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Abstract: The study evaluated two micellar biomimetic chromatographic systems for predicting the
biological activity of compounds. Drugs with various structures and pharmacological profile were used
as test substances. Two chromatographic systems were tested with a C-18 stationary phase and mobile
phases: n-propanol and micellar simulated body fluid (SBF) solutions or buffer with a physiological pH
of 7.4 at different concentrations of the surfactant SDS. Linear relationships were observed for the
retention coefficients k= f(C), log k= f(C) and 1/k= f(C) (C- surfactant concentration). From these
relationships, the values of ko, km and Kam were determined and their relationships were examined. The
analyzed data showed that the composition of the aqueous mobile phase solution affects interactions
within the micellar system. Comparison the obtained values with selected descriptors of biological
activity of substances, revealed strong correlations between log Kam values (analogue-micelle
association constants) and log K4 (HSA) values enabling the prediction of drug binding to proteins
based on MLC measurements. In addition, Kam values inform us about potential for drug deposition in
micellar systems.

Keywords: micellar liquid chromatography, SBF and buffer as components of mobile phases,
descriptors of biological activity.

1. Introduction

Chromatography - apart from being an invaluable method of qualitative and quantitative analysis and
a method of obtaining pure substances on a preparative scale, it is also a method of great importance in
research on the biological activity of compounds (Hostettman et al., 1998; Bai et al.; 2021, Primdahl et
al., 2022: Hussein, 2025;). Chromatography is becoming increasingly important in research on the
biological activity of compounds (Grzadka et al., 2024), through studies of compound retention in
chromatographic systems that mimic their environment of action in organisms - in so-called biomimetic
chromatographic systems (Ulenberg et al., 2022; Valko, 2022; Tsopelas et al., 2025.). The use of
biomimetic chromatographic systems is aimed at determining the interaction of biologically active
substances with:

o cell membranes - through biomimetic chromatographic systems, i.e. systems in which the stationary
phases imitate biological membranes, such as:

o RP (reversed phase) chromatography with C-8 stationary phases, C-18 - imitating the interior of the
cell membrane, allowing the determination of the possibility of substance penetration through the
lipophilic area of the cell membrane (Janicka et al., 2006, Poole et al., 2020, Poole et.al., 2024).

e RP chromatography with stationary phases immobilised with cell membrane components, i.e.: JAM
phases (Pidgeon, Venkataram, 1989; Ermondi et al., 2018, Russo et al, 2021, Wang et al., 2024, Zhu et
al., 2022), cholesterol phases (Grzywinski et el., 2015; Pesek et al., 2022; Pesek et al., 2023),

Micellar liquid chromatography (MLC), in which both the RP stationary phase and the micelles in
the mobile phase imitate cell membranes (Quinones-Torrelo et al., 2002; Rambla-Algere et al., 2012;
Shokry et al., 2018), affinity chromatography (Hage, 2002; Matsuda et al., 2015; Hage, 2017), including
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its special case of cell membrane chromatography, which can be used to determine the interactions of
substances with membrane receptors (Du et al., 2011, Bu et al., 2022, Lv et al., 2017, Ma et al., 2017).

Also based on chromatographic studies, QRAR (quantitative retention - activity relationships)
models can be used to predict descriptors of the biological activity of substances (Valko et al., 2001;
Quinones-Torrelo 2002; Valko et al., 2003; Wang et al., 2007; Ciura et al., 2020; Ulenberg et al., 2022).

Micellar liquid chromatography, pioneered by Armstrong (Armstrong et al., 1981, Armstrong 1985)
is an interesting variation of chromatography in which the stationary phase is the RP phase - most often
phases with alkyl ligands, less often RP-NH; (amino) or RP-CN (cyano), and the mobile phase is an
aqueous solution of surfactant with a concentration above critical micellar concentration - CMC. In such
a system, the retention of substances depends on their interaction of the substances with both the
stationary phase and the mobile phase micelles (Fig. 1) - this mechanism is a more complex mechanism
than that in classical RP chromatography.
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Fig. 1. Interaction in micellar chromatographic system, A-lipophobic substance, B - weak lipophilic substance, C-

strong lipophilic substance

MLC systems in which the mobile phases are aqueous surfactant solutions usually have low
efficiency due to the low transfer rate of substances between the stationary phase and micelles. The
efficiency of such systems can be improved by increasing the measurement temperature or by adding
low-molecular-weight aliphatic alcohols (from C-1 to C-5) or organic modifiers used in classical RP
chromatography. Such additives usually reduce the retention of the tested substances and improve the
efficiency of the chromatographic system. The concentration of an organic modifier must not be too
large, as this may cause micelle disintegration (Giddings, 1987; Tsopelas et al., 2020; Valko, 2022).

The retention of substances depends on the concentration of micelles in the chromatographic system.
Depending on how the retention of substances changes with the change in surfactant concentration,
substances are classified into:

e binding - if their retention decreases with increasing surfactant concentration in the mobile phase,
indicating that the tested substances interact with the micelles,

e non-binding - if retention does not depend on surfactant concentration, indicating that the
substances do not interact with the surfactant micelles,

e anti-binding - if the retention of the substance increases with increasing surfactant concentration,
indicating that the substance is repelled by the micelles and interacts more strongly with the
stationary phase. Such analytes are usually encountered when the surface charge of the micelles and
the tested substance are the same.

