
Váňová et al., Cogent Chemistry (2017), 3: 1385173
https://doi.org/10.1080/23312009.2017.1385173

ANALYTICAL CHEMISTRY | RESEARCH ARTICLE 

Determination of distribution constants of 
antioxidants by electrokinetic chromatography
Jana Váňová1,2, Laura J. Liimatta2, Petr Česla1 and Susanne K. Wiedmer2*

Abstract: Liposome electrokinetic chromatography and micellar electrokinetic 
chromatography were used for studying the lipophilic properties of natural antioxi-
dants, specifically phenolic acids and flavonoids. The employed negatively charged 
liposomes were composed of mixtures of 1-palmitoyl-2-oleyl-sn-glycerophosphati-
dylcholine and 1-palmitoyl-2-oleoyl-sn-phosphatidylserine or 1-palmitoyl-2-oleoyl-
sn-glycero-3-phosphatidylglycerol. In micellar electrokinetic chromatography, 
sodium dodecyl sulphate micelles were used as the pseudostationary phase. The 
retention factors of the studied compounds were determined at pH 7.4. The cor-
responding distribution constants were calculated from the experimentally de-
termined retention factors and the phase ratios of the liposome dispersions and 
the micellar system. The distribution constants between the aqueous phase and 
the liposomes or micelles were compared with octanol/water partition or distribu-
tion constants of the studied compounds, which were predicted using the ACD/
Labs Percepta Platform—PhysChem Module. Our results indicate that the correla-
tions between the distribution constants of the two tested liposome systems were 
much stronger than those between the liposome/micellar systems. The correla-
tions between the n-octanol phase and the liposome phases were similar to that 
between n-octanol and the micellar phase. Our data shows that electrokinetic 
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chromatography is an efficient method for determining partition coefficients of 
compounds, but the type of pseudostationary phase has a clear impact on the 
values.

Subjects: Analysis & Pharmaceutical Quality; Analytical Chemistry; Natural Products; 
Physical Chemistry

Keywords: antioxidants; distribution constants; electrokinetic chromatography; liposome; 
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1. Introduction
Antioxidants are secondary metabolites of plants, which can protect organisms from the effect of 
free radicals. Antioxidants are able to inhibit oxidative damages and to improve the immune func-
tion of organisms (1). In vivo effects of these compounds are dependent on their lipophilicity and 
hydrophilicity, which govern membrane and protein interactions. In general, the hydrophobicity or 
lipophilicity of compounds can be expressed by the distribution constant between a polar and a non-
polar phase (2). The octanol/water partition coefficient and its logarithm, log Po/w, are commonly 
used for the description of the hydrophobicity or lipophilicity of compounds. These values are also 
good descriptors for the characterisation of the relationship between the structure and biological, 
pharmacological and ecological effects of the compounds (3). However, for charged (ionised) com-
pounds, it is important to consider the distribution constant between n-octanol and a buffer with the 
target pH value (4). To get a better understanding of the distribution of compounds between lipo-
philic and hydrophilic phases, micelle or liposome/aqueous partition coefficients, which are depend-
ent on van der Waals and hydrogen donor/acceptor interactions between the compounds and the 
lipophilic membrane, can be determined (5).

In this work, we used micellar electrokinetic chromatography (MEKC) and liposome electrokinetic 
chromatography (LEKC) for the separation of some antioxidants commonly present in plant mate-
rial. MEKC has been widely employed for the separation of synthetic and natural drugs (6, 7), pro-
teins and peptides (8, 9), oligonucleotides (10), carbohydrates (11, 12) and for the separation of 
natural antioxidants (13–16). The advances in developing fundamental aspects and applications of 
MEKC have been summarised, e.g. in “Silva 2011 (17)”. LEKC has been known since the mid-90s, 
when it was used for characterisation of interactions between lipid bilayers and peptides, or drugs 
(18). Later on, Roberts et al. (19) studied the behaviour of liposomes in capillary electrophoresis. 
Since then, several papers on LEKC have been published (20–22). Even though liposomes are rather 
crude biomimetic models of biological cell membranes, data has shown that LEKC can be used for 
predicting the behaviour of compounds in living systems (5, 23, 24).

