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 Quantitative structure-retention relationship (QSRR) method was applied to study the 
chromatographic behaviour of D-homo-androstene derivatives 1-7. Retention constants 
(RM

0) of the analysed derivatives were determined by reversed-phase high-performance 
thin-layer chromatography (RP HPTLC) on C18 plates by using four mobile phase mix-
tures: methanol-water, acetone-water, acetonitrile-water, and dioxane-water. Correla-
tion analysis based on multiple regression method was applied in order to model chro-
matographic retention by means of nine different lipophilicity descriptors (logP). The de-
veloped QSRR models were cross-validated and high-quality validation parameters were 
obtained by leave-one-out method. It was found that the derived QSRR models have a 
good predictive ability.  
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INTRODUCTION 
 

 Androgens are a group of chemically related sex steroid hormones. These steroid hor-
mones orchestrate growth and development of the male reproductive system. Later in life, 
these hormones trigger male puberty, influencing vocals, body ornamentation, muscle 
mass, and behaviour such as sex drive and aggressiveness. Like all steroid hormones, 
androgens produce effects by docking with receptors on the cell's membrane surface or 
inside the cell in the liquid cytoplasm. Receptor binding triggers different chemical signa-
ling systems depending on receptor location (1). Androgens are converted to other steroid 
hormones through enzymatically catalyzed reactions (2-4).  
 The physicochemical properties predicted from structure are helpful in the search of 
new molecules of similar or increased biological activity. The development of steroidal 
drugs is often followed by research on structure-activity relationship (SAR) studies (5-7). 
Quantitative structure-activity relationship (QSAR) approach, including multivariate data 
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analysis in combination with statistical design, has become extensively used. This me-
thod represents an attempt to correlate biological activities of compounds with structural 
or molecular descriptors including physicochemical, electronic, geometrical, topological 
or thermodynamic parameters. Progress in the use of QSAR methods has shown the 
importance of the hydrophobic or lipophilic nature of biologically active molecules. 
Octanol-water partition coefficient, referred to as logP, is a frequently used parameter in 
organic synthetic chemistry. It is a quantitative descriptor of lipophilicity, one of the key 
determinants of pharmacokinetic properties (8). LogP is commonly used in QSAR studi-
es and drug design, since this property is related to drug absorption, metabolism, bioavai-
lability and toxicity. There are many methods for estimating logP, experimental as well 
as computational. The traditional shake flask method is often replaced by alternative me-
thods, such as reversed-phase liquid chromatography (RPLC). Chromatographic methods 
are experimentally simple, low cost, accurate, and have high-throughput. Quantitative 
structure-retention relationship (QSRR) analysis is among the most extensively studied 
manifestations of linear free-energy relationships (LFER). These are the statistically deri-
ved relationships between the structures of solutes and their chromatographic retention 
(9). The application of RP HPTLC, as well as normal-phase (NP) HPTLC chromato-
graphic data of androstene derivatives to a QSRR and QSAR studies has been described 
in our previous papers (10,11). In this context, the aim of the present study was to investi-
gate chromatographic behaviour of D-homo-androstene derivatives 1-7 and determine the 
quantitative relationships between the retention constants and their chemical structures. A 
central object of this study was to establish multivariate quantitative lipophilicity-reten-
tion relationships and to derive the high quality models which correlate the lipophilicity 
of these compounds with their retention data.  
 

EXPERIMENTAL 
 
 The structures of the investigated androstene derivatives 1-7 are presented in Fig. 1. 
The compounds were synthesized according to earlier described procedures (12,13). The 
chemical structures of the molecules were drawn by HyperChem software (HyperCube 
Inc, Version 7.5). Semiempirical AM1 calculations were used for compounds geometry 
optimization by the program implemented in HyperChem. Chromatographic analysis was 
performed on 10 cm x 10 cm HPTLC plates coated with C18 silica F254 (Merck). The solvent 
mixtures used as mobile phases are listed in Table 1.  
 