The relationship between substance retention and micellised surfactant concentration is described
by Foley's equation (Foley, 1990):

1 1 K

Tt Ml 1)
where [M] - concentration of the micellised surfactant, k - retention factor of the substance in the mobile
phase with the surfactant concentration [M], ko - retention factor of the substance at Ccmc concentration
of the surfactant, Kay - solute- micelle association constant.
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The mathematical form of Foley's equation suggests that the inverse of the retention coefficient of a
substance is a linear function of the concentration of micelles in the mobile phase. By determining the
parameters of the linear relationship of Foley's equation, we obtain the values of the parameters ko and
Kam, provide information about the interactions of the tested substance with both the stationary phase
and the micelles. This equation has been tested experimentally for many substances (natural, ionic -
cations and anions, polar and non-polar) as well as surfactants (anionic, cationic, non-ionic) and
stationary phases (C-8, C-18, RP-CN).

Micellar chromatography is highly significant as a method in clinical analyses due to the possibility
of solubilising proteins in micelles, greatly simplifying the preparation of biological samples for analysis
(Sharma et al.,, 2022; Leelakunakorn at el., 2023). It is also of great importance as a method for
determining the biological activity descriptors of compounds (Breyer et al., 1991; Waters et al., 2007;
Sobanska et al.,2019; Tsopelas et al., 2020; Sharma et al., 2022; Krongvorakul et al., 2023).

To accurately reflect the environment in which the drug acts, in addition to stationary phases that
imitate cell membranes or the site of interaction between the drug and the receptor, the mobile phase is
also crucial in reproducing the environment in which the drug acts. In all the chromatographic methods
mentioned, the mobile phases are aqueous solutions - either electrolytes or aqueous-organic solutions.
Research on the biological activity of compounds is most often conducted in mobile phases at the pH at
which the drug acts. This is usually the physiological pH of blood plasma - 7.4, as every drug is
transported by the blood to its site of action. Another, more advanced biomimetic mobile phase consists
of a solution simulating biological fluids - SBF (Pietrzynska et al., 2017, Shokry at el., 2018). The aim is
to ensure that biomimetic systems replicate the drug's operating environment as closely as possible. In
the case of chromatographic systems, this applies to both the stationary and mobile phases. The
physiological pH of the mobile phase allows the study of interaction between substances (ionised or not,
depending on their properties) and stationary phases that imitate biological membranes or their
fragments. Since substances in the body must migrate across the lipophilic regions of biological barriers,
the form in which the substance exist is of great importance. The biological activity of a substance
depends on the interfacial phenomena, which are determined by the composition of physiological
fluids. Therefore, it is reasonable to investigate whether and how the interactions of biologically active
substances with surfaces imitating biological barriers depend not only on pH but also on the electrolyte
composition of the “aqueous” part of the mobile phase. Thus, it was decided to compare micellar
chromatographic systems with hybrid mobile phases: micellar SDS buffer solutions with a physiological
pH of 7.4 and micellar phases of solutions simulating the composition of physiological fluid (SBF).

2. Materials and methods
2.1. Investigated substances

Investigated substances are presented in Table 1.

Initial solutions of the tested drugs were prepared at concentrations of 1 mg cm-, using methanol
(for HPLC, Merck, Germany) as the solvent. Dilutions with appropriately selected concentrations were
made from the resulting samples based on the analysis of chromatograms of concentrated drug samples.
In order to obtain quantitative relationships between the concentration of the analysed substance and
the area under the peak. Five concentrations were prepared for each substance. The list of concentrations
for each substance is shown in Table 2.

2.2. Chromatographic measurements

The measurements were performed using the micellar liquid chromatography (MLC) method with a
Shimadzu Vp liquid chromatograph equipped with:

e LCI0AT pump,

e SPD 10A UV-VIS detector,

e SCL 10A system controller,

e (CTO-10 AS oven,

e 20uL dosing loop valve (Rheodyne, Cotati, USA).
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Table 1. Name and chemical formula of investigated substances

Name of substances Semi-structural formula

|
N N
antipiryne \<\_<

o}
NH,
. ~N
cytosine | /g
N ¢}
H
hydrocortisone
ketoprofen
caffeine
theophilline

Table 2. Concentrations of the analyzed substances used for calibration curves

S concentration [ug mL1]
1 2 3 4 5
antipirine 0.2 0.3 04 0.5 0.6
cytosine 0.3 0.4 0.5 0.6 0.7
hydrocortisone 03 0.4 0.5 0.6 0.7
ketoprofen 0.2 0.3 0.4 0.5 0.6
caffeine 0.5 0.6 0.7 0.8 0.9
theophylline 04 0.5 0.6 0.7 0.8

During the measurements, a mobile phase flow rate of 0.5 cm® min! was used. The analyses were
performed at a column operating temperature of 200C. The detection of the tested substances took
place at a wavelength of 1=254 nm.
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The stationary phase was a sorbent bed located in an RP-18 HPLC column from Merck (Germany,
Darmstadlt).
In the experimental part of this work, two series of micellar mobile phases (S and B systems) with
the following composition were used:
e S:organic modifier n-propanol (20% v/v), aqueous phase - SBF (Simulated Body Fluid) solution,
SDS surfactant (sodium dodecyl sulphate) from Merck (Germany),
¢ B: organic modifier n-propanol (20% v/v), aqueous phase - citric buffer (pH=7.4), SDS surfactant.