The anti-atherosclerotic, anti-inflammatory, antitumor, antibacterial, antiviral and antitrombo-
genic effects of natural antioxidants are described in the literature (25–27). Polyphenols, including 
flavonoids, are the most common natural antioxidants in the human diet. Flavonoids are divided 
into six groups—flavones, flavonoles, flavanoles, flavanones, isoflavones and anthocyanines. The 
differences between the groups are given by the varied degree of hydroxylation, methoxylation or 
glycosylation. Coumarins and phenolic acids represent the simple phenols. The phenolic acids can 
further be divided into two groups based on the structure of cinnamic acid or benzoic acid. In vivo 
effects of these compounds are highly dependent on their lipophilicity and hydrophilicity, and there-
fore, in this study, micelle/aqueous phase and liposome/aqueous phase distribution constants of 
antioxidants were determined by MEKC and LEKC, respectively. Both the sodium dodecyl sulphate 
(SDS) micelles and the employed liposomes were negatively charged. The liposomes comprised of 
1-palmitoyl-2-oleyl-sn-glycero-3-phosphocholine (POPC) and 1-palmitoyl-2-oleyl-sn-glycero-
3-phospho-L-serine (POPS) or 1-palmitoyl-2-oleyl-sn-glycero-3-phospho-(1′-rac-glycerol) (POPG). All 
lipids chosen have transition temperatures well below room temperature, meaning that the li-
posomes used were in the disordered liquid crystalline phase throughout the study. To our 
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knowledge, this is the first time a direct EKC comparison of LEKC and MEKC, using the same volume 
of the pseudostationary phase (similar phase ratio), has been done.

2. Materials and methods

2.1. Materials and reagents
1-Palmitoyl-2-oleyl-sn-glycero-3-phosphocholine (POPC), 1-palmitoyl-2-oleyl-sn-glycero-3-fosfo-L-
serine (POPS) and 1-palmitoyl-2-oleyl-sn-glycero-3-phosphoglycerol (POPG) were purchased from 
Avanti Polar Lipids (Alabaster, AL, USA). The purity of all phospholipids were >99% according to 
Avanti Polar Lipids home page (https://avantilipids.com/). The phase transition temperatures of 
POPC, POPS and POPG are −2, 14 and −2°C, respectively. The structures of the phospholipids are 
shown in the supporting information (SI), Figure S2. SDS, the alkylbenzoates and the standards of the 
antioxidants (Figure S3) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Sodium hydrogen 
phosphate and thiourea were from Sigma (Darmstadt, Germany) and sodium dihydrogen phosphate 
monohydrate and HPLC-grade methanol were purchased from Mallinckrodt Baker (Deventer, The 
Netherlands). Methanol was purchased from VWR International (Espoo, Finland) and sodium hy-
droxide from FF-Chemicals (Yli-Ii, Finland). All compounds were used as received.

2.2. Capillary electrophoresis
An Agilent 7100 (Agilent, Palo Alto, CA, USA) capillary electrophoresis instrument equipped with a 
diode array detector was used for the LEKC and for the MEKC studies. Uncoated fused-silica capillar-
ies with 50 μm I.D. (360 μm O.D.) and a total length of 36.5 cm (effective length of 28 cm) were used 
throughout the study. When a new capillary was taken into use, it was preconditioned by rinsing 
(pressure of 940 mbar) for 15 min with NaOH (0.1 M), for 15 min with Milli-Q water and for 15 min 
(MEKC conditions) or 5 min (LEKC conditions) with the background electrolyte (BGE) solution before 
the first run. The sample was injected hydrodynamically by applying 50 mbar pressure for 5 s on the 
inlet sample vial. The applied voltage was 20 kV, the temperature was 25°C and the detection wave-
length was set at 214 and 254 nm. All capillary zone electrophoresis (CZE) and MEKC experiments 
were repeated five times. For LEKC experiments, the total volume of the BGE was only 225 μL (due 
to the high cost of phospholipids), and therefore, the LEKC experiments were repeated only three 
times.

