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Abstract: A method of quickly determining tamsulosin enantiomers by capillary zone

electrophoresis with a photodiode array detector was developed. Response surface

methodologies based on three-level, three-variable designs such as Box-Behnken

design, central composite face-centered, and central composite circumscribed design,

were comparatively used for the optimization with respect to selector concentration,

applied voltage, and column temperature. Statistical interpretation of the variables

on different responses, such as resolution and migration time of the last isomer were

performed. The optimum conditions of these variables were predicted by using a

second-order polynomial model, fitted to the results obtained by applying three

designs. The response surface plots using three experimental designs revealed a separ-

ation optimum with 100 mM tris (hydroxymethyl) aminomethane buffered with phos-

phoric acid to pH ¼ 2.5, concentration of sulfated-b-cyclodextrin, 0.15% (W/V),

column temperature 258C, and applied voltage of 25 kV. The significance of the stat-

istical designs was confirmed by the generally good agreement obtained between

predicted responses and actual experimental data. We have concluded that
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experimental designs offer a rapid means of optimizing several variables, and provide

an efficient test for the robustness of the analytical method.

Keywords: Tamsulosin, Response surface methodology, Capillary electrophoresis,

Chiral separation, Sulfated-b, -cyclodextrin, Experimental design

INTRODUCTION

Many methods have been developed in order to optimize the parameters of

interest in capillary electrophoresis and related techniques.[1,2] In chemo-

metric approaches, experimental measurements are performed in such a

way that all variables vary together. An objective function is utilized in

which the analyst introduces the desired criteria (selectivity, resolution,

time of analysis). The advantage of chemometrics tools is that no explicit

models are required, and when models are available optimization is easier

to perform by regression methods. Optimization of a CE separation

condition is a critical step, since the wide array of variables such as applied

voltage, buffer composition, ionic strength, temperature, capillary length,

and injection time can influence the separation efficiency, migration time, res-

olution, etc., and a complete and quite general physicochemical model in CE

is still missing.[3 – 5] One approach to achieve an optimal separation is to vary

the experimental parameter steps while keeping other parameters constant.

But, the search for the optimal separation condition by this approach

requires too much experimental work, and is tedious and time consuming.

Furthermore, when interaction appears, an independent univariate optimiz-

ation is not appropriate to find the best experimental conditions, since the

influence of any given variable depends on the magnitude of another variable.

A suitable alternative to overcome the aforementioned shortcomings lies

in experimental design techniques. Moreover, the number of experiments to

be carried out can be reduced drastically when following these chemometric

strategies.[6 – 9] Chemometrics are involved in the preliminary stages for the

establishment of a CE method and the analysis of CE data to extract the

maximum amount of significant information. It allows a large number of par-

ameters to be screened simultaneously, and to achieve this in a small number

of mathematical runs is the most important aspect of mathematical design and

will provide a mathematical framework. Experimental designs such as

Plackeet-Burman design (PBD), Box-Behnken design (BBD), central

composite face-centered design (CCF), central composite circumscribed

design (CCC), full-factorial design (FFD), etc., have been used for CE separ-

ation studies.[10 – 16] Several studies have been reported on the use of multi-

variate statistical analysis to optimize CE methods. Depending on the

design, the response model can show the relationship between each

parameter. BBD, CCF, and CCC are the response surface methods used to

optimize CE separation.[17,18] As an efficient statistical tool for optimization
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of multiple variables, it can be performed respectively to predict the best

performance conditions by using a minimum number of experiments.