For each system, four mobile phases were prepared, in which the surfactant concentration was:
0,04, 0.06, 0.08, and 0.10 M dm?=3.

2.3. Preparation of mobile phases
2.3.1. Preparation of the SBF solution

An aqueous solution of SBF (Simulated Body Fluid) with a pH of approximately 7.4 was prepared from
the following chemical compounds: 7.996 g NaCl, 0.350 g NaHCO;, 0.224 g KCl, 0.228 g K;HPO, 3H20,
0.305 g MgCl> 6H,O, 40 cm?® 1M HCI, 0.278 g CaCly, 0.071 g NaxSO4, 6.057 g (CH2OH);CNHz. An
important factor during the preparation of SBF is the order in which the above-mentioned substances
are added. Then, by adding small portions (0.5-1.0 mL) of hydrochloric acid, the pH of the solution was
adjusted to approximately 7.4 using a pH meter.

2.3.2. Preparation of citric buffer

In order to prepare a citric buffer with a pH of approximately 7.4, aqueous solutions were prepared:
disodium hydrogen orthophosphate (V) (Merck, Germany) at a concentration of 7.16 g -dm=3 and citric
acid (Merck, Germany) at a concentration of 2.1 g - dm?3, and mixed them together in a ratio of 10:1 (900
cm?® NapHPO4 and 90 cm? citric acid). Then, using a pH meter, the pH of the prepared buffer was
measured, which was approximately 7.4. Milli-Q distilled water from a Millipore apparatus (Simplicity,
Millipore, USA) - conductivity 0.0055 pS cm, resistance 18.2 MQ cm!, was used to prepare all of the
above-mentioned solutions.

3. Results and discussion
3.1. Surface areas of chromatographed substances in micellar mobile phases S and B

Since micellar chromatography can be used for quantitative studies, the effect of the mobile phase type
on the detector signal and calibration curve parameters was investigated. Fig. 2 shows the calibration

antypirine system S ketoprofen system S
— 510°
6 2
= 510 L < Y
'Ev. ) g 410° .
§ 4100 ° &
~ @
i1 . g 310 .
] £
£ 5 .
2 . 2 210
= 210° g L
L >
2 = a0 ;
108 8
0
0 9 0.1 0.2 03 0.4 0.5 0.6 0.7 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
° M e ) o C lug mi"] C [ug -mi]
0.10 0.08M 0.06M 0.04M @ 010M @ 008M © 0.06M o 0.04M Ko
SDS concent tration SDS concentration
antipirine - system B ketoprofen —system B
510° 5106
5 0 = °
< 4100 e F)
g P = S e o _~
s 310 // o pe
g ¥ o 310¢ 3
3 210 § S
= £ |
g 1w L4 a3 210 3
g
=
0 g2 10
o 0.1 0.2 03 0.4 0.5 0.6 0.7 0
© 0.10M o 008M @ 0.06M @ 004M € [ug'mi] o 0.1 0.2 03 04 05 o.é[ o.l7‘]
Mg -ml-
SDS concentration © 010M © 008V @ 0.06M @ 0.10M

Fig. 2. Calibration curves obtained in investigated micellar system (S and B) in mobile phases with different
concentration of SDS
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curves for selected substances: antipyrine and ketoprofen obtained in systems S and B at different SDS
concentrations.

As shown by from the attached data, in systems with an S mobile phase, the calibration curves
parameters strongly depend on the surfactant concentration in the mobile phase. The tested substances
can be divided into two groups. The first group includes: antipyrine, cytosine, caffeine, and
theophylline, for which a change in the surfactant concentration alters in the sensitivity of the method
(i-a. the slope a of the calibration curve) - as the surfactant concentration decreases, the sensitivity of the
method decreases. For the remaining substances (hydrocortisone and ketoprofen), the surfactant
concentration has virtually no effect on the sensitivity, but it does affect the limit of detection (LOD) and
limit of quantification (LOQ) values (Table 3). For this reason, calibration curves for two selected
substances - one from each group - antipyrine and ketoprofen - are presented graphically. In systems
with a buffer as a component of the mobile phase, these relationships are less apparent.