2.3. Preparation of buffer, liposomes, micelles and antioxidant samples
Phosphate buffer (pH 7.4; ionic strength of 20 mM) was prepared by mixing appropriate amounts of 
solutions of sodium hydrogen phosphate and sodium dihydrogen phosphate. The total concentra-
tion of phosphate anion formed was 8.2 mM, and the concentration of sodium cations was 14.1 mM. 
The phosphate buffer was filtered through a 0.45 μm membrane filter before use. The BGE for MEKC 
contained SDS (5.2 mM) in phosphate buffer (pH 7.4; ionic strength of 20 mM). The BGE for LEKC was 
prepared from stock solutions of POPC (20 mM), POPS (12.7 mM) and POPG (10 mM) in chloroform 
(stored in a freezer) and phosphate buffer (pH 7.4; ionic strength of 20 mM). Appropriate amounts of 
the stock solutions of the phospholipids were mixed and evaporated to dryness under a gentle 
stream of air. Traces of chloroform were removed by evacuation under 8-100 mbar pressure for 
20 h. The lipid film was hydrated with phosphate buffer and shaken at 1,000 rpm for 60 min at 60°C. 
The liposome dispersion was extruded 19 times through a Nucleopore Track-Etch membrane 
(Whatman, Maidstone, UK) with a pore size of 100 nm. The total concentrations of the liposome 
dispersions, i.e. POPC/POPS (80:20, mol%) and POPC/POPG (80:20, mol%), were 4 mM, which were 
further diluted to 0.5 mM with phosphate buffer for LEKC analyses.

The concentration of the stock solution of each antioxidant compound was 1 g/L in methanol. The 
concentration of the antioxidants injected for analyses was 25 mg/L in Milli-Q water, except for mor-
in, biochanin A, esculin, isoquercitrin, luteolin and myricetin, which were of 50 mg/L in water/metha-
nol 3:1 (v/v). Thiourea (0.5 mM solution in phosphate buffer) was used as a marker of the 
electroosmotic flow (EOF).

https://avantilipids.com/
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2.3.1. Calculation of retention factors and determination of distribution constants
A description of the determination of the retention factors is given in the supporting information (SI). 
The effective mobilities of the micelles and the liposomes were determined using an iterative proce-
dure, utilising a series of alkylbenzoate homologues (methylbenzoate to hexylbenzoate) (28, 29). 
The scheme of the iterative procedure is shown in the supporting information (Figure S1). The distri-
bution constants of the compounds were calculated from the retention factors. The equations and 
details about the calculations are given in the supporting information.

3. Results and discussion

3.1. Determination of the electrophoretic mobility of liposomes and micelles
Determination of the electrophoretic mobilities of the liposomes and micelles is necessary for calcu-
lating the retention factors of the compounds in LEKC and MEKC. The iterative procedure using a 
homologous series of alkylbenzoates (C1–C6) was used for the determination of the electrophoretic 
mobility of the liposomes comprising POPC/POPS or POPC/POPG and for the SDS micelles. The mobil-
ity of 80:20 mol% POPC/POPS liposomes with a concentration of 0.5 mM in phosphate buffer (pH 7.4, 
20 mM ionic strength) was −4.18 × 10−8 m2 V−1 s−1. The electrophoretic mobility of 80:20 mol% POPC/
POPG liposomes was −4.33 × 10−8 m2 V−1 s−1. These values are rather similar to the values previously 
obtained for liposomes and lipid emulsions, i.e. Intralipid® and ClinOleic® (24, 30–32).

The electrophoretic mobility of the SDS micelles was −4.57 × 10−8 m2 V−1 s−1, which is in good agree-
ment with previously published values (33, 34). Both liposomes and SDS micelles have an overall 
negative surface charge, but the smaller size of SDS micelles in comparison with the liposomes ex-
plains the higher mobility of the SDS micelles.

