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Effect of molecular parameters on the retention of steroid
drugs on alumina support
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Abstract

The retention of 18 steroids was determined on an alumina HPLC column and in TLC carried out on alumina
layers using dichloroethane-dioxane mixtures as eluents. RM0-values of steroids decreased linearly with increasing
concentration of dioxane in the eluent. The adsorption capacity and specific hydrophilic surface area of steroids were
not correlated indicating the inhomogenous character of steroids as solutes. The prediction power of TLC for HPLC
was low probably due to the different pH of alumina surface. The hydrogen donor and hydrogen acceptor capacities
of steroids have the highest impact on the retention. Steroids with free �OH group differ in their retention behavior
from the other derivatives. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

The use of silica or modified silica sorbents in
adsorption and reversed-phase high performance
liquid chromatography is hampered by their low
stability at alkaline pH [1,2]. Due to it higher pH
stability alumina support is a promising sub-
stituent of silica [3,4]. The retention behaviour of
alumina [5] and alumina based sorbents [6] has
been recently evaluated. Some new experimental
processes have been developed for coating the
alumina surface with hydrophobic ligands [7–9],
and these sorbents have been used for the separa-

tion of organic bases [10], imidazol(in)e drugs
[11], proteins [12] and peptides [13].

Many HPLC methods have been developed for
the separation of bioactive steroids [14] using
various sorbents such as silica [15], amino-propyl
silica [16] ion-exchanger [17], porous graphitic
carbon [18], cyclodextrin bonded silica [19], etc.
however, according to our knowledge alumina
support has not been frequently used for the
HPLC separation of steroid derivatives.

The objectives of our investigations were to
study the retention behaviour of alumina supports
using biologically active steroids as model com-
pounds, to find the physicochemical parameters of
solutes governing the retention and to evaluate
the prediction power of TLC data for HPLC
analysis [20,21].
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2. Experimental

The structures of steroid drugs are listed in
Table 1. The steroids were dissolved in dioxane at
concentration of 5 and 0.1 mg ml−1 for TLC and
HPLC investigations, respectively.

2.1. High performance liquid chromatography

A 25 cm×4 mm I.D. alumina column was used
in each experiment. The retention characteristics
of the column have been previously reported [22].
The HPLC equipment consisted of a Liquopump
Type 312 (Labor MIM, Budapest, Hungary, a
Cecil CE-212 spectrophotometer (Cambridge,
England) used as the detector, a Valco 20-ml
injector (Houston, TX), and a Waters 740 integra-
tor (Milford, MA). The eluent was dichloroe-
thane:dioxane 95:5 v/v. The flow rate was 1 ml
min−1, and the detection wavelength was set to
240 nm. The column was not thermostated. Each
HPLC measurement was run in triplicate. The
capacity factor and the coefficient of variation of
capacity factor was calculated for each solutes
showing acceptable mobility in the eluent.

2.2. Thin-layer chromatography

DC-Alufolien Aluminiumoxide F254 (Merck,
Darmstadt, Germany) plates were used without
any pretreatment. The developments were carried
out in sandwich chambers (22×22×3 cm) at
room temperature, and the running distance was
ca. 15 cm. The use of sandwich chambers was
motivated by the fact that their void volume is
lower than that of normal TLC chambers result-
ing lower solvent comsumption. Dichloroethane-
dioxane mixtures were used as eluents in the
concentration range of 0–15 vol.% dioxane in
steps of 2.5 vol.%. The change of the dioxan
concentration was always linear. The chambers
were not presaturated. After development the
plates were dried at 105°C, and the spots were
detected under UV light or with iodine vapour.
Each determination was run in quadruplicate.
When the coefficient of variation between the
parallel determinations was higher than 6%, the
data were omitted from the calculations.

2.3. Mathematical methods for the e6aluation of
retention beha6iour

Linear correlations were calculated between
RM-value and the dioxane concentration (C) in
the eluent Eq. (1) separately for each steroid:

RM=RM0+b ·C (1)

where RM is the actual RM-value of a steroid
determined at C vol.% dioxane concentration,
RM0 (intercept) is the theoretical RM-value extrap-
olated to zero dioxane concentration, and b
(slope) is related to the specific hydrophilic sur-
face area of steroid derivatives [23,24].

To elucidate the validity of the hypothesis that
in the case of homologous series of solutes the
slope and intercept values are strongly intercorre-
lated [25,26], the homologous or inhomogenous
character of steroids as solutes in adsorption
chromatography was assessed by calculating lin-
ear correlations between the slope (b) and inter-
cept values (RM0) of Eq. (1). To find the
relationship between the HPLC and TLC reten-
tion data, log k %-values were correlated with the
slope and intercept values of Eq. (1).