Table 3. Parameters and R2 of calibration curves of substances obtained with micellar system with S and B mobile

phase
ile ph B ile ph
T — S mobile phase mobile phase
SDS conc. a b R? a b R?
0.10 3106 -41117 0.9922 129497 199788 0.9921
.. 0.08 8106 -280838 0.9951 141733 104468 0.9974
antypirine
0.06 80333 -128713 0.9933 141977 128109 0.9940
0.04 111888 -318715 0.9918 142657 84660 0.9977
0.10 1106 -156141 0.9983 77058 962614 0.4210
. 0.08 3106 118920 0.9304 83028 1106 0.,6564
cytosine
0.06 27429 -180293 0.9852 68161 2000000 0.3485
0.04 108268 -1 106 0.9336 77181 2000000 0.3564
0.10 2106 497532 0.9913 37312 1106 0.9462
. 0.08 5106 503291 0.9944 57791 1106 0.9888
hydrocortison
0.06 78263 216255 0.9994 58544 1106 0.9701
0.04 74111 1106 0.9954 65631 587145 0.8926
0.10 6106 -755208 0.9974 124162 219318 1.0000
0.08 7106 486934 0.9952 144340 171594 0.9954
ketoprofen
0.06 115406 -563765 0.9995 106475 733145 0.9981
0.04 124778 -377807 0.9981 117930 427292 0.9797
0.10 776078 -136019 0.9969 25815 719543 0.9650
, 0.08 2106 45808 0.9886 38413 459052 0.9661
caffeine
0.06 36063 239791 0.9421 35184 624188 0.9987
0.04 27987 498431 0.9981 36832 498301 0.9847
0.10 429234 55018 0.9863 54798 707553 0.9837
. 0.08 2106 598701 0.9854 66647 402239 0.9916
theophylline
0.06 57817 268051 0.9977 60416 769445 0.9534
0.04 32993 676120 0.9882 68396 408429 0.9938

3.2. Study of the relationship between retention data in MLC systems with S and B mobile phases

Since differences in the retention of the tested substances were observed in the analogous systems
differing in the composition of the aqueous part of the mobile phase, the relationships between these
values were also investigated. For all tested substances, linear relationships were observed between the
retention coefficients of the tested substances with high correlation coefficients (Fig. 3). As the surfactant
concentration increases, the differences in retention for all tested substances decrease (Fig. 4).
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Fig. 3. Examples linear relationship between retention factor values for substances obtained in micellar system
with S (k(S)) and B (k(B)) mobile phases with different concentration of SDS
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Fig. 4. Comparison of the retention coefficients k of substances obtained in S and B mobile phases with different
surfactant concentrations

3.3. Relationship between substance retention coefficients and surfactant concentration in MLC
systems

The relationships between retention values and the concentration of micellised surfactant in the
mobile phase were investigated. For this purpose, the relationships between retention values and the
concentration of micellised surfactant were investigated, i.e.:

* logk=£(C), which occur in RP systems,
* k=£(C),
* Foley's dependence 1/k=£(C).

All these dependencies are presented for individual substances in Fig. 5.
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As shown by the data presented in the graphs, all the relationships studied are linear with high
coefficients of determination. As the systems examined are classified as biomolecular systems, the
parameters of linear relationships are of great importance.

For the linear relationships log k = f (C) and k = £ (C), the slope of may indicate the hydrophobicity
of the substance demonstrating - how changes of compositions of mobile phase affect in the lipophilic
properties of substance, while the free term of the relationship indicates the value of the substance’s
retention coefficient in a system without micelles, i.e. the value of the substance retention coefficient in
a system with a mobile phase at the CMC concentration of the surfactant (k,). Table 4 compares the
slopes of the linear relationships k= f (C)

Table 4. Comparison of absolute values of slope of linear relationships k= f (C) in MLC systems with S and B
mobile phases

substance/ S B
antipirine 1.65 1.65
cytosine 2.32 0.7517
hydrocortisone 5.50 13.09
ketoprofen 2.85 10.38
caffeine 3.25 0.75
theophylline 2.57 0.37

The slope of the linear relationship does not change for antipyrine (consistent with similar its
retention in the two tested systems), for hydrocortisone and cytosine it is greater in the system with a
buffered mobile phase than in SBF, while for the remaining compounds it decreases in the mobile phase
with a buffer compared to the SBF mobile phase. The values of retention coefficients k;, obtained on the
basis of the linear dependencies log k = £(C) and k = £(C) in the tested chromatographic systems were
compared. Regardless of the determination method, linear dependencies with a high fit coefficient were
obtained in both tested systems (Fig. 6).

S mobile phase B mobile phase
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Fig. 6. Relationships between ki, parameter obtained from k= f (C) and log k = f (C) relationships

However, there are no such strong relationships between the k,; values obtained in micellar systems
according to Foley equation with the S and B mobile phases. The two substances, ketoprofen and
theophylline, do not correlate with each other in either system - ketoprofen is ionised at pH=7.4, while
theophylline is partially ionised in this environment (Fig. 7).
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Fig. 7 Relationship between km values obtained in micellar systems with S and B mobile phase



9 Physicochem. Probl. Miner. Process. 61(6), 2025, 215222

As shown by the data in the table, the Kam values are higher than the ko values, which further
confirms the strong binding nature of the tested compounds in relation to micelles. It can also be
observed that both ko and Kam values are higher in systems with SBF as the mobile phase than in systems
with buffer. This is probably due to the greater ionic strength of the SBF system compared of the buffer
and the action of chaotropic ions in SBF solutions (Flieger et al., 2008; Vemic¢ et al., 2014; Cecchi 2024).
Such studies may be useful for designing new micellar systems for drugs incorporation, which can then
be administered to patients (Kapare et al., 2020; Qiu et al., 2021; Wang et al., 2023). The correlations
between the obtained parameters from the considered linear relationships were examined, and - the
results are presented in the correlation matrix (Table 6).