3.2. Determination of the distribution constants of natural antioxidants
The distribution constants between the phosphate buffer (pH 7.4, ionic strength of 20 mM) and the 
liposomes, i.e. 80:20 mol% POPC/POPS or 80:20 mol% POPS/POPG, or the SDS micelles were deter-
mined from the effective electrophoretic mobilities of the flavonoids and phenolic acids measured 
under CZE, LEKC and MEKC conditions. Typical electropherograms under CE (CZE) and LEKC condi-
tions are shown in Figure S4. The obtained values were compared with the values of octanol/aque-
ous distribution constants. The values of log DpH 7.4 were used for ionised compounds and log Po/w 
values for neutral compounds (flavone, (+)-catechin). Log DpH 7.4 and log Po/w values were predicted 
using the ACD/Labs Percepta Platform—PhysChem Module and the pKa values were predicted using 
Advanced Chemistry Development (ACD/Labs) Software V11.02 (©1994–2015 ACD/Labs). The values 
are listed in Table 1.

3.3. Comparison of the distribution constants with log DpH 7.4 or log Po/w values
The degree of ion dissociation and the experimentally determined distribution constants for the 
phenolic acids and flavonoids using MEKC and LEKC are also listed in Table 1. The correlation be-
tween the obtained log KD (POPC/POPS) values and the predicted log DpH 7.4/log Po/w values is shown in 
Figure 1(A). There are two groups of studied compounds presented in the graph; group I represents 
the phenolic acids, the flavonoid glycosides (esculin, rutin and isoquercitrin) and 4-hydroxycou-
marin; group II represents the rest of the compounds, except for hesperidin, naringin and 4-hydroxy-
benzoic acid. Hesperidin and naringin belong to the group of flavonoid glycosides (flavanones), and 
they did not interact with the POPC/POPS liposomes under the selected experimental conditions (the 
retention factors were equal to zero). The reason for this could be due to the very low hydrophobicity 
of the compounds, indicated by their log DpH 7.4 values of −0.26 for hesperidin and −0.05 for naringin. 
This polar character in combination with their very bulky structures can at least partly explain the 
lack of interactions with the POPC/POPS liposomes.

In the following step, the interactions between the compounds and 80:20 mol% POPC/POPG li-
posomes were studied. The obtained log KD (POPC/POPG) values were compared with the predicted 
octanol/aqueous distribution constants. The correlation between the liposome (POPC/POPG)/
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Table 1. Values of pKa, log DpH 7.4, log Po/w and experimentally determined distribution constants 
(log KD) of phenolic acids and flavonoids

1Non-ionisable groups.
2log Po/w values are shown for uncharged compounds.
3A very small charge was observed, because the compound could be separated under CZE conditions (see 

supplementary information).
4The compounds do not interact with the micelles or liposomes.

Group Compound No. pKa α (%) log DpH 7.4 
or log Po/w

log KD 
(POPC/
POPS)

log KD 
(POPC/
POPG)

log KD 
(SDS)