With a growing demand to explore the different toxicities and metabolic

pathways of drug enantiomers, pharmaceutical companies are putting increas-

ing efforts into the characterization of optically active drugs, with respect to

their optical purity. (+) 5-[2 (R, S)-f[2-(o-ethoxyphenoxy) ethyl]aminog

propyl]-2-methoxy-benezensulfonamide (tamsulosin) hydrochloride exists in

two enantiomeric forms but only R-isomer is the pharmaceutically active

component. Fast quantification of the tamsulosin enantiomers is very

important for quality control of the synthesis procedure, as well as for pharma-

cological and pharmacokinetic studies. Several methods have been used for

determining tamsulosin in different matrices, including high performance

liquid chromatography (HPLC),[19,20] liquid chromatography with

atmospheric pressure chemical ionization tandem mass spectrometry (LC-

MS-MS),[21] liquid chromatography with electrospray ionization-mass spec-

trometry (LC-ESI-MS).[22] Capillary zone electrophoresis (CZE) possesses

the advantages of short analysis time, small consuming sample, high separ-

ation efficiency, simple experimental operation, and so on. A recent paper

revealed that the baseline separation of tamsulosin enantiomers could be

obtained within 12 min using sulfated-b-cyclodextrin (S-b-CD) as the chiral

selector. The typical electropherogram of the studied enantiomers was

obtained under the optimized conditions (pH 2.5; phosphate/Tris buffer con-

centration 100 mM; concentration of S-b-CD 1.7 mM; temperature 188C;

applied voltage þ20 kV with a polyacrylamide-coated capillary.[23]

In the present work, BB, CCF, and CCC designs have been comparably

performed to determine the optimal separation conditions by CZE.

Increased chiral resolution and migration time can be obtained using the

experimental design methodology, instead of the above method using the

coated capillaries. Furthermore, in order to find the best compromise

between several responses, a multi criteria decision making approach was

used, in which the resolution response and migration time response can be

simultaneously optimized. Baseline separation of the enantiomers has been

obtained quickly during 3 min, with a resolution greater than 1.5.

EXPERIMENTAL

Chemicals

R,S-Tamsulosin hydrochloride (TH) standards and the tamsulosin hydrochlo-

ride product were provided by Beijing Kangbeide Pharmaceutical Develop-

ment Company, China, sulfated-b-cyclodextrin sodium salt (typical

substitution 7–11 mol/mol) was purchased from Beijing Bailingwei

Chemical Reagent Company, HCl, tris (hydroxymethyl) aminomethane

were purchased from Beijing Chemical Reagent Company, double-distilled
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water was obtained from a super-purification system (Danyangmen

Corporation, Jiangshou, China). The racemic test mixtures of both enantio-

mers were used freshly prepared to prevent degradation. Standard stock

solutions with a concentration of 1000 mg/mL were prepared in deionized

water, with further dilution before the operation. All electrolyte solutions

and samples were filtered through 0.45 mm pore size filters and degassed in

an ultrasonic bath for 15 min before use.

Apparatus

CE separation was performed with a HP3D CE system with a photodiode array

detector, an autosampler, and a power supply able to deliver up to 30 kV

(Agilent Technologies, Inc., Walbronn, Germany). A CE ChemStation

(Hewlett-Packard) software was used for instrument control, data acquisition,

and data handling. All experiments were carried out in the cationic mode

(anode at the inlet and cathode at the outlet). An uncoated fused silica

capillary of 50 mm I.D. and 33 cm (24.5 cm effective length) was employed

throughout all experiments. The capillary was conditioned before each

analysis by flushing successively with H2O, and buffer for 5 min, respectively.

Samples were injected with pressure at 50 mbar for 5 s and separated at the

operating voltage.