Table 1. The solvent mixtures used as mobile phases 
 

Mobile phase 
Volume fraction of 
organic modifier, φ 

Methanol-water 0.5-0.9 
Acetone-water 0.5-0.8 
Acetonitrile-water 0.5-0.7 
Dioxane-water 0.5-0.7 
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 The compounds investigated were separately dissolved in methanol (1 mg/ml), and 0.2 μl 
of the solutions were spotted on the plates. Chromatograms were developed by the ascending 
technique at room temperature, without previous saturation of the chamber with the solvent. 
The plates were dried at room temperature and the spots were visualized under UV light at λ = 
254 nm. The Rf values were the averages of at least three measurements. For the subsequent 
calculations, the mean RM values were used, which were calculated by use of the following 
equation: RM = log(1/RF  - 1). The calculated RM values for different concentrations of organic 
solvent were used to check the linearity of their relationship with the volume fraction of the 
organic modifier according to the equation: RM = RM

0 + mϕ,, where ϕ  is the volume fraction 
of organic solvent in the mobile phase, RM

0 (intercept) is the RM value extrapolated to zero 
concentration of organic modifier (best estimation of the lipophilicity), and m (slope) is related 
to the specific hydrophobic surface area of the androstene derivatives. 
 

 
Figure 1. Chemical structures of the investigated compounds 

 
 The partition coefficients (ACDlogP, AlogP, IAlogP, AB/logP, milogP, logPKow, 
XlogP CSlogP, ClogP) were calculated for the compounds by using different theoretical 
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procedures from the internet data (Table 2). The complete regression analysis including 
linear and multilinear regression (MLR) was carried out by NCSS 2007 Statistical 
Software. 
 

Table 2. Calculated partition coefficients obtained by different software 
 

 
 

RESULTS AND DISCUSSION 
 
 The obtained RM values were plotted against the organic modifier concentration in the 
mobile phase (ϕ). In all the cases, the linear relationships were obtained between RM va-
lues and ϕ. This linearity is indicative of reversed-phase chromatography. The theoretical 
RM

0 values for 0% organic modifier in the mobile phase were determined from the linear 
equations. The results from regression analysis of these relationships are compiled in 
Table 3. The obtained statistical parameters illustrate good quality of the correlations. 
 

Table 3. Correlation data for the partition RP HPTLC equation RM = RM
0
 + mφ 

 
Compound RM

0 m r s 
Methanol-water     
1 2.018 -2.447 0.989 0.065 
2 1.494 -1.956 0.995 0.039 
3 1.540 -1.938 0.997 0.029 
4 2.714 -2.868 0.983 0.101 
5 1.871 -2.203 0.986 0.078 
6 1.790 -2.193 0.992 0.051 
7 3.271 -3.470 0.997 0.055 
Acetone-water     
1 0.911 -1.418 0.975 0.041 
2 0.726 -1.278 0.985 0.035 
3 0.919 -1.590 0.966 0.045 
4 1.448 -2.003 0.973 0.054 
5 1.137 -1.686 0.987 0.028 
6 1.102 -1.655 0.994 0.029 
7 1.611 -2.070 0.997 0.020 

 
 

Cmpd ACDlogP AlogP IAlogP AB/logP milogP logPKoww XlogP CSlogP ClogP 

1 2.99 2.76 3.25 2.69 3.54 2.73 3.88 3.92 2.79 

2 3.01 2.56 3.21 2.65 3.51 2.51 4.38 3.87 3.15 

3 2.62 2.56 1.32 2.61 3.01 2.30 4.22 3.75 2.73 

4 4.23 4.24 4.75 4.33 4.75 3.65 5.05 5.14 3.87 

5 2.61 2.55 2.97 2.45 3.17 2.02 3.26 3.73 2.32 

6 2.12 2.09 1.03 2.22 2.64 1.88 3.77 3.53 2.21 

7 2.11 1.95 3.02 2.26 2.67 2.09 3.26 3.57 1.84 
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Table 3. Continuation 
 