Benzoic 
acid

Gallic acid 1 4.33 ± 0.10 99.92 ± 0.02 −2.30 1.19 1.37 2.30

4-Hydroxy-
benzoic acid

2 4.57 ± 0.10 99.86 ± 0.03 −1.15 –4 2.13 2.21

Protocat-
echuic acid

3 4.45 ± 0.10 99.90 ± 0.02 −1.86 2.07 1.14 1.97

Salicylic acid 4 3.01 ± 0.10 100.0 ± 0.0 −0.77 2.20 2.54 2.68

Syringic acid 5 4.33 ± 0.10 99.92 ± 0.02 −1.63 1.76 1.85 2.32

Vanillic acid 6 4.45 ± 0.10 99.90 ± 0.02 −1.46 2.20 1.69 2.34

Cinnamic 
acid

Caffeic acid 7 4.58 ± 0.10 99.86 ± 0.03 −1.74 0.65 –4 2.18

Chlorogenic 
acid

8 3.91 ± 0.50 99.95 ± 0.04 −3.91 2.48 2.49 1.98

Ferulic acid 9 4.58 ± 0.10 99.86 ± 0.03 −1.38 1.29 0.79 2.33

p-Coumaric 
acid

10 4.65 ± 0.10 99.83 ± 0.04 −1.32 1.05 1.74 2.22

Sinapic acid 11 4.53 ± 0.10 99.87 ± 0.03 −2.02 1.39 1.86 2.42

Flavanol (+)-Catechin 12 9.54 ± 0.10 0.8 ± 0.2 0.492 2.43 2.22 –4

(−)-Epicat-
echin

13 9.54 ± 0.10 0.8 ± 0.2 0.563 2.57 2.50 –4

Flavone 7-Hydroxyfla-
von

14 7.02 ± 0.40 69.0 ± 17.9 2.76 3.15 3.42 3.10

Biochanin A 15 6.50 ± 0.20 88.9 ± 4.3 1.97 4.12 4.62 3.25

Flavone 16 –1 –1 3.562 3.40 3.47 –4

Isoquercitrin 17 6.17 ± 0.40 93.0 ± 4.9 −1.19 2.46 2.20 2.45

Luteolin 18 6.50 ± 0.40 86.6 ± 9.0 1.12 3.96 3.72 3.00

Rutin 19 6.17 ± 0.40 93.0 ± 4.9 −1.75 1.88 0.71 2.59

Flavonol Kaempferol 20 6.34 ± 0.40 90.2 ± 6.8 0.81 3.97 3.20 3.11

Morin 21 6.30 ± 0.40 90.9 ± 6.3 0.34 2.88 1.81 2.41

Myricetin 22 6.30 ± 0.40 90.9 ± 6.3 0.26 3.45 3.61 2.65

Quercetin 23 6.31 ± 0.40 90.7 ± 6.4 0.58 4.19 4.30 –4

Flavanone Hesperetin 24 7.49 ± 0.40 47.7 ± 21.5 2.25 3.39 3.65 2.60

Hesperidin 25 7.15 ± 0.40 63.4 ± 19.7 −0.26 –4 –4 –4

Naringenin 26 7.52 ± 0.40 46.3 ± 12.4 2.22 3.79 3.77 2.60

Naringin 27 7.17 ± 0.40 62.5 ± 19.9 −0.05 –4 –4 –4

Coumarin 4-Hydroxy-
coumarin

28 4.50 ± 1.00 99.4 ± 0.6 −1.72 1.78 1.46 2.29

6,7-Dihy-
droxycouma-
rin

29 8.60 ± 1.00 20.8 ± 20.1 1.30 3.40 2.41 2.23

Esculin 30 7.00 ± 0.20 72.4 ± 8.9 −1.92 2.47 1.55 2.09
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aqueous and octanol/aqueous distribution constants is shown in Figure 1(B). Similarly, to the POPC/
POPS liposomes, the compounds are divided into two groups. Phenolic acids (excepted for caffeic 
acid), glycosylated flavonoids and 4-hydroxycoumarin are clustered in group III, whereas the agly-
cones of flavonoids (except for hesperidin and naringin) are clustered in group IV. The groups III and 
IV generally correspond to groups I and II presented in Figure 1(A). Due to negligible interactions 
with the liposomes, the retention factors of caffeic acid, hesperidin and naringin were equal to zero.

The positive slope of the regression line in Figure 1 indicates that the antioxidants prefer to inter-
act with the hydrophobic phospholipid membrane. The polar compounds (group I in Figure 1(A) and 
group III in Figure 1(B)) are only weakly retained in both liposome systems, with the slope of the 
correlation line being higher for the POPC/POPG liposomes. According to the data presented in Table 
1, higher log KD values were observed for some phenolic acids (i.e. gallic acid, 4-hydroxybenzoic acid, 
p-coumaric acid and sinapic acid) when comparing POPC/POPG liposomes with POPC/POPS li-
posomes. This clearly indicates selective interactions between some of the compounds and the po-
lar head groups of the lipids. Even though both phospholipids, i.e. POPG and POPS, have an overall 