To find the physicochemical parameters of
steroids influencing their retention on alumina
supports, stepwise regression analysis was applied
[27]. Parameters included in the calculation were:
p=Hansch-Fujita’s substituent constant charac-
terizing hydrophobicity; H-Ac and H-Do are the
indicator variables for proton acceptor and pro-
ton donor properties, respectively; M-RE is the
molar refractivity; F and R are the Swain-Lup-
ton’s electronic parameters characterizing induc-
tive and resonance effect, respectively; s is
Hammett,s constant, characterizing electron-with-
drawing power of substituent; Es is Taft’s con-
stant, characterizing steric effects of substituent;
B1 and B4 are the Sterimol width parameters
determined by distance of substituent at their
maximum point perpendicular to attachment
bond axis [28]. The parameters of the steroidal
drugs were calculated by using the fragmental
constants and the additivity rule.

Stepwise regression analysis was carried out
three times, the log k %, RM0 and b (Eq. (1)) values
being separately the dependent variables, whereas
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Table 1
Chemical structures of steroid drugs

General structures

Substituent positionNo. of
Compound

11 13 16Structure 2 3 177

– �O�CO�CH3–1 A �O�COCH3

��OH––2 –Aa – �O –
�CO�CH3

– –3 Aa – �O – �OH ��OH
�CO�CH2OH

– –4 Aa – �O – – �OH
��C�CH

– – –5 ��OHAa – �O –
�CO�CH2OH

– – – �OH6 Aa – – –
�CH2�C�CH

–7 –Aa – �O ��S�SO�CH3� –

8 �OHAa – �O – – �C2H5 –
��C�CH

– – – �O�CO�CH2�C6H59 Aa – �O –
– – ��C�CH10 Aa �O�CO�CH3– �O�CO�CH3 –

– –11 Aa – �O – – �O�CO�CH3

��C�CH
–12 Ab – �O – �CO�CH3�OH

C16��O�C(CH3)2�O��C17

�OH – –13 Ab – �O –
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Table 1 (Continued)

– �OH–C2�CH�N�O�C3Ac14 ��C�CH–
–B15 –– �OH––�OH

––�O�CO�C6H5–16 B – �OH–
– �O�O�CO�CH3–B –17 – –

– �OH –B –18 – ��C�CH �OH

a Double bond between C4 and C5.
b Double bonds between C1–C2.
c Double bonds between C2–C3 and C4–C5.

the physicochemical parameters listed above were
in each case the independent variables. The accep-
tance level for the individual independent vari-
ables was set to a 99% significance level.

To assess the similarities or dissimilarities be-
tween the retention characteristics and physico-
chemical parameters of steroids, principal
component analysis (PCA) was applied [29]. The
log k %, the adsorption capacity (intercept values of
Eq. (1)), the specific hydrophilic surface area
(slope values of Eq. (1)), and the physicochemical
parameters of steroids were taken as variables and
the steroids were the observations. The two di-
mensional non-linear map of PC loadings and
variables was also calculated [30]. Iteration was
carried out to the point when the differences
between the two last iterations was lower than
10−8.

3. Results and discussion

Some chromatograms are shown in Figs. 1 and
2. The peaks are relatively symmetric, however,
the peak widths are sometimes high. This finding
makes probable that the activity of the adsorption
centers on the alumina surface are different result-
ing in the modification of the energy of solute-
support interaction.

The log k %-values and the coefficient of varia-
tion are listed in Table 2 (compounds 1, 12, 13, 15
and 18 were very strongly retained under the
experimental conditions in HPLC). The log k %-
values show high diversity indicating that the
steroids can be successfully separated on the alu-
mina column. The coefficients of variation are low
(in most cases under 1%) showing the good repro-
ducibility of HPLC measurements.

Fig. 2. Separation of some steroid drugs on alumina HPLC
column. Eluent: dichloroethane:dioxane 95:5 v/v. Flow rate 1
ml min−1. Numbers refer to steroids in Table 1.

Fig. 1. Separation of some steroid drugs on alumina HPLC
column. Eluent: dichloroethane:dioxane 95:5 v/v. Flow rate 1
ml min−1. Numbers refer to steroids in Table 1.
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Table 2
Log k %-values of bioactive steroids on alumina columna

Log k %No. of steroid
drugs

Mean Coefficient of variation %

2 0.236 0.23
3 0.150 0.17

0.7644 0.36
5 0.140.226

−0.1256 0.38
0.1767 0.22
0.6908 1.14

9.00×10−39 0.49
0.08410 0.73
0.11511 0.16
0.76814 1.03

0.8416 0.554
0.6317 −1.048

a Numbers refer to steroid drugs in Table 1.

retention (it accounts for about 65% of total
variance). This finding support our previous con-
clusions that the pH-value of the surface of alu-
mina support has a considerable influence on the
retention.

