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The demand to get a tool for biological parameter estimation of
new compounds for clinical application, supports the postulation of 
predictive models as an alternative to conventional classical assays 
being no necessary the use of experimentation in animals. A lot of 
in vitro systems, including the use of physicochemical parameters 
of drugs, the permeability data from cell culture line and the 
chromatographic models [1-4], have been established. The study of the 
type of chemical structure of a foreign substance, which will interact 
to a living system and produce a well-defined biological endpoint, is 
commonly referred to as quantitative structure-activity relationship 
(QSAR). The application of chromatographic parameters in QSAR 
gives rise to a new field: quantitative retention-activity relationship 
(QRAR) [5-7]. Sagrado has named this methodology BMC [8,9].
Which is a chromatographic modality optimized in order to describe 
the biological behavior of drugs, comprises a hydrophobic stationary 
phase and saline solutions of Brij35 micelles as mobile phase, has 
been testified to be useful for describing and predicting the biological 
activities of different pharmacological kinds of drugs [10], permeability 
across the intestinal barrier [11,12], blood–brain barrier and cornea 
[13].

However, in the biopartitioning micellar chromatography, the 
resting membrane potential, which is essentially the result of the 
gradients of the ion concentrations that exist across the membrane 
of a cell, can not be simulated [14]. The resting state of a cell can be 
characterized by a large number of parameters: the ionic concentrations 
in the intra- and the extracellular electrolyte solution, the currents of 
the different kinds of ion transport across the cell membrane, and 
the membrane potential, which is the difference between the electric 
potentials in the bulk of the intra- and the extracellular medium [15]. 
In physiological conditions, the membrane potential has a value of 
about －60～－80mV [16]. The values of zeta potential in pure Brij35 
solution and mixed micellar system have been studied, the results 
indicate that the value is about 0mV in pure Brij35 solution and the 
ratio of Brij35 and SDS (85:15) in mixed micellar system (zeta potential 
is about－45.0mV) is the best condition for modeling the physiological 
environment. Furthermore, in the mixed system the conformation 
of the long hydrophilic polyoxyethylene chains remains unchanged. 
Intermolecular interaction among the Brij35 molecules gradually 
weakens in the mixed micelles as the ratio Brij35/SDS decreases, but 

with even smaller changes when the ratio of Brij35 and SDS is 85:15. The 
hydrophobic chains of both Brij35 and SDS are involved in the mixed 
micellar core. The self diffusion coefficients, relaxation measurements, 
and 2D NOESY experiments show that the hydrophilic chains of Brij35 
molecules in the mixed micelles remained unchanged with the variation 
in Brij35/SDS. Which means for the reagent, BMCBrij35:SDS=85:15 is better 
than BMCBrij35 to emulate the solute partitioning into liposome/ water 
layer system [17,18]. 

The diuretics are ion transport inhibitors that decrease the 
reabsorption of Na+ at different sites in the nephron, can induce a 
state of increased urine flow. We found many health products contain 
diuretics in China. For example, some of the weight-loss products 
were found to contain bumetainde or furosemide [19]. In this paper, 
we focused our attention on mixed micellar liquid chromatography 
methods, deriving the quantitative retention–activity relationship 
models based on the BMCBrij35:SDS=85:15 and BMCBrij35 chromatographic 
retention to predict the biological parameters of diuretics. The aim of 
this article is to discuss the advantages and limitations of using mixed 
micellar solution of Brij35/SDS (85:15) as mobile phase to describe and 
estimate the bioactivities of diuretics.

Experimental
Instrumental and measurement

The retention of drugs was measured using an LC-6A chromatograph 
with an LC-6A pump, an SPD-6AV UV-visible detector and a CTO-
6A column thermostat (Shimadzu, Japan). Data were collected and 
processed on a Compaq computer installed with Alltech-chromstation 
software. The solutions were injected into the chromatograph through 
a Rheodyne valve (Cotati, CA, USA), with a 20 µL loop. The HPLC 
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Abstract
In this article, the capability of traditional biopartitioning micellar chromatography (BMC), using the pure Brij35 