Table 6 Correlation matrix between parameters determined from linear relationships k= f(C) and 1/k = £(C) in
investigated systems

ki(S) k(B) Kam(S) ko(S) Kam(B) ko(B)
ko(S) 1.000
k(B) 0970 | 1.000
Kau(S) 0332 | -0252 | 1.000
kulS) 0009 | -0197 | 0049 | 1.000
Kam(B) -0.310 -0.230 -0.053 -0.462 1.000
ku(B) 0.332 0.329 -0.378 -0.450 -0.350 1.000

The values of the k¢ parameters obtained from the linear relationships between retention and
surfactant concentration in S systems are orthogonal to the k;; values obtained from Foley's equation,
while a weak positive correlation is observed with the km values obtained in the buffer system. When
comparing the correlations between the Kan values obtained in buffer and SBF systems, we also observe
an orthogonal relationship, which may indicate a change in the interactions of substances with micelles
in chromatographic systems with the considered mobile phases. The sorption of substances from
electrolyte solutions is a complex and not entirely predictable process. Although the Hofmeister effects
play an important role in many biological processes and phenomena, influencing the zeta potential,
enzyme activity, and the binding of substances to micelles, proteins, and membranes, they are not yet
fully understood (Vlachy at al., 2008). Since the obtained parameters are often used to determine the
lipophilicity of substances, it was decided to examine the correlations between these values and the
values of selected biological activity descriptors, i.e. log P (Meylan-Kowwin model assessment), MlogP
and Alog P - models were selected whose values are not too highly correlated (Table 7). Due to the
micellar nature of the mobile phases, correlations between the obtained parameters and the logarithm
of the binding constant of the tested drugs with HSA (log K, (HSA)) as well as correlations with the
solubility of the tested substances in water were also investigated. The correlations between the tested
descriptors of biological activity of the substances are presented in Table 8.

Table 7. Correlation matrix between selected descriptors of biological activity of substances
(a-model (Meylan-Kowwin)-assessment, b-model (MLogP)-prediction, c-model (ALogP)-prediction)

logPa MlogPr AlogPe | log Kamsa) | solubility
logPa 1.000
MlogP® 0.738 1.000
AlogPe 0.782 0.782 1.000
log Kagsa) 0.061 0.019 0.165 1.000
solubility -0.370 -0.530 -0.459 -0.344 1.000

When analysing the correlations presented in Table 8, strong negative correlations were observed
between the log ko (S) value and the log P values obtained according to different models, as well as a
strong positive correlation between the log ko (B) values and the log P values. Also noteworthy are the
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negative correlations between log Ka(HSA) and the parameter log ko(S), which are - medium and strong
between log Kam(S), log Kam(B), and the strong positive correlation between the log ko(B) values.

Table 8. Correlation matrix between the log of the parameters obtained from the linear relationships between the
retention coefficient of the substance and its concentration and the log of the values of selected descriptors of the
biological activity of the tested compounds

logkies) | logkmm) | logKams) logkos) logKam) logkom)

logP a -0.283 0.138 -0.345 -0.730 0.606 -0.092
MlogP ® -0.613 | -0.009 0.072 -0.787 0.708 0.035
ALogP ¢ -0.042 0.296 -0.366 -0.721 0.699 0.272

log Ka(HSA) 0.269 0.515 -0.614 -0.482 -0.584 0.958
solubility [mg/L] | -0.024 | -0.760 -0.188 0.847 -0471 -0.381

4. Conclusions

Two biomimetic micellar chromatographic systems differing in the composition of the ‘aqueous’ part
of the mobile phase were tested: one - with an SBF solution simulating the composition of blood plasma,
and one with a buffer at pH equal to that of blood plasma (pH= 7.4. Drugs with different structures and
pharmacological activities were used as test substances. It was shown that the electrolyte composition
of the hybrid micellar mobile phase affects the retention of the test substances and that there are strong
linear correlations between the retention values for given substances in analogous mobile phases. The
relationships between retention values and surfactant concentration in the mobile phase were also
investigated. For the two systems tested, linear relationships with high coefficients of determination
were observed for all tested substances between: the retention coefficient, logarithm of the retention
coefficient, and the inverse of the retention coefficient of the substance and the concentration of the
micellised surfactant. It was shown that there is practically no correlation between the obtained
parameters of linear relationships in the tested systems. However, correlations were observed between
the logarithm of the parameters obtained from the Foley equation and the logarithm of selected
descriptors of the biological activity of the substance, indicating that the tested systems can be treated
as biomimetic systems. Particularly high correlations were observed between the parameters of the
Foley equation and the log Ka(HSA) values, suggesting that the tested systems can be used to predict
the degree of the degree of drug binding to protein. Analysis of Kma parameter values in the tested
systems indicated that the substances bind more strongly to micelles in systems with SBF then buffer
solution as components of the mobile phase.