The results of principal component analysis are
compiled in Table 4. The first four components
account for about 80% of the total variance. This
means that four background variables include the
majority of the information content of the 13
chromatographic and physicochemical parame-
ters. It must be emphasized that the four hypo-
thetical variables need not to have any concrete
physical (or chromatographical) meaning. PC
analysis only proves their mathematical possibil-
ity. The high loadings of retention parameters are
distributed between the principal components
supporting our previous conclusions that the
HPLC and TLC results are different, and TLC is
not suitable for the prediction of retention be-
haviour in HPLC. We have to emphasize that this
conclusion is valid only for the special case inves-
tigated, and we regard the extrapolation of the
results to other TLC-HPLC pairs as inadmissible.

The parameters of Eq. (1) are compiled in
Table 3 (compound 1 was very strongly retained
in TLC). The retention of steroids decreases lin-
early with increasing concentration of dioxane in
the eluent, and no anomalous retention behaviour
was observed.

No significant correlation was found between
the slope and intercept values of Eq. (1). This
finding proves that from chromatographic point
of view, these steroid derivatives cannot be re-
garded as a homologous series of solutes. The
log k %-values were not correlated neither with RM0

nor with b-values. This discrepancy can be tenta-
tively explained by the supposition that the sur-
face pH and the adsorption capacity of active
centers on the alumina surface may be different
due to the different production procedures. This
finding also indicates that in our case the predic-
tive power of TLC for HPLC is fairly low.

Stepwise regression analysis selected only one
significant correlation:

RM0= −0.46+ (0.8690.16).H−Do (2)

n=17; rcalc.=0.8062; r99%=0.7247.

Eq. (2) suggests that the hydrogen-donor capac-
ity of steroids has the highest impact on their

Table 3
Correlations between RM-values of steroid drugs and the
concentration of dioxane (C) in the eluenta

rcalc.Sb−bRM0No. of steroids

0.98 1.532 11.80 0.9602
0.201.52 0.98301.913

0.92131.910.604 10.14
3.545 1.47 0.77 0.8993

−0.94 2.246 0.27 0.9790
1.6911.890.417 0.9530

8 9.400.36 1.58 0.9358
7.86−0.279 0.90201.88

−0.7310 5.76 0.91211.29
0.935610.2611 1.73−0.04

1.6712 3.44 0.94620.59
2.08 2.8613 0.40 0.9635

14 0.20 8.81 1.57 0.9291
0.94921.6110.8915 1.28

0.13 9.2016 1.77 0.9186
17 −0.74 5.76 1.01 0.9388
18 1.010.90 0.92486.48

a Numbers refer to steroid drugs in Table 1. Sb, standard
deviation of slope.

RM=RM0+b ·C
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Table 4
Relationship between the retention characteristics and physicochemical parameters of steroidsa

No. PC components Eigenvalues Variance explained (%) Total variance explained (%)

1 3.66 28.13 28.13
2 2.63 20.23 48.36
3 2.35 18.10 66.46
4 1.64 12.63 79.09
5 0.89 6.88 85.97

Parameters Principal component loadings
51 42 3

−0.06p 0.65−0.01 0.50 0.28
H-Ac −0.090.71 −0.110.48 0.44
H-Do 0.46 0.82 −0.19 −0.16−0.20

0.31M-RE −0.29 0.22 0.53 0.54
F 0.110.82 −0.04−0.42 −0.07

−0.24R 0.24 −0.50 0.68 −0.09
−0.03s 0.28 0.29−0.18 0.86

0.70Es −0.36−0.12 0.18 −0.18
−0.01B1 0.91 −0.05−0.33 −0.07

−0.14B4 0.70 0.29−0.24 −0.36
0.07log k % 0.41 0.31 −0.55 0.55

RM0 −0.160.64 0.100.67 0.26
0.15bTLC 0.39 −0.50 −0.14 0.61

a Results of principal component analysis.

Fig. 4. Similarities and dissimilarities of steroid drugs. Two-di-
mensional nonlinear map of principal component variables.
No of iterations: 90; max. error: 5.80×10−2. Numbers refer
to steroid drugs in Table 1.

Fig. 3. Similarities and dissimilarities between the chromato-
graphic parameters and physicochemical characteristics of
steroid drugs. Two-dimensional nonlinear map of principal
component loadings. No of iterations: 181; max. error: 6.23×
10−2. Signs refer to chromatographic parameters and physico-
chemical characteristics of steroid drugs in Experimental.
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Capacity values of alumina supports (log k %
and RM0) and the hydrogen-donor and hydro-
gen-acceptor capacities of steroids form a com-
mon cluster on the two-dimensional nonlinear
map of PC loadings (Fig. 3). This finding is in
accordance with the results of stepwise regression
analysis, and indicates that acidic or basic char-
acter of support surface and/or solute exert a
considerable impact on the retention.

Steroids with free �OH group form separate
cluster on the two-dimensional nonlinear map of
principal component variables (Fig. 4). This re-
sult supports again the previous conclusions
about the important role of the hydrogen donor
and hydrogen acceptor capacities.
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