RESULTS AND DISCUSSION

Statistical Experimental Design

The pH of the carrier electrolyte has a dramatic influence on the separation of

the tamsulosin enantiomers. Tamsulosin has a pK value about 8.74 and is posi-

tively charged at acidic and neutral pH values. The baseline resolution was

obtained in the pH range 3.0–3.5, worse resolution and faster migration

times were observed at higher pH.[23,24] This electrophoretic behavior of the

analyte is probably related to the change of the EOF. EOF at pH . 3.5

became considerable; therefore, short migration times were obtained. Accord-

ingly, there was not enough time allowed for interactions between the selector

and the analyte. Also, the enantioseparation mechanism involved included the

formation of inclusion complexes, which could be unstable at pH greater than

3.5. At lower pH (about 2.5) the intermolecular interactions, especially the

hydrogen bonding, became more available between the polar functional

groups of the CD and the analyte. Secondly, at lower pH the basic amino

group of the analyte would be protonated (positively charged), thus, the

inclusion CD-analyte complex formed would have a better electrophoretic

migration within the applied electric field and would enhance effective separ-

ation. Note, that the presence of the sulfate substituents on the CDs allows
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ion-exchange or electrostatic interactions in addition to more traditional

inclusion complexation usually invoked when considering stereospecific

interactions with CDs. These interactions contribute to the improvement of

the enantioseparation of the analyte under study. In our study, it was kept

constant at pH 2.5.

The resolution of the tamsulosin enantiomers increased with increasing

concentration of S-b-CD in the buffer. S-b-CD migrates in the opposite

direction to the R,S-tamsulosin and to the migration of the electroosmotic

flow (countercurrent mode). The good separation ability of S-b-CD was

ascribed to enhanced hydrogen bonding of the analyte with the sulfonic

acid group of the chiral selector, possible ion-pair interactions, and use of

the countercurrent separation mode. The migration order of the enantiomers

was R-tamsulosin before S-tamsulosin. The migration order was the same

in the whole studied concentration range of S-b-CD. Peak distortion was

observed with increasing concentration of the selector according to the

relative research.[24] For this reason, the best concentration of S-b-CD of

0.1% (W/V) was chosen as the central point for optimization. Increasing

the voltage results in shortening migration time and improving the separation

efficiency. However, as voltage is further increased, excessive Joule heating

results in band broadening. Hence, maximum resolution is obtained by main-

taining the voltage below the level at which Joule heating becomes a limiting

factor, so an organic buffer was used in our studies. The separation tempera-

ture affects the mobility of the species, and of the EOF, by changing the

viscosity of the electrolyte. In our study, the above two variables was

chosen for the optimization.

Initial method screening to determine the most significant variables for

the analytes did not require an experimental design approach due to the

previous CE studies.[23,24] As shown in Table 1, three important variables

were chosen for the optimization designs, namely the concentration of

selector, applied voltage, and temperature. In order to calculate quadratic

regression model coefficients, each design variable has to be studied at three

distinct levels or at least five levels.

BB and CCF and CCC models were comparatively used for the multivari-

able approach. For the BB design, the experimental plan for a three-parameter

Table 1. Coded and true values of variables of the BB, CCF and CCC design models

Variables

Code Level

Coded

value

True

value 21.682 21 0 1 1.682

Concentration (mM) X1 x1 0.016 0.05 0.10 0.15 0.18

Voltage (kV) X2 x2 11.59 15 20 25 28.41

Temperature (8C) X3 x3 11.59 15 20 25 28.41
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design is laid out according to the following pattern: two variables have a

combination of their extreme levels, while the other is set to its mean value.

For a three-parameter design, all experimental points are located on the

edges of a cube around the centre points (Figure 1a). The CCF and CCC

designs are based on a full factorial design, which is augmented by centre

points, axial or start points (Figure 1b and 1c). There are, therefore, 8 cube

points (for a full factorial) with levels of 21 and þ1, 6 axial or start points

with levels of 2a and þa, and 6 replicates of the centre point. Depending

on the a value, three types of models are distinguished: central composite

face centre if a ¼ 1, central composite circumscribed if a . 1, and central

composite inscribed (CCI) if a , 1. The first type is spherical designs,

while the CCF and CCI are cubic designs. Here, for three variables and

three or five levels, a total of 20 experiments were considered. As with the

CCD model, the BB design is a response surface method, used to examine

the relationship between one or more response variables and a set of quanti-

tative experimental parameters. The BBD is not directly based on a full

factorial design, as it uses middle points instead of corner points. The BB

design requires fewer experiments than CCF and CCC, but covers a slightly

smaller experimental region. It is also a spherical design.