Although the presented studies are pilot studies, they demonstrate that the electrolyte composition
of micellar solutions used as biomimetic systems for predicting the biological activity of compounds is
meaningful, as it reveals changes in the interactions of the tested substances with micelles and the
stationary phase compared to analogous systems with buffer solutions. The use of chromatographic
micellar systems as biomimetic systems.

References

ARMSTRONG D.W, NOME F., Partitioning behavior of solutes eluted with micellar mobile phases in liquid
chromatography, Anal. Chem. 53 (1981) 1662-1666. https:/ /doi.org/10.1021/ac00234a026.

ARMSTRONG DW.,  Micelles in  Separations:  Practical — and  Theoretical ~ Review,  (1985).
https:/ /doi.org/10.1080/03602548508068421.

BAIY. FANY., GE G.,, WANG F., Advances in chromatography in the study of drug-plasma protein interactions, CJCSP
39 (2021) 1077-1085. https:/ /doi.org/10.3724/SP.].1123.2021.06028.

BREYER E.D., STRASTERS ] K., KHALEDI M.G., Quantitative retention-biological activity relationship study by micellar
liquid chromatography, Anal. Chem. 63 (1991) 828-833. https://doi.org/10.1021/ac00008a019.



11 Physicochem. Probl. Miner. Process. 61(6), 2025, 215222

BUY., HU Q, BAO T, XIE X., WANG S., Recent advances in cell membrane-coated technology for drug discovery from
natural products, TrAC Trends in Analytical Chemistry 151 (2022) 116601.
https:/ /doi.org/10.1016/j.trac.2022.116601.

CECCHIT., Chaotropic Chromatography, in: Advances in Chromatography, CRC Press, 2024.

CIURA K., DZIOMBA S., Application of separation methods for in vitro prediction of blood-brain barrier permeability — The
state  of the art, Journal of Pharmaceutical and Biomedical Analysis 177 (2020) 112891.
https:/ /doi.org/10.1016/j.jpba.2019.112891.m

DU H., REN J.,, WANGSS., HE L., Cell membrane chromatography competitive binding analysis for characterization of alA
adrenoreceptor binding interactions, Anal Bioanal Chem 400 (2011) 3625-3633. https://doi.org/10.1007/s00216-
011-5026-z.

ERMONDI G., VALLARO M., CARON G., Learning how to use IAM chromatography for predicting permeability,
European Journal of Pharmaceutical Sciences 114 (2018) 385-390. https:/ /doi.org/10.1016/j.ejps.2018.01.001.

GIDDINGS J.C., Advances in Chromatography, CRC Press, 1987.

FOLEY ].P., Critical compilation od solute-micelle binding constants and related parameters from MLC measurements, Anal.
Chim. Acta, 231 (1990) 237. https:/ /doi.org/10.1016 /S0003-2670(00)86422-3

FLIEGER J., SWIEBODA R., Application of chaotropic effect in reversed-phase liquid chromatography of structurally related
phenothiazine and thioxanthene derivatives, Journal of Chromatography A 1192 (2008) 218-224.
https:/ /doi.org/10.1016/j.chroma.2008.02.117.

GRZADKA E., MALINOWSKA 1., Selected Chromatographic Methods for Determining the Biological Activity of
Substances, Applied Sciences 14 (2024) 4265. https:/ /doi.org/10.3390/app14104265.

GRZYWINSKI D., SZUMSKI M., BUSZEWSKI B., Cholesterol-based polymeric monolithic columns for capillary liquid
chromatography. Part I, Journal of Chromatography A 1408 (2015) 145-150.
https://doi.org/10.1016/j.chroma.2015.07.016.

JANICKA M., KWIETNIEWSKI L., PERISIC-JAN]JIC N.U., Determination of retention factors of s-triazines homologous
series in water using a numerical method basing on Oscik’s equation, Chromatographia 63 (2006) S87-593.
https:/ /doi.org/10.1365/s10337-006-0817-7.

HAGE D.S., Analysis of Biological Interactions by Affinity Chromatography: Clinical and Pharmaceutical Applications,
Clinical Chemistry 63 (2017) 1083-1093. https://doi.org/10.1373/ clinchem.2016.262253.

HAGE D.S., High-performance affinity chromatography: a powerful tool for studying serum protein binding, Journal of
Chromatography B 768 (2002) 3-30. https:/ / doi.org/10.1016/50378-4347(01)00482-0.

HOSTETTMANN K., MARSTON A., HOSTETTMANN M., Preparative Chromatography Techniques, Springer, Berlin,
Heidelberg, 1998. https:/ /doi.org/10.1007/978-3-662-03631-0.

HUSSEIN J., Principles and Applications of High-Performance Liquid Chromatography (HPLC): A Review, Biomedical and
Pharmacology Journal 18 (2025) 1085-1089.

KAPARE H., METKAR S., Micellar drug delivery system: A review, Pharmaceutical Resonance 2 (2020) 21-26

LEELAKUNAKORN W., KRONGVORAKUL J., AUPARAKKITANON S., Determination of Paraquat in Plasma and
Urine by Micellar Liquid Chromatography, Southeast Asian J. Trop. Med. Public Health 54 (2023) 117-130.