solution and the mixed micellar system of Brij35/SDS (85:15) as mobile phase respectively, under adequate 
experimental conditions, to describe and estimate bioactivities of diuretics, has been focused. The BMCBrij35/SDS–QRAR 
models can simulate the resting membrane potential and the conformation of the long hydrophilic polyoxyethylene 
chains remains unchanged. The predictive and interpretative ability of the chromatographic models was evaluated in 
terms of cross-validated data (RMSEC, RMSECV and RMSECVi). The obtained BMCBrij35/SDS–QRAR were compared 
with the traditional BMCBrij35–QRAR models, and better statistically models were obtained using Brij35-SDS retention 
data. 
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column was a Kromasil C18 column (5um, 150 mm × 4.6 mm i.d.) with 
a phenomenex security GuardTM C18 guard cartridge. Mobile phase 
flow-rate was 1.0 mL/min. Detection was performed at 300 nm. All the 
assays were carried out at 37.0°C for imitating body temperature.  

The retention data in BMC were calculated according to the 
IUPAC approach [20], based on the extra-column time correction, for 
any chemical can be estimated as:

k=(tg
R－tg

m)／( tg
m－text)                   (1)

Where tg
m is the gross hold up times; tg

R is the gross retention time 
and text is the extra-column time. All retention values used in this study 
were the averages of at least triplicate determinations. The relative 
standard deviations of k values ranged between 0.1 and 0.9%.

Reagents and standards

All diuretics were control articles except torasemide: 
furosemide(National institute for control of pharmaceutical 
and biological products, China, 100544-200501), 
hydrochlorothiazide(National institute for control of pharmaceutical 
and biological products, China, 00309-200001), bumetanide(National 
institute for control of pharmaceutical and biological products, 
China, 173-9301), etacrynic acid (National institute for control of 
pharmaceutical and biological products, China, 0259-9701), amiloride 
hydrochloride (National institute for control of pharmaceutical and 
biological products, China, 100310-200201), triamterene(National 
institute for control of pharmaceutical and biological products, China, 
100429-200401), torasemide tablets (Nanjing Xingang Union Pharma.
CO.,LTD, Nanjing, China).

Mobile phases of BMCBrij35:SDS=85:15 and BMCBrij35 were prepared with 
aqueous solutions of polyoxyethylene(23) lauryl ether (Brij35,Acros, 
New Jersy, USA) and sodium dodecyl sulfate (SDS, New Jersy, USA). 
Micellar eluent pH was adjusted with 0.05 M phosphate buffer, which 
was prepared with disodium hydrogen phosphate and potassium 
dihydrogen phosphate (analytical-reagent grade, Kelong, Chengdu, 
China). In order to reproduce the osmotic pressure of biological fluids, 
NaCl (9.20 g/L, analytical-reagent grade, Kelong, Chengdu, China) was 
added to the micellar mobile phase. This NaCl concentration was close 
to physiological concentration of biological fluids. Water was from a 
Millipore (Billerica,MA,USA) synergyTM 185 system and was degassed 
before HPLC. The mobile phases injected into the chromatograph were 
filtered through 0.45 µm microporous membrane.

Stock standard solutions of reference substance of the diuretics 
were prepared by dissolving 5 mg of the compound in 5 mL of mobile 
phase solution. Working solutions were prepared by dilution of the 
stock standard ones using the Brij35 solution. For the pharmaceutical 
preparation, working solutions were prepared by dissolving 10 mg of 

the tablet powders of the drugs in 10 mL of mobile phase solution, then 
centrifuged at 1000g for 5 minutes. The working solutions injected 
into the chromatograph were filtered through 0.45 um microporous 
membranes (Xinya, Shanghai, China), respectively. All the solutions 
were stored under refrigeration at 4°C before injection.

Software and data processing

Matlab® for Windows (version 7.1, The Math Works Inc.) was 
used for multivariate analysis, and Microsoft® Excel 2003 (Microsoft 
Corporation) was used to perform statistical analysis of regression 
models.

Evaluation of the QRAR models predictive ability 

To evaluate the predictive ability of the QRAR models, the 
comparison between the root mean squared error of calibration 
(RMSEC), the root mean squared error of cross-validation (leave-one-
out) (RMSECV), and the root mean squared error of cross-validation 
(leave-one-out) for interpolated data (RMSECVi) [21] was used. Table 
1 shows the equations and the characteristics. From a qualitative point 
of view, large differences between RMSEC, RMSECV and RMSECVi 
indicate a lack of robustness of the QRAR models obtained and the 
need for greater cautions in future predictions.