Figure 1. (A) Correlation 
between log KD (POPC/
POPS) values and log DpH 

7.4/log Po/w and (B) correlation 
between log KD (POPC/POPG) 
values and log DpH 7.4/log Po/w. 
Compounds: (1) gallic acid; 
(3) protocatechuic acid; (4) 
salicylic acid; (5) syringic acid; 
(6) vanillic acid; (7) caffeic acid; 
(8) chlorogenic acid; (9) ferulic 
acid; (10) p-coumaric acid; (11) 
sinapic acid; (12) (+)-catechin; 
(13) (−)-epicatechin; (14) 
7-hydroxyflavon; (15) 
biochanin A; (16) flavone; 
(17) isoquercitrin; (18) 
luteolin; (19) rutin; (20) 
kaempferol; (21) morin; (22) 
myricetin; (23) quercetin; (24) 
hesperetin; (26) naringenin; 
(28) 4-hydroxycoumarin; (29) 
6,7-dihydroxycoumarin; (30) 
esculin. Data was evaluated 
using program Statistica 12 
and graphical program Origin 9. 
Running conditions: uncoated 
fused-silica capillary (50 μm 
I.D./360 μm O.D, ltot = 36.5 cm, 
ldet = 28.0 cm); BGE: 0.5 mM 
80/20 mol% POPC/POPS (A) 
or 0.5 mM 80/20 mol% POPC/
POPG (B) in phosphate buffer at 
pH 7.4 (I = 20 mM); separation 
voltage + 20 kV; capillary 
cassette temperature 25°C; 
sample injection 50 mbar/5 s; 
UV detection at 214 and 
254 nm; 0.5 mM thiourea was 
used as an EOF mobility marker.
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negative surface charge, the polar parts of the molecules are dissimilar. POPS has two negatively 
charged functional groups and one neutralising positively charged group, whereas POPG only con-
tains one negatively charged phosphate group. The 1,2-diol presented in POPG can also specifically 
interact with the aforementioned compounds.

3.4. Correlation of experimental and predicted distribution constants
For detailed characterisation of the correlation between the log KD data, the Pearson’s correlation 
coefficient, r, was used. Pearson’s correlation coefficient is one of the most important and most 
commonly used parameters for measuring the strength of a correlation between two continuous 
random variables. Pearson’s correlation coefficient is expected from N pairs of values—the correla-
tion pairs of the measured N individuals randomly selected from the population. Pearson’s correla-
tion coefficient determined for the POPC/POPS liposomes vs log Po/w/log DpH7.4 was 0.714 (R2 = 0.491) 
and for the POPC/POPG liposomes vs log Po/w/log DpH7.4 the positive correlation was 0.740 (R2 = 0.530). 
The values of the Pearson’s correlation coefficients are in the range of 0.7–0.8, which is typical for 
strong correlation between studied variables. The Pearson’s correlation coefficient was even higher 
(r = 0.874, N = 25, p < 0.05) for the correlation between log KD (POPC/POPS) and log KD (POPC/POPG), 
shown in Figure 2. This demonstrates that the positive correlation between the two liposome sys-
tems is stronger than between the log KD values obtained using the liposome systems and the pre-
dicted log Po/w/log DpH 7.4 values.

The pseudostationary phase in MEKC comprised 5.2 mM of SDS. The cmc of SDS was determined 
using a CE instrument for measuring the current as a function of increasing SDS concentration in a 
capillary filled with a BGE containing SDS (35). The cmc value of SDS in phosphate buffer (pH 7.4, 
I = 20 mM) was 4.1 ± 0.2 mM. This means that the BGE employed in this work (comprising 5.2 mM 
SDS), contained both SDS micelles (with the micelle concentration 1.1 mM) and free SDS unimers. 
The concentration of the pseudostationary phase was selected to provide the same phase ratio in 
the LEKC and MEKC analyses. Interactions between (+)-catechin, (−)-epicatechin, flavone, quercitrin, 
hesperidin or naringin and SDS micelles were not observed in the MEKC analyses. The correlation 
between the logarithms of micelle/aqueous phase distribution constants and the log Po/w/log DpH 7.4 
values is shown in Figure 3. The corresponding data is presented in Table 1. Group V is formed by the 