Compound RM
0 m r s 

Acetonitrile-water     
1 1.929 -2.670 0.994 0.026 
2 1.893 -2.693 0.993 0.028 
3 2.009 -3.015 0.996 0.024 
4 2.721 -4.011 0.998 0.022 
5 2.203 -3.200 0.992 0.038 
6 2.097 -3.183 0.993 0.029 
7 3.055 -4.580 0.994 0.040 
Dioxane-water     
1 2.252 -3.821 0.991 0.047 
2 1.385 -2.554 0.988 0.031 
3 1.401 -2.633 0.990 0.034 
4 3.031 -4.633 0.997 0.032 
5 1.942 -3.237 0.997 0.023 
6 1.833 -3.306 0.996 0.024 
7 3.579 -5.239 0.995 0.048 

 
 
Correlations Between Retention Constants and Specific Hydrophobic Surface Area 

 
 In order to elucidate the relationship between the lipophilicity (RM

0) and the specific 
hydrophobic surface area (m) of androstene derivatives 1-7, the relationships between 
these two hydrophobicity parameters were studied. In all of the solvents, the linear corre-
lations were observed between the intercept RM

0 and the slope (m), as shown in the equa-
tions given in Table 4.  
 

Table 4. Equations of the relationship between RM
0
 and m 

 
Modifier Equation r S 

Methanol-water RM
0 =  -0.770 - 1.176 m 0.995 0.074 

Acetone-water RM
0 =  -0.648 - 1.059 m 0.981 0.067 

Acetonitrile-water RM
0 =   0.197 - 0.622 m 0.993 0.058 

Dioxane-water RM
0 =  -0.775 - 0.820 m 0.996 0.082 

 
 From the data presented in Table 4, as well as from the plots presented in Fig. 2, it is 
evident that highly significant relationships were found between the lipophilicity and spe-
cific hydrophobic surface area with all the mobile phases.  
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Figure 2. Correlation between RM

0 and m 
 
 This finding indicates that the investigated androstene derivatives behave as a homo-
logous series of solutes. The good correlation between RM

0 and m reflect the suitability of 
the systems examined for estimating the lipophilicity of the compounds. These chromato-
graphic data (RM

0 and m), which describe the partitioning between a non-polar stationary 
and a polar mobile phase, may therefore be appropriate for the assessment of the lipophi-
licity. Also, it can be concluded from the obtained data, that RP-HPTLC on C18 can suc-
cessfully be used for the determination of the lipophilicity parameters of androstene deri-
vatives. Therefore, these parameters can be applied in QSRR studies. 
 

Correlations Between Retention Constants in Different Organic Modifiers 
 
 The obtained RM

0 values depend on the modifier used. Lower RM
0 values were obtai-

ned with acetone-water as mobile phase (average value 1.151), than for methanol-water 
(average value 2.100), dioxane-water (average value 2.203), and acetonitrile-water (ave-
rage value 2.272). Different mutual relationships were observed between the  RM

0 values 
calculated for the different modifiers (Table 5).  
 

Table 5. Correlations between RM
0

 values determined using different mobile phases 
 

Equation R s 
RM

0
MeoH =  0.161 + 1.685 RM

0
Acet 0.930 0.265 

RM
0
MeoH = -1.110 + 1.413 RM

0
ACN 0.955 0.214 

RM
0
MeoH = 0.361 + 0.789 RM

0
Diox 0.994 0.079 

RM
0
Acet = -0.577 + 0.760 RM

0
ACN 0.969 0.085 

RM
0
Acet =  0.361 + 0.789 RM

0
Diox 0.916 0.137 

RM
0
ACN =  1.178 + 0.497 RM

0
Diox 0.926 0.184 

        MeOH = methanol, Acet = acetone, ACN = acetonitrile, Diox = dioxane 
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 The slope and intercept values in Table 5 depend on the mobile phase used. High va-
lues of the correlation coefficient for these relationships indicate that chromatographic 
behaviour of the investigated androstene derivatives is similar in all the mobile phases. 
 