The levels of three variables for three designs were shown in Table 1. For

the BB and CCF designs, maximum and minimum concentrations for selectors

(x1) were fixed as 0.05% and 0.15%, respectively. Likewise, an operation

voltage (x2) and temperature (x3) were chosen as 15 � 25 kV and

15 � 258C, respectively. For the CCC design, five levels of three variables

should be performed with a a value of 1.682. The BB model, with a total

of seventeen experiments, the twelve middle points of the edges on a cube

and 5 centre points, the CCF and CCC models, with a total of twenty exper-

iments, were depicted in Tables 2–4, respectively. All other experimental

Figure 1. The representation of BB, CCF, and CCC models.
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Table 2. Experimental design and response results using BBD model

Run x1 x2 x3 Rs Exp. Pred. t2 Exp. Pred.

1 21 21 0 0.84 0.80 7.50 7.43

2 1 21 0 2.65 2.67 8.68 8.65

3 21 1 0 0.49 0.47 2.72 2.75

4 1 1 0 1.62 1.66 2.93 3.00

5 21 0 21 0.86 0.88 4.41 4.48

6 1 0 21 2.59 2.56 5.56 5.59

7 21 0 1 0.63 0.66 4.28 4.25

8 1 0 1 2.07 2.05 4.68 4.61

9 0 21 21 2.03 2.05 8.49 8.49

10 0 1 21 1.36 1.35 3.08 2.98

11 0 21 1 1.64 1.65 7.44 7.54

12 0 1 1 1.03 1.01 2.71 2.71

13 0 0 0 1.64 1.63 4.71 4.65

14 0 0 0 1.63 1.63 4.64 4.65

15 0 0 0 1.64 1.63 4.64 4.65

16 0 0 0 1.62 1.63 4.62 4.65

17 0 0 0 1.62 1.63 4.64 4.65

Table 3. Experimental design and response results using CCF model

Run x1 x2 x3 Rs Exp. Pred. t2 Exp. Pred.

1 21 21 21 1.02 0.99 7.39 7.52

2 1 21 21 2.85 2.90 10.21 9.96

3 21 1 21 0.58 0.61 2.78 2.75

4 1 1 21 1.78 1.76 3.30 3.33

5 21 21 1 0.79 0.80 6.43 6.40

6 1 21 1 2.45 2.42 8.10 8.12

7 21 1 1 0.63 0.58 2.41 2.66

8 1 1 1 1.40 1.43 2.65 2.51

9 21 0 0 0.80 0.84 4.46 4.15

10 1 0 0 2.26 2.22 4.97 5.30

11 0 21 0 1.85 1.85 7.72 7.86

12 0 1 0 1.17 1.17 2.79 2.67

13 0 0 21 1.80 1.77 5.03 5.16

14 0 0 1 1.48 1.51 4.29 4.19

15 0 0 0 1.64 1.63 4.71 4.63

16 0 0 0 1.63 1.63 4.64 4.63

17 0 0 0 1.64 1.63 4.64 4.63

18 0 0 0 1.62 1.63 4.62 4.63

19 0 0 0 1.62 1.63 4.64 4.63

20 0 0 0 1.61 1.63 4.58 4.63
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plans and runs were randomized to exclude any bias. The resolution response

(Rs) and the migration time (t2) were monitored during processing. The calcu-

lated responses for the analytes were also respectively included in Tables 2, 3,

and 4.