Figure 2. Correlation between 
log KD (POPC/POPG) values and 
log KD (POPC/POPS) values. The 
numbering of the compounds 
and the running conditions are 
the same as in Figure 1.
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phenolic acids and flavonoid glycosides, and group VI represents the flavonoids. In comparison with 
the LEKC systems, the positive slope of the correlation line is lower, indicating that the less polar 
compounds interact more strongly with the phospholipid membrane than with the SDS micelles. The 
correlation between log KD (SDS) and log Po/w/log DpH 7.4, represented by Pearson’s correlation coeffi-
cient (r = 0.739, N = 24, p < 0.05), is however similar to the values obtained for POPC/POPS and POPC/
POPG liposome dispersions.

3.5. Comparison of the distribution constants in LEKC and MEKC
In order to compare the LEKC and MEKC separation systems and for characterisation of the distribu-
tion equilibria, the correlations between the constants determined for the SDS micelles and for the 
liposomes were constructed. The correlation between log KD (SDS) and log KD (POPC/POPS) is pre-
sented in Figure 4(A), and the correlation between log KD (SDS) and log KD (POPC/POPG) is shown in 
Figure 4(B). Both systems provided similar positive slopes of regression lines with slightly better cor-
relation of SDS with POPC/POPG, indicated by a slightly higher Pearson’s correlation coefficient (0.716 
for SDS-POPC/POPG compared to 0.661 for SDS-POPC/POPS). Micelles of SDS are negatively charged 
as well as the liposomes of POPC/POPG and POPC/POPS. However, at this stage, we are not able to 
comment on the reason why the Pearson’s correlation coefficient between SDS-POPC/POPG is higher 
than between SDS-POPC/POPS. The primary amino group presented in POPS could make a difference. 
The significant correlation of distribution constants by MEKC and LEKC suggests that the partition 
equilibria in SDS micelles can be used as a rough model for characterising the interaction of com-
pounds with phospholipid membranes.

Figure 3. Correlations between 
log KD (SDS) values and log 
Po/w/log DpH 7.4 values. The 
numbering of the compounds 
is the same as in Figure 1. 
Running conditions: uncoated 
fused-silica capillary (50 μm 
I.D./360 μm O.D., ltot = 36.5 cm, 
ldet = 28.0 cm); BGE: 5.2 mM SDS 
in phosphate buffer at pH 7.4 
(I = 20 mM); separation voltage 
+20 kV; capillary cassette 
temperature 25°C; sample 
injection 50 mbar/5 s; UV 
detection at 214 and 254 nm; 
0.5 mM thiourea was used as 
an EOF mobility marker.
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4. Conclusions
In this work, liposome/aqueous and micellar/aqueous phase distribution constants of natural anti-
oxidants were determined using LEKC and MEKC. Liposomes comprising 80:20 mol% POPC/POPS or 
80:20 mol% POPC/POPG were used as the pseudostationary phase in LEKC, and SDS micelles were 
used in MEKC. In order to compare the distribution constants obtained by LEKC and MEKC, pseu-
dostationary phases of similar phase ratios were utilised. The distribution constants were calculated 
from the phase ratio and the retention factors, and the KD values were compared with predicted 
values of octanol/aqueous phase distribution constants of the selected antioxidants. The results 
show that the distribution constants of phenolic acids and flavonoid glycosides are, in general, lower 
than the distribution constants of the flavonoids. Obviously, the type of polar head groups in the 
phospholipids or surfactants has a considerable effect on the distribution constants of the phenolic 
acids and flavonoids. The data indicated a stronger positive correlation between the two studied li-
posome systems than between the liposome/SDS systems.

Figure 4. Correlations between 
(A) log KD (SDS) values and 
log KD (POPC/POPS); and (B) 
log KD (SDS) and log KD (POPC/
POPG). The numbering of the 
compounds is the same as in 
Figure 1. Running conditions 
were as in Figures 1 and 3.
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