Correlations Between Retention Constants and logP values 
 
 To obtain the quantitative effects of the lipophilicity parameters of androstene deriva-
tives on their retention constants, QSRR analysis with nine different partition coefficients 
(logP) was applied. Usually, lipophilicity parameters are linearly related to retention con-
stants, but in the more general case this relationship is not linear (14). Therefore, a com-
plete regression analysis was made, resorting to (multi)linear, quadratic and cubic rela-
tionships. It is obtained that the fitting equations improve when resorting to higher order 
(second or third order) polynomials. Among the presented lipophilicity parameters, 
ClogP has the highest correlation with RM

0 for all the eluents. Therefore, this lipophilicity 
parameter was retained and used to find two-variable polynomials between the RM

0 and 
logP values. The introduction of a second parameter improves the statistical indices of 
the QSRR model. The second parameter brings about some variations in these relation-
ships, showing that similar QSRR models can be obtained with different combination of 
partition coefficients (Table 6). The best QSRR models with two variables were obtained 
with second order polynomials. The resulted models are as following: 
 
Methanol-water 
RM

0 = 1.142  ClogP2 - 0.463 logPKoww
2 - 7.529 ClogP + 3.611 logPKoww + 7.736  

r = 0.999;    s = 0.045;  n = 7; F = 316.42                                  [1] 
 
Acetone-water 
RM

0 = 0.442 ClogP2 -0.069 logPKoww
2 -3.083 ClogP + 1.023 logPKoww + 3.826  

r = 0.999;    s = 0.013;  n = 7; F = 1108.36                                [2] 
 
Acetonitrile-water 
RM

0 = 1.207ClogP2 -0.618 logPKoww
2 -7.270 ClogP + 4.285 logPKoww + 5.809  

r = 0.996;    s = 0.045;    n = 7;     F = 316.42                                                             [3]
  
Dioxane-water 
RM

0 = 1.106 ClogP2 -0.315 logPKoww
2 -7.895ClogP + 3.505 logPKoww + 8.423  

r = 0.997;   s = 0.105;  n = 7; F = 92.11                                [4] 
 
 These results clearly show that by selecting the appropriate lipophilicity descriptors it 
is possible to obtain several mathematical models with excellent statistical characteristics. 
Moreover, owing to the errors in the experimental data, small statistical differences bet-
ween QSRR polynomials are not significant. From Eqs. 1-4, it is evident that for model-
ling of retention for the set of androstene derivatives ClogP and logPKoww is prominent. 
The statistical quality of the regression equations was justified by the parameters like r, s 
and probability factor related to the F-ratio. Cross-validation statistical technique has 
been applied for the observation of the quality with regard to predictive ability of these 
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models. It calculates the following parameters: PRESS (predicted residual sum of squa-
res), SSY (total sum of squares), r2

CV (cross-validation determination coefficient), and r2
adj 

(adjusted determination coefficient). Statistical data presented in Table 6 indicate that 
very good mathematical models were obtained for all of the mobile phases. The high r2

CV 
values, observed in cases of Eqs. 1-4, are indicative of their reliability in the prediction of 
the retention constant. For the verification of the predictive power of the developed 
models, the predicted RM

0 values of the analysed compounds were calculated by using 
different logP values and compared with the experimental ones. The predicted retention 
constants for all of the mobile phases are presented in Table 7. Based on the magnitude of 
residue, there is a close agreement between the observed and calculated retention.  
 