Results and Discussion
Retention–activity relationships for the diuretics in BMC 

Table 2 shows the structure of the diuretics. The retention of the 
compounds was measured using 0.02 M Brij35 and 0.02 M Brij35/
SDS (85:15) mobile phase, respectively. The pH was adjusted to 7.4 to 
obtain experimental conditions as close as possible to physiological 
ones. In order to obtain predictive and interpretative models, the 
retention data of diuretics and the corresponding biological responses 
were adjusted to a second-order polynomial model (Eqn.2), which has 
also been demonstrated in previous QRAR studies that this is the usual 
retention–activity relationship for pharmacokinetics and biological 
response of drugs [20,21].  

Bioactivity parameter =α (log k)2+blog k+c                 (2)

Where bioactivity parameter includes pharmacokinetic parameters. 
[e.g., half-life time (t1/2), volume of distribution (Vd), plasma clearance 
(Cl), and time after administration of a drug when the maximum 
plasma concentration is reached (tmax)].

Table 3 shows the bioactivities of diuretics reported in the literature 
and the retention data (log k) obtained in 0.02 M Brij35 and Brij35/
SDS (85:15) mobile phase. In the case of the pharmacokinetics, due to 
the large number of data sources found and their variability, the values 
chosen to construct the corresponding QRAR models were the median 

Parameter Equation Characteristics
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=
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All the n molecules are included in the model construction.
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Each molecule (i) is used as test in turn for the model chosen 
on the remaining molecules, performing the procedure n-1 
times
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The same as for RMSECV but excluding the two extreme 
data (i=1, n), after ordering them by their log k values.

Table 1: Equations and characteristics of RMSEC, RMSECV and RMSECVi.
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values. Table 4 summarizes the statistical analysis of the second-order 
polynomial models using BMCBrij35 and BMCBrij35:SDS=85:15 systems. 
In all cases, the equations and statistics for the QRAR models are 
adjusted to the format recommended by Sagrado and Cronin [22,23]. 
The p-values were less than 0.01, which indicated that there were 
statistically significant relationships between these parameters and log 
k values obtained in the BMCBrij35 and BMCBrij35:SDS=85:15 systems at the 
99% confidence level. The r2 statistic values indicated that the models, 
as fitted, explain 0.9323–0.9453 and 0.9742–0.9824% of the variability 
in BMCBrij35 system and BMCBrij35:SDS=85:15 system at pH 7.4, respectively. 
The standard error of the estimate shows the standard deviation of 
the residuals to be 0.2598 and 0.9047 (for BMCBrij35 system at pH 7.4), 
0.1853–0.5133 (for BMCBrij35:SDS=85:15 system at pH 7.4), which can be 
used to construct prediction limits for new observations. As can be 
deduced by comparing the r2, r2

adj, SE, F and p-values, the BMCBrij35/SDS–
QRAR models provide either better or at least comparable statistical 
results than the BMCBrij35–QRAR models. 

From the results, we could see for the BMCBrij35–QRAR models, 

Table 2: Structures of the diuretics studied.

Furosemide Hydrochlorothiazide

Bumetanide Torasemide

Ethacrynic acid Amiloride

  

Triamterene

No. Diuretics t1/2 tmax logkBMC logkBMC-SDS

(h) (h) (pH7.4) (pH7.4)
1 Furosemide 0.5-1.0[25] 1.0-2.0 [26] 0.90 0.85
2  Hydrochlorothiazide 7.0-12.2[27] 1.4-3.8 [27] 1.26 8.60
3 Bumetanide 1.0-1.5[28] 1.0-2.0 [29] 0.82 1.00
4 Torasemide 3.5[30] ------ 0.68 3.50
5 Ethacrynic acid 1.0-3.0[31] 2.0 [30] 0.75 2.00
6 Amiloride 6.0-9.0[30] 3.0-4.0 [32] 1.30 7.50
7 Triamterene 1.5-3.0[30] 2.0-5.0 [29] 1.12 2.70

Table 3: The bioactivities, retention data (log k) obtained in 0.02 M Brij35 and 
Brij35/SDS (85:15) mobile phase, respectively.
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Figure 1: (A~D) The plots of biological activity parameters vs. the retention 
data studied in the BMCBrij35  and BMCBrij35;SDS=85;15 system.