In order to define the relationship between the responses and the

variables, a quadratic regression model should be applied on the basis of a

multiple linear regression (MLR). The selected model included 10 coeffi-

cients, the constant term, B0, three main effects, three quadratic terms, and

three interaction terms, as indicated in the equation:[25 – 27]

y ¼ B0 þ
Xn

i¼1

Bixi þ
Xn

i¼j¼1

Bijxixj

In our studies, it can be changed into the following equation according to

the n value and the coded values of three variables as follows:

y ¼ B0 þ B1X1 þ B2X2 þ B3X3 þ B12X1X2

þ B13X1X3 þ B23X2X3 þ B11X2
1 þ B22X2

2 þ B33X2
3

Where y is the response to be modeled (Rs and t2), Bi are the coefficients of the

models by MLR, X1 is selector concentration (in coded variable), X2 is the

Table 4. Experimental design and response results using CCC model

Run x1 x2 x3 Rs Exp. Pred. t2 Exp. Pred.

1 21 21 21 1.02 0.88 7.39 7.55

2 1 21 21 2.85 2.92 10.21 10.03

3 21 1 21 0.58 0.55 2.78 2.61

4 1 1 21 1.78 1.83 3.30 3.22

5 21 21 1 0.79 0.72 6.43 6.48

6 1 21 1 2.45 2.46 8.10 8.24

7 21 1 1 0.63 0.54 2.41 2.57

8 1 1 1 1.4 1.52 2.65 2.46

9 21.682 0 0 0 0.19 3.76 3.62

10 1.682 0 0 2.88 2.72 5.44 5.61

11 0 21.682 0 1.71 1.78 11.39 11.28

12 0 1.682 0 0.76 0.72 2.11 2.26

13 0 0 21.682 1.78 1.80 5.29 5.44

14 0 0 1.682 1.4 1.41 4.00 3.90

15 0 0 0 1.64 1.63 4.71 4.63

16 0 0 0 1.63 1.63 4.64 4.63

17 0 0 0 1.64 1.63 4.64 4.63

18 0 0 0 1.62 1.63 4.62 4.63

19 0 0 0 1.62 1.63 4.64 4.63

20 0 0 0 1.61 1.63 4.58 4.63
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operation voltage (in coded variable), and X3 is the capillary temperature (in

coded variable).

Coefficients used for three mathematical models of different responses

could be calculated with the help of Design Expert 7.0 Software, which

have been calculated and plotted from Figure 2a and 2b. The comparative

effects for three models have been clearly shown. When the coefficient is

not included in the 95% confidence interval, this means that it is statistically

different from 0 and, therefore, the variable associated to this coefficient has a

significant influence on response. If it is positive, it favorably influences

response whether it represents a main or quadratic effect or a first-order

interaction.

As shown in Figure 2a, all terms except T2 and V � T, have high signifi-

cant influences on resolution for BB designs; all terms but T2 have high sig-

nificant influences for CCF models; all terms but T2, C � T, and V � T have

Figure 2. (a) The relationship between the resolution response and the coefficients of

three models with corresponding SD; (b) The relationship between migration time of

the second peak and the coefficients of three models with corresponding SD. Error

bars represent +SD at level 0.05.
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high significant influences for CCC models. As for retention time in Figure 2b,

all terms except C2 and T2 have significant influences on migration time for

BB and CCF models; all terms except T2, V � T, C2, and C � T have significant

influences on migration time for CCC designs.

The significance of the parameters estimated by the least squares can be

assessed by using classical statistical tools such as ANOVA. When different

single response or multi-responses are chosen as the objective function, the

most significant variables for different responses will be different. The three

models were found to describe the experimental data adequately with high

confidence (p , 0.05), and led to different coefficients of determination

(R2), the adjusted coefficients of determination (R2
adj.), which is related to

the number of parametric coefficients in the model and the predictive power

of the model, which is given by the predicted R2. In fact, the values of R2

and R2
adj. are indicators of the explanatory power of the model and varies

from 0, when the model does not explain the response, to 1 for a perfectly

explained response. The predicted R2 is a measure of how well the model

will predict the responses for new experimental conditions. The predicted

R2 is the predictive measure corresponding to the measure of fit, while R2 is

the percent variation of the response explained by the model. It gives a

lower estimate to how well the model predicts the outcome of new exper-

iments, while R2 gives an upper estimate. The statistical evaluation of these

models is shown in Table 5. This table revealed that R2, R2
adj., and the

predicted R2, were higher than 0.987, 0.970, and 0.906, respectively, indicat-

ing the good fit of these models, and allowing established response surfaces

and contour plots, and predict any responses within the experimental domain.