Table 6. Cross-validation parameters 
 

Equation PRESS SSY PRESS/SSY r2
CV r2

adj 
1 0.2462 2.5843 0.0953 0.9047 0.9953 
2 0.0182 0.7532 0.0242 0.9758 0.9986 
3 0.0406 1.1805 0.0344 0.9656 0.9771 
4 0.1237 4.0987 0.0302 0.9698 0.9838 

 
 The propagation of the residuals on both sides of zero indicates that no systemic error 
exists in the development of regression models. 
 

Table 7. Predicted RM
0 values of androstene derivatives calculated 
by using Equations 1-4 

 

 
 On the basis of the correlations between RM

0 and logP, all of the mobile phases are 
suitable for the RP HPTLC systems for the determination of octanol/water partition coef-
ficients, and thus of the lipophilicity of the molecules. Our findings suggest the use-
fulness of the chromatographic method in fast characterization of the lipophilicity of 
structurally closely related molecules.  
 

CONCLUSIONS 
 
 The retention constants (RM

0) of seven D-homo-androstene derivatives were compared 
for four mobile phase mixtures: methanol-water, acetone-water, acetonitrile-water, and 
dioxane-water. Linear relationships were found between RM

0 and specific hydrophobic 

Solvent Methanol-water Acetone-water Acetonitrile-water Dioxane-water 
Comp. RM

0 Residue RM
0 Residue RM

0 Residue RM
0 Residue 

1 2.025 0.007 0.918 0.007 1.976 0.047 2.229 -0.023 
2 1.496 0.002 0.728 0.002 1.901 0.008 1.345 -0.040 
3 1.547 0.007 0.904 -0.015 1.932 -0.077 1.511 0.110 
4 2.712 -0.002 1.468 0.020 2.721 0.000 3.035 0.004 
5 1.819 -0.052 1.144 0.007 2.228 0.025 1.856 -0.086 
6 1.825 0.035 1.102 0.000 2.104 0.007 1.855 0.022 
7 3.272 0.001 1.609 -0.002 3.046 -0.009 3.591 0.012 
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surface area (m) for all of the mobile phases; this is characteristic of closely related 
compounds. Also, there are the linear correlations among the RM

0 values calculated for 
the different mobile phases. High quality QSRR models that relate RM

0 and two variables 
were obtained with second order polynomials. It can be concluded that for modelling of 
the retention for the analysed set of androstene derivatives ClogP and logPKoww are pro-
minent. It indicates that these models can be successfully applied to predict the chromato-
graphic behaviour of this class of compounds.  
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ПРОЦЕНА ХРОМАТОГРАФСКЕ ЛИПОФИЛНОСТИ D-ХОМО 

АНДРОСТЕНСКИХ ДЕРИВАТА 
 

Нада У. Перишић Јањић1, Катарина М. Пенов Гаши1, Евгенија А. Ђурендић1, 
Марина П. Савић1, Страхиња З. Ковачевић2, Стела Д. Јокић3,  
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3 J. J. Штросмајер Универзитет у Осијеку, Прехрамбено-технолошки факултет, Ф. Кухача 18,  

31000 Осијек, Хрватска 

 
 У раду је представљено дефинисање хроматографског понашања D-хомо андро-
стенских деривата 1-7. Ретенционе константе (RM

0) испитиваних деривата дефини-
сане су помоћу танкослојне хроматографије високих перформанси на обрнутим фа-
зама (RP HPTLC) на С18 плочама коришћењем четири мобилне фазе: метанол-во-
да, ацетон-вода, ацетонитрил-вода и диоксан-вода. Примењена је корелациона ана-
лиза заснована на мултиплој линеарној (полиномској) регресији са циљем модело-
вања хроматографског понашања на основу девет дескриптора липофилности 
(logP). Добијени QSRR модели су валидовани унакрсном валидацијом. Оптималне 
вредности параметара унакрсне валидације указују на значајну предиктивну моћ 
добијених модела. 
 
Кључне речи: QSRR, хемометрија, RP HPTLC, липофилност. 
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