 

Brij35(t1/2-logk)

0

2

4

6

8

10

0 0.5 1 1.5

logk

t1
/2

Brij35(tmax-logk)

0

1

2

3

4

0 0.5 1 1.5

logk

tm
ax

 
                   A                                                                                   B 

Brij35/SDS(t1/2-logk)

-2

0

2

4

6

8

10

0 0.5 1 1.5

logk

t1
/2

Brij35/SDS(tmax-logk)

0
0.5

1
1.5

2
2.5

3
3.5

4

0 0.5 1 1.5

logk

tm
ax

 
                   C                                                                                 D 

Figure 2: (A~D) The actual versus predicted (fitted and cross-validated) 
activities in the BMCBrij35 and BMCBrij35;SDS=85;15 system.
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all the fitting parameters of models were significant (p-values were 
less than 0.05), while for the tmax QRAR model at pH 7.4 the fitting 
parameter b and c were not. Since the p-values were larger than0.05, 
the square of the product–moment correlation coefficient (r2 = 0.9323) 
and r2 for degrees of freedom(r2

adj = 0.8985) of the relationships testified 
that the BMCBrij35–QRAR model was adequate. On the other hand, for 
the t1/2 and tmax QRAR models, using mixed micellar as mobile phase, 
the fitting parameters were all significant. Figure 1(A–D) includes the 
plots of biological activity parameters vs. the retention data studied in 
the BMCBrij35 and BMCBrij35:SDS=85:15 system. In all cases, data can be fitted 
to a second-order polynomial model, which has been proved to be 
usual in QSAR models [24]. It has also been demonstrated in previous 
QRAR studies that this is the usual retention–activity relationship 
for pharmacokinetics and biological responses of drugs. As can be 
observed in Figure 1, the relationship obtained using BMCBrij35 system 
at pH 7.4 was quite similar to that obtained using the BMCBrij35:SDS=85:15 
system. From a qualitative point of view, both systems provide the 
same information at physiological pH, the use of mixed mobile phases 
did not improve the results obviously.

Predictive ability of QRAR models 

To compare the predictive ability of the models in terms of 
crossvalidated data, but pointing out the difference between interpolated 
data and extrapolated data, three parameters (the RMSEC, RMSECV 
and RMSECVi values) for the BMCBrij35–QRAR and BMCBrij35/SDS–QRAR 
models were obtained (Table 4). For the BMCBrij35–QRAR models, the 
RMSECV values were larger than RMSECVi values, and were larger 
than those corresponding to the BMCBrij35/SDS–QRAR models. Which 
indicated that for the BMCBrij35–QRAR models, some caution should 
be exercised with the extrapolated parameter data. For BMCBrij35/SDS–
QRAR models the RMSEC, RMSECV and RMSECVi values were 
similar, which suggested that both interpolations and extrapolations 
of parameters based on the current BMCBrij35/SDS–QRAR models 
should be reasonably adequate. Figure 2 (A~D) includes the actual 
versus the predicted (fitted and cross-validated) activities for diuretics. 
Apparently, there were slight differences between these figures when 
using the BMCBrij35:SDS=85:15 system, visual differences mainly located in 
the smaller values (0.50<log k<1.00) in pure Brij35 solution. However, 
from the qualitative perspective, the ability of log k values in describing 
the biological responses and pharmacokinetic parameters of diuretics 
in terms of cross-validated data was adequate. Using the QRAR models 
obtained, the biological parameters of other compounds whose data 
were not available in bibliography could be predicted.

Conclusions
Since the revolutionary development of combinatorial chemistry, 

the bottleneck in drug discovery has shifted to pharmacokinetic and 
pharmacodynamic optimization of lead compounds. Chromatographic 
retention-based approaches (QRAR) system which encompasses 
the main interactions between a drug and biological membrane, can 
offer a rapid, simple pharmacokinetic/pharmacodynamic profiling of 
compounds. The main problem to get models with predictive ability of 
biological parameters of drugs is the limited number of available data 
of compounds because they have not been studied or been reported. 
This problem is special important for multivariate models based on the 
use of molecular descriptors. 

In this study, BMCBrij35–SDS provides results that are better than, 
or at least comparable to, BMCBrij35 in the QRAR models involving 
the diuretics reported. This mixed micellar liquid chromatography 
approach can be very useful in pharmaceutical research of new diuretics 
and helpful in the study of adding banned diuretics in health products. 
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