On knowing the coefficients, the function of experimental responses

related to three variables could be obtained. Based on the mathematical

model, the response surface can be explored graphically. In this case, one

can plot the response surfaces and their two-dimensional contour plots

against two of the variables, while the third is held constant at a specified

level, usually the center value. Figures 3–8 show the response surfaces and

contour plots for the enantiomer separation using three designs, obtained

plotting selector concentration (C) versus operation voltage (V) and selector

Table 5. Statistical evaluation of each model (date from Design-

Expert, Version 7.0.1 Stat-Ease, Inc. Minneapolis, MN 55413)

R2 R2
adj. Predicted R2

BB Rs 0.9986 0.9969 0.9789

T2 0.9992 0.9981 0.9881

CCF Rs 0.9977 0.9956 0.9627

T2 0.9945 0.9895 0.9389

CCC Rs 0.9878 0.9768 0.9065

T2 0.9974 0.9951 0.9796
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concentration versus temperature (T). It can be observed that the response (Rs)

show the same behavior among three studied models. An increase in selector

concentration will apparently improve the resolution, meanwhile, voltage and

temperature has little effect on it. For the migration time (t2), C has an

apparent positive effect, while V has an apparent negative effect and T has

also little effect on it.

Derringer’s Desirability Function

Generally, responses were usually transformed into an appropriate desirabil-

ity scale to balance between different responses. Frequently, different

Figure 3. Response surface plot and its contour curve of Rs using BB model.

Capillary Electrophoretic Enantioresolution of Tamsulosin 225

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



weight factors should be assigned for each response, with larger weights

corresponding to more important responses and smaller weights to less

important responses.[17,29] After the individual desirabilities were calculated

for each response, they were combined to provide a measure of the

composite desirability of the multi-response system. This measure is

the weighted geometric average of the individual desirability or the

responses. Sometimes, it is very difficult to choose different weights

according to the importance of different variables. The most popular meth-

odology applied to multiple response optimization is the desirability

function approach.[28,29]

Figure 4. Response surface plot and its contour curve of t2 using BB model.
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The measured properties of each response Yi, I ¼ 1, 2, are transformed

to a dimensionless desirability scale (di), defined as partial desirability

function. This make it possible to combine results obtained for properties

measured on different scales. The scale of the desirability function ranges

between d ¼ 0, for a completely undesirable response, and d ¼ 1 if the

response is at the target value. Once the function di is defined for each

of the m responses of interest, an overall objective function (D), represent-

ing the global desirability function, is calculated by determining the

geometric mean of the individual desirabilities. Therefore, the function D

over the experimental domain is calculated as follows: D ¼ (Q di)
1/m.

Taking into account all requirements for m responses, we can choose the

Figure 5. Response surface plot and its contour curve of Rs using CCF model.
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conditions on the design variables that maximize D. In our study, only the

resolution response (Rs), and the migration time of the second enantiomer

(t2) have been considered. In order to define D quality response, t2, and

Rs were normalized. The shortest t2 (3.0 min) and the highest R value

(2.5) in all experiments were given the value 1 (maximum), while the

longest t2 (6.0 min) and the lowest R2 values (the unwanted one, 1.0)

were given the value 0 (minimum). Linear interpolation allowed us to

calculate the normalized values for the remaining t2 and R, normalized

values were called d1, and d2, which could be calculated according to the

Figure 6. Response surface plot and its contour curve of t2 using CCF model.
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following equations:[28,29]

d1 ¼ ðRi � RminÞ=ðRmax � RminÞ; if 1:0 , Ri , 2:5;

di ¼ 0; if Ri � 1:0; di ¼ 1; if Ri � 2:5:ð1Þ

d2 ¼ ðtmax � tiÞ=ðtmax � tminÞ; if 3:0 , ti , 6:0;

di ¼ 1; if ti � 3:0; d ¼ 0; if ti � 6:0:ð2Þ

A value of D different from zero implies that all responses are in a

desirable range simultaneously, and consequently, for a value of D close to

1, the combination of the different criteria is globally optimal, so as the

response values are near target values (Figure 9).