LVY,SUNY., FU]J., KONG L., HANS.,, Screening anti-allergic components of Astragali Radix using LAD?2 cell membrane
chromatography coupled online with UHPLC-ESI-MS/MS method, Biomedical Chromatography 31 (2017) e3806.
https:/ /doi.org/10.1002/bmc.3806.

MA W., YANG L., LV Y,, FU J.,, ZHANG Y., HE L., Determine equilibrium dissociation constant of drug-membrane
receptor affinity using the cell membrane chromatography relative standard method, Journal of Chromatography A
1503 (2017) 12-20. https:/ /doi.org/10.1016/j.chroma.2017.04.053.

MALINOWSKA 1.B.,. STEPNIK KE, Analysis of Some Biogenic Amines by Micellar Liquid Chromatography,
Chromatography Research International 2012 (2012). https:/ /doi.org/10.1155/2012/713273.

MATSUDA R,, LI Z., ZHENG X., HAGE D.S., Analysis of multi-site drug-protein interactions by high-performance
affinity chromatography: Binding by glimepiride to normal or glycated human serum albumin, Journal of
Chromatography A 1408 (2015) 133-144. https:/ /doi.org/10.1016/j.chroma.2015.07.012.

PESEK].J., MATYSKA M.T., HILTZ T., MCCALL J., Application of a Cholesterol-Based Stationary Phase for the Analysis
of Brevetoxins, ] Sep Sci 46 (2023) e2200666. https:/ / doi.org/10.1002/jssc.202200666.

PESEK J., MATYSKA M., HILTZ T., RETTEW MCCALL ]., Application of a Cholesterol-Based Stationary Phase for the
Analysis of Brevetoxins, Journal of Separation Science 46 (2022). https://doi.org/10.1002/jssc.202200666.




12 Physicochem. Probl. Miner. Process. 61(6), 2025, 215222

PIETRZYNSKA M., VOELKEL A., Stability of simulated body fluids such as blood plasma, artificial urine and artificial
saliva, Microchemical Journal 134 (2017) 197-201. https:/ / doi.org/10.1016/j.microc.2017.06.004.

PIDGEON C., VENKATARAM U.V., Immobilized artificial membrane chromatography: Supports composed of membrane
lipids, Analytical Biochemistry 176 (1989) 36-47. https:/ / doi.org/10.1016/0003-2697(89)90269-8.

POOLE CF., ATAPATTU S.N., Determination of physicochemical properties of small molecules by reversed-phase liquid
chromatography, Journal of Chromatography A 1626 (2020) 461427.
https:/ /doi.org/10.1016/j.chroma.2020.461427.

POOLE C.F., ATAPATTU S.N., Predicting biophysical properties of small molecules from chromatographic measurements
and the solvation parameter model, J. Chromatogr. A 1738

PRIMDAHL K.G., HANSEN F.A., SOLUM EJ., NOLSGE ]J.M.J].,, AURSNES M., Introduction to Preparative
Chromatography: Description of a Setup with Continuous Detection, ]. Chem. Educ. 99 (2022) 2372-2377.
https:/ /doi.org/10.1021/acs.jchemed.1c00917.

PRIMDAHL K.G., HANSEN F.A., SOLUM E.J., NOLSOE J.M.J.,, AURSNES M., Introduction to Preparative
Chromatography: Description of a Setup with Continuous Detection, ]. Chem. Educ. 99 (2022) 2372-2377.
https:/ /doi.org/10.1021/acs.jchemed.1c00917.

QIUN., DU X,, JI]., ZHAI G., A review of stimuli-responsive polymeric micelles for tumor-target delivery of curcuminum,
Drug Developed and Industrial Pharmacy 47 (2021) 839-856.

QUINONES-TORRELO C., MARTIN-BIOSCA Y., MARTINEZPLA J., SAGRADO S., VILLANUEVA-CAMANAS
R., MEDINA-HERNANDEZ M., QRAR Models for Central Nervous System Drugs using Biopartitioning Micellar
Chromatography, MRMC 2 (2002) 145-161. https:/ /doi.org/10.2174/1389557024605519

RAMBLA-ALEGRE M., Basic Principles of MLC, Chromatography Research International 2012 (2012) 1-6.
https:/ /doi.org/10.1155/2012/898520.

RUSSO G., ERMONDI G., CARON G., VERZELE D., LYNEN F., Into the first biomimetic sphingomyelin stationary
phase: Suitability in drugs’ biopharmaceutic profiling and block relevance analysis of selectivity, European Journal of
Pharmaceutical Sciences 156 (2021) 105585. https:/ / doi.org/10.1016/].ejps.2020.105585.

SHARMA G., PAHADE P., DURGBANSHI A., CARDA-BROCH S., PERIS-VICENTE ]., BOSE D., Direct injection
green chromatographic method for simultaneous quantification of amoxicillin and amikacin in maternity hospital
wastewater (Sagar, India), Environ. Pollut. 296 (2022) 118719. https:/ /doi.org/10.1016/j.envpol.2021.118719.

