± 0.8882)0B (6)
n=6; r = -0.9696; s=0.053; F= 62.75; 1 P=0.0014

logP = 106.454(± 3.332) - 41.464(± 1.308) 0B (7)
n=6; r = -0.9980; s=0.078; F= 1004.23; P=0.0000
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where n is the number of compounds used in the derivation of the regression
equation; r is the correlation coefficient; F is the value of the Fisher test; P is the
significance level of F value; and s is the standard error of the estimate.

The relationships between the RM values and the topological indices indi-
cate that topological index 0B has an important significance in the research of this
relationship. The identical observation refers to the dependence logk’ vs. topolog-
ical index 0B. The high correlation coefficient was observed for the relationship
between logP and 0B, also. This fact indicates that this discussed dependence has
significance in the partition process in an octanol - water system. The values of
correlation coefficients have slight noticeable differences for the above-men-
tioned relationships. These differences are contained in the limit of error of esti-
mation of the research method. Significantly lower values of correlation coeffi-
cient for relationship logk’ vs. 0B ensues from the work of the column, among
other things.

The high correlation coefficients and significance levels of the equations
presented in this paper, are indicative of the special physicochemical importance
of topological index 0B from amongst all investigated topological indices. Index
0B shows important significance on the scale of investigated correlations. This
fact ensues from the establishment of calculation of topological index 0B.24,29

One test of a predictive equation like Eqn (5) is how well it predicts values
of a compound not included in the training set. One compound, hydrocortisone,
was removed from the training set, and a monoparameteric equation was re-cal-
culated as:

RM = 15.5795(± 1.7269) - 6.1878(± 0.6796)0B (8)
n=5; r = -0.9824; s=0.035; F= 82.91; P=0.0028

Table 3 gives the RM and RF values, calculated from Eqn (8), of the hydro-
cortisone deleted from the training set. As would be expected, the RM and RF val-
ues predicted by Eqn (8) are accurate. The correlations obtained indicate that they
are robust and can be used for reasonably good predictions of the RM and logk'
values, and logP values.
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Table 3. RM and RF Values of Hydrocortisone Omitted from Equation (8) and Predicted
by That Equation

RM RF

Predicted Experimental Predicted ∆RF % Error

−0.348 0.675 0.690 0.015 2.2
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These experiments indicate that the topological index 0B is connected in a
special way with the hydrophobic parameter of a compound between immiscible
phases. This fact was confirmed by high correlation coefficients.

Further investigations concerning the physicochemical significance of the
topological index 0B, in connection with chromatographic data, are being contin-
ued.
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