Figure 7. Response surface plot and its contour curve of Rs using CCC model.

Capillary Electrophoretic Enantioresolution of Tamsulosin 229

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



After calculation by the Design Expert programme, the final equations in

terms of coded variables using three experimental designs were the following:

DBBD ¼ 0:43þ 0:20X1 þ 0:16X2 � 0:021X3 þ 0:16X12

þ 0:041X13 � 0:084X23 � 0:0962
1 � 0:18X2

2 � 0:10X2
3ð3Þ

DCCF ¼ 0:41þ 0:18X1 þ 0:16X2 � 0:013X3 þ 0:15X12

� 0:017X13 � 0:017X23 � 0:11X2
1 � 0:20X2

2 þ 0:044X2
3ð4Þ

DCCC ¼ 0:44þ 0:15X1 þ 0:09X2 � 0:0015X3 þ 0:15X12

� 0:017X13 � 0:017X23 � 0:078X2
1 � 0:16X2

2 � 0:026X2
3ð5Þ

Figure 8. Response surface plot and its contour curve of t2 using CCC model.
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The optimal conditions for three experimental designs were obtained with a

global degree of satisfaction of D for the combination responses. Their

coded variable values (X1, X2, X3) were (1, 1, 0), (1, 1, 1), and (1, 1, 1), respect-

ively, corresponding to their maximum DBBD (0.65), DCCF (0.68), and DCCC

(0.68), respectively. Generally, their response surfaces and contour plots of

D functions could be represented and visualized for the choice of optimization

conditions within the selected ranges (not shown).

The optimal electrophoretogram of three models using the desirability

functions was also represented in Figure 10 a. Baseline separation of tamsulo-

sin enantomers could be obtained during 3 min with a resolution of more than

1.5, using the optimal conditions with coded values of (1, 1, 0). Furthermore,

another three experiments were performed to test the predictability of three

models with a 0.10% selector, an operation voltage of 20 kV, and column

temperature of 208C, corresponding to their coded values (0, 0, 0). Their elec-

trophoretograms have been shown in Figure 10 b, c, and d. The results from

the experiments using the optimal condition and testing conditions were

compared to the predicted values from three models (see Table 6). Close

agreement using BB, CCF, and CCC design models could be found in most

cases between observed and predicted responses.

CONCLUSIONS

The method for chiral separation of tamsulosin enantomers was optimized,

which is simple, fast, and effective. The simultaneous evaluation of the exper-

imental variables was carried out by means of BB, CCF, and CCC design

models, with efficient estimation of the first and second-order coefficients.

For three designs, all design points can be sure to fall within a safe operating

zone, which have similar results for optimization and prediction in our

Figure 9. Shape of the di function associated to the response Yi. (a) resolution (Rs);

(b) migration time of the last peak (t2).

Capillary Electrophoretic Enantioresolution of Tamsulosin 231

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



studies. An appropriate use of experimental design ensures that experimental

data contain maximum information and provides the availability of answers

to real chemical problems, confirming how the application of chemometric

techniques in analytical chemistry is needed and can be successfully realized.

Compared to empirical methods, chemometrics can greatly simplify the optim-

ization procedure finding the appropriate experimental conditions.
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models

Response Coded value

Experimental

average value

n ¼ 3

BB Pred.

value

CCF Pred.

value

CCC Pred.

value

Rs (1, 1, 0) 1.62 1.66 1.59 1.68
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Rs (0, 0, 0) 1.49 1.63 1.62 1.62
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