SHOKRY D.S., WATERS L.J., PARKES G.M.B., MITCHELL J.C., Incorporating physiologically relevant mobile phases in
micellar liquid chromatography for the prediction of human intestinal absorption, Biomedical Chromatography 32
(2018) e4351. https:/ /doi.org/10.1002/bmc.4351.

SOBANSKA A.W., BRZEZINSKA E., Application of planar and column micellar liquid chromatography to the prediction
of physicochemical properties and biological activity of compounds, J. Liq. Chromatogr. Relat. Technol. 42 (2019) 227-
237. https:/ /doi.org/10.1080/10826076.2019.1585614.

TSOPELAS F., DANIAS P., PAPPA A., TSANTILI-KAKOULIDOU A., Biopartitioning micellar chromatography under
different conditions: Insight into the retention mechanism and the potential to model biological processes, Journal of
Chromatography A 1621 (2020) 461027. https:/ / doi.org/10.1016/j.chroma.2020.461027.

TSOPELASF., STERGIOPOULOS C., DANIAS P., TSANTILI-KAKOULIDOU A., Biomimetic separations in chemistry
and life sciences, Microchim Acta 192 (2025) 133. https:/ /doi.org/10.1007 /s00604-025-06980-x.

ULENBERG S., CIURA K., GEORGIEV P., PASTEWSKA M., SLIFIRSKI G., KROL M., HEROLD F., BACZEK T.,
Use of biomimetic chromatography and in vitro assay to develop predictive GA-MLR model for use in drug-property
prediction —among  anti-depressant  drug  candidates, Microchemical Journal 175 (2022) 107183.
https:/ /doi.org/10.1016/j.microc.2022.107183.

WANG ]., GUO J.,, XU D., HE L., QU J.H, WANG Q., CROMMEN ]., JIANG Z., Development of biomimetic
phospholipid membrane chromatography for drug discovery: A comprehensive review, TrAC Trends in Analytical
Chemistry 171 (2024) 117512. https:/ /doi.org/10.1016/j.trac.2023.117512.

WANG Q., ATLURI K., TIWARI A K., BABU R J., Exploring the Application of Micellar Drug Delivery Systems in Cancer
Nanomedicine, Pharmaceuticals (Basel) 16 (2023) 433. https:/ /doi.org/10.3390/ ph16030433.

WANG S., YANG G., ZHANG H,, LIU H,, LI Z., QRAR models for cardiovascular system drugs using biopartitioning
micellar chromatography, Journal of Chromatography B 846 (2007) 329-333.
https:/ /doi.org/10.1016/j.jchromb.2006.08.027.



13 Physicochem. Probl. Miner. Process. 61(6), 2025, 215222

WATERS L.J.,, LEHARNES.A., MITCHELL J.C.,, HANRAHAN ].P., Determination of micelle/water partition coefficients
and associated thermodynamic data for dialkyl phthalate esters, J. Therm. Anal. Calorim. 90 (2007) 283-288.
https:/ /doi.org/10.1007 /s10973-006-7792-y.

VALKO K.L., Biomimetic chromatography — A novel application of the chromatographic principles, Analytical Science
Advances 3 (2022) 146-153. https:/ /doi.org/10.1002/ ansa.202200004.

VALKO K., DU C,, BEVAN C., REYNOLDS D., ABRAHAM M., Rapid Method for the Estimation of Octanol / Water
Partition Coefficient (Log Poct) from Gradient RP-HPLC Retention and a Hydrogen Bond Acidity Term (Sigma alpha2H),
CMC 8 (2001) 1137-1146. https:/ / doi.org/10.2174/0929867013372643.

VALKO K., NUNHUCK S., BEVAN C.,, ABRAHAM M.H., REYNOLDS D.P., Fast Gradient HPLC Method to
Determine Compounds Binding to Human Serum Albumin. Relationships with Octanol/Water and Immobilized Artificial
Membrane Lipophilicity, ~ Journal of  Pharmaceutical ~ Sciences 92 (2003) 2236-2248.
https:/ /doi.org/10.1002/jps.10494.

VEMIC A., MALENOVIC A., MEDENICA M., The influence of inorganic salts with chaotropic properties on the
chromatographic ~ behavior —of ropinirole and its two impurities, Talanta 123 (2014) 122-127.
https:/ /doi.org/10.1016/j.talanta.2014.02.006.

VLACHY N., DRESCHLER M., VERBAWATZ ].M., TOURAUD D., KUNZ W., Role of the surfactant headgroup on the
counterion specificity in the micelle-to-vesicle transition through salt addition, J. Colloid Interface Sci 2 (2008) 542-548.
https:/ /doi.org/10.1016/j.jcis.2007.11.048.

ZHU P., CHEN W., WANG Q., WU H., RUAN M., WANG H,, JIANG Z., Phosphatidylethanolamine functionalized
biomimetic monolith for immobilized artificial membrane chromatography, Journal of Pharmaceutical Analysis 12
(2022) 332-338. https:/ /doi.org/10.1016/j.jpha.2021.09.002.


https://doi.org/10.1016/j.jpha.2021.09.002

